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ABSTRACT 

T h e  f i r s t  s t a 9 e  of t h e  t h e s i s  i n v o l v e d  t h e  p u r i f i c a t i o n  o f  

s a l m o n  g r o w t h  h o r m o n e  (GH). u s i n g  a p r o t o c o l  of - g e l  f i l t r a t i o n ,  

a f f i n i t y  a n d  i o n - e x c h a n g e  c h r o m a t o g r a p h y .  I n  t h i s  m a n n e r ,  GH w a s  

i s o l a t e d  t o  h o m o g e n e i t y  f r o 8  b u t  h  chum ( Q ~ g p y i y p c h q ~  kgcp) a n d  

c o h o  (Q, k i s g x h )  s a l ~ o n .  Chum a n d  c o h o  GR h a v e  s i n i l a r  

m o l e c u l a r  w e i g h t s  o f  23,500 a n d  22,500 d s l t o n s  r e s p e c t i v e l y  a s  

e s t i m a t e d  by s o d i u m  d o d e c y l s u l p h a t e  e l e c t r o p h o r e s i s ,  O n  t h e  

b a s i s  of a m i n o  a c i 5  c o m p o s i t i o n ,  t h e  s a l m o n  G H s  h a v e  a l l  of t h e  

s a l i e n t  c h a r a c t e r i s t i c s  o f  a v e r t e b r a t e  g r o w t h  h o r m o n e ,  # h e n  

t e s t e d  i n  t h e  c o n v e n t i o n a l  m a m m a l i a n  G H  b i o a s s a y ,  t h e  r a t  t i b i a  

t e s t ,  chum G H  h a d  s i g n i f i c a n t  b i o a c t i v i t y  w h e r e a s  c o h o  G H  d i d  

n o t ,  klken t e s t e d  i n  r a i n b o w  t r o u t  (53rgg ga~g~agd&), b o t h  chuin 

a n d  c o h o  G H  s i g n i f i c a n t l y -  e l e v a t e ?  the r a t e  of g r o w t h  i n  t w o  

s e p a r a t e  e x p e r i m e n t s ,  Chum a n d  c o h o  G R  were a l s o  c o m p a r e d  

i m m u n o l o g i c a l l y  u s i n g  zn a n t i s e r u m  r a i s e d  i n  r a b b i t s  s q a i n s t  

chum GB, B o t h  G H s  were f o u n d  t o  be i m m u n o Z o g i c a l f y  i d e n t i c a l ,  

T h e  a n t i s e r u m  a l s o  s p e c i f i c a l l y  s t a i n e d  t h e  G H  cells of f o u r  

s p e c i e s  o f  p a c i f i c  s a l m o n .  

T h e  second s t a g e  o f  t h e  t h e s i s  i n v o l v e d  t h e  d e v e l o p m e n t  o f  

a r f a d i o i m m u n o a s s a y  ( R I A )  f o r  s a l m o n  GW, U s i n q  t h e  a n t i s e r u m  

p r e p a r e d  f o r  t h e  i m m u n o l o g i c a l  s t u d i e s ,  a  s t a n d a r d  curve was 

c o n s t r u c t a d  f o r  m e a s u r i n g  plasica G R  i n  t h e  r a n g e  o f  2-5 -160  

ngJml .  T h i s  R I A  was F o u n d  t o  be v a l i d  f o r  p l a s m a  G H  m e a s u r e m e n t s  

i n  t h e  g e n e r a  SqJmp s n d  Qqcpyhynnms. T h e  RIA w a s  t h e n  u s e d  t o  

m o n i t o r  plasma GR l e v e l s  i n  r a i n b o w  t r o u t  u n d e r  a v a r i e t y  o f  

iii 



e x p e r i m e n t a l  c o n d i t i o n s ,  H s n d E i n g  stress h a d  n o  e f f e c t  u p o n  

p l a s m a  G H  levels i n  t r o u t .  Long-term s t a r v a t i o n  r e s u l t e d  i n  

p l s s m a  GH levels t h a t  wsre a p p r o x i m a t e l y  n i n e  times h i g h e r  t h a n  

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

r e g i m e ,  

P l a s ~ a  G H  l e v e l s  i n  r a i n b o w  t r o u t  were o b s e r v e d  t o  c h a n g e  

on a weekly b a s i s  i n  a m a n n e r  s i m i l a r  t o  the change  i n  g r o w t h  

r a t e ,  b u t  w i t h  a l a g  p h a s e  o f  o n e  week, T h e  c o r r e l a t i o n  

c o e f f i c i e n t  c a l c u l a t e d  f o r  t h e s e  two p a r a m e t e r s  was n o t  . 

s i g n i f i c a n t .  H o w e v e r ,  when t h e  plasaa GH d a t a  were p h a s e - s h i f t e d  

f o r w a r d  by  one week, t h e  c o r r e l a t i o n  c o e f f i c i e n t  t h e n  c a l c u l a t e d  

was s t a t i s t i c a l l y  s i g n i f i c a n t ,  I t  a p p e a r s  t h e r e f o r e ,  t h a t  a r i se  

i n  p lassa  GH p r e c a d e s  t h e  actual o n s e t  of a n  a c c e l e r a t e d  g r o w t h  

p h a s e  a n d  may b e  a d e t e r m i n i n g  f a c t o r  of t h e  c y c l i c a l  p a t t e r n  o f  

g r o w t h .  
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A ,  I n t r o d u c t i o n  

S o m a t o t r o p i n ,  o r  g r o w t h  h o r m o n e  (GY) is a p o l y p ~ p t i d e  t h a t  

i s  s y n t h s s i z e d ,  s t o r e d  a n d  r e l e a s e d  by a d i s t i n c t  c e l l  t y p e  i n  

t h e  v e r t e b r a t e  p i t u i t a r y  g l a n d .  T h e  h o r m o n e  c o n s i s t s  of a  s i n g l e  

c h a i n  o f  1 9 7  a m i n o  a c i d s ,  i n t e r c o n n e c t e d  b y  two 3 i s u l p h i d e  

b r i d g e s  a n d  d e p e n d i n g  u p o n  t h e  s n e c i e s ,  h a s  a w o l e c u l a r  w e i g h t  

b e t w e e n  20-23,000 d a l t o n s  ( F a r m e r  and P a p k o f f ,  1 9 7 9 ) .  T h e  name 

o f  t h e  h o r m o n e  i s  d e r i v e d  f r o m  i t s  s p e c i f i c  ro le  i n  c o n t r o l l i n q  

somatic g r o w t h  a n d  d e v e l o p m e n t  from i n f a n c y  u n t i l  a d u l t h o o d  

t h r o u g h  s v a r i e t y  o f  m e c h a n i s m s  t h a t  i n c l u d e  i n c r e a s e 3  DNA, R N A  

a n d  p r o t e i n  s y n t h e s i s  i n  b o n e ,  m u s c l e ,  s k i n ,  c o n n e c t i v e  t i s s u e  

a n d  t h e  v i s c e r a l  o r g a n s .  G r o w t h  h o r m o n e  a l s o  e x e r t s  p o s i t i v s  

e f f ec t s  o n  t h e  r e t e n t i o n  of b o n e  s a l t s  a n d  p l a s ~ a  e l e c t r o l y t e s  

a n d  s t i m u l a t e s  f a t  m e t a b o l i s m  in o r d e r  t o  c o n s e r v e  c a r b o h y d r a t e  

and p r o t e i n  r e s e r v e s  ( F r a n t z ,  '3976). W h i l e  t h e  a c t i o n s  o f  g r o w t h  

h o r m o n e  a r e  e x t r e m e l y  d i v e r s e  a n d  c o n t i n u e  t h r o u g h o u t  t h e  

l i f e t i m e  of  t h e  i n d i v i d u a l  o r g a n i s m ,  i ts  p r e c i s e  m e c h a n i s m  o f  

a c t i o n  i n  p r o m o t i n g  t h e s e  c e l l u l a r  p r o c e s s e s  is p o o r l y  

u n d e r s t o o d  (Ahren g& a&,,  1 9 7 6 ) .  

T h e  e a r l i e s t  e v i d e n c e  f o r  a g r o w t h  p r o m o t i n g  s u b s t a n c e  i n  

t h e  p i t u i t a r y  g l a n d  i s  t h a t  o f  E v a n s  and Lonq  (1921) who 

r e p o r t e d  a c c e l e r a t e d  b o d y  g r o w t h  i n  r a t s  i n j e c t e d  w i t h  b o v i n e  

p i t u i t a r y  e x t r a c t .  Tn a series o f  e x p e r i m e n t s  e m p l o y i n g  

A y p s p h y s e c t o m i z e d  t a d p o l e s  (gpgp qpy$gi) ,  i t  was s u b s e q u e n t l y  



d e m o n s t r a t e d  t h a t  t h i s  g r o w t h - p r o 3 o t i n q  a c t i v i t y  was c o n f i n e d  t o  

t h e  a n t e r i o r  p o r t i o n  o f  t h e  p i t u i t a r y  g l a n d  ( S m i t h  a n d  S m i t h ,  

1 9 2 2 ,  1923 ) .  H o w e v e r  two deca3es f o l l o w s d  b e f o r e  t h e  f i r s t  

p u r i f i c a t i o n  of g r o w t h  h o r n o n e  f r o m  b o v i n e  p i t u i t a r y  g l a n d s  was 

r e p o r t e d  b y  E v a n s  a n d  L i ( l 9 4 4 ) .  S i n c e  t h a t  time, GHs h a v e  b e s n  

i s o l a t e d  f r o m  a v i d e  r a n g e  of m a ~ m a f i a n  s p e c i e s ,  c u l m i n a t i n g  

w i t h  t h e  c o n ~ l e t e  s e q u e n c i n g  o f  human  GH by Li g$ q&.J i n  1959, 

C o n c u r r e n t  w i t h  much o f  t h e  e a r l y  w o r k  o n  m a m m a l i a n  GHs, 

~ e g n i e r  ( 1  938) o b s e r v e d  t h a t  h y p o p h y s e c t o m y  of t h e  s w o r d t a i l  

b o d y  g r o w t h ,  T h i s  o b s e r v a t i o n  was c o n f i r m e d  l a t e r  i n  t h e  

k i l l i f i s h  (&&&lug h e t e r o c l i t u _ s )  b y  P i c k f  o r d  (1953a) who a l s o  

d e a o n s t r a t d  t h a t  a d ~ i n i s t r a t i o n  of o v i n e  G H  c a u s e d  a r e s u m p t i o n  

of g r o w t h  ( P i c k f o r d ,  7 9 5 3 b ) .  T h e  f i r s t  i s o l a t i o n s  o f  G H  f r o m  

t e l e o s t  f i s h  were c o n d u c t e d  b y  Wslilhelmi (1955)  u s i n q  p o l l o c k  

g l a n d s .  a f t h o u q h  the m e t h o d s  f o r  a s s e s s m e n t  of p u r i t y  e m p l o y e d  

b y  W i l h e l m i  may b e  c o n s i d e r e d  c r u d e  by t o d a y ' s  s t a n d a r d s ,  h e  

d e t e r m i n e 3  by  p a p e r  e l e c t r o p h o r e s i s  t h a t  h a k e  CH c o n t a i n e d  fewer 

c o n t a m i n a n t s  t h a n  p o l l o c k  GH, B o t h  GH p r e p a r a t i o n s  were f o u n d  t o  

h a v e  m o f e c u l a r  w e i g h t s  ( 2 2 - 2 6 , 0 0 0  d a l t o n s )  s i m i l a r  t o  t h e  

m a m m a l i a n  GMs a n d  e a c h  caused a r e s u ~ p t i o n  i n  b o d y  g r o w t h  of 

h y p o p h y s e c t o n i z e d  k i l l i f i s h  ( P i c k f o r d ,  1954) .  I n  c o n t r a s t ,  

n e i t h e r  p r e p a r a t i o n  h a d  d e m o n s t r a b l e  b i o a c t i v i t y  i n  the 

~ ~ p o p h y s e c t o m i a e d  r a t  w e i g h t  g a i n  t e s t  o r  i n  t h e  r a t  t i b i a  t e s t  

( H i l h e l w i ,  19551, t h e  s t a n d a r d  b i o a s s a y  f o r  m a m m a l i a n  G H s  





(pgcaghynchun Js&ayytgghp) p i t u i t a r i e s ,  P i t u i t a r y  e x t r a c t s  from 

p t h e  c o h o  s a l m o n  (2, &iggtch) h a v e  p r o v e n  t o  b e  e q u a l l y  a s  

i n e f f e c t i v s  i n  t h e  r a t  t i b i a  t e s t  ( H a y a s h i d ?  a n d  L a q i o s ,  1965). 

Rare r e c e n t  i n v e s t i g a t i o n s  h o w e v e r ,  h a v e  p r o v i d e d  b e t t e r  

e v i d e n c e  f o r  t h e  p r e s e n c e  of a s a l m o n  GH, An i m m u n o r e a c t i v e  

G H - l i k e  s u b s t a n c e  was f i r s t  d e t e c t e d  i n  the s e r u m  a n d  p i t u i t a r y  

g l a n d  of  t h e  s o c k e y e  s a l m o n  (€I& p ~ y k p )  b y  r a d i o i n m u n o a s s a y  a n d  

by i m m u n o c y t o c h e ~ i s t r y ,  u s i n g  an a n t i s e r u m  t o  o v i n e  G H  (dcXeown 

a n d  v a n  O v e r b e e k e ,  1 4 7 7 ,  1 9 7 2 ) .  It h a s  s u b s e q u e n t l y  b e e n  s h o w n  

t h a t  s a l m o n  p i t u i t a r y  e x t r a c t s  ( c h i n o o k )  a r e  i n d e e d  c a p a b l e  of 

p r o m o t i n g  f i s h  g r o w t h  ( H i g g s  8s n&,, 1978) and t h a t  t h e  chum 

s a l m o n  (QL &eta) p i t u i t a r y  c o n t a i n s  a s p e c i f i c  f r a c t i o n  w h i c h  

h a s  s o w a t s t r o p i c  a c t i v i t y  when i n j e c t e d  i n t o  h y p o p h y s e c t o m i z e d  

r a i n b o w  t r o u t  (sgfm_o g a i r d g g g l )  (Komourd j i a n  a n d  I d l e r ,  1979). 

H o w e v e r ,  d e s p i t e  a l l  of t h e  e f f o r t s  t h a t  h a v e  been made t o  

p u r i f y  t e l e o s t  GHs, t h e  p h y s i o l o g y  of t h e s e  h o r m o n e  

p r e p a r a t i o n s ,  o t h e r  t h a n  i n c r e a s i n g  b o d y  g r o w t h ,  h a v e  b e e n  

v i r t u a l l y  u n e x p f o r a f i .  Tn f a c t ,  t h e  d e v e l o p ~ e n t  of t h e  f i r s t  

t e leos t  G H  r a d i o i r n m u n o a s s a y  ( c a r p )  h a s  o n l y  j u s t  b e e n  p u b f i s h e d  

(Cook g& p ~ , ,  3983) d e s p i t e  t h e  f a c t  t h a t  p u r i f i e d  t e l e o s t  C H  

h a s  been a v a i l a b l e  f o r  n i n e  y e a r s ,  

T h e  p u r p o s e  of t h i s  i n v e s t i g a t i o n  was t h e r e f o r e  t o  i s o l a t e ,  

c h a r a c t e r i z e  and  b i o a s s a y  t h e  G H  ~ o l e c u f e  from two s p e c i e s  o f  

P a c i f i c  s a l m o n  a n d  t o  d e v e l o p  a r a d i o i m m u n o a s s a y  f o r  

p h y s i o l o g i c a l  s t u d i e s  i n  s a l m o n  a n d  o t h e r  c l o s e l y  r e l a t e d  

s p e c i e s ,  f n  t h i s  way, some i n s i g h t s  w i l l  h o p e f u l l y  b e  g a i n e d  



~ e g a r d i n q  t h a  role of t h i s  hormone i n  the g r o w t h  a n d  development 

of t h e  sal~onidae, 



3 ,  Hater ia l s  and Hethods  

P i t u i t s r y  g l a n d s  f r o m  b o t h  chum ( ~ n c g g ~ p n c f i u s  k g & ~ )  a n d  

c o h o  (Q, klsg$txh) s a l m o n  were c o l l e c t e d  b e t w e e n  S e p t e m b e r  a n 3  

Wovember w i t h  t h e  c o o p e r a t i o n  of B r i t i s h  C o l u n b i a  P a c k e r s , '  

S t e v e s t o n ,  B.C. T h e  p u r i f i c a t i o n  p r o t o c o l  u s e d  was s i m i l a r  t o  

t h a t  of Idler g$ g f . ,  ( 1 9 7 8 )  w i t h  m o d i f i c a t i o n s ,  

T h e  f i r s t  m o d i f i c a t i o n  i n v o l v e d  the u s e  of  a s i n g l e  G-75 

c o l u m n  f o r  t h e  f i r s t  g e l  f i l t r a t i o n  s t e p ,  I d l e r  g$ p~,, ( 1 9 7 8 )  

u s e d  two c o l u m n s  c o n n e c t e d  i n  s e r i e s  i n  t h e  o r i g i n i a l  p r o c e d u r e ,  

A s e c o n d  m o d i f i c a t i o n  i n v o l v e d  t h e  c h o i c e  of pH a n d  b u f f e r  s a l t  

f o r  t h e  i o n i c  e x c h s n g e  p r o c e d u r e .  W h e r e a s  t h e  o r i g i n a l  p r o t o c o l  

e m p l o y e ?  a ~ n o n i u ~  b i c a r b o n a t e  a d j u s t e d  t o  pH 9.0  , my p r o c e d u r e  

e m p l o y e d  T r i s - a c e t a t 2 ,  a d j u s t e d  t o  pH 8.1. T h e  f i n a l  

~ o d i f i c a t i o n  was t h e  i n c l u s i o n  o f  a d e s a l t i n g  s t e p  f o l l o w i n g  t h e  

i o n  e x c h a n g e  p r o c e d u r ? .  T h i s  was n e c e s s i t a t e d  a s  t h e  

T r i s - a c e t a t e  u s e d  i n  t h e  i o n  e x c h a n g e  is n o n - v o l a t i l e .  

R o u t i n e l y ,  35 g o f  f r o z e n  p i t u i t a r i e s  were h o m o g e n i z e d  i n  

7 0  BL of i c e - c o l d  0 . 0 0 3  H T r i s - a c e t a t e  b u f f e r ,  c o n t a i n i n g  e i t h e r  

0 . 0 0 1  M pRenylmethylsulphony1fluoride or 1 0 0 0  k a l l i k r e i n  

i n h i b i t o r  u n i t s J m l  o f  T r a s y l o l  ( B o e h r i n g e r - M a n n h e i m )  ss g r o t e a s e  

i n h i b i t o r s ,  T h e  h o w o g e n a t e  was a d j u s t e d  t o  pH 8.5 w i t h  7 N WaOH 



a n d  s t i r r e d  f o r  3 h o u r s  a t  Q D C .  T h e  h o m o q e n a t e  was c e n t r i f u g e d  

3 t  5 0 , 0 0 0  x Q f o r  30 m i n u t e s  a n d  t h e  s u p e r n a t a n t  w a s  d e c a n t e d  

a n d  s a v e d .  A s e c o n d  h o m o g e n i z a t i o n  was d o n e  o n  t h e  p e l l e t  

f o l l o w e d  by  c e n t r i f u g a t i o n  a n d  d e c a n t a t i o n  a s  before, 

T h e  s u p e r n a t a n t s  were c o m b i n e d  (750  m l  a p p r o x i m a t e l y )  a n d  

a p p l i e d  t o  a  10 x 9 2  CIR, S e p h a d e x  G-75 c o l u m n  e q u i l i b r a t e d  w i t h  

h o m o g s o i z a t i o n  b u f f e r ,  T h e  column was c s l i b r a t e d .  w i t h  m o f e c u L a r  

w e i g h t  s t a n d a r d s  ( 4 5 , 0 0 0  a n d  2 5 , 0 0 0  d a l t o n s )  a n d  t h e  v o i d  vo lume  

was d e t e r m i n e d  w i t h  b l u e  d e x t r a n  ( P h a r m a c i a ) .  

The  18 ,500-31 ,000  m o l e c u l a r  w e i g h t  f r a c t i o n s  were s a v e d  

( 1 5 0 0  mf) a n d  passed t h r o u g h  a co luntn  of 

Concanavalin-A-5epharose (ConA) t o  r e m o v e  t h e  g l y c o p r o t e i n s ,  

p r i n c i p a l l y  g o n a d o t r o p i c  a n d  t h y r o t r o p i c  h o r m o n e s ,  T h e  s a m p l e  

was  a d j u s t e d  t o  t h e  pH and i o n i c  s t r e n g t h  o f  t h e  ConA c o l u m n  

b s f o r e  a p p l i c a t i o n  ( 0 , 0 3 1  ?I nnC12, 0 , 0 0 1  M CaC12, 0 , 0 0 1  ?I EgC12, 

0 ,s  M NaC1, 0 ,04  fi T r i s  H C l ,  pH 7,7), T h e  m a t e r i a l  e l u t i n g  f r o m  

t h e  c o l u m n  was  s a v e d  a n d  t h e  c o l u m n  was f l u s h e d  w i t h  200 m l  o f  

ConA b u f f e r ,  T h e  f i r s t  1 0 0  m l  of t h e  f l u s h  were s a v e d  a n d  a d d e d  

t o  t h e  e l u a t e ,  r e s u l t i n g  i n  a f i n a l  vo lume o f  a p p r o x i m a t e l y  1 6 0 0  

lax* 

To c o n c e n t r a t e  t h e  p r o t e i n ,  t h e  e l u a t e  was a d j u s t e d  t o  80% 

s a t u r a t i o n  w i t h  ammonium s u l p h a t e ,  s t i r r e d  o v e r n i g h t  a t  UQC a n d  

c e n t r i f u q e d  a t  5 0 , 0 0 0  x  q f o r  one h o u r .  T h e  s u p e r n a t a n t  was  

d i s c a r d e d  a n d  t h e  p e l l e t  was d i a l y z e d  f o r  f o u r  h o u r s  i n  0 , 0 0 3  M 

T r i s - a c e t a t e ,  pH 8.1. P r i o r  t o  d i a l y s i s ,  t h e  t u b i n g  was b o i l s d  

f o r  o n e  h o u r  i n  0,s ?I EDTA 2nd  r i n s e d  s e v e r a l  times w i t h  



d i s t i l l e d  water,  T h i s  p r 0 ~ 9 d u s e  s e r v e d  t o  d e n a t u r e  c o n t a m i n a t i n g  

p r o t e a s e s  a n d  c h e l a t e  a n y  d i v a l e n t  c a t i o n s  w h i c h  may h a v e  been  

sti l l  p r e s e n t  i n  t h e  t u b i n g .  

T h e  d i a l y z a t e  was  t h e n  c e n t ~ i f u q e d  a t  5 8 , 0 0 0  x g f o r  t h i r t y  

m i n u t e s  a n d  t h e  s u p e r n a t a n t  ( 3 0  ml)  was  a p p l i e d  t o  a c a l i b r a t e d ,  

5 x 9 2  em, S e p h a a e x  G - 7 5  c o l u m n ,  e q u i l i b r a t e d  w i t h  0 .003  R 

T r i s - a c e t a t e ,  pH 5.1, 

T h e  38 ,500-31 ,000  m o l e c u l a r  w e i g h t  f r a c t i o n s  were saved 

(150 ml) a n d  a p p l i e d  d i r e c t l y  t o  a  3.6 x 50 cm c o l u ~ n  of D E A E  

B i o - g e l  (Bio-Rad)  e q u i l i b r a t e d  w i t h  t h e  same b u f f e r ,  The  c o l u m n  

was  f l u s h e d  w i t h  s e v e r a l  b e d  v o l u m e s  o f  b u f f e r  b e f o r e  a p p l y i n g  a 

g r s d i e n t  o f  300  m l  0 . 003  M a n d  300 ml 0.06 Fl T r i s - a c e t a t e ,  pH 

8,1, A l l  f f a c t i o n s  (5.1 ml) were a n a l y z e d  by a b s o r p t i o n  

s p e c t r o p h o t o i r i e t r y  ( 2 8 0  nfl) t o  l o c a t e  t h e  p r o t e i n s  w h i c h  h a d  

e l u t e d  f r o m  t h e  c o l u m n ,  

C o n d u c t i v i t y  m e a s u r e m e n t s  were a l s o  d o n e  o n  e a c h  f r a c t i o n  

u s i n g  a m e t e r  ( R a d i o m e t e r )  c a l i b r a t e d  w i t h  a w i d e  range (0-0.1 

f?) oE T r i s - a c e t a t e  s t a n d a r d s ,  i n  o r d e r  t o  c o r r e l a t e  t h e  e l u t i o n  

p r o f i l e  o f  t h e  c o l u a n  w i t h  t h e  g r a d i e n t ,  T h e  p r o t e i n  peaks 

i d e n t i f i e d  by s p e c t r o p h o t o m e t r y  were a n a l y z e d  by p o l y a c r y l a m i d e  

d i s c  g e l  e l e c t r o p h o r e s i s  a t  pH 8.3 ( U r n s t e i n ,  1 9 6 4 )  t o  i d e n t i f y  

t h o s e  f r a c t i o n s  w h i c h  c o n t a i n e d  t h e  presumptive g r o w t h  h o r ~ o n e  

( G H ) .  Under t h e s a  e l e c t r o p h o r e t i c  c o n d i t i o n s ,  m o s t  t e t r a p o d  GHs 

( N i c o l l  a n d  L i c h t ,  1 9 7 1 )  a n d  a l l  f i s h  G H s  ( F a r m e r  e_& a&,, 1976 ,  

1 9 8 0 ;  Cook 2% ?is, 1983)  have  a c h a r a c t e r i s t i c  p a t t e r n ,  

c o n s i s t i n g  o f  t h r e e  c l o s e l y  s p a c e d  b a n d s ,  t h a t  is e a s i l y  



r e c o g n i z e d ,  

T h e  p r e s u m p t i v e  GHs f r o %  b o t h  chum a n d  c o h o  s a l a o n  e l u t 9 d  

i n  t h e  same rnann,?r f r o m  t h e  i o n i c  e x c h a n g e  c o l u ~ n ,  a s  t w o  

d i s t i n c t  p a a k s  b e t w e e n  0,025 a n d  3,045 E T r i s - a c e t a t e .  T h e s e  

p e a k s  were d e s i g n a t e ?  P e a k  I ( P I )  a n d  Peak  I1 (PIX) a c c o r d i n g  t o  

t h e i r  o r d e r  o f  e l u t i o n  f r o m  t h e  c o l u m n ,  Under  t h e  a b o v e  

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

b a n d  w i t h  an R f  o f  0 .35,  w h i l e  PI1 c o n s i s t e d  o f  two b a n d s  w i t h  

Rf's of 0.41 a n d  0.45, I n v a r i a b f  y, some d e g r e e  of 

c r o s s - c o n t a . ~ i n a t i o n  o c c u r r e d  b e t w e e n  t h e  t w o  p e a k s  a n d  t h e y  were 

c o n s e q u e n t l y  p o o l e d ,  l y o p h i l i z e d  a n d  d e s a l t e d  o n  a 3 x 8 5  cm 

S e p h a d e x  G-100 cofurfin, e q u i l i b r a t e d  w i t h  0 , 0 1 5  M ammonium 

a c e t a t e ,  pH 8 ,1 ,  T h i s  f i n a l  g e l  f i l t r a t i o n  a l s o  r e n o v e d  

c o n t a m i n a t i n g  p r o t e i n s  of l o w e r  m o l e c u l a r  w e i g h t  w h i c h  e l u t e d  a t  

t h e  t r a i l i n g  e d g e  of PII, 

In o n e  i n s t a n c e  h o w e v e r ,  chum s a l a o n  P I  a n d  PI1 were 

d i s t i n c t l y  s e p a r a t e d  w i t h  n o  a p p a r e n t  c r o s s - c o n t a m i n a t i o n ,  a s  

v e r i f i s d  b y  e l e c t r o p h o r e s i s ,  fn t h i s  c a s e ,  t h e  p e a k s  were 

i n d i v i d u a l l y  l y o p h i l i z e d  a n d  d e s a l t e d  a s  d e s c r i b e d  e a r l i e r ,  

F o l l o w i n q  t h e  d e s a l t i n g  s t e p ,  t h e  f r a c t i o n s  c o n t a i n i n g  G H  were 

p o o l e d  a n d  l y o p h i l i z e d ,  y i e l d i n g  a  fluffy, w h i t e  powder ,  

The  f i n a l  a l e c t r o p h o r e t i c  c h a r a c t e r i s t i c s  o f  b o t h  chum a n d  

c o h o  saiwon G H  (PI a n d  PI1 c o m b i n e d )  were 3 e t e r m i n e d  i n  d i s c  

g e l s  a t  pH 8 . 3  ( Q r n s t e i n ,  1964)  a n d  i n  a c i d - u r e a  g e l s  a t  pH 4.5 

( D a v i s  2% gL., 1 9 7 2 ) -  T h e i r  r e s p e c t i v e  m o l e c u l a r  w e i g h t s  w e r e  

e s t i m a t e d  by s o d i u m  r l o d e c y l s u l p h a t e  (SDS) e l e c t r o p h o r e s i s  



I n  o r d e r  to compare chum P I  a n d  P I 1  i m m u n o l o g i c a f l y ,  

a n t i b o q i s s  were r a i s e d  a g a i n s t  P f I  i n  Mew Zealand  w h i t e  r a b b i t s ,  

A n i m a l s  were i n j e c t e d  i n t r a d e r m a l l y  ( V a i t u k a i t u s  g& p&., 1972) 

a t  a p p r o x i w i t e l y  t h i r t y  s i tes w i t h  25 ug of PII, o n c e  e v e r y  

m o n t h  f o r  a p e r i o d  o f  f o u r  m o n t h s .  T h e  chum PI1 u s e d  f o r  t h e  

i m m u n i z a t i o n  c o n s i s t e 3  o f  two b a n d s ,  with Rf's of  0,41 a n d  9.45, 

u n d e r  a l k a l i n e  (pH 8 , 3 )  e l e c t r o p h o r e s i s ,  T h e y  were b l e d  from a n  

e a r  v e i n  t e n  d a y s  a f t e r  each i n j e c t i o n .  T h e  h o r m n e  was ' 

e m u l s i f i e 3  i n  F r e u n d y s  C o m p l e t e  A d j u v a n t  f o r  t h e  S i f s t  i n j e c t i o n  

a n d  I n c o m p l e t e  A d j u v a n t  (Difco) t h e r e a f t e r ,  T h e  d e v e l o p m e n t  of 

a n t i b o d y  t i t e r  was ~ o n i t o r e d  b y  i m m u n o c y t o c h e m i s t r g  a n d  b y  

b i n d i n g  studies w i t h  i o d i n a t e d  c h u m  G H  (see l a t e r  m a t e r i a l s  a n d  

z e t h o d s ) ,  Chum PI a n d  P f f  were t h e n  c o m p a r e d  f o r  i m m u n o l o g i c s Z  

r e l a t e d n e s s ,  w i t h  a n t i s e t a  from t h e  fourth b l e e d i n g  of r a b b i t  # 2  

(R2-41, by  0 u c h t e r l o n p 8 s  (7968)  double g e l  d i f f u s i o n  t e c h n i q u e ,  



P r o c e d u r a l  S t e p s  f o r  t h e  I s o l a t i o n  of S?ilmon G r b w t h  Hormone 

1 ,  H o n o g e n i z e  p i t u i t a r i e s ,  c e n t r i f u g e  t h e  h o m o g e n a t e  a n d  s a v e  
t h e  s u p e r n a t a n t ,  

2, Gel f i l t e r  the s u p e r n a t a n t  o n  Sephadex 6-75, Save t h e '  
18 ,500-31 ,000  d a l t o n  e l u e n t ,  

3 ,  He?! I~ve  g l y c o p f o t e i n s  by p a s s i n g  t h e  e l u e n t  t h r o u g h  a co lumn  
o f  G o n c a n a v a l i n - A  S e p h a r o s e .  

4 ,  C o n c e n t r a t e  t h e  C o n c a n a v a l i n - A  e l u e n t  w i t h  5 0 1  ammonium 
s u l p h a t e ,  c e n Q i f u g e  a n d  then d i a l y z e  t h e  p r e c i p i t a t e ,  

5, G e l  f i l t e r  d i a l y z a t e  o n  S e p h a d e x  6-75 a n d  save t h e  
38 ,500-31 ,000  d a l t o ?  e l u e n t .  

6, A p p l y  e l u e n t  t o  a  column o f  D E R E  Bio-gel e q u i l i b r a t e d  w i t h  
0 , 0 0 3  M T r i s  a c e t a t e ,  pH 8.1. 

7, E l u t e  g r o w t h  ho rmone  w i t h  a  0 ,003-0 ,060  PI g r a d i e n t  of T r i s  
a c e t a t e ,  pH 8.1. L y o p h i l i s e  f r a c t i o n s  b e t w e e n  0.025-0.045 H 
Tris a c e t a t e ,  

8. D e s a l t  q r o u t h  hormone o n  a c o l u m n  o f  S e p h a d e x  G-100, 

9. L y o p h i l i z e  f r a c t i o n s  c o n t a i n i n g  g r o w t h  hormone,  



I n  t h e  F i r s t  t r o u t  b i o a s s a y ,  chum s a l m o n  P I  a n d  PI1 were 

t e s t e d  ( d o u b l e - b l i n d )  i n  i n t a c t ,  j u v e n i l e  r a i n b o w  t r o u t ,  %3mo 

g g i r d n 3 ~ A  (5.34 + 1.3 q,  x A S.D,, n=YO) , i n  a m a n n e r  s i m i l a r  t o  

K o m o u r d y i a n  and  Tdler (1979), t o  d e m o n s t r a t e  t h e i r  S i a a c t i v i t y  

a n d  c o n p a s a t i v e  q r o w t h - p r o m o t i n g  a b i l i t i e s ,  T h e  f i s h  were 

o b t a i n e d  f r o m  t h e  S u n  V a l l e y  T r o u t  Farm, 1YIissioa, B ,C ,  F o u r  

g r o u p s  of t e n  f i s h  were a c c l i m a t e d  i n  s e p a r a t e  20 L g l a s s  

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

(12OC) a n d  m a i n t a i n e d  o n  a 12D:12L p h o t o p e r i o d .  F o l l o w i n g  a t w o  

w e e k  a c c l i m a t i o n  p e r i o d ,  t h e  f i s h  were i n j e c t e d  

i n t r a p e r i t o n e a l f y ,  twice w e e k l y  w i t h  e i t h e r  chum PI, PI1 o r  

o v i n e  G H  ( 1  f.U,/mg, N,I,H.-GH-510) a t  a d o s a g e  of 1 ug/q b o d y  

w e i g h t  (BHT) f o r  24  d a y s ,  The f o u r t h  g r o u p ,  s e r v i n g  a s  a 

c o n t r o l ,  r e c e i v e d  e q u i v a l e n t  d o s a g e s  of b o v i n e  s e r u m  a l b u m i n  

(BSA). T h e  f i s h  were weighed p r i o r  t o  e a c h  i n j e c t i o n  a n d  t h e  

d o s a g e s  were a d j u s t e d  a c c o r d i n g l y ,  Oregon moist p e l l e t s  

( B o o r e - C l a r k )  were p r o v i d e d  t o  s a t i a t i o n  twice d a i l y ,  

As t h e  mean i n i t i a l  weights of the c o n t r o l s  and t h e  g r o u p  

r e c e i v i n g  chum PI1 were s i g n i f i c a n t l y  d i f f e r e n t  f r o 3  o n e  a n o t h e r  

(P<0,305, S t u d e n t ' s  t - t e s t ) ,  t h e  t o t a l  w e i g h t  gains o f  e a c h  

g r o u p  were c o m p a r e d  i n s t e a d  u s i n g  t h e  S t u d e n t ' s  T - t e s t ,  T h e  f i s h  

were n o t  i n d i v i d u a l l y  t a g g e d  i n  t h i s  e x p e r i m e n t ,  T h e r e f o r e , t h e  

s t a n d a r d  d e v i s t i o n s  d e r i v e d  from t h e  m a n  i n i t i a l  and f i n a l  



i 

w e i g h t s  f o r  e a c h  g r o u p  were c o m b i n e d ,  t o  o b t a i n  a p o o l e d  

s t a n d a r d  d e v i a t i o n  (Za r ,  1974) a c c o r d i n q  t o  t h e  f o r m u l a ;  

P o o l e d  S , Q , g q ~ & L p & l ~ J ~ ~ 1 l + J ~ ~ g ~ E i n a & 1 z 1 g ~ _ 1 ~  

211-2 

G r o u p s  were c o n s i d e r e d  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  i f  P(0 .05,  

G r o w t h  was a l s o  c o m p a r e d  b y  c a l c u l a t i n g  r e g r e s s i o n  P i n e s  f o r  t h e  

c u m u f a t i v e  p o r c e n t  weight g a i n s  of  e a c h  g r o u p  a n 3  a l t e r n a t e l y ,  

t h e  c u m u l a t i v e  a b s o l u t e  w e i g h t  g a i n s  o f  e a c h  g r o u p  o v e r  t h e  

course  o f  t h e  e x p e r i m e n t ,  T h e  s l o p e s  i n  e a c h  case were t h e d  

c o m p a r e d  b y  o n e - w a y  a n a l y s i s  of v a r i a n c e  a n d  t h e  

S t u d e n t - N e w m a n - K e u l s  m u l t i p f e  r a n g e  t es t ,  S l o p e s  were c o n s i d e r e d  

t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  i f  p < 0 , 0 5 .  

Chum a n d  c o h o  s s l n o n  GH (PI a n d  PI1 c o m b i n e d )  were t h e n  

c o a p a r e d  f o r  g r o u t h - o r o w o t i n y  a b i l i t y  i n  t r o u t ,  i n  two f u r t h e r  

d o u b l e - b l i n d  e x p e r i m e n t s  ( e x p e r i m e n t s  two and t h r e e ) ,  R a i n b o r  

t r o u t  were o b t a i n e d  a s  b e f o r e  a n d  a c c l i m a t e d  t o  t h e  e x p e r i m e n t a l  

c o n d i t i o n s  f o r  a t  f e a s t  t w o  w e e k s  p r i o r  t o  e a c h  s t u d y .  E i g h t  

g r o u p s  of f i s h  ( n = l O - I f )  were c o n f i n e d  i n  s e p a r a t e  30 L 

f i b r e g l a s s  t a n k s  s u p p l i e d  w i t h  d e c h l o r i n a t e d  t a p  water snd 

m a i n t a i n e d  o n  t h e  n a t u r a l  p h o t o p e r i o d s  of J u l y  ( E x p t ,  3) a n d  

A u g u s t - S e p t e m b e r  ( E x p t .  2 1 ,  T h e  water t e m p e r a t u r e  f l u c t u a t e d  

b e t w e e n  1C1-12~C i n  b o t h  e x p e r i m e n t s .  T h e  f i s h  were fsd 

W o o r e - C l a r k  f r y  f e e d  t h r e e  times d a i l y  a t  a r a t i o n  l e v e l  o f  

lS%/BWTJweek, Xn t h i s  case, e a c h  f i s h  was i n d i v i d u a l l y  m a r k e d  

p r i o r  t o  t h e  b e g i n n i n g  of t h e s e  two e x p e r i s e n i s  b y  f i n  c l i p p i n g ,  

S i x  o f  t h e  g r o u p s  were t h e n  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  w i t h  



0 . 2 5 ,  0.5 or 1 . 0  u g / g  B#T of chum o r  c o h o  G H ,  b i - w e e k l y  f o r  a  

t o t a l  o f  t h r e e  w e e k s ,  w h i l e  two g o u p s  s e r v e d  a s  t h e  i n j e c t e d  

( v e h i c l e  o n l y )  a n d  n o n - i n j e c t e d  c o n t r o l s ,  T h e  h o r m o n e  

p r e p a r a t i o n s  w%re d i s s o l v e d  i n  0.15 I4 N a C l  adjusted t o  pH 8 - 5  

w i t h  1 N waoa, T h e s e  p r e p a r a t i o n s  were a l s o  a d j u s t e d  w i t h  

r e s p e c t  t o  t h e i r  c o n c e n t r a t i o n s  s u c h  t h a t  e a c h  f i s h  r e c e i v e d  t h e  

e q u i v a l e n t  of  10 u l  of v e h i c l e J q  BUT ( i n c l u d i n q  t h e  i n j e c t e d  

c o n t r o l s ) .  T h e  f i s h  i n  t h e s e  e x p e r i m e n t s  were r e - m e a s u r e d  a t  t h e  

e n d  o f  e a c h  week  ( a s  o p p o s e d  t o  twice w e e k l y  i n  e x p e r i m e n t .  

o n e l a n d  t h e  h o r m o n e  d o s a g e s  and  r a t i o n s  were t h e n  r e a d j u s t e d  

a c c o r d i n g l  g. 

I n  e x p e r i m e n t  two, t h e  f i s h  (6.57 + 0 . 3 9  g, x ? S . D . )  were 

re-measured w i t h  r e s p e c t  t o  w e i g h t  a f t e r  each week  a n d  t h e  

l e n g t h  was r e - d e t e r m i n e d  a t  t h e  e n d  o f  t h e  e x p e r i m e n t ,  

I n s t a n t a n e o u s  l i n e a r  g r o w t h  r a t e s  (Brown,  1945) were t h e n  

c a l c u l a t e d  o n  t h i s  b a s i s  f o r  l e n g t h  a n d  w e i g h t ,  A t  t h e  end o f  

t h e  e x p e r i ~ e n t ,  t h e  b o d y  water c o n t e n t  was d e t e r m i n e d  f o r  e a c h  

f i s h  by d r y i n q  t h e  carcasses t o  a c o n s t a n t  w e i g h t  a t  310 • ‹C .  

I n  e x p e r i ~ e n t  t h r e e ,  t h e  fish (4 .14  k 0 , 3 1  g) were 

r e - m e a s u r e d  w i t h  r e s p e c t  t o  b o t h  w e i g h t  a n d  l e n g t h  a f t e r  e a c h  

week  a n d  g r o w t h  r a t e s  were c a l c u l a t e d  i n  t h e  same m a n n e r .  The 

formula f o r  c a f c u l a t i n g  i n s t a n t a n e o u s  l i n e a r  g r o w t h  r a t e  was 

1 0 0 ( I n  WT - I n  W t ) / T - t ,  w h e r e  WT a n d  kit are t h e  b o d y  w e i g h t s  a t  

times t ( i n i t i a l )  a n d  T ( f i n a l )  r e s p e c t i v e l y ,  r e s u l t i n g  i n  a 

g r o w t h  r a t e  c a l c u l a t i o n  o n  a % / d a y  b a s i s .  F o r  t h e  c a l c u l a t i o n  of 

g r o w t h  r a t e  o n  t h e  b a s i s  of l e n g t h ,  t h e  same f o r m u l a  was u s e d ,  



A l t e r n a t e l y ,  t h e  s l o p e s  of t h f !  c u r n u l a t i y e  p e r c e n t  w e i g h t  g a i n s  

( n o t  l e n g t h )  of  each g r o u p  o v e r  t h r e e  w e e k s  were d e t e r m i n e d  f o r  

b o t h  e x p e r i m e n t s  t w o  a n d  t h r e e .  

F o l l o w i n r ;  e x p e r i m e n t  t h r e e ,  t h e  growth r a t e s  ( u e i g h t  o n l y )  

Mere w o n i t o r e d  w z e k l y  i n  a l l  f i s h ,  now u n t r e a t e d ,  f o r  a  p e r i o d  

o f  f o u r  m o n t h s  o n  a n a t u r a l  p h o t o p e r i o d  ( S e p t - D e c )  a n d  t h e  same 

r a t i o n  l e v e l ,  

T h e  i n s t a n t a n e o u s  l i n e a r  g r o w t h  d a t a  from e x p e r i a e n t s  two 

a n d  t h r e e  were a n a l y z e d  b y  o n e - w a y  a n a l y s i s  of v a r i a n c e  (SH 

t r e a t m e n t )  a n d  D u n c a n ' s  r a u l t i p l e  r a n g e  test ,  a s  well  a s  b y  

two-way  a n a l y s i s  of v a r i a n c e  (GH t r e a t a e n t ,  week)  f o l l o w i n q  

t r a n s f o r m a t i o n  o f  t h e  d a t a  ( GBQWTH + 0.5 ), T h e  d a t a  f r o m  the 

f o u r  m o n t h  g r o w t h  s t u d y  f o l l o w i n q  e x p e r i m e n t  t h r e e  were a n a l y z e d  

b y  one-way  A n a l y s i s  of V a r i a n c e  t o  es t imate  t h e  d e g r e e  of 

i n t e r a c t i o n  b e t w e e n  g r o w t h  r a t e  a n d  week. The s l o p e s  o f  the 

c u a u i a t i v e  p e r c e n t  w e i g h t  g a i n s  o f  t h e  v a r i o u s  groups  o v e r  t h r e e  

weeks i n  experiments two a n d  t h r e e  were c o m p a r e d  b y  a n a l y s i s  of  

v a r i a n c e  a n d  D u n c a n ' s  m u l t i p l e  r a n g e  test, G r o u p s  were 

c o n s i d e r e d  t o  be s i g n i f i c a n t l y  d i f f e r e n t  i f  p<0.05. 

C h u n  a n d  c o h o  s a l m o n  GH were each c o m p a r e d  i n  t h e  

c o n v e n t i o n a l  m a m m a l i a n  SR b i o a s s a y ,  t h e  r a t  t i b i a  tes t  

( G r e e n s p a n  g& pi,, 7349) .  Hale, S p r a g u e - D a w l e y  r a t s ,  w h i c h  h a d  

b e g n  h y p o p h y s e c t o m i z e d  a t  28 d a y s  o f  a g e ,  were o b t a i n e d   fro^ 



C h a r l e s  R i v e r  L t d , ,  Yass,, U,S.A, T h e  r a t s  were u s e d  t e n  d a y s  

p o s t - o p e r a t i v e l y ,  

I n  o n e  e x p e t i m e n t ,  f o u r  q r o u p s  o f  f i v e  r a t s  r e c e i v e d  d a i l y  

i n t r a p e r i t o n e a l  i n j e c t i o n s  of e i t h e r ;  70 u g  chum GH, 7 0  u g  o v i n e  

CY f t  P,U,/mg, N.I,H,-GH-SlO), t h e  2 g u i v a l e n t  of 5 mg of a 

s o c k e y e  (3, ngfk~) s a l m o n  p i t u i t a r y  e x t r a c t  o r  0,940 MaC1. 

T h e  s o c k e y e  e x t r a c t  was p r e p a r e d  by h o m o g e n i z i n g  0,5 g  of 

p i t u i t a r i e s  i n  1 0  ~1 of i c e - c o l d  0.9% WaCf, T h e  h o m o g e n a t e  was 

t h e n  a d j u s t e d  t o  pH 8.5 with 3 N NaOW, s t i r r e d  f o r  3 h r  a t ' 4 o G  

a n d  c e n t r i f u g e d  a t  2 0 , 0 0 0  x q f o r  30 m i n u t e s ,  Ra t s  were i n j e c t e d  

d a i l y  w i t h  100 u l  of t h e  s u p e s n a t a n t ,  r e p r z s e n t i n q  t h e  e x t r a c t  

frow 5 mg o f  p i t u i t a r y  g l a n d s ,  As t h e  G H  c o n t e n t  i n  f r e s h  

p i t u i t a r i e s  c o m p r i s e d  5% of t h e  u e t  w e i g h t  of t h e  g l a n d  b y  

r a d i o i m m u n o a s s a y ,  t h i s  5 mg of e x t r a c t  w o u l d  t h e n  c o n t a i n  

a p p r o x i m a t e l y  2 5 0  ug o f  g r o w t h  h o r m o n e ,  

In a s e c o n d  e x p 2 r i m e n t ,  f o u r  g r o u p s  of r a t s  r e c e i v e d  d a i l y  

i n t r a p e r i t o n e a l  injections o f ;  40 o r  80 ug o f  c o h o  G l i ,  6 0  ug of 

o v i n e  G H  o r  0 , 9 %  NaC1, 

T h e  h o r m o n e s  were d i s s o l v d  i n  0.91 N a C l  a d j u s t e d  t o  pH 8,5 

w i t h  1 M N a O H ,  In b o t h  e x p e r i n e n t s ,  t h e  r a t s  were i n j s c t e d  f o r  

f o u r  d a y s  a n d  s a c r i f i c e d  t h e  f o l l o w i n g  day.  

B o t h  t i b i a e  were r e ~ o v e d  f r o m  each r a t ,  s a g i t a l f y  s e c t i o n e d  

w i t h  a r azo r  b l a d e  a n d  p r e s e r v e d  i n  10% f o r m a l i n ,  The tibiae 

were t h e n  r i n s e d  i n  d i s t i l l e d  water f o r  30 m i n u t e s ,  s o a k e d  i n  

a c e t o n e  f o r  1 h r ,  r i n s e d  a g a i n  i n  distilled water f o r  3 0  m i n u t e s  

a n d  s o a k e d  i n  2% s i l v e r  n i t r a t e  f o r  3 m i n u t e s .  F o l l o w i n g  a b r i e f  



r i n s e  i n  d i s t i l l e d  water, t h ~  t i b i a e  were e x p o s e d  t o  a n  

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

b r a w n ,  T h e  t i b i a 2  were t h e n  rinsed In 10% s o d i u m  t h i o s u f p h a t e ,  

f o l l o w e d  b y  d i s t i l l e d  water a n d  s t o r e d  i n  80% e t h a n o l ,  F o l l o w i n g  

t h i s  s t a i n i n g  p r o c e d u r e ,  a l l  areas of t h e  t i b i a 1  e p i p h y s i s  a re  

d a r k  b r o w n  e x c e p t  f o r  t h e  c a r t i l a g e  p l a t e ,  w h i c h  reaains w h i t e .  

T h e  w i d t h  of t h e  c a r t i l a g e  p l a t e  was d e t 9 r m i n e 3  u s i n g  s Z e i s s  

? h o t o m i c r o s c o p e ,  c a l i b r a t e d  w i t h  a n  e y e p i e c e  micrometer, Ten 

m e a s u r e m e n t s  were r e c o r d e d  f o r  each c a r t i l a g e  p l a t e  a n d  t h e  

w i d t h s  o b t a i n e d  f o r  t h e  l e f t  a n d  r i g h t  t i b i a e  were a v e r a g e d ,  

G r o u p s  were c o m p a r e d  b y  a  S t u d e n t ' s  T - t e s t  a n d  c o n s i d e r e d  t o  b e  

s i q n i f i c a n t l y  d i f f e r e n t  i f  p<O.OS, 

F o r  t h e  a m i n o  a c i d  a n a l y s i s  of  c o h o  GH, 200 ug of m a t e r i a l  

were h y d r o l y z e d  i n  2 0 0  u l  o f  6 8  H C 1  f o r  22 h o u r s  u n d e r  n i t r o g e n  

a t  1lOoC. T h r e e  s e p a r a t e  a n a l y s e s  were c o n d u c t e d  o n  10-20 ug 

a l i q u o t s  of t h i s  s i n g l e  h y d r o l y z a t e  u s i n g  a D i o n e x  Amino A c i d /  

P e p t i d e  A n a l y z e r ,  m e a s u r i n g  a t  5 7 0  n%, e x c e p t :  f o r  p r o l i n e  (440  

nm) . 
F o r  chum GH, t h r e e  s e p a r a t e  h y d r o l y s e s  were done o n  50 ug 

a l i g u o t s  o f  t h e  same p r e p a r a t i o n ,  f o r  22 h o u r s  a t  l l O • ‹ C .  Pivs 

a n a l y s e s  were c o n d u c t e d  o n  t h e s e  h p d r o l y z a t e s .  F o l l o w i n g  e a c h  

individual analysis, the camputed r a t i o s  o f  each amino a c i d  were 

c o n v e r t e d  t o  a b s o l u t e  v a l u e s  an t h e  b a s i s  of 391  r e s i d u e s /  



i 

m o l e c u l e ,  t h e  c h a i n  l e n g t h  o f  human GH. T h e  v a l u e s  o b t a i n e d  f r o m  

b e a c h  a n a l y s i s  were t h o n  a v e r a g e d  t o  o b t a i n  t h e  f i n a l  a a i n o  a c i d  

c o m p o s i t i o n  f o r  t h e  two s a l m o n  GHs. No c o r r e c t i o n  was made f o r  

h y d r o l y t i c  d e s t r u c t i o n ,  

T o  t e s t  t h e  s p e c i f i c i t y  o f  t h e  a n t i s e r u m  r a i s e d  a q a i n s t  

chum s a l a o n  GH f o r  t h e  GH ce l l s  i n  t h e  s a l m n  p i t u i t a r y ,  

F m m u n o c y t o c h e m i c a l  s t u d i e s  were d o n e ,  T h e  d e v e l o p m e n t  of 

a n t i s e s a  h a s  b e e n  d e s c r i b e d  e a r l i e r  { P u r i f i c a t i o n  of  S a l a o n  

P i t u i t a r i e s  from y e a r l i n g  c o h o  s a l m o n  were o b t a i n e d  f r o m  

C a p i l a n o  H a t c h e r y ,  W o r t h  V a n c o u v e r ,  8.C. S o c k e y e  s a l m o n  

p i t u i t a r i e s  were c o l l e c t e d  from u p s t r e a m  m i g r a n t s  of t h e  * 9 C h i l k o  

raceH. Chum a n d  p i n k  s a l m o n  jQ, spgbugchh) p i t u i t a r i e s  were 

col lec ted  f r o m  u p s t r e a m  m i g r a n t s  o f  t h e  * * C h i f l i w a c k  raceJ*. 

T i s s u e s  were f i x e d  i n  e i t h e r  B o a i n ' s  or B o u i n - H o l l a n d e  s o l u t i o n ,  

d e h y d r a t e d ,  e m b e d d e d  i n  garspiast ( 5 S • ‹ C )  a n d  s e c t i o n e d  a t  5 urn. 

G r o w t h  h o r m o n e  c e l l s  were l o c a l i z e d  u s i n g  t h e  

p e z o x i d a s e - a n t i p e r o x i d a s e  s t a i n i n g  t e c h n i q u e  ( S t e r n b e r g e r ,  

1 9 7 4 ) .  P r i o r  t o  s t a i n i n g ,  a l l  s e c t i o n s  were d e w a x e d  i n  t o l u e n e ,  

h y d r a t e d  a n d  e q u i l i b r a t e d  i n  d i l u e n t  b u f f e r  (0,05 PI T r i s - H C 1 ,  pH 

7.6, c o n t a i n i n g  0.15 M N a C l ) ,  A 1 1  s e c t i o n s  were t h e n  p r e t r e a t e d  

w i t h  u n d i l u t e d  n o r w a l  goat  s e r u m  f o r  30 m i n ,  a t  room t e m p e r a t u r e  



t o  reduce  n o n s p e c i f i c  b a c k g r o u n d  s t a i n i n g .  R a b b i t  a n t i - c h u n  GW 

b s e r u m  ( 1 / 5 0 0  i n  4 i f u e n t  b u f f e r )  was then a p p l i e d  a n d  i n c u b a t e d  

o v e r n i g h t  a t  4•‹C- G o a t  a n t i - r a b b i t  gamma g l o b u l i n  was t h e n  

a p p l i e d  ( 1 / 1 0  d i l .  f o r  10 min. a t  2 2 O C )  f o l l o w e 3  by  r a b b i t  

p n r o x i d a s e  a n t i - p e r o x i d a s e  s e r u m  (fliles Heda Ltd.) a t  a 1 / 5 0  

d i l .  f o r  1 0  min, a t  22OG. After e a c h  a n t i s e r u m  a p p l i c a t i o n ,  the 

s l i d e s  were washed f o r  a t  l e a s t  1 5  m i n e  i n  d i l u e n t  S u f f e r  o r  

0,15 M s a l i n e .  T h e  s i t e s  of  p e r o x i d a s e  a c t i v i t y  were t h e n  

v i s u a l i z e d  b y  t r a n s f e r i n g  t h e  s f i d e s  t o  0,01X h y d r o g e n  p e r 4 x i . d e  

c o n t a i n i n q  0 .025% ( W / b r )  3 . 3 - d i a m i n o b e n z i d e n e  (Graham a n d  

K a r n o v s k p ,  1 9 6 5 ) .  T h e  s l i d e s  uere t h e n  washed t h o r o u g h l y  i n  

d i s t i l l e d  w a t e r ,  d e h y d r a t e d  a n d  moun ted ,  

S e v z r a l  c o n t r o l  p r o c e d u r e s  were c a r r i e d  o u t  t o  d e t e r m i n e  

t h e  s p e c i f i c i t y  o f  t h e  r e a c t i o n ,  T h e s e  i n c l u d e ?  t h e  a p p l i c a t i o n  

of non- inmune  r a b b i t  s e r u m  ( N R S )  a s  the p r i m a r y  a n t i s e r u m  a n d  

p r e - s a t u r a t i o n  o f  t h e  a n t i s e r u m  w i t h  chum G A t  I n  t h e  case o f  

coho, a d j a c e n t  s e c t i o n s  were s t a i n e d  w i t h  h e s a t o x y l i n  a n d  e o s i n  

t o  c o n f i r m  t h a t  t h e  i ~ n u n o r e a c t i v e  ce l l s  c o r r e s p o n d e d  t o  t h e  

a c i d o p h i l s  o f  t h e  c a u d a l  p a r s  d i s t a l i s .  

P i t u i t a r y  h o m o g e n a t e s  o f  a l l  s p e c i e s  { i n c l u d i n g  c h i n o o k ,  Q, 

$shg_wyrtsh_a, i n  t h i s  c a s e )  were t e s t e d  f o r  c r o s s - r e s c t i v i t y  w i t h  

the a n t i s e r u m  u s i n g  t h e  O u c h t e f l o n y  (1968) d o u b l e  g e l  d i f f u s i o n  

t e c h n i q u e ,  P i t u i t a r i e s  (0.5 g) were h o m o g e n i z e d  i n  1 mf o f  

i c e - c o l d  0.2 PI T r i s - 2 C 1  (pH 8 . 3 )  a n d  t h e n  c e n t r i f u g e d  a t  1000  x 

q f o r  15 m i n u t e s .  T h e  s u p e r n a t a n t s  were t h e n  t e s t e d  a g a i n s t  n e a t  

a n t i s e r u m  f o r  c r o s s - r e a c t i v i t y  a n d  were a l s o  c o m p a r e d  w i t h  o n e  



a n o t h e r  a n d  w i t h  p u r i f i e d  chum G H  f o r  i m m u n o l o g i c a l .  

s i n i l a r i t i e s .  

T h e  a n t i s e r u m  u s e d  f o r  t h e  d e v e l o p m e n t  o f  t h e  

r a d i o i m m u n o a s s a y  ( S T A )  was g e n e r a t e d  a s  d e s c r i b e d  e a r l i e r ,  T h e  

d e v e l o p m e n t  o f  a n t i s e r u m  t i t e r  w a s  m o n i t o r e d  by i t s  a b i l i t y  t o  

b i n d  w i t h  6 2 5 I - c h u m  s a l m o n  GH. F o r  t h e  i o d i n s t i o n  of s a l m o n  SH 

( T h o r e l l  a n d  J o h a n s s o n ,  1 9 7 1 ) ,  o n e  wCi H a l 2 5 5  (2 u l ) ,  10 u g  o f  

l a c t o p e r o x i d a s e  (80  u n i t s / w g ,  S i g m a )  i n  1 0  u l  of 0 - 5  M p h o s p h a t e  

b u f f e r ,  pH 7.6 a n d  10 u l  of 0.003% h y d r o g e n  p e r o x i d e  were added 

t o  10 u q  o f  chum GK i n  30 u l  o f  0.5 1 p h o s p h a t e  b u f f e r ,  pH 7.6. 

T h e  r e a c t i o n  was c a r r i e d  o u t  i n  a 12  x  75 m m  b o r o s i l i c a t e  t e s t  

t u b e  s e a l e d  w i t h  p a r a f i l m ,  F o l l o w i n q  5 a i n u t e s  of c o n s t a n t  

a g i t a t i o n ,  t h e  i n c o r p o r a t i o n  of 1251 i n t o  t h e  G H  m o l e c u l e  w a s  

d e t e r m i n e d  b y  p r e c i p i t a t i n g  a n  a l i q u o t  of t h e  r e a c t i o n  mixture 

i n  a t e s t  t u b e  w i t h  1 0 %  t r i c h l o f a c e t i c  a c i d .  After 

c e n t r i f  u q a t i o n ,  t h e  r a d i o a c t i v i t y  i n  t h e  t u b e  was d e t z r ~ i n e d  

u s i n q  a Yeckman OP-5000 gamma c o u n t e r ,  T h e  s u p e r n a t a n t  was t h e n  

d e c a n t e d  an3 t h e  t u b e  war r e - c o u n t e d ,  T h e  a c t i v i t y  i n  t h e  p e l l e t  

was e x p r e s s e d  a s  a p e r c e n t a g e  o f  t h e  t o t a l  a c t i v i t y  i n  t h e  t u b e  

t o  o b t a i n  t h e  p e r c e n t  i n c o r p o r a t i o n ,  F u r t h e r  a l i q u o t s  o f  

h y d r o g e n  p e r o x i d e  were a d d e d  u n t i l  50-60% i n c o r p o r a t i o n  was 

a c h i e v e d ,  r e s u l t i n g  i n  a l a b e l  w i t h  a s p e c i f i c  a c t i v i t y  of 5 0 - 6 0  

uCi/ug of  GH, Any f u t h e r  a d d i t i o n s  of h y d r o g e n  p e r o x i d e  a f t e r  



t h i s  l e v e l  of  i n c o r p o r a t i o n  h a d  b e e n  a c h i e v e d  r e s u l t e d  i n  no  

f u r t h e r  i n c r a a s e  i n  t h e  s p e c i f i c  a c t i v i t y .  

T h e  i o d i n s t i o n  a i x t u r e  was  t h e n  d i l u t e d  w i t h  700 u l  o f  10% 

s u c r o s e  a n d  a p p l i e d  t o  a 1 x 7 cm, S e p h a d e x  G-50 c o l u m n ,  

e q u i l i b r l t e d  w i t h  0 , 3 1 5  PI a r n m o n i u ~  acetate,  pH 9 , 1 ,  c o n t a i n i n g  

0.15 8 8 a C 1  a n d  e l u t e d  w i t h  t h e  same b u f f e r ,  Ten  d r o p  f r a c t i o n s  

s f  t h e  e l u a t e  were c o l l e c t e d  i n  b o r o s i l i c a t e  t e s t  t u b e s  

c o n t a i n i n g  1 m l  o f  0 .05  M p h o s p h a t e - b u f f e r e d  s a l i n e  w i t h  1% BSA, 

pH 7.6, Twen ty  n i c r o l i t e r  n l i q u o t s  of e a c h  f r a c t i o n  were c o u n t e d  

t o  o b t a i n  t h e  c o l u m n  profiles o f  lzsI-GH a n d  u n r e a c t e d  N a l 2 s I ,  

T h e  f i v e  p e a k  tubes o f  1 2 5 1 - G H  were made i n t o  a l i q u o t s  ( 5  x 10" 

cpm) a n d  s t o r e d  a t  -20•‹C, 

B e f o r e  use, t h e  l a b e l  was a l w a y s  r e p u r i f i e d  o n  a  2 x Y O  c a ,  

S e p h a d e x  G-100 c o l u m n ,  e q u i l i b r a t e d  w i t h  0 . 0 1 5  9 awmoniun  

a c e t a t e - b u f f e r e d  s a f  i n @  (pH 8 , 7 ) ,  c o n t a i n i n g  0.1% T h i m e r o s a l  

(Sigma) a s  a p r e s s r v a t i v e ,  R p p r o x i n a t e l p  s i x t y  1.2 m P  f r s c t i o n s  

were c o l l e c t e d  a n d  t h e  c o f u m  p r o f i f e  was d e t e t a i n e d  b y  

r a d i o a c t i v i t y  a s  b e f o r e ,  u s i n g  1 0 0  u l  a l i q u o t s  i n s t e a d ,  This 

r e p u r i f i c a t i o n  s e p a r a t e d  monomef i c  lzs I -GH f r o m  c o n t a m i n a n t s  of  

h i g h e r  m o l e c u l a r  w e i g h t  a n d  d i s s o c i a t e d  **51, If this p r o c e d u r e  

was n o t  E o f l o w e d ,  t h e  n o n - s p e c i f i c  b i n d i n g  of t h e  l a b e l  t o  tha 

b o r o s i l i c a t e  a s s a y  t u b e s  was  i n c r e a s e d ,  T h e  labelled G H  r e m a i n e d  

useful f o r  u p  t o  a week a f t e r  t h e  s e c o n d  g e l  f i l t r a t i o n .  

Fnt t h e  b i n E i n g  s t u d i e s ,  a w i d e  r a n g e  of d i l u t i o n s  

(3 :1000-100 ,000  ) was p r e p a r e 3  w i t h  t h e  a n t i s e r a  from t h e  f i r s t  

t h r o u g h  the f o u r t h  b l e e d i n g s  o f  r a b b i t  8 2 .  T h e  d i l u e n t  b u f f e r  



used f o r  a l l  assay  c o m p o n e n t s  was 0.01 p h o s p h a t e - b u f f e r e d  

s a l i n e ,  DH 7 .6 ,  c o n t a i n i n g  1% BSA a n d  0 .1% T h i m o r o s a l .  O n e  

h u n d r e d  microl i t2rs  o f  t h e  v a r i o u s  a n t i b o d y  d i l u t i o n s  were a d d e d  

t o  1 2  x 75 m m  b o r o s i l i c a t e  t e s t  t u b e s ,  f o l l o w e d  b y  1 0 0  u l  o f  2% 

n o r m a l  r a b b i t  s e r u m  (NRS), 200 u l  of d i f u e n t  b u f f e r  a n d  1 0 0  ul 

o f  l a b e l l e d  G H  ( 6 , 0 0 0  c p m ) ,  T h e  t u b e s  were m i x e d  a n d  i n c u b s t e d  

f o r  t h r e e  d a y s  a t  Q s C ,  s l t h o u g h  maximum b i n d i n g  o f  t h e  l a b e l l e d  

h o r w o n e  is e s s e n t i a l l y  c o m p l e t e  a f t e r  two d a y s ,  To s e p a r a t e  t h e  

a n t i b o d y - b o u n d  l a b e l l e d  Gt-I ( b o u n d )  f r o m  t h e  u n b o u n d  l a b e l l e d  GFI 

( f r e e ) ,  0 . 5  u n i t s  o f  g o a t  a n t i - r a b b i t  gamma g l o b u l i n  

(GARGG-Calbiochemf i n  1 0 0  u l  of d i l u e n t  b u f f e r  were a d d e d  t o  a l l  

t u b e s .  T h e  t u b e s  were m i x e d  a n d  i n c u b a t e d  f o r  24 h o u r s  a t  U•‹C, 

t o  e n s u r e  t h a t  t h e  i m m u n o p r z c i p i t a t i o n  b e t w e e n  t h e  G A R G G ,  t h e  

HBS a n d  t h e  GH a n t i s e r u m  was c o s p l e t e .  P r i o r  t o  c e n t r i f u g a t i o n  

f o r  30 m i n u t e s  a t  1 0 0 0  x g ,  2 m l  o f  d i l u e n t  b u f f e r  were a d d e d  t o  

a l l  t u b e s ,  3y i n c r e a s i n g  t h e  s u p e r n a t a n t  v o l u m e  i n  t h i s  m a n n e r ,  

t h e  n o n - s p e c i f i c  b i n d i n g  of f ree  X a b e f  t o  t h e  b o r o s i l i c a t e  t u b e s  

w a s  r e d u c e d  c o n s i d e r a b l y  upon d e c a n t a t i o n .  T h e  t e s t  t u b e s  were 

d r a i n e d  f o r  1 5  m i n u t e s  a f t e r  d e c a n t a t i o n  and b l  o t t e d  b e f o r e  

c o u n t i n q .  T h e  n o n - s p e c i f i c  b i n d i n g  (NSB) t u b e s  c o n t a i n e d  100 u l  

0 f  d i f u e n t  b u f f e r  i n  p l a c e  of t h e  a n t i s e r u m .  T h e  p e r c e n t a g e  of 

l a b e l  b o u n d  t o  t h e  a n t i b o d y  was c a l c u l a t e d  by  t h e  f o l l o w i n g  

formula; 

X b o u n d  = (CPE i n  p r e c i p i t a t e  - N S B  / t o t a l  CPM a d d e d  - N S B )  x 

A l l  a n t i s e r u m  4 i l u t i o n s  were t e s t e d  i n  t r i p l i c a t e .  T h e  f o u r t h  



F i c j u s e  1. The d e v e l o p m e n t  of a n t i b o d y  t i t e r  i n  r a b b i t  8 2  

f o l l o w i n g  m o n t h l y  i n j e c t i o n s  o f  2 5  uq o f  c h u m  s a l m o n  

q r o w t h  hormone.  T h e  r a b b i t  was b l e d  ten d a y s  

f o l l o w i n g  each i n j e c t i o n  a n d  t h e  serum t i t e r  was 

t h e n  d e t e r m i n e 3  by its a b i l i t y  t o  b i n d  1 2 s f - c h u m  

s a l m o n  growth h o r z o n e ,  The  h i g h e s t  t i t e r  was 

o b t a i n e d  a f t e r  f o u r  m o n t h l y  injections, T h e  serum 

o b t a i n e d  from t h e  f o u r t h  bleeding was s u b s e q u e n t l y  

u s e d  for  t h e  d e v e l o p a e n t  o f  t h e  r a d i o i w ~ u n o a s s a y .  





b l e e d i n g  o f  r a b b i t  # 2  (R2-4) had  t h e  h i g h e s t  t i t e r  ( F i g ,  1).  

A second s e r i e s  of i l i l u t i o n s ,  i n  n a r r o w e r  i n c r e m e n t s ,  was 

t h e n  made w i t h  t h i s  a n t i s e r u m  a n d  t h e  b i n d i n g  s t u d i e s  were 

r e p e a t e d .  A t  a r a n q e  of  d i f u t i o n s  b e t w e e n  1 :1000-300,000,  t h e  " 

b i n d i n g  o f  l a b e l l e d  GM v a r i e d  f r o m  70-9% r e s p e c t i v e l y ,  S t a n d a r d  

c u r v e s  were t h e n  c o n s t r u c t e d  w i t h  a n t i s e r u a  d i l u t i o n s  t h a t  bound 

b e t w e e n  1 5  a n d  3 0 %  l a b e f h e ?  GR a n d  c o m p a r e d  f o r  s e n s i t i v i t y  a n d  

s l o p e  o f  i n h i b i t i o n ,  A 1 :60 ,000  d i l u t i o n  o f  R2-Y,  w h i c h  bound 

2 3 %  l a b e l l e d  G H  i n  t h e  a b s e n c e  o f  u n f a b e l l e d  CH, was f i n a l l y  

c h o s e n  f o r  t h e  RIA. 

T o  c o n s t r u c t  a s t a n d a r d  c u r v e ,  1 0 0  u l  o f  R2-4 (1 :60 ,000)  

were a d d e d  t o  assay  t u b e s ,  f o l l o w e d  by  1 0 0  u l  of 2% N R S ,  1 0 0  u l  

of t h e  r e s p e c t i v e  chum G H  s t a n d a r d s  (1.25-160 n g / ~ l )  a n d  100  u l  

of d i f u e n t  b u f f e r ,  T h e  z e r o  b i n d i n q  t u b e s  r e c e i v e d  1 0 0  ul o f  

d i l u e n t  b u f f e r  i n s t e a d  o f  a G H  s t a n d a r d  w h i l e  t h e  MSB t u b e s  were 

p r e p a r e d  a s  b e f o r e .  T h e  v o f u w e  o f  a l l  t u b e s ,  p r i o r  t o  t h e  

a d d i t i o n  'of t h e  l a b e l ,  was 400 u l .  

f o r  t h e  m e a s u r e n e n t  of plasma G H  l e v e l s  i n  s a l m o n i d s ,  10-50 

u l  of h e p a r i n i z e d  p l a s m a  were a d d e d  t o  a s s a y  t u b e s ,  f o l f o v e d  by 

1 0 0  u l  o f  a n t i s e r u m ,  1 0 0  u l  o f  2% N R S  a n d  s u f f i c i e n t  d i l u e n t  

b u f f e r  (190-150 u l )  t o  a c h i e v e  a volu ine  of 4 0 0  u l .  A 1 1  t u b e s  

were mixed  a n d  i n c u b a t e d  f o r  2U h o u r s  st 4OC. 

One h u n d r e d  microl i ters  of l a b e l l e d  G H  ( 6 , 0 0 0  cpm) were 

t h e n  a d d e d  t o  a l l  t u b e s ,  f o l l o w e d  b y  a f u r t h e r  YB h o u r  

i n c u b a t i o n  a t  Y0C. T h e  bound  a n d  f ree  l a b e l  were t h e n  s e p a r a t e d  



s t a n d . a r d  G H  c o n c e n t r a t i o n  ( z e r o -  360 ng / m l )  a n d  f o r  u n k n o w n s  was 

c a l c u l a t e d  a s  b e f o r e .  T h e  v a l u e s  o f  % b o u n d  were t h e n  c o n v e r t e d  

t o  % a o u n d  / Z e r o  3 o u n d  (XB/E.o) b y  t h e  f o l l o w i n g  f o r m u l a ;  

%B/Bo = (3 Bound / X Z e r o  Bound)  x 100, 

The r e s u l t i n g  %3/8o v a l u e s  f o r  t h e  s t a n d a r d s  were t h e n  g r a p h e d  

o n  a s e m i - l o g  p l o t  a g a i n s t  t h e  s t a n d a r d  G H  c o n c e n t r a t i o n s  

(1,25-160 nglml), T h e  GH c o n c e n t r a t i o n s  i n  the p l a s m a  unknowns 

were e x t r a p o l a t e d  fron t h e  s t a n d a r d .  c u r y e  u s i n g  t h e i r  c a l c u l a t e d  

v a l u e s  o f  PB,fBo, E a c h  s t a n d a r d  c u r v e  was set  u p  i n  t r i p l i c a t e ,  

T o  d e t e r m i n e  t h e  i n h e r e n t  v a r i a b i l i t y  w i t h i n  a s i n g l e  

a s s a y ,  t e n  r e p l i c a t e  t u b e s  c o n t a i n i n g  100 u l  of known q u a n t i t i e s  

o f  GM ( 5  a n d  20 n g / a l )  were m e a s u r e d  i n  a s i n g l e  a s s a y  a n d  t h e  

c o e f f i c i e n t  o f  v a r i a t i o n  (CV) was c a l c u l a t e d  f o r  e a c h  

c o n c e n t r a t i o n .  T h e  i n h e r e n t  v a r i a b i l i t y  b e t w e e n  a s s a y s  u a s  a l s o  

d e t e r m i n e d ,  P o o l e d ,  h e p a r i n i z e d  p l a s ~ a  froa r a i n b o w  t r o u t  was 

divided (50 a f )  amonq  a l a r g e  n u m b e r  of a s s a y  t u b e s  a n d  s t o r e d  

a t  -20•‹C, T h r 3 e  t u b e s  were t h e n  i n c l u d e d  i n  e a c h  assay  a n d  t h e  

CV was d e t e r m i n e d  o n  t h e  b a s i s  of f o u r  s e p a r a t e  RIA'S. 

T o  d e t e r m i n e  t h e  s p e c i f i c i t y  o f  t h e  R I A  f o r  p l a s m a  G H  f r o m  

t h e  g e n e r a  SaSgp a n d  Qgcpyhyri~hqs, p a r a l l e l i s m  s t u d i e s  were 

c o n d u c t e d .  P o o l e d  p l a s m a  f r o m  r a i n b o w  t r o u t  a n d  c o h o  s a l m o n  was 

s e r i a l l y  d i l u t e d  i n  a s s a y  b u f f e r  t o  o b t a i n  a w i d e  r a n q e  of f i n a l  

p l a s m a  c o n c e n t r a t i o n s ;  1-5-100% i n  t h e  ca se  of t r o u t  a n d  3.1-SOX 

i n  t h e  case of c o h o  s a l ~ o n ,  O n e  h u n d r e d  mic ro i i t e r s  of t h e s e  

d i l u t i o n s  yere a s s a y e d  i n  t r i p l i c a t e  w i t h  a n o r m a l  s t a n d a r d  

c u r v e ,  A l l  '%B/Bo v a l u e s  were t h e n  c o n v e r t e d  t o  l o g i t s  



[ l o g ( B / B o / l - R / B o )  j a n d  t h e  d a t a  was g r a p h e d  o n  a  l o g - l o g i t  p l o t .  

T h e  s l o p e s  were c a l c u l a t e d  f o r  t h e  s t a n d a r d  c u r v e  and  t h e  p l a s m a  

d i l u t i o n s  a n d  c o m p a r e d  s t a t i s t i c a l l y  by a  S t u d e n t ' s  T - t e s t  ( Z a r ,  

1 9 7 4 ) .  As t h e  t r a n s f o r m a t i o n s  r e s u l t e d  i n  n e g a t i v e  L o g i t s  f o r  

sorfie values  of y ,  o n e  l o g i t  u n i t  was  added  t o  all y v a l u e s  p r i o r  

t o  t h e  c a l c u l a t i o n  of s l o p e s .  T h e  s l o p e s  were c o n s i d e r e d  t o  be  

s i q n i f i c a n t l y  d i f f e r e n t  i f  p<0,05 .  

parallelism s t u d y  was a l s o  c o n d u c t e d  with a c o h o  

p i t u i t a r y  ex t r a c t ,  Coho p i t u i t a r i e s  (Q,5 g )  were homogenize 'd  i n  

10 m l  o f  i c e - c o l d  0.01 M p h o s p h a t e - b u f f e r e d  s a l i n e ,  pH 7-6, a n d  

t h e  h o m o q e n a t e  was c e n t r i f u q e d  a t  2000  x g f o r  30 m i n u t e s ,  The  

r e s u l t i n g  s u p e r n a t a n t  was s e r i a l l y  d i l u t e d  (1 :32 ,000-512 ,080)  

a n &  1 0 5  uZ a l i q u o t s  were a s s a y e d  i n  triplicate w i t h  a s t a n d a r d  

c u r v e  a n d  the c o h o  p l a s m  d i l u t i o n s  a s  d e s c r i b e d  above.  

R e c o v e r y  s t u d i e s ,  i n  w h i c h  known q u a n t i t i e s  of chum G M  were 

a d d e d  t o  t r o u t  p l a s m a ,  were a l s o  c o n d u c t e d ,  T r o u t  p l a s ~ a  v o l u m e s  

of 1 0 ,  20 a n d  30 u l  were s p i k e d  n i t h  100  u3. o f  a 2 - 5  nq /ml  

s o l u t i o n  of GH an5 m e a s u r e d  i n  s s i n g l e  a s s a y  ( i n  t r i p l i c a t e )  

w i t h  t u b 2 3  c o n t a i n i n g  p l a s m a  a l o n e  (30,  20 a n d  3 0  u l ,  n o t  

spikad). 

P l a s m a  m e a s u r e m e n t s  were a l s o  d o n e  w i t h  h y p o p h y s e c t o m i z e d  

k i l l i f i s h  f g g n d u l u s  kieyocf&gqg) t o  v e r i f y  t h a t  t h e  o n l y  s o u r c e  

o f  i n w u n o r e a c t i v i t y  i n  f i s h  p l a s m a  was f r o %  t h e  p i t u i t a r y  g l a n d ,  

K i l l i f i s h  were o b t a i n e d  f r o %  J o h n  Cameron,  a c o m m e r c i a f  d e a f ~ r  

i n  N e w  Y o r k  C i t y ,  Tor t h e  h y p o p h p s e c t o m y ,  a s m a l l  i n c i s i o n  was 

made i n  t h e  r o o f  o f  t h e  mouth  o v e r l y i n g  t h e  p i t u i t a r y  g l a n d  of 



a n a e s t h e t i z e d  f i s h ,  u s i n g  a f i n e  s c a l p e l .  T h e  u n d e r l y i n q  

m u s c u l a t u r e  a n d  c o n n e c t i v e  t i s s u e  were teased a w a y  w i t h  f o r c n p s  

t o  e x p o s e  t h e  p a r a s p h e n o i d  b o n e ,  

T h e  p i t u i t a r y  g l a n d  was t h s n  e x p o s e d  w i t h  a d e n t i s t  d r i l l  

a n d  removed w i t h  c a r e f u l  s u c t i o n  u s i n g  a p a s t e u r  p i p e t t e ,  Upoa 

r e c o v e r y  from a n a e s t h e s i a ,  t h e  f i s h  were t r a n s f e r e d  t o  1 1 3  

s e a w a t e r  ( l O • ‹ C )  and  ~ a l n t a i n e d  o n  a f i x e d  g h o t o p s r i o t - t  ( 1  2L: f 2D). 

P l a s m a  v o l u m e s  of 10-40 u l  were t h e n  a s s a y e d  i n  t r i p l i c a t e  a l o n g  

w i t h  p l a s m a  f r o m  i n t a c t  k i l l i f i s h ,  

P l a s m a  f r o m  c o h o  s a l m o n  was f r a c t i o n a t e d  o n  a S e p h a d e x  G-SO 

c o l u m n  t o  d e t e r m i n e  i f  t h e  p l a s m s  i m m u n o r e a c t i v i t y  was o f  t h e  

same ~ o l e c u l a r  w e i g h t  a s  p i t u i t a r y  G H ,  a 1 , 6  x 58 crn c o l u m n ,  

e q u i l i b r a t e d  w i t h  0,035 M ammonium a c e t a t e ,  was f i r s t  c a l i b r a t s d  

w i t h  12Sf-GH, t o  d e t e r m i n e  t h e  e l u t i o n  v o l u m e  o f  p i t u i t a r y  GH. 

A p p r o x i m a t e l y  1 x ? O e  cpn of IrsI-GH i n  7 sf of c o l u ~ n  b u f f e r ,  

c o n t a i n i n g  5% s u c r o s e ,  was a p p l i e d  t o  the c o l u m n  a n d  e l u t e d  w i t h  

a c o n s t a n t  p r e s s u s 2  h e a d ,  A p p r o x i a a t e l y  s i x t y  3 , 3  ml f r a c t i o n s  

were c o l l e c t e d  a n d  t h e  c o l u m n  p r o f i f e  was d e t e r m i n e d  b y  

m o n i t o r i n g  e a c h  f r a c t i o n  i n  a gamma c o u n t e r ,  One  m i l l i l i t e r  o f  

h e p a r i n i z e d  c o h o  p l a s m a ,  c o n t a i n i n g  5% s u c r o s e ,  was t h e n  a p p l i e d  

t o  t h e  c o l u m n  a n d  e l u t e d  w i t h  c o l u s n  b u f f e r  w i t h  t h e  same 

p r e s s u r e  h e a d .  S i x t y  3 , 3  rn1 f r a c t i o n s  were c o l l e c t e d  a n d  200 u l  

a l i q u o t s  of  each  f r a c t i o n  were a s s a y e d  i n  t r i p l i c a t e  b y  R I A .  



R a i n b o w  t r o u t  ( S u n  V a l l e y  T r o u t  Farm, H i s s i o n )  were 

s u b i l i v i d e d  i n t o  f o u r  q r o u p s  (N=10-12) a n d  accl imated in s e p a r a t e  

30 L f i b r e g l a s s  a q u a r i a  f o r  f o u r  w e e k s  p r i o r  t o  t h e  e x p e r i m e n t ,  

T h e  f i s h  were m a i n t a i n c r d  o n  a n a t u r a l  p h o t o p e r i o d  [ S e p t . )  i n  

f l o w - t h r o u g h  d e c h l o r i n a t e d  t a p  water (tD•‹C) a n d  f e d  M o o r e - C l a r k  

f r y  f e e d  o n c e  d a i l y  t o  s a t i a t i o n ,  

On t h e  m o r n i n g  o f  t h e  e x p e r i a e n t  (9:00 A , @ , ) ,  two of t h e  

q r o u p s  were n e t t e d  a n d  h e l d  o u t  o f  t h e  water f o r  t h i r t y  s e c o n d s  

t o  i n d u c e  h a n d l i n q  stress. The f i s h  were t h e n  r e t u r n e d  t o  t h e i r  

r e s p e c t i v e  t a n k s  a n d  s u b s e q u e n t l y  s a m p l e d ,  one  a n d  s e v e n  h o u r s  

f o l l o w i n g  t h e  i n d u c t i o n  of stress. A c o n t r o l  g r o u p ,  w h i c h  had  

n o t  b e e n  d i s t u r b e d ,  was a l s o  s a m p l e d  a t  e a c h  time p e r i o d ,  The 

f i s h  were n e t t e d  i n d i v i d u a l l y ,  t h e  cauda l  p e d u n c l e  was s e v e r e d  

a n d  b l o o d  was c o l l e c t e d  i n  h e p a r i n i z e d  c a p i l l a r y  t u b e s ,  T h e  

b l o o d  was c e n t r i f u g e d ,  t h e  h e ~ a t o c r i t s  were r e c o r d e d  a n d  t h e  

p l a s m a  was s t o r e d  a t  q • ‹ C ,  T h e  s a ~ p l i n g  was a l t e r n a t e d  b e t w e e n  

t h e  c o n t r o l  a n d  e x p e r i m e n t a l  g r o u p s  t o  e q u a l i z e  a n y  d i s t u r b a n c e  

t o  t h e  f i s h ,  T h e  f o l l o w i n g  d a y ,  p l a s m a  G H  l e v e l s  were n e a s u r e d  

i n  a l l  g r o u p s ,  u s i n g  20  uf a l i q u o t s  of p l a s m a  i n  t r i p l i c a t e ,  b y  

R I A .  T h e  d a t a  were a n a l y z e d  by  a S t u d e n t ' s  T - t e s t  a n d  g r o u p s  

were c a n s i d e r e d  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  if p < 0 , 0 5 .  



Two g r o u p s  (B=10-12) of r a i n b o w  t r o u t  were a c c l i m a t e d  i n  

s e p a r a t e  120 L f i b r e g l a s s  a q u a r i a  f o r  a  p e r i o d  o f  two w e e k s ,  i n  

f l o w - t h r o u g h  d e c h l o r i n a t e d  t a p  water ( l O • ‹ C )  and a n a t u r a l  

p h o t o p e r i o d  ( S e p t , ) .  The f i s h  were f e d  Moore -Gfa rk  f r y  f e e d  t o  

s a t i a t i o n  o n c e  d a i l y .  F o l f o w i n q  t h e  a c c l i m a t i o n  ~ e r i o d ,  f o o d  was 

w i t h h e l d  f r o m  o n e  g r o u p  f o r  t h r e e  weeks. B l o o d  s a m p l e s  were t h e n  

t a k e n  f r o m  a l l  f i s h ,  a l t e r n a t i n g  b e t w e e n  t a n k s ,  i n  t h e  m a n n e r  

d e s c r i b e d  p r e v i o u s l y .  P l a s n a  G H  l e v e l s  were m e a s u r e d  i n  

t r i p l i c a t e  b y  RIA, using 2 0  u l  a l i q u o t s  o f  p l a s m a ,  t h e  s a m e  d a y ,  

T h e  d a t a  were a n a l y z e d  by  a S t u d e n t ' s  T - t e s t  and q r o u p s  were 

c o n s i d e r e d  t o  be s i g n i f i c a n t l y  d i f f e r e n t  i f  p(0.05. 

Two h u n d r e d  and f o r t y  r a i n b o w  t r o u t  (2.82 + 0,253 q, x 

S, D.) were e q u a l l y  s u b d i v i d e d  i n t o  s i x t e e n  30 L f i b r e g l a s s  

t a n k s ,  supplied w i t h  f l o w - t h r o u g h  d e c h l o r i n a t e d  t a p  water 

(70-120C) a n d  were m a i n t a i n e d  on a n a t u r a l  p h o t o p e r i o d  

( J u n e - A u g u s t ) .  T h e  f i s h  were f e d  M o o r e - C l a r k  f r y  f e e d  t h r e e  

times d a i l y  a t  a  r a t i o n  l e v e l  of 18X/BWT/week. E a c h  f i s h  was 

t a q q e d  by  f i n  c l i p p i n g  t o  p e r m i t  i d e n t i f i c a t i o n .  F o l f o w i n q  an 

a c c l i m a t i o n  p e r i o d  of two  weeks ,  t h e  f i s h  were w e i g h e d  o n  a 

w e e k l y  basis for t h e  d u r a t i o n  of t h e  e x p e r i m e n t  ( 1 3  w e e k s ) .  The 



i n s t a n t a n e o u s  f i n e a r  g r o w t h  r a t e  of e a c h  f i s h  was c a l c u l a t e d  o n  

a w e e k l y  b a s i s  a n d  a l l  t h e  g r o w t h  f a t e s  were e x p r e s s e d  a s  a 

p o p u l a t i o n  mean t s t a n d a r d  e r r o r  of t h e  mean (S,E,H.), f o l l o w i n g  

six w e e k s  of w e e k l y  g r o w t h  m e a s u r e m e n t s ,  a b l o o d  s a m p l e  was 

t a k e n  f r o m  o n e  f i s h  i n  e a c h  t a n k  (N=16), o n  a w e e k l y  b a s i s  f o r  a 

p e r i o d  of s e v e n  w e e k s ,  B l o o d  s a ~ p l i n g  was c o n d u c t e d  o n  t h e  

weighing 4 a y  a t  9:OD A,?!,, p r i o r  t o  t h e  f i r s t  f e e d i n g ,  T h e  f i s h  

were n o t  fed  o n  t h e  d a y  p r i o r  t o  s a m p l i n g  a n d  b l o o d  c o P l e c t i o n  

a n d  s e p a r a t i o n  were c o n d u c t e d  a s  b e f o r e ,  T h e  p l a s m a  was s t a r e d  

a t  -200C u n t i l  t h e  e n d  of t h e  e x p e s i ~ e n t ,  P l a s m a  G H  l e v e l s  were 

d e t e r m i n e d  i n  t r i p l i c a t e  b y  RIA, u s i n g  2 0  u l  a l i q u o t s ,  f o r  each  

o f  t h e  s e v e n  w e e k s ,  T h e  d a t a  were a n a l y z e d  by o n e - w a y  a n a l y s i s  

of  variance a n d  t h e  S t u d e n t  Hewman R u e l s  m u l t i p l e  r a n g e  t es t .  

G r o u p s  were c o n s i d e r e d  t o  b e  s i g n i f i c a n t l y  d i f f e r e n t  i f  p < Q - 0 5 ,  

C o r r e l a t i o n  e q u a t i o n s  a n d  coefficients were c a l c u l a t e d  f o r  t h e  

mean g r o w t h  ra tes  a n d  p l a s m a  G H  l e v e l s  from w e e k s  seven t h r o u g h  

t h i r t e e n  , # # i n  p h a s e * "  ((#=7) and b y  p h a s e - s h i f t i n g  t h e  p l a s m a  G H  

l e v e l s  f o r w a r d  b y  o n e  week, " o u t  of p h a s e * t ,  ( 'M=6),  The 

c o r r e l a t i o n s  were c o n s i d e r e d  t o  b e  s i g n i f i c a n t  ( t w o - t a i l e d )  i f  



C, Results 

T h e  f i n a l  y i e l d  of t h e  g r o w t h  horraone ( G H )  from c o h o  s a l m o n  

p i t u i t a r i e s  (7.5 mg/ 35 g )  was g r e a t e r  t h a n  from chum salmon 

p i t u i t a r i e s  (1 -5  mg/ 3 5  g ) ,  T h e  y i e l d  f r o m  chum p i t u i t a r i e s  was  

a l s o  e x t r e m e l y  v a r i a b l e ,  p r o b a b l y  d u e  t o  t h e  p o o r  c o n d i t i o n  of 

t h e  g l a n d s  upon  a r r i v a l  a t  t h e  c a n n e r y ,  

O f  t h e  two  p e a k s  e l u t i n g  f r o m  DEAE B i o - g e l  ( F i q .  2) w h i c h  

c o m p r i s e  t h e  p r e s u l a p t i v e  s a l m o n  G H ,  Peak  I ( P I )  was t h e  m o r e  

p r e v a l e n t .  T h e  a m o u n t  o f  P e a k  If (PIX) w h i c h  was  o b t a i n e d  i n  t h e  

f i n a l  y i e l d  v a r i e d  b e t w e e n  p u r i f i c a t i o n s  a n d  i n  o n e  i n s t a n c e  

( c o h o ) ,  t h e  f a s t e s t  m i g r a t i n g  b a n d  i n  a l k s l i n e  g e l s  (Rf=O,45)  

was e n t i r e l y  a b s e n t  ( F i g .  4 , A ) .  B o t h  chum ( F i g ,  3 )  a n d  c o h o  G H  

each e l u t e d  a s  a s g m m e t r i c a l  p e a k  o n  a S e p h a d e x  6-100 c o l u m n  

w i t h  a Kav of 0.47 I n  a l k a l i n e  (pH 8 . 3 )  g e l s  ( see F i g .  4  EOL 

a l l  e l e c t r o p h o r e t o g r a m s  ) ,  chum G H  c o n s i s t e d  o f  t h r e e  b a n d s  w i t h  

R E ' S  o f  0.35,  0,41 a n d  0.45 ( F i g ,  4,A).  Coho GH c o n s i s t e d  of two 

b a n d s  w i t h  R f y s  o f  0 .35  a n d  0.43 ( F i g ,  4 ,A) ,  T h e  f a s t e s t  

m i g r a t i n g  band ( R f  = Q,45)  was a b s e n t ,  I n  a c i d - u r e a  q e l s  a t  pH 

4.5 ( F i g .  &,Dl, chum PI a n d  P I 1  c o - m i g r a t e d  a s  s i n g l e  b a n d s ,  

Coho  CX m i g r a t e d  a s  a s i n g l e  b a n d  u n d e r  t h e  same c o n d i t i o n s ( f i y ,  

4 , C ) ,  I n  SDs qels ( P i g ,  4 , 8 ) ,  chum G R  m i g r a t e d  a s  a s i n g l e  b a n d  



F i g u r e  2 ,  E l u t i o n  p r o f i l e  o f  the 2 5 , 0 0 0  m o l e c u l a r  w e i g h t  

f r s c t i o n  of  chum salmon p i t u i t a r i e s  o n  DEAE-Sio-gel, 

I n  t h i s  instants, t h e  m a t e r i a l  was a p p l i e d  t o  a 1.6 

x 50 cm c o l u m n  e q u i l i b r a t e d  w i t h  0 ,003  M 

T r i s - a c e t a t e  b u f f e r ,  pH 8.1,  a n d  e l u t e d  w i t h  a 

0 ,003-0 .09  Pi g r a d i e n t  (300 m l / s i d e )  of T r i s - a c e t a t e ,  

pa 8.1. T h e  volume of each  f r a c t i o n  c o l l e c t e d  was 

5.1 m i l l i l i t e r s ,  G r o w t h  h o r m o n e  e l u t e d  b e t w e e n  

0.025-0.OY5 H T r i s - a c e t a t e  a s  two p e a k s ,  I a n d  I f .  

T h i s  e l u t i o n  p r o f i l e  i l l u s t r a t e s  o n l y  t h e  f i r s t  1 0 0  

of a t o t a l  o f  117 fractions, In t h e  l a s t  17 

f r a c t i o n s ,  two more p z o t e i n  peaks e l u t e d ,  I V  a n d  V 

r e s p e c t i v e l y ,  Peaks Ifl t h r o u g h  V h a v e  n o t  been 

c l a s s i f i e d  f u r t h e r ,  . F r a c t i o n s  22-52 were save3 o f  

peak I, while f r a c t i o n s  63-74 were s a v e d  o f  p e a k  XI, 





Figure 3, E l u t i o n  p r o f i l s  of chua safnon growth hormone ( P e a k  

1 and I1 combined) on a 3 x 85 c a ,  Sephadex G-100 

column e q u i l i b r a t e d  w i t h  0.015 PI ammonium ace ta te ,  

pH 8.1, The v o l u ~ e  o f  each f r a c t i o n  c o l l e c t e d  was 

4.5 m i l l i l i t e r s ,  Growth hormone e l u t e d  as a 

s y m m e t r i c a l  p e a k  w i t h  a Ve/Vo r a t i o  of 1,88 and a 

Kav of: O.47., F r a c t i o n s  55-70 were saved. 





F i g u r e  4,  Electrophoretograms of c h u m  a n d  coho salmon growth 

horaone. A )  Alka l ine  < p H  8 - 3 )  e l e c t r o p h o r e s i s  of 

coho ' ( l e f t )  a n d  chum ( r i g h t )  g rowth  hornone, 0) 

Sodium do3ecylsufphate  e l e c t r o p h o r e s i s  of chus 

(lef tf coho (middle) and ovine  ( r i g h t )  growth 

hormono. C )  E l e c t r o p h o r e s i s  of coho CW i n  an 

a r id -urea  e l e c t r o p h o r e s i s  gel. D) E l e c t r o p h o r e s i s  of 

chum P I  (Left)  a n d  P I 1  ( r i g h t )  i n  an ac id-urea  g e l  

a long w i t h  a r o s t r a 1  p a r s  distalis e x t r a c t  (coho) i n  

t h e  c e n t e r  well., The  f a s t e s t  migrat ing band  i n  t h e  

extract i s  salmon p r o l a c t i n ,  Approximately YO 

micrograms of each  G H  prepa ra t i on  were used f o r  each 

metho3 of e l e c t r o p h o r e s i s .  





P i q u r c  5, I m m u n o d i f f u s i o n  of c h u m  safwon P e a k  I (PI) and Peak 

TI (PXf) a g a i n s t  a n  a n t i s e r u m  raise3 i n  r a b b i t s  t o  

c h u m  s a l ~ o n  PII, These a r e  n o  spurs a t  t h e  j u n c t i o n s  

of t h e  two p r e c i p i t i n  l i n e s ,  i n d i c a t i n g .  

i m m u n o l o q i c a l  i d e n t i t y ,  The t h i c k n e s s  of t h e  

p r e c i p i t i n  l i n e s  m a y  be due t o  t h e  h i g h  

c o n c e n t r a t i o n  of the a n t i g e n s  o r  p o s s i b l y  t o  

c o n t a m i n a n t s  i n  t h e  p r e p a r a t i o n s  of chum Pf a n d  PII, 





w i t h  a c a l c u l a t e d  m o l e c u l a r  of 23 ,500  d a f t o n s ,  O v i n e  G H  m i g r a t e d  

ss  f o u r  b a n d s  u n d e r  t h e  s?me e l e c t r o p h o r e t i c  c o n d i t i o n s .  C o h o  G H  

z i q r a t e d  a s  a s i n g f s  b a n d  w i t h  a c a l c u l a t e d  m o l e c u l a r  w e i g h t  o f  

22,500 d a l t o n s  ( F i g .  4,B). 

The  i m m u n o d i f f u s i o n  s t u d y  of chum s a l m o n  PI a n d  911 ( F i g .  

5 )  d e m o n s t r a t e d  t h a t  t h e s e  p r o t e i n s  a r e  i m m u n o l o g i c a l l y  

i d e n t i c a l ;  a s  i n d i c a t e d  b y  t h e  a b s e n c e  o f  s p u r s  b e t w e e n  t h e  

i m m u n o p r e c i p i t i n  l i n e s  o f  t h e  two a n t i g e n s .  

T h e  r e s u l t s  of e x p e r i m e n t  o n e ,  t h e  b i o a s s a y  o f  chum s a l ~ o n  

PI. PI1 a n d  o v i n e  EH a r e  s h o w n  i n  T a b l e  1 a n d  P i q u r e  6 .  

T r e a t m e n t  w i t h  o v i n e  G H  r e s u l t e d  i n  a t o t a l  w e i g h t  g a i n  of  5.53 

-+ 0.65 g ( x  2 p o o l e d  S , D , ,  ? < 0 , 0 0 1 )  c o n p a r e d  w i t h  3.79 + 0 , 6 6  g 

f o r  t h e  3 S A - i n j e c t e d  c o n t r o l  q r o u p ,  T f e a t a e n t  w i t h  chum PI a n d  

PII a l s o  r e s u l t e d  i n  s i g n i f i c a n t  w e i g h t  g a i n s  o f  5.0 2 0.83 g 

(P<O.Q02) a n d  4.45 + 0 .55  g [P<O,Of) r e s p e c t i v e l y .  When t h e  

s f o p e s  of t h e  c u m u l a t i v e  p e r c e n t  w e i g h t  g a i n s  o v e r  time were 

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

w h i c h  were g r e a t e r  t h a n  t h e  c o n t r o l  g r o u p  ( P < 0 . 0 0 1  i n  a l l  

c a s e s ) ,  b u t  n o t  d i f f e r e n t  t h a n  o n e  a n o t h e r  ( B > 0 , 5  i n  a l l  cases). 

When t h e  s l o p e s  o f  t h e  c u m u l a t i v e  a b s o l u t e  w e i g h t  g a i n s  o v e r  

time were c o a p a r e d  s t a t i s t i c a l l y ,  o n l y  t h e  g r o u p s  t r e a t e d  w i t h  

o v i n e  G H  a n d  c h u m  P I  h a d  s i q n i f i c a n t l p  g r e a t e r  s l o p e s  t h a n  t h e  

c o n t r o l s .  T h e  s l o p e  o f  t h e  g r o u p  t r e a t e d  w i t h  C h u n  PI1 was n o t  



T a b l e  Tf 

Bioassay of Chum Salaon PI, PI1 and Ovine Growth'Hormone i n  

Rainbow Trout at a Single Dosage ( 1  ug{g body weiqhtlbiweekly) 
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F i g u r e  6 ,  T h e  Bioassay of Chum S a l m o n  P I ,  P I 1  a n d  O v i n e  Growth 

Hormone i n  F a i n b o u  T r o u t .  T h e  f i s h  were injected 

S i - w e e k l y  w i t h  t h e  a b o v e  h o r n o n e  p r e p a r a t i o n s  a t  a 

dosage o f  I uq/g/bady w e i g h t ,  w h i l e  t h e  c o n t r o l  group 

r e c e i v e d  a n  e q u i v a l e n t  d o s a g e  of b o v i n e  serum albumin 

(9SA), When t h e  s l o p e s  of t h e  c u ~ u l a t i v e  p e r c e n t  

w e i q h t  g a i n s  over time were c o m p a r e d  s t a t i s t i c a l l y  

( a n a l y s i s  o f  v a r i a n c e  f o l l o w e d  b y  t h e  S t u d e n t  Mewman 

K u e l s  ~ u l t i p l e  range t e s t ) ,  a l l  h o r m o n e - t r e a t e d  g r o u p s  

h a d  g r e a t e r  s l o p e s  t h a n  t h e  c o n t r o l  g r o u p  (P<0,001 i n  

a l l  cases) .  The s l o p e s  o f  t h e  h o r m o n e - t r e a t e d  g r o u p s  

were a l s o  n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  one a n o t h e r  

(PXI .5  i n  a l l  cases), T h e  regression e q u a t i o n s  f o r  the 

v a r i o u s  groups  a r e  a s  fo l lows;  3 S A ( y = 2 , 7 6 X  - 1 , 7 1 ) ,  
- 

O v i n e  GH(y=4.33X - 7.211 ,  Chum P T f y = 4 , 5 0 X  + 1 ,11 ) *  

Chun PXJ(y=4.27X - 2.07). 



DAY 



figure 7 .  T h e  bioassay of chum ani i  c o h o  g r o w t h  horaone i n  

r a i n b o w  t r o u t  ( X x p e r i m e n t  21 ,  Weekly i n s t a n t a n e o u s  

f i n e a r  g r o w t h  r a t e s  of i n t a c t  r a i n b o w  t r o u t  f o l l o w i n g  

b i - w e e k l y  a d m i n i s t r a t i o n  of chum a n d  c o h o  salmon GB, 

Xach  d a t a  p o i n t  r e p r e s e n t e d  c o n s i s t s  of t h e  mean 2 

S ,  E. n .  of the u n t r a n s f o r m e d  d a t a .  S i g n i f i c a n t  

d i f fe rences  (P<0.05)  a r e  a s  f o 2 l o w s ;  Week 1. C o h o  and  

chum G H  (1.0 ug)  h i g h e r  t h a n  b o t h  c o n t r o l  g r o u p s .  Meek * 
2. Coho G X  (0.25 ug) lower than chum G H  (0.25, 0.5 

ug). Coho G N  (0,5 ug) h i g h e r  t h a n  n o n - i n j e c t e d  control 

a n d  c o h o  G H  ( 0 , 2 5  u q ) ,  Week 3 ,  Wo significant 

d i f f e r e n c e s ,  T h e r e  was a l s o  a s i g n i f i c a n t  effect o f  

w e e k  uDon a r o w t h  (P<O,0OO5) b u t  no' interact ion h s t w e e n  

we+k an3 G H  t h e r a p y  (P=0.12). T h e r e  was no  e f fec t  of 

G H  t h e r a p y  upon l e n g t h  g a i n s .  
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F i g u r e  8, T h e  b i o a s s a y  o f  chum a n d  c o h o  g r o w t h  h o r n o n e  i n  

r a i n b o w  t r o u t  ( E x p e r i m e n t  3 ) -  Weekly  i n s t a n t a n e o u s  

l i n e a r  g r o w t h  r a t e s  o f  i n t a c t  r a i n b o w  t r o u t  f o l l o w i n g  

bi-weekly a d m i n i s t r a t i o n  o f  chum a n d  c o h o  CH. Each  

d a t a  p o i n t  r e p r e s e n t e d  c o n s i s t s  of t h e  mean + S.E,M. 

sf t h e  u n t r a n s f o r m e d  d a t a ,  S i g n i f i c a n t  d i f f e r e n c e s  

( w e i g h t )  a r e  a s  f o l l o w s ;  Week 2. Coho a n d  chum G H  ( 1 , O  

uq) h i g h e r  t h a n  i n j e c t e d  c o n t r o l s ,  c a h o  GR ( 0 , 2 5  u g )  

a n d  chum G H  (0.25, 0.5 u g )  , U n i n  j e c t e d  c o n t r o l  h i g h e r  

t h a n  chum GH (0.25, 0.5 ug). a e e k  3 ,  Coho G H  (1,O ug)  

l o w e r  t h a n  a l l  o t h e r  q r g u p s .  Chum Gtl f 1 , 0  u g )  loraer 

t h a n  c o h o  G H  (0 .25  ug) a n d  chum GH (0.25 u q ) .  Coho GH 

(0.5 ug) l o w e r  t h a n  chum GH (0.25 ~ 3 3 ) .  Churn G H  (O,S 

ug)  l o u e r  t h a n  chum GH (0,25 ug) , T h e r e  was a l s o  a 

s i g n i f i c a n t  effect of week (P<0.005)  a n d  a s i g n i f i c a n t  

i n t e r a c t i o n  S e t w e 2 n  GH t h e r a p y  -and week (P<0 .005)  upon 

g r o w t h ,  

Significant d i f f e r e n c e s  ( l e n g t h )  a r e  a s  follows; 

Meek 2. Coho (0 .25 ,  0-5 a n d  1 , 0  ug) a n d  chum G H  ( 1 - 0  

ug) h i g h e r  t h a n  i n j e c t e d  c o n t r o l s .  Chum GH ( 1 , U  ug) 

h i g h e r  t h a n  n o n - i n j e c t e d  c o n t r o l s ,  Chum G H  (3.0 ug) 

h i g h e r  t h a n  chua G H  < 0 , 2 5 ,  0 , 5  u g ) ,  T h e r e  was n o  

s i q n i f  i c a n t  e f f  s c t  o f  s e e k  upon l e n g t h  g a i n  (P=0.059) 

a n d  n o  i n t e r a c t i o n  b e t w e e n  week a n d  G H  t h e r a p y  

(P=O. U85) 
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s i g n i f i c a n t l y  d i f f z r e n t  (P>O, 1 )  t h a n  t h e  c o n t r o l s ,  

T h e  r e s u l t s  of e x p e r i m e n t s  two a n d  t h r e e  , t h e  c o m p a r a t i v e  

b i o a s s a y s  o f  c h u a  an? c o h o  GR a r e  i l l u s t r a t e d  , i n  F i g u r e s  7 an3 

8. D u r i n g  week  f of e x p e r i m e n t  two ( F i g ,  73 b o t h  chum a n d  c o h o  

GH i n d u c e d  s i g n i f i c a n t l y  g r e a t e r  g r o w t h  r a t e s  t h a n  t h e  t w o  

c o n t r o l  g r o u p s  a t  a d o s a g e  o f  7.0 u g / g  body w e i g h t  ( B W T ) .  T h e r e  

were no  o t h e r  d i f f e r e n c e s  o b s e r v e d  a t  t h i s  t im,  I n  week 2 o n  

t h e  o t h e r  h a n d ,  n e i t h e r  p r e p a r a t i o n  e n h a n c e d  g r o w t h  when 

c o m p a r 9 d  w i t h  t h e  i n j e c t e d  c o n t r o l  q r o u p ,  I n  week 3,  t h e r e  'were 

a q a i n  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  t h e  G H  t r e a t ed  a n d  t h e  

i n j e c t e d  c o n t r o l  g r o u p s ,  G r o w t h  r a t e s  w i t h  r e s p e c t  t o  l e n g t h  

were n o t  s i g n i f i c a n t l y  d i f f e r e n t  o v e r  t h e  t h r e e  week  p e r i o d  a n d  

a t  n o  p o i n t  i n  t h e  e x p e r i m e n t  were t h e  i n j e c t e d  a n d  n o n - i n j e c t e d  

c o n t r o l  q r o u p x  s i g n i f i c a n t l y  d i f f e r e n t  from one a n o t h e r *  The 

a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  a h i q h l y  s i g n i f i c a n t  e f f e c t  o f  
, 

week  u p o n  q r o w t h  w i t h  r e s p e c t  t o  w e i q h t  (P<0.0005ja T h e r e  was n o  

i n t e r a c t i o n  h o w e v e r  b e t w e e n  G H  t r e a t m e n t  a n d  week  u p o n  t h i s  

g r o w t h  (P=0,12). T h e r e  was a l s o  n o  d i f f e r e n c e  b e t w e e n  t h e  s l o p e s  

of , t h e  v a r i o u s  g r o u p s  when t h e  d a t a  were p l o t t e d  as t h e  

c u m u l a t i v e  p e r c e n t  w e i g h t  g a i n s  o f  e a c h  g r o u p  o v e r  t h e  c o u r s e  of 

the e x p e r i m e n t ,  F o r  u n k n o w n  r e a s o n s ,  f o u r t e e n  m o r t a l i t i @ s  

o c c u r r e d  t w o  d a y s  a f t e r  t h e  e n d  of t h e  e x p e r i n z e n t .  T h e r e  ware n o  

differences i n  b o d y  water c o n t e n t  b e t n e e n  any of t h e  e i q h t  

QtOUpS* 

I n  e x p e r i m e n t  t h r e e  ( f i g ,  8) o n l y  o n e  m o r t a l i t y  was 

o b s e r v e d  d u r i n g  t h e  e x p e r i m e n t .  D u r i n g  t h e  f i r s t  s e e k ,  n o  



s i g n i f i c a n t  d i f f s r e n c e s  were o b s e r v e d  S e t w e e n  t h a  t r e a t m e n t  a n d  

c o n t r o l  q r o u p s  w i t h  r e s p e c t  t o  w e i g h t  a n d  l e n g t h ,  I n  week 2 

h o w e v e r  b o t h  chum a n d  c o h o  Cif (1.0 ug/g/BWT) a g a i n  i n d u c e d  

s i g n i f i c a n t l y  q r e a t e r  g r o w t h  r a t e s  ( w e i g h t )  t h a n  t h e  i n j e c t e d  

c o n t r o l s  a s  well as t h e i r  r e s p e c t i v e  l o w  d o s e  g r o u p s  ( 0 . 2 5  

uq/g/BWT). I n  a d d i t i o n ,  c o h o  G H  (1.0 u$Jq/BWT) c a u s e ?  a  

s i q n i f i c a n t l y  g r e a t e r  g r o u t h  r a t e  t h a n  c h u g  GR (0.29 a n d  0.5 

ug/g/BWT) w h i l e  churn G H  (1  -0 ug/g/BWT) i n d u c e d  s i g n i f i c a n t l y  

q r e a t e r  q r o w t h  r a t e s  t h a n  c o h o  GH (0.25 a n d  0.5 ug/g/BJJT). ' W i t h  

r e s p e c t  t o  l e n g t h  i n  w e e k  2, b o t h  c h u m  a n d  c o h o  GH (1.0 

ug/q/B#T) i n d u c e d  s i g n i f i c a n t l y  g r e a t e r  g r o w t h  r a t e s  t h a n  t h e  

i n j e c t e d  c o n t r o l  g r o u p ,  I n  t h e  c a s e  of c o h o  GH, b o t h  l o w e r  d o s e  

q r o u p s  (0.25 a n d  0 , s  ug/gJBWT) a l s o  c a u s e d  s i g n i f i c a n t l y  g r e a t e r  

g r o w t h  r a t e s  t h a n  t h e  i n j e c t e d  c o n t r o l s ,  a l t h o u g h  t h e r e  w a s  no  

i n d i c a t i o n  of  a d o s e - r e l a t e d  r e s p o n s e .  

I n  week 3 ,  t h e r e  was a  t r e n d  t o w a r d s  a n e g a t i v e  e f f e c t  o f  

i n c r e a s i n g  SH d6sage upon g r o w t h  r a t e s .  V i t h  r e s p e c t  t o  w e i g h t ,  

c o h o  G H  ( 3 - 0  uq/y/BWT) s i g n i f i c a n t l y  r e d u c e d  t h e  q r o w t h  r a t e  

c o m p a r e d  t o  t h e  i n j e c t e d  c o n t r o l s  and  a l l  o t h e r  g r o u p s .  I n  

a d d i t i o n ,  chum GH (1.0 ug/gJBWT) c a u s e d  a s i g n i f  i c a n t  r e d u c t i o n  

i n  g r o w t h  r a t e  w h e n  c o m p a r e d  w i t h  chum a n d  c o h o  G H  a t  a d o s a g e  

o f  0 , 2 5  uq/g/BVT, F i s h  r e c e i v i n g  chum GH a t  0.5 ug/g/BWT a l s o  

h a d  a s i g n i f i c a n t l y  l o w e r  g r o w t h  r a t e  t h a n  f i s h  r e c e i v i n q  c h u m  

G H  a t  0 .25  ug/gjBHT, A l t h o u g h  t h e  s a n e  n e g a t i v e  e f f e c t s  o f  G H  

t r e a t m e n t  a r e  s u q g e s t e d  w i t h  r e s p e c t  t o  l e n g t h ,  no s i g n i f i c a n t  

d i f f e r e n c e s  were o b s e r v e d .  T h e  a n a l y s i s  o f  v a r i a n c e  r a v e a l e d  a 



h i g h l y  s i g n i f i c a n t  e f f e c t  o f  w e e k  u p o n  g r o w t h  r a t e  ( w e i g h t )  i n  

e x p e r i m e n t  3 ,  a s  w ~ l l  a s  a  h i g h l y  s i g n i f i c a n t  i n t e r a c t i o n  

b e t w e e n  week a n d  GW t r e a t m e n t  u p o n  g r o w t h  r a t e  (P<O,OOOS i n  b o t h  

c a s e s ) ,  T h e r e  is a n  i n d i c a t i o n  of a p o s s i b l e  i n t e r a c t i o n  b e t w e e n  

week  a n d  g r o w t h  r a t e  w i t h  r e s p e c t  t o  l e n g t h  (P=O,039), b u t  n o  

i n t e r a c t i o n  b e t w e e n  w e e k  a n d  SH t r e a t m e n t ,  No d i f f e r e n c e s  were 

o b s e r v e d  b e t w e e n  t5e s l o p e s  of t h e  v a r i o u s  g r o u p s ,  when t h e  3 a t a  

were p l o t t e d  a s  t h e  c u ~ u l a t i v e  p e r c e n t  w e i g h t  g a i n s  of e a c h  

g r o u p  o v z r  t h e  t h r e e  w e o k s  of t h e  e x p e r i m e n t ,  

when t h e  g r o w t h  r a t e s  ( w e i g h t  o n l y )  o f  the f i s h  f r o m  

e x p e r i n e a t  2 were m o n i t o r e d  f o r  a f u r t h e r  f i f t e e n  w e e k s ,  a 

p r o n o u n c ? d  c y c l i c a l  p a t t a r n  of g r o w t h  was o b s e r v e d  ( F i g ,  91, 

F o u r  d i s t i n c t  c y c l e s  o f  g r o w t h  were r e c o r d e d  d u r i n g  t h e  f i f t e e n  

weeks of o b s e r v a t i o n ,  i n c l u d i n g  o n e  c y c l e  d u r i n g  t h e  t h r e e  w e e k s  

of e x p e r i m e n t  2 ( w e e k s  1-3 o f  fig, 9 ) -  T h e  g r o w t h  r a t e  p e a k e d  

e v e r y  three  or f o u r  WeeKs a n d  i n  e a c h  case were f o l l o w e d  b y  

p e r i o d s  o f  s i g n i f i c a n t l y  seduced g r o w t h ,  A n a l y s i s  of v a r i a n c e  

r e v e a l e d  a h i g h l y , s i g n i f i c a n t  e f f e c t  of week u p o n  t h i s  p a t t e r n  

of q r o u t h  (P<O,OO25),  R t o t a l  of t e n  n o r t a l i t i e s  were r e c o r d e d  

d u r i n g  t h e  f i f t e e n  weeks o f  o b s e r v a t i o n ,  

T h e  B i o a s s a ~  gf 442goq @gq&h g o g g q n g s  gat  --- ------- 

T h e  r e s u l t s  o f  t h e  r a t  t i b i a  b i o a s s a y ~  f o r  chum and c o h o  CH 

a r e  f i s t e d  i n  T a b l e s  TI a n d  1x1 r e s p e c t i v e l y ,  I n  t h e  f i r s t  

b i o a s s a y ,  all p r e p a r s t i o n s  i n d u c e d  s i g n i f i c a n t  t i b i a 1  g r o w t h ,  



F i g u r e  9, kdeeklg q r o w t h  f a t e  of r a i n b o w  trout (n=70) on a 

natural p h o t o p e r i o d .  There was a significant effect of 

week upon t h e  observed cyclical pattern o f  growth 

(P<0.0025). 





Tabla fII 

Rat T i b i a  S i s a s s a y  of Chum Salmon GH, O v i n e  GH a n d  a Sockeye 

Saf  mon Pituitary Extract (I?. E , )  

S a l i n e  f 35 .0+  5 , 3  5 -- 

C h u m  GM (7Oug) 



R a t  Tibia S i o a s s a y  of Coho and O v i n e  GH 

TREATMENT TI314 M I D T H  N P 
(Daily Dose) (um+SSM) 

Ovine GI4 (80ug) 269.8k51.2 6 <0.005 



C o m p a r a t i v e  Amino Acid Composition o f  Chum, C o h o  S a l ~ o n  and C a r p  

Growth Hormone and Churn S a l m o n  P r o l a c t i n  (PRL) 



F i c j u l e  10. T h e  i m m u n o c y t o z h e m i c a l  l o c a l i z a t i o n  o f  g r o w t h  

h o r m o n e  cells i n  t h e  p i t u i t a r y  ? I a n 4  o f  f o u r  s p e c i e s  

o f  P a c i f i c  salmon, u s i n g  a n  s n t i s e r u m  r a i s e d  a g a i n s t  

chum s a l m o n  g r o w t h  h o r m o n e .  

B ) ,  S p a w n i n g  p i n k  s a l m o n ,  Wote t h e  3bsence of 

i m m u n o r e a c t i v e  c e l l s  i n  the p r o l a c t i n  E o l l i c f e s .  

E l ) ,  S p a w n i n q  sockeye s a l m o n ,  Note t h e  g r o n t h  h o r m o n e  

c e l l s  i n  t h e  p a r s  i n t e r m e d i a  o n  t h e  t o p  s i d e  o f  t h e  

p h o t o g r a p h .  

C). J u v e n i l e  c o h o  s a l m o n ,  E l e m e n t s  of the p a r s  

n e r v o s a  (n) c a n  b e  seen i n v a g i n a t i n g  t h e  c a u d a l  p a r s  

d i s t a l i s ,  

9). Spsvning chu!?? s3f?!!on, Yote t h e  mscnzr i n  ~ h i c h  

t h e  qrowth h o r m o n e  cells a r e  l i n e d  u p  a l o n q  t h e  

c a p i l l a r y .  





F i g u r e  1 3 ,  F r a c t i o n a t i o n  of f r e s h L y  i o d i n a t e d  chum s a l m o n  

growth hormone on a 1 x 7 cm, Sephadex 5-50 c o f u m n ,  

Ten drop f r a c t i o n s  were c o l Z e c t e d  i n  test tubes 

containing 7 m l  of p h o s p h a t e - b u f  fered saline 

c o n t a i n i n g  1% bovine s e r u m  a l b u m i n .  T h e  f i r s t  peak 

r e p r e s e n t s  1251-GH w h i l e  t h e  second p e a k  c o n s i s t s  sf 

unreacted 1 2 S I o d i n e .  Under t h e s e  c o n d i t i o n s ,  t h e  

l a b e l l e d  growth h o r n o n e  c o - e l u t e s  w i t h  t h e  v o i d  

peak. 
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F i g u r e  1 2 .  B e - p u r i f i c a t i o n  of IzsI-chum salmon g r o w t h  h o m o n e  

on a 1 x 29  cm c o l u m n  of Seghadex 6-100. T h e  

labelled hormone was e l u t e d  from t h e  c o l u m n  w i t h  . 

O.015 R ammonium a c e t a t e - b u f  f e r e d  saline, pH 8.1, 

 he f r a c t i o n  s i z e  was a p p r o x i m a t e l y  1 . 1  mill i l i ters .  

T h e  f i r s t  p e a k  c o n s i s t s  of c o n t a m i n a n t s  o f  higher 

molecular w e i g h t  a n d  t h e  second p e a k  c o m p r i s e s  t h e  

m o n o m e r i c  I*51-GH. T h e  l a s t  peak c o n s i s t s  of ! 
d i s s o c i a t e d  1 2 5 H o d i n e .  T h o  labelled growth  h o r m n e  

e l u t e d  w i t h  a Kav of O,47, T h i s  f i g u r e  was drawn by 

c o m p u t e r ,  a s s u m i n g  a g a u s s i a n  d i s t r i b u t i o n  o f  t h e  
f 

p o i n t s  c o m p r i s i n g  t h e  t h r e e  p e a k s .  



rification of 125 I-Chum GH 
on Sephadex G100. 
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When c o m p a r e d  w i t h  t h e  s a l i n e - i n  j e c t e d  c o n t r o l  q r o u p  ( 1 3 5  + 5 . 3  

urn, x  + S E n ) ,  o v i n e  G H  c a u s e d  t h e  l a r g e s t  g r o w t h  i n c r e m e n t  

( 2 0 8 . 7  + 7 . 5  urn, P < 0 . 0 0 1 ) ,  f o l l o w e d  by t h e  s o c k e y e  p i t u i t a r y  

e x t r a c t  ( 1 7 2 . 9  2 1 0  urn, P < 0 . 0 1 )  a n d  chum G H  ( 1 8 5 . 4  2 1 7 . 9  urn, 

P < 0 . 0 2 5 ) .  O n e  r l t  i n  t h e  g r o u p  i n j e c t e d  w i t h  t h e  p i t u i t a r y  

e x t r a c t  h a d  s e v e r e  s k e l e t a l  d e f o r m i t i e s  by t h e  e n d  o f  t h e  

s x p e r i m e n t  a n d  was e x c l u d e d  from t h e  d a t a  a n a l y s i s .  

I n  t h e  s e c o n d  b i o a s s a y ,  o n l y  o v i n e  G H  i n d u c e d  s i g n i f i c a n t  

t i b i a 1  g r o w t h  ( 2 6 0 . 8  2 5 1 . 2  um, P < 0 . 0 0 5 )  when c o m p a r e d  w i t h  t h e  

s a l i n e - i n j e c t e d  c o n t r o l  g r o u p  ( 1 4 9 . 4  f 2 8 . 1  urn). C o h o  G H  

i l l i c i t e d  n o  r e s p o n s e  a t  e i t h e r  d o s a g e .  

By a m i n o  a c i d  a n a l y s i s  ( T a b l e  I V ) ,  b o t h  chum a n d  c o h o  G H  

were s h o w n  t o  h a v e  s imi la r  c h a r a c t e r i s t i c s  o f  a v e r t e b r a t e  G H ;  a 

low h i s t i d i n e  a n d  m e t h i o n i n e  c o n t e n t ,  t w o  d i s u l p h i d e  b r i d g e s ,  a  

h i g h  c o n t e n t  o f  l e u c i n e  a n d  q l u t a i n i c  a c i d  a n d  o n e  t r y p t o p h a n  

r e s i d u e  ( W i l h e l m i ,  1 9 7 4 ) .  T h e  t w o  s p e c i e s  o f  Gi4 h a v e  a  s imi la r  

a m i n o  a c i d  c o m ~ o s i t i o n  a n d  d i f f e r  m o s t  n o t a b l y  i n  t h e  h i g h e r  

p r o l i n e  c o n t e n t  o f  c o h o  G H .  



T h e  i m m u n o c y t o c k e m i c a l  r e s u l t s  a r e  i l l u s t r a t e d  i n  F i g u r e  

10, I n  e a c h  of t h e  f o u r  s p e c i e s  i n v e s t i g a t e d ,  a 3 i s t i n c t  

p o p u l a t i o n  of  c e l l s  was s t a i n e d  by t h e  p r o c e d u r e s  e m p l o y e d .  T h e  

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

n o  r e a c t i o n  was o b t a i n e d  when t h e  p r i m a r y  a n t i s e r u m  was 

s a t u r a t e d  w i t h  chum G H  o r  s u b s t i t u t e d  w i t h  n o r m a l  r a b b i t  S e r u m .  

When a d j a c e n t  s e c t i o n k  of  c o h o  s a l m o n  p i t u i t a r y  were s t a i n e d  

w i t h  h e m a t o x y l i n  a n d  e o s i n ,  the e o s i n o p h i l s  c o r r e s p o n d e d  i n  both 

a p D e a r a n c e  grid d i s t r i b u t i o n  t o  t h e  i ~ m u n o r e a c t i v o  cells. T h e  

d i s t r i b u t i o n  of t h e  i m m u n o r e a c t i v e  c e l l s  was m a i n l y  c o n f i n e d  t o  

t h e  c a u d a l  p a r s  d i s t a l i s ,  w i t h  s i n g l e  ce l l s  s c a t t e r e d  t h r o u g h o u t  

t h e  p a r s  i n t e r m e d i a .  I n  n o  i n s t a n c e s  were t h e  p r o l a c t i n  

f o l f i c l e s  s t a i n e d ,  I n  t h e  j u v e n i l e  c o h o  s a f m n  ( F i g ,  1 0 ; C )  t h e  

i m ~ u n o r e a c t i v e  c e l l s  were d e n s e l y  p a c k e d  a n d  were t h e  

p r e d o ~ i n a n t  c e l l  type i n  the c a u d a l  p a r s  d i s t a l i s .  T h j  c e l l s  

were o v a l  i n  a p p e a r a n c e  a n d  c o n t a i n e d  d e n s e l y  p a c k e d  g r a n u l e s .  

T h e  n u c l e i i  r e m a i n e d  u n s t a i n e d ,  T h e  d e n s e  p a c k i n g  of t h e  

i m m u n o r e a c t i v e  c e l l s  r a s  i n t e r r u p t e d  o n l y  p e r i o d i c a l l y  b y  

i n v a q i n a t i o n s  of t h e  p a s s  n 2 r v o s a  i n t o  t h e  c a u d a l  p a r s  d i s t a l i s ,  

I n  t h e  s e x u a l l y  m a t u r e ,  a d u l t  s o c k e y e ,  p i n k  a n d  chum s a f ~ o n  

( F i g ,  10; A,  B and  D), t h e  i m m u n o r e a c t i v e  cells were less 

d e n s e l y  p a c k e d  d u e  t o  t h e  p r o l i f e r a t i o n  of q o n a d o t r o p s ,  T h e  

i s o l a t e d  c e l l s  w h i c h  were s t a i n e d  i n  t h e  p a r s  i n t e r m e d i a ,  



o c c u r r e d  i n  b o t h  j u v e n i l e s  a n d  a d u l t s  a n d  were g e n e r a l l y  more 

d e n s e l y  s t a i n e d  t h a n  t h e  cells i n  t h e  c a u d a l  p a r s  d i s t a l i s ,  

T h e  p i t u i t a r y  e x t r a c t s  o f  a l l  s p e c i e s  t e s t e d  i n  O u c h t e r l o n y  

( 1 9 5 8 )  d o u b l e  gel d i f f u s i o n  p l a t e s  cross-reacted w i t h  t h e  

a n t i s e r u m  t o  chum CH ( n o t  s h o w n ) .  A s i n g l e  p r e c i p i t i n  fine Mas 

o b s e r v e d  i n  e a c h  case  a n d  a11 s p e c i e s  s h o w e d  i m m u n o l o g i c a l  

i d e n t i t y  w i t h  o n e  a n o t h e r ,  by  an a b s e n c e  of s p u r s  b e t w e e n  

a d j a c e n t  l i n e s .  T h e  p i t u i t a r y  e x t r a c t s  a l s o  s h o w e d  i r n i B u n o l o q i c a 1  

i d e n t i t y  w i t h  p u r i f i e d  chum G H .  

~ e v e ~ d ~ m e n t  pf q B a d i o i m m u g o p g ~ p y  fpg Si%iggq Egppth &Enope ------ L ---- 

F o l l o w i n g  i o d i n a t i o n  (Fiq, 1 1 ) ,  chum s a l m o n  G H  was v e r y  

s t ab le ,  After e a c h  l a p e l  r e - p u r i f i c a t i o n  o n  S e p h a d e x  G-100, t h e  

a r e a s  u n d e r l y i n q  t h e  v a r i o u s  p e a k s  ( F i g .  1 2 )  were c a l c u l a t e d  a n d  

t o t a l f e d ,  T h e  3rea o f  e a c h  p e a k  was t h e n  e x p r e s s e d  a s  a  

p e r c e n t a g e  of the t o t a l ,  T h e  p e r c e n t a g e s  r e p r e s e n t e d  b y  t h e  

v a r i o u s  p e a k s  d i d  n o t  c h a n g e  a f t e r  t h e  l a b e l  h a d  b e e n  s t o r e d  f o r  

o n e  m o n t h  a t  -.20gC, D e s p i t e  t h e  a p p a r e n t  p u r i t y  of chum G H  b y  

e l e c t r o p h o r e s i s  h o w e v e r ,  m i n o r  c o n t a m i n a n t s  b e c a m e  evident 

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

chum G H  o n  S e p h a d e x  G-100, d e n o n s t r a t e d  t h a t  c o n t a m i n a n t s  of 

h i g h  m o l e c u l a r  weight, w h i c h  e l u t e d  i n  t h e  v o i d  v o l u m e ,  were 

p r e s e n t  i n  t h i s  p r e p a r a t i o n ,  H o w e v e r ,  a s  t h i s  p r e p a r a t i o n  h a 3  

been p r e v i o u s l y  g e l  f i l t e r &  o n  6 - 1 0 0  d u r i n g  the p u r i f i c a t i o n  

p r o c e d u r e ,  t h e s e  h i g h  m o L e c u l a r  w e i g h t  s u b s t a n c e s  s h o u l 4  n o t  



h a v e  b e e n  p r e s s n t  I n  t h e  final y i e l d ,  I t  i s  c o n c l u d e d  t h e r e f o r e ,  

t h ~ k  t h e s e  c o n t a m i n a n t s  map h a v e  a r i s e n  a s  a r e s u l t  of either 

t h e  f r e e z i n g  o r  l y o p h i l i z a t i o n  p r o c e s s e s  f o l l o w i n g  t h e  f i n a l  g e l  

f i l t r a t i o n  s t e p  i n  t h e  p u r i f i c a t i o n ,  

T h e  s e n s i t i v i t y  o f  t h e  r a d i o i m m u n o a s s a y  (RIA), d e f i n e d  a s  

t h e  s & a l l e s t  q u a n t i t y  of  G H  w h i c h  r e s u l t s  i n  a s i q n i f i c s n t  

(P(0.05,  S t u d e n t ' s  T- t e s t )  d i s p l a c e m e n t  of t h e  l a b s f  f a d  GH, w3s 

250 p i c o g r a m s  o r  2.5 n g / ~ l  ( F i g .  1 3 ) .  T h e  c o e f f i c i e n t s  o f  

v a r i a t i o n  (CV) f o r  i n t r a a s s a y  v a r i a b i l i t y  were 7,9 a n d  5.9% for 

5 a n d  2 0  ngJmf s o l u t i o n s  o f  G H  r e s p e c t i v e l y ,  T h e  CY f o r  
, 

i n t e r a s s a y  v a r i a b i l i t y  was 6 . 6 1 % .  T h e  r e s u l t s  of the p a r a l l e l i s m  

s t u d i e s  a r e  s h o w n  i n  F i g u r e s  14 a n d  75 a n d  t h e  r e g r e s s i o n  

e q u a t i o n s  a r e  l i s t e d  i n  t h e  c a p t i o n s  t o  t h e s e  f i q u r e s .  P l a s m a  

from r a i n b o w  t r o u t  and  c o h o  s a l ~ o n  ( P > 0 , 7 f  and  a c o h o  p i t u i t a r y  

e x t r a c t  (P>0.05] a l l  h a d  s l o p e s  t h a t  were n o t  s i q n i f i c a n t l y  

d i f f e r e n t  t h a n  t h e  s l o p e  o f  t h e  s t a n d a r d  c u r v e .  T h e  q e l  

f i l t r a t i o n  p r o f i l e  of c o h o  p l a s m a  o n  S e p h a d e x  G-50 is s h o w n  i n  

F i q u r e  1 4 .  T h e  i m m u n o r e a c t i v e  c o m p o n e n t  of t h e  p l a s m a  e l u t e d  a s  

a s y m m e t r i c a l  p e a k  w i t h  t h e  same Kav (0-23) a s  12*I-GH, T h e  

r e c o v e r y  o f  250 p i c o g r a m s  of G H  from 10, 2 0  a n d  3 0  u l  o f  t r o u t  

p l a s m a  were 9 0 ,  1 1 2  a n d  108% r e s p e c t i v e l y ,  w i t h  a mean r e c o v e r y  

of .703.3%, Y h e r e a s  t h e  plasma from i n t a c t  k i l l i f i s h  c o n t a i n e 4  

m e a s u r e s b f e  q u a n t i t i e s  of i m m u n o r e a c t i v e - G H  (8.4 n g / m l ,  

XX3/Bo=R7.7%). p l a s m a  (10-40 uf) from h y p o p h y s e c t o m i z e d  k i l l i f i s h  

c o n t a i n e d  n o n - d e t e c t a b l e  l e v e l s  o f  t h i s  h o r m o n e ,  T h e  r a n g e  o f  

the X B J B o  v a l u e s  f o r  t h e  v a r i o u s  v o l u e e s  m e a s u r e d  was 



F i q u r e  13. The s t a n d a r d  c u r v e  developed for t h e  

radioimwunoassay of salmon g r o w t h  hormone, The 

s e n s i t i v i t y  of t h e  assay, defined as the smallest 

quantity of g rowth  hormone w h i c h  results i n  a 

s i g n i f i c a n t  (P<0,05, Student's T-test) displacement 

of the l a b e l l e d  hormone is 250 picograms/100 uf or 



UNLABELLED GROWTH HORMONE (ng/ml) 



Figure 14 ,  Parsl lefhsm of  ra inbow t r o u t  plasma v e r s u s  a salmon 

qrowth hormone s t a n d a r d  curve, Because the 

t r a n s f o r m a k i o n  of  t h ~  X B / R o  v a l u e s  t o  l o q i t s  

r e s u f t e 3  i n  negative numbers i n  some instances, one 

l o g i t  u n i t  was a d d e d  to all y - v a l u e s  t o  f a c i l i t a t e  

slope computations and statistical comparisons. The 

s l o p e s  o f  t h e  two lines are not s i g n i f i c a n t l y  

d i f f e r e n t  (P>O. 1, S t u . l e n t t  s T-test) . 
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Piqure 15. P a r a l l e l i s m  of coho salmon plasma and a  coho 

p i t u i t a r y  e x t r a c t  versus a salmon growth hormone 

s t anda rd  curve. Because t h e  t r a n s f o r m a t i o n s  of the 

XRJ8o v a l u e s  t o  l o g i t s  r e s u l t e d  i n  negative numbers 

i n  some i n s t a n c e s ,  one l o g i t  u n i t  was added  t o  a l l  

y - v a l u e s  to f a c i l i t a t e  s l d p e  computations and 

s t a t i s t i c a l  comparisons. The s l o p e s  of the plasma 

(P>0,1) a n d  t h e  p i t u i t a r y  e x t r a c t  (P>>0.05) a r e  no t  

s i g n i f i c a n t l y  d i f f e r e n t  than the s t a n d a r d  curve  

{S tuden t ' s  T - t e s t ) ,  
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F i g u r e  15. F r a c t i o n a t i o n  o f  c o h o  s a l m o n  plasma on a 1.6 x 58 c~ 

c o l u m n  of  S e p h a d e x  G-SO.  T h e  column was f i r s t  

c a l i b r a t e d  u i t h  1 2 5 1 - g r o w t h  hormone b e f o r e  t h e  

a p p l i c a t i o n  o f  one m i l l i l i t e r  of coho plasma,  T h e  

i m m u n o r e a c t i v e  c o m p o n e n t  of t h e  p l a s m a  e l u t e d  a s  o n e  

p e a k  w i t h  the same Kav (0.23) a s  i*sf-growth 

hormone .  T h e  v o i d  p e a k  e l u t e d  a t  fraction n i n e .  



FRACTION 



99-4-106 .6%.  P l a s m a  f r o m  i n t a c t  k i l l i f i s h  h a s  n o t  Seen t e s t e d  

f o r  p a r a l l e l  iss h o w e v e r ,  

, 

The zffeggs sf H a n d l h n q  z&ggsg gn p&sfip Qpyth fiigngqg L e v e l s  

O n e  h o u r  f o l l o w i n q  t h e  i n i l u c t i o n  o f  h a n d l i n g  s t r a s s  (TaSlz 

V), t h e  p l a s m a  G H  l e v e l s  i n  s t r e s e d  r a i n b o w  t r o u t  were 54.0 + 
15,85 ng /ml  (x + SF?!) c o m p a r e d  w i t h  47,07 2 73-90 n q / m l  f o r  t h e  

n o n - s t r e s s e d  c o n t r o l  g r o u p .  A f t e r  s e v e n  h o u r s ,  ~ l a s m a  G H  l e v e l s  

i n  t h e  s t r e s s e d  f i s h  were 32 .08  5 , 8 0  nq/al c o m p a r e d  w i t h  26.57 

m 7 . 3 4  ng/rnl i n  t h e  c o n t r o l  g r o u p .  A t  n e i t h e r  t i ~ e  were t h e  

g r o u p s  s i g n i f i c a n t l y  d i f f s r e n t  t h a n  o n e  a n o t h e r  (P>O,S i n  both 

c a s e s ) .  T h e  h e m t o c r i t s  of t h e  s t r e s s e d  f i s h  were s i q n i f i c a n t l y  

lower t h a n  t h e  c o n t r o l  g r o u p  a f t e r  one h o u r  ( W 0 . 0 1 )  a n d  

s i q n i f i c a n t l p  higher  a f t e r  s e v e n  h o u r s  (P<0,02). 

f o l l o w i n g  t h r e e  weeks of s t a r v a t i o n  ( T a b l e  VI), t h e  u n f e d  

r a i n b o w  t r o u t  w e i g h e d  l e s s  ( 1 1 , 1 2  3 . 3  g ,  x 2 S,D,) t h a n  t h e  

f e d  f i s h  ( 2 7 - 9 2  + 2 - 9  q ) .  The  p l a s m a  G H  l e v e l s  i n  t h e  s t a r v e d  

f i s h  ( 7 5 5  k 60.27 n g / n l ,  x r SEH) were n i n e  t i a e s  h i g h e r  

(P<0.001) t h a n  t h e  p l a s m a  G H  levels i n  t h e  c o n t r o l  g r o u p  (85 .45  



Table Vf 

T h e  E f f e c t s  of H a n d f i n q  Stress on Plasma Growth Hormone L e v e l s  

and Hematoczits i n  Rainbow Trout 

Plasma GB P Helaatocrit  P 
(ng/wl, xf52H) (xr-5 EH) 

C o n t r o l  (73 26.57k7.34 35,71+1.20 

Stressed (6) 32.082 5.50 >0.5 39.66+0.71 (0.02 

* Wumbers in parentheses indicate sample size. 



T a b l e  V I I :  

.. 
T h e  Zffects of Long-Term S t a r v a t i o n  (Three Weeks) on Plasma 

G r o w t h  Hormone L e v e l s  in Rainbow Trout 

Treatment Weight 
(xf SEW) 

Plasma G l i  
(ng/ml, xtSEM)  

:% Numbers in parentheses i n d i c a t e  sample s i z e ,  



T h e  w e e k l y  q r o s t h  r a t e . ~  a n d  p l a s m a  GH l e v e l s  f o r  r a i n b o w  

t r o u t  a r e  s h o w n  i n  F i g u r e  1 7 ,  T h e  r a n g e  of t h e  q r o w t h  r a t e  o v e r  

t h e ' t h i r t a e n  w e e k s  of  o b s e r v a t i o n  was 1 . 3 7 - 2 , 4 % / d a y  a n d  

s n c o m a a s s e d  two c o m p l e t e  c y c l e s  o f  q r o w t h .  T h e  p l a s m a  G H  l e v e l s ,  

w h i c h  were m o n i t o r e d  d u r i n g  t h e  s e c o n d  c y c l e  of q r o w t h ,  r a n g e d  

b e t w e e n  5 6 . 1 2  + 11.93 ( x  + 5EB) a n d  23,05 _+ 5.07 n g / m l ,  i n  w e e k s  

8 a n d  1 3  r e s p e c t i v e l y .  The G H  l e v e f s  f l u c t u a t e d  i n  a m a n n e r  

s i m i l a r  t o  t h e  q r o w t h  r a te ,  H o w e v e r  t h e  c y c l e  f o r  p l a s m a  G H  

p r e c e d e d  the g r o w t h  c y c l e  b y  o n e  week ,  P l a s m a  G H  l e v e l s  were 

h i g h e s t  during w2ek 8, o p e  week pr io r  t o  t h e  o n s e t  o f  t h e  r a p i d  
* 

q r o w t h  p h a s e .  C o i n c i d e n t  w i t h  the p e a k  i n  q r o w t h  r a t e  d u r i n g  

week 10 ,  p l a s m a  G H  l e v e l s  had d e c l i n e d  a n d  s u b s e q u a n t l y  r e m a i n e d  

u n c h a n g e 3  f o r  t h e  d u r a t i o n  of t h e  e x p e r i m e n t ,  A n a l y s i s  05 

v a r i a n c e  f o f l o w e d  b y  m u l t i p l e  r a n g e  t e s t i n g  d e n o n s t r a t e d  t h s t  

t h e  p l a s m a  G H  l e v e f s  i n  week  8 were s i g n i f i c a n t l y  h i g h e r  t h a n  

l e v e l s  i n  weeks 1 0  (P<O.O5),  1 1  (P<0,1)5) and 13 ( P < O , U 2 ) ,  T h e  

c o r r e l a t i o n  e q u a t i o n s  a n d  c o r r e l a t i o n  c o e f f i c i e n t s  of g r o w t h  

h o r m o n e  l e v e l s  v e r s u s  growth r a t e s  a re  l i s t e d  i n  t h e  c a p t i o n  t o  

F i g u r e  1 5 ,  T h e  c o r r e l a t i o n  a q u a t i o n  c a l c u l a t e d  f o r  t h e  d a t a  

i n - p h a s e  was n o t  s i g n i f i c a n t  a n d  p o o r l y  c o r r e l a t e d  ( r=O.O87) .  

H o w e v e r ,  when  t h e  p l a s m a  G M  d a t a  was a d v a n c e d  o n e  week ,  t h e  

r e g r e s s i o n  e q u a t i o n  was s i g n i f i c a n t  (P<0.05) a n 3  t h e  



F i g u r e  17, Meekly chang3s i n  g r o w t h  ra te  a n d  p l a s m a  q r o w t h  

h o r m o n e  l e v e l s  i n  r a i n b o w  t r o u t  02 a n a t u r a l  

p h o t o p e r i o d  (June- A u g u s t ) ,  Analysis of variance 

f o l l o w e d  b y  w u f t i p l e  r a n g e  t e s t i n g  demonstrated 

t h a t  plasma GH l e v e l s  were s i g n i f i c a n t l y  h i g h e r  

i n  week 8, t h a n  l e ~ e l s  in w e e k s  10 (PCO,QS), 11 

( K O ,  05) a n d  1 3  (P<O. 0 2 ) ,  The c o r r e l a t i o n  

e q u a t i o n  f o r  g r o w t h  f a t e  v e r s u s  plasma growth 

h o r m o n e  l eve l s  i n  p h a s e  (y  = (O.OOU5) x + 1-45]  

w a s  n o t  s i g n i f i c a n t  (P>0.5) a n d  p o o r l y  c o r r e l a t e d  

(r=0,069). Hhen  t h e  G H  d a t a  were a d v a n c e d  

one week o u t  o f  phase ,  t h e  c o r r e l a t i o n  e q u a t i o n  

( y  = (0.006)~ + 1.25) was s i g n i f i c a n t  {?<0,05) 

a n d  we1 l c o r r e l a t e d  Cr=0.865), Hhen t h e  p l a s n a  G H  

dnts were a d v a n c e d  two u e e k s  o u t  of phase, the 

r e g r e s s i o n  e q u a t i o n  (y = (0,003)~ + 1.34) was n o t  

s i g n i f i c a n t  {P>O, 5 )  a n d  poorly correlated 
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d a t a '  wer e well c o r r e f a t e l  (r=0.87). When the  plasma G H  a a t a  was 

a d v a n c e d  two weeks ,  t h e  c o r r e l a t i o n  e q u a t i o n  was not s i q n i f i c a n t  

and t h e  d a t a  wsre p o o r l y  c o r r e l a t e d  ( r = 0 , 5 6 ) ,  



D. D i s c u s s i o n  

A s  s r e s u l t  o f  t h e  p u r i f i c a t i o n  p r o c e d u r e s  e ~ p l o y e d ,  g r o w t h  

h o r m o n e  h a s  b e e n  i s o l a t e d  f r o m  tgo  s p e c i e s  of P a c i f i c  s a l m o n .  

D e s p i t e  t h e  4 i f f e r i n q  y i e l d s  t h a t  were o b t a i n e d  f r oa  c h u a  a k d  
\ 

c o h o  ~ i t u i t a r i e s ,  G H  was o b t a i n e d  from e a c h  s p e c i e s  i n  

s u f f i c i e n t  q u a n t i t i e s  t o  b i o a s s a y  a n d  c h a ~ a c t e r i z e  t h e n  

c o m p a r a t i v e l y .  S t r u c t u r a l l y ,  t h e  p i t u i t a r y  G H  m o l e c u l e  i s  

s i m i l a r  i n  t h e  chum a n d  c o h o  s a l m o n .  I n  5DS e l e c t r o p h o r e s i s  g e l s  

( F i g .  41, b o t h  G H  s p e c i . 9 ~ -  3 i g r a t e  a s  s i n g l e  b a n d s  w i t h  

c a l c u l a t e d  m o l e c u l a r  w e i g h t s  of 23 ,500  a n d  2 2 , 5 0 0  d a l t o n s  

r e s p e c t i v e l y ,  Chum P f  a n d  PIX m i g r a t e  a s  s i n g l e  bands i n  

a c i d - u r e a  e l e c t r o p h o r e s i s  q e f s  a t  pH U,5, C o h o  GR m i g r a t e s  a s  a 

s i n g l e  band  u n d e r  t h e  same c o n d i t i o n s .  I n  a l k a l i n e  (pH 8.3)  g e l s  

b o t h  s a l a 4 n  GHs s e p a r a t e  i n t o  two or  t h r e e  d i s t i n c t  b a n d s  w i t h  . 
R f  * s  o f  0,351, 0,47 a n d  0.45, D h a t  h a s  b e e n  c l a s s i f i e d  a s  P I ,  

c o n s i s t s  of a s i n g l e  b a n d  w i t h  an R f  of 0.35. T h e  b s n d s  w h i c h  

a r i s e  a f t e r  e l e c t r o p h o r e s i s  o f  P I X  h a v e  Rf*s of 0.43 a n d  O,45. 

T h i s  b e h a v i o u r  o f  t h e  s a l n o n  GHs i n  a l k a l i n e  e l e c t r o p h o r e s i s  

gels is a l s o  r e f l e c t e d  i n  t h e i r  e l u t i o n  s e q u e n c e  from DEWE 

Rio-gel  ( f i g ,  2 ) .  T h e  l e a s t  n e g a t i v e l y  c h a r g e d  s ~ e c i e s ,  P I ,  

e l u t e s  f i r s t  from t h e  i o n i c  e x c h a n q e  c o l u m n  a n d  h a s  t h e  lowest 



R f  i n  a l k a l i n e  q e l s ,  T h e  t w o  more n e g a t i v e l y  c h a r g e d  s p e c i e s  

w h i c h  c o m p r i s e  Pi1 e l u t i  l a t e r  from t h e  i o n i c  e x c h a n g e  c o l u m n  

a n d  a l s o  m i q r a t e  f a s t e r  i n  a l k a l i n e  g e l s ,  T h i s  d i f f e r i n q  

b e h a v i o u r  of t h e  s a l m o n  C H s  i n  a l k a l i n e  a s  o p p o s e d  t o  a c i d  q e l s  

h a s  also b e e n  o b s e r v e d  f o r  a l l  v e r t e b r a t e  G H s ,  i n c l u d i n g  a l l  o f  

t h e  f i s h  GMs, t h a t  h a v e  b a e n  i s o l a t e d  t h u s  f a r  (Cook  g& g&,, 

1 9 5 3 ;  F a r E e r  and P a p k o f f ,  1379 ;  Farmer g& ql,, 1981)+ Severa l  

t h e o r i e s  h a v e  b e e n  p r o f f e r e d  a s  e x p l a n a t i o n s .  I n  t h e  case of 

b o v i n e  GW, H - t e r m i n u s  h e t e r o g e n e i t y  h a s  b e e n  i d e n t i f i e d  a s  t h e  

c a u s e  ( W a l l i s  a n d  D a v i s ,  1375), R o v i b e  GK h a s  b o t h  a l a n i n e  a n d  

p h e n y l a l a n i n e  o n  t h e  N - t e r m i n a l .  I t  h a s  been  p o s t u l a t e d  t h a t  t h e  

c l e a v a g e  o f  t h e  GH m o l e c u l e  f r o m  a l a r g e r  p r e c u r s o r  is d u e  t a  a n  

e n d o p e p t i d a s e  w h i c h  is s p e c i f i c  f o r  two s i tes ,  D e p e n d i n g  u p o n  

w h e r e  t h e  c l e a v a g e  o c c u r s ,  t h e  r e s u l t i n g  N - t e r a i n a l  can  b e  

e i t h e r  a l a n i n e  o r  p h e n y l a l a n i n e  (Wa l l i s  a n d  Davis, 1 9 7 6 ) -  T h e  

d i f f e r i n g  p X a s s  of t h e  A - a m i n o  g r o u p s  t h e n  a l l o w  t h e  a n a l y l  a n d  

p h e n y l a f a n y l  c h a i n s  of  b o v i n e  G H  t o  be e a s i l y  s e p a r a t e d  by  

i soe lec t r i c  f o c u s i n y  ( E l l i s  gg a&., 1 9 7 2 )  o r  by p o f y a c r f r i a m i d e  

qe> e l e c t r o p h o r e s i s  ( W a l l i s  a n d  D a v i s ,  3 9 7 5 ) .  In cases  w h e r e  a 

G H  is c o m p o s e d  of m o r e  t h a n  two b a n d s ,  d e a m i d i z a t i o n  h a s  b e e n  

identified a s  t h e  c a u s e ,  The h e t e r o g e n e i t y  of most o f  t h e  

v e r t e b r a t e  GHs is d u e  t o  d e a m i d i z a t i o n  ( F a r m e r  a n d  P a p k o f f ,  

1 9 7 9 ) .  I n  t h e  case o f  GH i s o l a t e d  f r o @  t h e  b l u e  s h a r k  (P~~gcm~gg 

g i a u c a ) ,  a s i n g l e  GM b a n d  #as  o b s e r v e d  a f t e r  a l k a l i n e  

e l e c t r o p h o r e s i s  of a f r e s h  p i t u i t a r y  e x t r a c t ,  T h e  p u r i f i e d  

h o r m o n e  o n  t h e  o t h e r  h a n d ,  e x h i b i t e d  m u l t i p l e  b a n d s  i n  t h e  same 



e l e c t r o p h o r e t i c  s y s t e m  (Lewis +& q&., 7972) .  D e a m i d i z a t i o n  i s  

n o t  t h e  c a u s e  h o w e v e r ,  f o r  t h e  m u l t i p l e  b a n d s  e x h i b i t e d  by 

t i l a p i s  G H .  L e u c i n e ,  i s o l e u c i n e  a n d  v a l i n e  h a v e  e a c h  b e e n  

i d e n t i f i e d  o n  t h 2  W - t e r m i n u s  o f  t h e  GH m o l e c u l e  i n  t h i s  s p e c i e s  

( F a r m e r  2% q ~ . ,  1 9 7 6 ) .  This i s  t h o u q h t  t o  be c a u s e d  by single 

base  m z t a t i o n s  o f  ths g e n e  c o d i n g  f o r  p h e n y l a l a n i n e ,  t h e  a o s t  

common H - t e r m i n a l  rezidue among  t h e  v e r t s b r a t s  SEs, r e s u l t i n g  i n  

t h e  a f o r e n e n t i o n e d  a m i n o  a c i d s  b e i n g  coded f o r  i n s t e a d  ( F a r r a e r  

gt a&,, 1 9 7 6 ) ,  The s p e c i f i c  c a u s e  of t h e  d i f f e r e n t i a l l y  c h a r g e d  

forms of s a l m o n  G H  h a s  n o t  y e t  b e e n  i d e n t i f i e d ,  a l t h o u g h  i t  may 
II 

b e  d u e  i n  l a r g e  p a r t  t o  t h e  f r e s h n e s s  of t h e  p i t u i t a r y  g l a n d s  

e m p l o y e d .  T h e  f r e s h e r  c o h o  p i t u i t a r i e s  c o n s i s t e n t l y  y i e l d e d  

smal ler  q u a n t i t i e s  of PI1 t h a n  t h e  c h u a  p i t u i t a r i e s ,  w h i c h  were 

o f t e n  i n  a n  a d v a n c e d  s tat-e  of n e c r o s i s .  I n  f a c t ,  i n  o n e  

i n s t a n c e ,  t h e  f a s t e s t  m i g r a t i n g  b a n d  o f  c o h o  PI1 (Rf=0,45) was 

e n t i r e l y  a b s e n t  i n  t h e  f i n a l  y i e l d  ( F i g ,  4 ) -  

I n  s p i k e  o f  t h e  c h a r g e  d i f f e r e n c e s ,  chum s a l t n o , n  P I  a n d  PI1 

a p p e a r  t o  b e  very s i m i l a r .  They s h a r e  i m m u n o l o g i c a l  i d e n t i t y  

a c c o r d i n q  t o  t h e  i m m u n o d i f f u s i o n  s t u d y  ( F i g ,  5) a n d  t h e y  a r e  

both c a p a b l e  of p r o m o t i n g  t r o u t  g r o w t h  ( T a b l e  1, F i q .  6) a t  a 

d o s a g e  o f  1 u g J g / ' b o d y  w e i g h t ,  I n  terms o f  a b s o l u t e  w e i g h t  g a i n ,  

chum P I  a p p e a r s  t o  b e  more p o t e n t  t h a n  chum P I 1  ( T a b l e  7 ) .  

H o w e v e r ,  by  c a l c u l a t i n g  g r o w t h  on t h e  b a s i s  o f  c u m u l a t i v e  

p e r c e n t  w e i c j h t  g a i n  ( F i g .  6 ) ,  w h i c h  e l i ~ i n a t e s  t h e  i n i t i a l  s i z e  

differences o f  f i s h  b o t h  w i t h i n  i n d i v i d u a l  g r o u p s  a n d  b e t w e e n  

t r e a t n e n t  g r o u p s ,  chum P I  a n d  PIT a p p e a r  t o  be e q u i p o t e n t .  I n  a n  



e? r l i e r  r e p o r t e d  p a r t i a l  i s o l a t i o n  of chum s a l m o n  GM, I d l e r  g.? 

%lo (1973) a l s o  t d e n t i f i e d  t w o  f r a c t i o n s  e l u t i n q  from t h e  i o n i c  

e x c h a n g e  co lu inn ,  D E A E  2 a n d  DEAE 3 ,  e a c h  o f  w h i c h  h a d  

g r o w t h - p r o m o t i n g  a c t i v i t y  i n  r a i n b o w  t r o u t .  T h e s e  f r a c t i o n s  

e l u t e d  f r o m  the i o n i c  e x c h a n g e  c o l u m n  b e t w e e n  0.016-0.024 a n d  

0 .024 -0 -04  # ammonium b i c a r b o n a t e ,  pH 9.0. DEAE 2 was more 

p o t e n t  t h a n  DEAE 3 i n  i n c r e a s i n g  t h e  g r o w t h  r a t e  of r 3 i n b o w  

t r o u t .  I n  t h i s  case q r o w t h  r a t e  was  a l s o  c a l c u l a t e d  o n  t h e  b a s i s  

of p e r c e n t  w e i g h t  g a i n ,  It  was c o n c l u d e d  t h a t  DEhE 2 was g r o w t h  

ho rmone  and t h a t  t h e  a c t i v i t y  i n h e r e n t  i n  D E A Z  3 was due t o  
, 

c r o s s - c o n t a m i n a t i o n  ( K o m o u r d j i a n  a n d  I d l e r ,  1 9 7 9 ) .  DEAE 2 

c o n s i s t e d  of t h r e e  b a n d s  u n d e r  b o t h  SDS a n d  a c i d i c  (pH 4,5) 

e l e c t r o p h o r e t i c  c o n d i t i o n s ,  w h e r e a s  t h e  e l e c t r o p h o r e t i c  

c h a r a c t e r i s t i c s  s f  D E A R  3 were n o t  r e p o r t e d .  I t  is p o s s i b l e  

h o w e v e r  t h a t  DEAE 2 c o r r e s p o n d s  r o u q h l p  t o  w h a t  h a s  b e e n  

d e s c r i b e d  h e r e  a s  P I  a n d  t h a t  D E A E  3 is s y n o n y m o u s  w i t h  Rlf. T h e  

o n l y  p o s s i b l e  c o m p a r i s o n  h o w e v e r  is b e t w e e n  DEAE 2 a n d  chum 

s a l m o n  P I ;  DEAE 2 c o n s i s t s  o f  a t  l e a s t  t h r e e  d i f f e r e n t  p r o t e i n s ,  

' w h e r e a s  P I  i s  c o n p r i s e d  of o n l y  o n e ,  One o t h e r  n o t a b l e  

d i f f e r e n c e  is i n  t h e  m o l e c u l a r  w e i g h t  e s t i m a t i o n  of t h e  c h u ~  

m s o m a t o t r o p i c  p r i n c i p l e m ,  a s  i t  is r e f e r r e d  t o  by I d l e r  g& pl, 

( 1 9 7 8 ) .  The major p r o t e i n  i n  DEAE 2 h a s  a n  e s t i m a t e d  m o l s c u l a r  

w e i g h t  o f  1 8 , 4 0 0  d a l t o n s ,  w i t h  c o n t a m i n a n t s  of 4 3 , 0 0 0  and  7 3 , 0 0 0  

d a l t o n s ,  as e s t i m a t e d  by SDS e l e c t r o p h o r e s i s  (Weber  a n d  O s b o r n ,  

2.969). I n  t h i s  s t u d y ,  chum a n d  c o h o  G H  m i g r a t e d  i n  SDS g e l s  w i t h  

c a f c u l a t 2 d  m o l e c u l a r  w e i g h t s  of 2 3 , 5 0 0  a n d  22,500 d a l t o n s  



r e s p e c t i v e l y .  T h e  d i f f e r e n c e  i n  t h e  m o l e c u l a r  w e i g h t  e s t ima tes  

f o r  chum G H  by Idler a n d  m y s e l f  may b e  d u e  t o  t h e  d i f f e r e n t  SDS 

p r a c e d u r e s  employed .  U s i n g  t h e  t e c h n i q u e  o f  Weber a n d  O s b o r n  

(1969), f o b s e r v e d  t h a t  c o h o  a n d  chum had  t h e  s a m e  a p p a r e n t  

m o l e c u l a r  w e i g h t .  B y  t h e  Laemmli  (3970) p r o c e d u r e  h o w e v e r ,  a  

d i f f e r e n c e  o f  1000 d a l t o n s  becaiue a p p a r e n t ,  T h i s  may be d u e  t o  

t h e  f sc t  t h a t  t h e  P e b e z - a s b o r n  t e c h n i q u e  e m p l o y s  a 101 

a c r y l a m i d e  g e l ,  w h e r e a s  t h e  Laemmli t e c h n i q u e  e w p l o y s  a  12.5% 

g e l .  

In f u r t h e r  c o r r o b o r a t i o n  o f  t h e  results o b t a i n e d  i n  t h i s  

s t u d y ,  two  GH s p q c i e s  have a l s o  b&n i d e n t i f i e d  i n  t h e  e e l  

(&qgiL&g anggu&fa) p i t u i t a r y  g l a n d  b y  I n q l e t o n  a n d  S t r i b l e y  

( 7 9 7 7 ) .  Fn t h i s  i n s t a n c e ,  GH1 a n d  GM2 a s  t h e y  were c l a s s i f i e d ,  

were s e p a r a t e d  b y  a l k a l i n e  e l e c t r o p h o r e s i s  (pH 3 . 3 ) a n d  c o m p a r e d  

i r e m u n o f o q i c a l l y .  A n t i s e r a  r a i s e d  a q a i n s t  e a c h  GH s p e c i e s  r e a c t e d  

s p e c i f i c a l l y  w i t h  t h e  GH-cells i n  t h e  eel  p i t u i t a r y  a n d  b o t h  

G H g s  s h a r e d  i r n m u n o l o q i c a l  i d e n t i t y  a s  well. It a p p e a r s  l i k e l y  

t h e r e f o r e ,  t h a t  t h e  d i f f e r e n t  m o l e c u l a r  s p e c i e s  which c o m p r i s e  a 

' v e r t e b r a t e  G R  a r e  ~ i o l o g i c a l l y  a n d  i r a m u n o l o g i c a l l y  s i m i l a r ,  

d e s p i t e  the o b s e r v e d  c h a r g e  d i f f e r e n c e s ,  

N e v e r t h e l e s s ,  i n  f u t u r e  p u r i f i c a t i o n s  o f  s a l m o n  G H ,  i t  may 

b e  a d v i s a b l a  t o  u s e  o n l y  t h e  P e a k  I f r a c t i o p  f o r  p h y s i o f o g i c a l  

studies. F o r  i f  t h e  c h a r g e  d i f f e r e n c e s  o f  P e a k  fI are d u e  t o  

damage  of some k i n d ,  t h i s  damage  c o u l d  r e s u l t  i n  s u b t l e  o r  e v e n  

r a d i c a l  c h a n g e s  i n  t h e  t r u e  p h y s i o l o g y  o f  t h e  ho rmone ,  



T h e r e  i s  not  a s t a n d a r d i z e d  b i o a s s a y  f o r  f i s h  G f i s ,  A 

v a r i e t y  o f  fish s p e c i e s  h s v s  b e e n  e m p l o y e d ,  i n t a c t  a n d  

h g p o p h y s e c t o m i z e d ,  t o  s t u d y  t h e  e f fec ts  o f  b o t h  n a m m a l i a n  a n d  

f i s h  G H  p r e p a r a t i o n s  o n  f i s h  g r o w t h  ( f o r  a r e v i e w ,  see D o n a l d s o n  

e t  qi,, 1979).  T h e  parameters t h a t  h a v e  b e e n  m o n i t o r e d  f o l l o w i n g  -- 
G H  t h 2 r a p y  i n c l u d e  body water c o n t e n t ,  t o t a l  b o d y  l i p i d ,  

c o n d i t i o n  f a c t o r ,  s a l i n i t y  t o l e r a n c e  a n d  g a i n s  i n  l e n g t h  a n d  

w e i q h t  t o  name a few, Due t o  my c o n t r a s t i n g  r e s u l t s  o b t a i n e d  i n  

t h e  t i b i a  tes ts ,  chum a n d  c o h o  ~fi'were a l s o  c o m p a r e d  i n  t h e  

i n t a c t  t r o u t  b i o a s s a y .  I n i t i a l l y ,  t h e  b i o a s s a y s  were t o  b e  

c o n d u c t e d  w i t h  c o h o  s a l m o n  o b t a i n e d  from C a p i l a n o  H a t c h e r y  i n  

H o r t h  V a 2 c o u v e r .  H o w e v e r ,  t h e s e  f i s h  b e c a m e  s o  s t r e s s e d  

f o l l o w i n g  t h e  a n a e s t h e t i z a t i o n  a n d  w e i g h i n q  p r o c e d u r e s  t h a t  t h e y  

w o u l d  n o t  f e e d  f o r  d a y s  a f t e r w a r d s ,  P o r  t h i s  r e a s o n ,  r a i n b o w  

t r o u t  were s u b s e q u e n t l y  e m p l o y e d ,  a s  t h e y  d o  n o t  r e s p o n d  a s  

s e v e r e l y  t o  t h e  same h a n 3 l i n q  p r o c e d u r e s ,  A d o s e - r e s p o n s e  format 

' was c h o s e n  f o r  t h e  c o m p a r a t i v e  b i o a s s a y s  t o  d e t e r m i n e  t h e  lowest 

d o s a q e  o f  s a l m o n  G H  w h i c h  w o u l d  i n d u c e  a s i g n i f i c a n t  r i se  i n  t h e  

r a t e  of g r o w t h ,  One  m i c r o g r a n a / g f b o d y  w e i q h t  (BWT) was c h o s e n  a s  

t h e  h i g h e s t  dosage ,  o n  t h e  basis of t h e  r e s u l t s  o b t a i n e d  i n  t h e  

f i r s t  t r o u t  b i o a s s a y  of thus P I  a n d  P I 1  ( e x p e r i m e n t  1 ) .  T h e  

r e s u l t s  d e m o n s t r a t e d  t h a t  o n e  m i c r o q r a m  is t h e  minimum d o s a g e  

r e q u i r e d  t o  c a u s e  a s i g n i f i c a n t  rise i n  t h e  g r o w t h  r a t e  u n d e r  

t h e  s p e c i f i e d  assay c o n d i t i o n s .  In e x p e r i m e n t s  two a n d  t h r e e  



h o w e v e r ,  t h o  r e s p o n s e s  o f  t h e  h i g h  d o s e  (1 u g )  g r o u p s  t o  G H  

t h e r a p y  were n o t  a s  p r o n o u n c e d  a s  t h o s e  i n  e x p e r i m e n t  o n e ,  Two 

d i f f z s e n c e s  i n  p a r t i c u l a r  b e t w e e n  t h e  e x p e r i m e n t a l  p r o t o c o l s  may 

a c c o u n t  f o r  t h i s  f a c t ,  I n  e x p e r i m e n t  o n e ,  t h e  h o r ~ o n e  d o s a g e s  

were a d j u s t e d  o n  e a c h  w e i g h i n g  d a y ;  t h a t  i s  twice n a e k l y ,  w h i l e  

i n  e x p e r i m e n t s  two a n d  t h r e e  t h e  d o s a g e s  were a d j u s t e d  o n l y  o n c e  

a week,  a s  t h i s  was how o f t e n  t h e  f i s h  were w e i g h e d .  T h e r e f o r e  

t h e  f i s h  i n  e x p e r i m e n t  one r e c e i v e d  mose G H  o n  a w e e k l y  b s s i s  

t h a n  t h e  f i s h  i n  t h e  l a t e r  e x p e r i m e n t s .  S e c o n d l y ,  t h e  f i s h ' i n  

e x p e r i m e n t s  t w o  a n d  t h r e e  were m a i n t a i n e d  o n  a f i x e d  r a t i o n  

l e v e l  of 15% BVT,fweek, w h e r e a s  t h 6  f i s h  i n  e x p e r i m e n t  o n e  were 

f e d  ad  l i b i t u m ,  As G H  t r e a t m e n t  i s  known t o  i ~ p r o v e  t h e  a p p e t i t e  

of y o u n g  s a l m o n i d s  ( D o n a f d s o n  e t  a l , ,  1979), i t  is p o s s i b l e  t h a t  

t h e  f i s h  i n  e x p e r i m e n t  o n e  h a d  a g r e a t e r  f o o d  a v a i l a b i l i t y  a n d  

c o n s s q u e n t f y  grew a t  a f a s t e r  ra te ,  

I t  a p p e a r s  t h a t  d e s p i t e  t h e  i n a c t i v i t y  of c o h o  G H  i n  t h e  

r a t  t i b i a  t a s t ,  i t  h a s  d e m o n s t r a b l e  b i o a c t i v i t y  i n  r a i n b o w  

t r o u t ,  E x p e r i n e n t  two ( F i g ,  7)  s h o w e d  t h a t  b o t h  s a l m o n  CH 
b 

~ r z p a f a t i o n s  i n d u c e d  a s i g n i f i c a n t  r i s e  i n  t h e  g r o w t h  r a t e  

d u r ' i n g  t h e  f i r s t  week, b u t  n o t  t h e r e a f t e r ,  F o r  t h i s  r e a s o n ,  t h e  

b i o a s s a y  was r e p e a t e d .  H o w e v e r ,  i n  e x p e z i ~ e n t  t h r e e  [Fig, 8) 

g r o w t h  h o r m o n e  s i g n i f i c a n t l y  s t i m u l a t e d  t h e  g r o w t h  r a t e  a g a i n  

o n l y  d u r i n q  o n e  o f  t h e  t h r e e  w e e k s  a.nd o n l y  a t  t h e  h i g h e s t  

dosage, These e x ~ e r i m e n t s  s u g g e s t  t h a t  G H  may n o t  a l w a ~ s  b e  

a n a b o l i c ,  a t  l e a s t  i n  r a i n b o w  t r o u t ,  I n  b o t h  o f  t h e s e  b i o a s s s y s  

a n d  i n  t h e  l o n q - t e r m  g r o w t h  s t u d y  ( F i g ,  91, time (week  i n  t h i s  



c a s e )  was a s i g n i f i c a n t  d e t s f m i n a n t  o f  t h e  g r o w t h  r a t e  

(P<O,OD5), T h e r e  w a s  a l s o  a s i g n i f i c a n t  i n t e r a c t i o n  b e t w e e n  G H  

t r e a t m e n t  a n d  t n e  w e e k  of a d m i n i s t r a t i o n  u p o n  g r o w t h  r a t e  i n  

e x p e r i m e n t  t h r e e  a n d  a s i m i l a r  t r e n d ,  w h i l e  n o t  s i q n i f i c a n t  

(P=0.12) was a l s o  e v i d e n t  i n  e x p e r i m e n t  t w o .  T h e s e  r e s u l t s  

s u g g e s t  t h a t  t h e  r e c e p t i v e n e s s  o f  r a i n b o w  t r o u t  t o  t h e  a n a b o l i c  

effects of G R  is week  d e p e n d e n t .  f u r t h e r m o r e ,  t h e  n e g a t i v g  

e f fec t s  of G N  t r e a t m e n t  w h i c h  were o b s e r v e d  i n  t h e  t h i r d  week  o f  

e x p e r i m e n t  t h r e e  (Fiq. 9 )  s u g q e s t  c o n v e r s e l y ,  t h a t  G H  may h I s o  

e x e r t  c a t a b o l i c  o r  o t h e r  e f f e c t s  d e p e n d i n g  o n  n h i c h  week  t h i s  

h o r m o n e  i s  ~ d m i n i s t e e e d .  H h a t  t h e % e  o t h e r  e f f e c t s  may be i s  n o t  

known. H o w e v e r ,  t h e  p o s s i b i l i t y  t h a t  these  n e g a t i v e  e f f e c t s  were 

d u e  t o  c o n t a m i n a n t s  i n  t h e  GH p r e p a r a t i o n s  s h o u l d  n o t  be r u l e d  

o u t .  

I n  a p r e v i o u s  b i o a s s a y  o f  c a r p  GH i n  i n t a c t  q o l d f i s h  

d e s c r i b e 4  a s  a p r o g r e s s i v e  r e d u c t i o n  i n  t h e  q r o w t h  r e s p o n s e  t o  

c o n t i n u e d  GFi t r e a t m e n t .  T h e  cause was a t t r i b u t e d  t o  a p l a t e a u i n g  
* 

o f  t h e  r e s p o n s e  of g o l d f i s h  t o  CH t r e a t m e n t  and t o  h a n d l i n g  
, 
stress a s s o c i a t e d  w i t h  t h e  i n j e c t i o n  p r o c e d u r e s ,  H o w e v e r  my 

o b s s r v e d  r e s p o n s e s  of t r o u t  t o  s a l m o n  GH d o  n o t  a p p e s r  t o  be  d u e  

t o  p l a t e a u i n g  o r  a r e d u c t i o n  i n  s e n s i t i v i t y  t o  t h e  h o r m o n e .  I n  

e x p e r i m e n t  two ( P i g ,  71, i n c r e a s e d  g r o w t h  was o b s e r v e d  i n  t h e  

f i r s t  week, H o w e v e r  i n  e x p e r i m e n t  t h r e e  ( F i g ,  B), increased 

g r o w t h  was n o t  e v i d e n t  u n t i l  w e e k  t w o ,  A major difference 

b e t w e e n  my b i o a s s a y s  a n d  t h o s e  c o n d u c t e d  b y  Cook  gg pi. (79333 



was t h e  p h o t o p s r i o d  r e q i 2 e  used, P h o t o p e r i o d  i s  a g o v z r n i n g  

i n f l u e n c e  of CH cell a c t i v i t y  i n  r a i n b o w  t r o u t  ( L e a t h e r l a n d  a n d  

Y u t i ,  l 9 8 2 ) ,  G f i ' s s c r e t i o n  i n  k o k a n e e  (12% riir&a,) s a l m o n  

( L e a t h e r l a n d  & a&,,  9974) a n d  f i s h  g r o w t h  (Brett ,  1 9 7 9 ) ,  T h e  

u s e  of a fixed p h o t o p s r i o d  by Cook  gr a&, (1983) may p o s s i b l y  

h a v e  e l i m i n a t e d  o r  r e d u c e d  t h e  i n f l u e n c e  of t h i s  e n v i r o n m e n t a l  

cue upon g r o w t h  and u l t i m a t e l y  G H  a c t i o n .  An a l t e r n a t e  

e x p l a n a t i o n  f o r  t h e  p e r i o d i c i t y  o f  G H  a c t i o n  may b e  f o u n d  i n  t h e  

c y c l i c a l  p a t t e r n  of g r o w t h  o b s e r v e d .  i n  t h e  t r o u t  p o p u l a t i o ' n  

S o l l o w i n q  t h e  s e c o n d  b i o a s s a y  ( F i g ,  91, A s  a o s t  p r e v i o u s  growth 

s t u d i e s  w i t h  f i s h  h a v e  i n v o l v e d  ' b i - n o n t h l y  o r  m o n t h l y  g r o w t h  

m e a s u r e m e n t s  a n d  a s  t h e  d a t a  h a v e  u s u a l l y  b e e n  e x p r e s s e d  i n  3 

c u m u l a t i v e  m a n n s r ,  t h i s  c y c l i c a l  p h e n o m e n o n  h a s  n o t  b e e n  

c o m m o n l y  o b s e r v e d  b e f o r e - .  A s i m i l a r  p a t t e r n  of g r o u t h  has o n l y  

b e e n  o b s e r v e d  i n  t b . ~  b r n w ~  t r o u t  (Salmo &yu&x~),  w h i c h  e x h i b i t  a 

c o m p l e t e  c y c l e  o f  q r o u t h  e v e r y  S o u r  t o  s i x  w e e k s  ( 3 r 0 # n ,  1 9 4 5 ) -  

T h e  r e s u l t s  o f  t h i s  g r o w t h  s t u d y  h a v e  a l s o  d e a o n s t r a t e d  t h a t  

r a i n b o w  t r o u t  d o  n o t  q r o a  a t  t h e  same r a t e  f r o m  week t o  week, 
b 

' T h e y  go t h r o u g h  a l t e r n a t i n g  p h a s e s  o f  accelerated a n d  r e d u c e d  

g r o w t h  e v e r y  t h r e e  t o  s i x  w e e k s ,  s u g g e s t i n g  t h a t  t h e  e n d o c r i n e  

f a c t o r s  c o n t r o l l i n g  g r o u t h  may c y c l e  a s  well. The d a t a  

c o m p r i s i n g  t h e  f i r s t  t h r e e  w e e k s  o f  t h e  g r o w t h  cycle i n  F i g u r e  9 

r e p r e s e n t  t h e  g r o w t h  r a t e s  f o r  t h e  w h o l e  p o p u l a t i o n  3 u r i n g  G H  

t r e a t m e n t  i n  e x p e r i m e n t  t h r ~ e ,  T h e  p o p u l a t i o n  was e n t e r i n g  a 

h i q h  g r o u t h  p h a s e  d u r i n g  t h e  f i r s t  week a n d  s u b s e q u e n t l y  

a c h i e v e d  a maximum g r o w t h  r a t e  i n  week two, A l t h o u g h  G H  



t r e a t m e n t  d i d  not s i g n i f i c a n t l y  acce le ra te  t h e  g r o w t h  r a t e  

d u r i n g  w?ek o n e  (Pig, 8), a t r e n d  w a s  n e v e r t h e l e s s  e v i d e n t ,  I n  

week two h o w e v o r ,  c o i n c i d e n t  w i t h  t h e  p e a k  i n  g r o w t h  r a t e ,  t h e  

h o r m o n e  e x e r t e d  a s i g n i f i c a n t  a n a b o l i c  e f f e c t ,  I t  uas t h e n  

b e t w e e n  weeks two a n d  t h r e e ,  c o i n c i d e n t  w i t h .  t h e  d s c l i n e  i n  

g r o w t h  r a t e ,  t h a t  t h e  n e g a t i v e  effect o f  G H  was o b s e r v e d ,  I t  

a p p e a r s  t h e r e f o r e  t h a t  GR may o n l y  s e r v e  a n  a n a b o l i c  f u n c t i o n  

d u r i n g  p e r i o d s  o f  r a p i d  g r o w t h .  D u r i n g  p e r i o d s  of  r e d u c e d  g r o w t h  

h o w e v e r ,  i t  may t h e n  h a v e  a n  a l t e r n a t e  f u n c t i o n ,  What  t h i s  

f u n c t i o n  may b e  r e m a i n s  t o  b e  d e t e r m i n e d ,  b u t  w i l l  be d i s c u s s e d  

i n  f u r t h e r  d e t a i l  i n  c o n j u n c t i o n ' r ~ i t h  t h e  p l a s m a  G H  s t u d i e s  

l a t e r  on i n  t h e  d i s c u s s i o n ,  

I n  c o n t r a s t  t o  t h e  s i m i l a r i t i e s  b e t w e e n  chum a n d  c o h o  GH,  a  

major d i f f e r e n c e  b e c a s e  a p p a r e n t  i n  t h e  r a t  t i b i a  t e s t s ,  W h e r e a s  

, chum G H  a n d  a s o c k e y e  s a l m o n  p i t u i t a r y  e x t r a c t  ( a l t h o u q h  a t  a 
b 

% u c h  h i g h e r  a p p a r e n t  G H  d o s a q e  t h a n  c h u n )  s i g n i f i c a n t l y  

s t i m u l a t e d  t i b i a 1  g r o w t h ,  c o h o  G M  d i d  n o t  e l i c i t  a  r e s p o n s e  s t  

e i t h e r  d o s a g e  ( T a b l e s  II a n d  I fI) ,  f n  a p r e v i o u s  study, 

H a y a s h i d s  a n d  Z a g i o s  (1968) weze a l s o  u n a b l e  t o  s t i a u l a t e  t i b i a 1  

g r o w t h  w i t h  a c o h o  s a l a o n  p i t u i t a r y  e x t r a c t ,  w h i c h  supports t h e  

p r e s e n t  r e s u l t s  w i t h  p u r i f i e d  c o h o  GH, I n  a n y  e v e n t ,  i t  is 

s u r p r i s i n g  t o  f i n 3  t h a t  G H s  f r o a  s p e c i e s  of  t h e  same g e n u s  

d i f f e r  s o  r a d i c a l l y  i n  t h e i r  b i o a c t i v i t i e s ,  T h i s  d i s c r e p a n c y  



b e t w e e n  chum a n d  c o h o  GB was n o t  a p p a r e n t  i n  t h e  t r o u t  b i o a s s a y s  

(Fig, 6 a n 3  7)  and suggests t h a t  t h e r e  may b e  s e q u e n c e  

d i f f e r e n c e s  i n  t h e  a c t i v e  s i t e s  of t h e  two s a l a o n  GHs, w h i c h  a r e  

only made  m a n i f e s t  i q  a m a m w a l i a n  b i o a s s a y  system. On t h e  b a s i s  

o f  p r e v i o u s  s t u d i e s  w i t h  f i s h  GHs h o w e v e r ,  t h e  t i b i a 1  

b i o a c t i v i t y  d i s p l a y e d  b y  chum GW a n d  t h e  s o c k e y e  p i t u i t a r y  

s x t r z c t  was e n t i r e l y  u n e x p e c t e d ,  P i t u i t a r y  e x t r a c t s  a n d  GHs 

p u r i f i e d  f r o @  p r i m i t i v e  f i s h e s  ( e l a s m o b r a n c h s ,  c h o n d r o s t e a n s ,  

h o l o s t e a n s ,  c r o s s o p t e r  y q i a n s  a n d  d i p n o a n s )  are  a l l  b i o s c t i v e  i n  

t h e  r a t  t i b i a  test  ( F a r m e r  gt pl,, 1980; S a y a s h i d a ,  1 9 7 0 ,  1 9 7 1 ,  
I 

1973;  H a y a s f i i d a  a n d  L a g i o s ,  1 9 5 9 ; s  H a y a s h i d a  a n d  L e w i s ,  1 9 7 8 )  a s  

a r e  G i i s  frorn r e p r e s e n t a t i v e s  of a l l  t h e  v e r t e b r a t e  c lasses  

( F a r m e r  a n d  P a p k o E f ,  1 9 7 9 1 ,  U n t i l  now h o w e v e r ,  t e l e o s t e a n  G!is 

a n d  p i t u i t a r y  e x t r a c t s  h a v e  b e e n  f o u n d  t o  p o s s e s s  l i t t l e  o r  n o  

b i o a c t i v i t y  i n  t h i s  same a s s a y  ( H a y a s h i d a  a n d  L a g i o s ,  1969:  

F a r m e r  g t  sA., l 9 7 6 ) ,  F u r t h e r m o r e ,  i n m u n o d i f f  u s i o n  a n d  

r a d i o i m m u n o a s s a y  ( R I A )  s t u d i e s  e m p l o y i n g  a r a t  G H  s n t i s e r u n  h a v e  

a l s o  c o n f i r m e d  t h e  i m r n u n o l o q i c a l  u n i q u e n e s s  of t e l m s t e a n  GHs 
6 

( F a r m e r  2% a&,, 1976;  H a y a s h i d a  a n d  L a g i o s ,  1 9 5 9 ;  H a y a s h i d a  a n d  

Lewis, 1 9 7 8 ) .  T h e  r e s u l t s  of t h e s e  s t u d i e s  h a v e  p r o n p t e d  

H a y a s h i d a  t o  c o n c l u d e  t h a t  t h e  t e leos ts  a r e  a n  e v o l u t i o n a r y  

d i v e r g e n t  g r o u p ,  a t  l e a s t  w i t h  r e s p e c t  t o  t h e  G H  m o l e c u l e .  T h e  

m a i n  a r g u e m n t  t h a t  can b e  r a i s e d  a g a i n s t  t h i s  h y p o t h e s i s  is 

s i ~ p l y  t h a t  a l l  of  t h e  b i o f o g i c a l  c o ~ p a r i s o n s  were m a d e  u s i n g  

t h e  r a t  t i b i a  tes t  a n d  t h a t  most of t h e  immunological 

c o m p a r i s o n s  were l i k e w i s e  c o n d u c t e d  w i t h  a r a t  G H  RIA. A l t h o u g h  



t h i s  a p p r o a c h  Aoes p e r m i t  c o m p a r i s o n s  t o  b e  made, i t  i s  n a r r o w  

i n  s c o p e  a n d  t h e  r e s u l t s  a re  n o t  s u b s t a n t i a t e d  by  s i m i l a r  

s t u d i e s  e m p l o y i n g  GH RTWas f r o m  lower v e r t e b r a t e s .  

When GKs from e a c h  o f  t h e  v e r t e b r a t e  c l a s s i s ,  i n c l u d i n g  

p i t u i t a r y  e x t r a c t s  from p r i m i t i v e  f i s h e s ,  were c o m p a r e d  i n  a 

h o m o l o g o u s  R I A  f o r  s h a r k  G H ,  t h e y  all s h o w e d  weak  

c r o s s - r e a c t i v i t y  a n d  n o n - p a r a l l e l  s l o p e s  of i n h i b i t i o n  c o m p a r e d  

t o  t h e  s h a r k  GW s t a n d a r d  c u r v e ,  i n c l u d i n g  r a t  GH.  It c o u l d  h a v e  

b e e n  c o n c l u d e d  f r o m  t h e s e  s t u d i e s  t h a t  t h e  s h a r k s ,  l i k e  t h e  

t ,e leosts ,  a r e  a l s o  u n i q u e  w i t h  r e s p e c t  t o  t h e  G H  m o l e c u l e ,  T h e s e  

r e s u l t s  were d i s c l a i m e d  h o w e v e r ,  'as b e i n q  d u e  t o  r a d i o i o d i n a t i o n  

damage o f  t h e  s h a r k  G H  l a b e l  { H a y a s h i d a  a n d  L e w i s ,  1 9 7 8 ) .  

I n s t e a d ,  t h e  a u t h o r s  t h e n  e m p l o y e d  r a t  GH a s  l a b e l  a n d  s t a n d a r d s  

a l o n g  w i t h  t h e  same s h a r k  G H  a n t i s e r u m  3nd t h u s  o b t a i n e d  r e s u l t s  

u h i c h  c o n f o r m e d  with t h p  p r ~ v i o u s l y  o u t l i n e d  hypothesis 

( W a y a s h i d a  a n d  L e w i s ,  1 9 7 0 ) .  I n  a s i ~ t i l a h  s t u d y  e m p l o y i n g  a 

h o m o l o g o u s  t e l e o s t  G H  R I R ,  c h o n d s o s t e a n  a n d  h i g h e r  v e r t e b ~ a t e  

GHs aqain s h o w e d  weak c r o s s - r e a c t i v i t y ,  a s  d i d  a p i t u i t a r y  
6 I 

e x t r a c t  f r o m  a t e l eos t  fish, t h e  p e r c h  { P h p n g g o g o n  f g f c ~ - & g s )  

( F i f r ~ e r  g& $I., 1 9 7 6 ) ,  H o r e  r e c e n t l y ,  Cook  3% g&. ( 1 9 8 3 )  h a s  

d e ~ o n s t r a t e d  t h e  p o o r  i m m u n o r e a c t i v i t y  of c o h o  p l a s m a  G H  i n  a 

h o m o l o g o u s  R I A  f o r  c a r p  ( C y g r i n u s  cpyp&) GH. I n  v i e w  of t h e s e  

latter s t u d i e s  a n d  t h e  r a t  t i b i a  t e s t  r e s u l t s  w i t h  t h e  s a l m o n  

GHs, i t  a p p e a r s  r a t h e r  t h a t  t h e  t e l e o s t  GHs a r e  b o t h  

b i o l o g i c a l l y  a n 3  i m m u n o l o g i c a l l y  d i v e r s e ,  a n d  t h a t  t h i s  

d i v e r s i t y  i s  n o t  n e c e s s a r i l y  p h y l o g e n i c a l l y  r e l a t e d ,  



T o  d a t e ,  t h r e e  f i s h  g r o w t h  h o r m o n e s  h a v e  b4en s u c c e s s f u l l y  

i s o l a t e d  t o  h o m o g e n e i t y  a n d  c h a r a c t e r i z e d  w i t h  r e s p e c t  t o  

e l e c t r o p h o r e t i c  m o b i l i t y ,  m o l e c u l a r  w e i g h t  and a m i n o  a c i d  

c o m p o s i t i o n ;  t w o  fro@ t h e  s u p e r o r d e r  T s l e o s t e i  (Cook 2% q&,, 

1983; farmer 55 a&. ,  4976) a n d  o n e  from t h e  s u p e r o r d e r  

C h o n d r o s t e i  ( F a r m e r  2% %a,, 1930) ,  A l l  o f  t h e s e  fish G H s  c b n s i s t  

,of t h r e e  b a n d s  u p o n  e l e c t r o p h o r e s i s  u n d e r  a l k a l i n e  c o n d i t i o n s  

a n d  o n e  band  u n d e r  a c i d i c  c o n d i t i o n s ,  T h e  t e leos t  G H s ,  t i l a p i a  

a n d  c a r p ,  have m o l e c u l a r  w e i g h t s  o f  22,200 a n d  22,500 d a l t o n s  

r e s p e c t i v e l y ,  w h e r e a s  s t u r g e o n  GH h a s  a ~ o l e c u f a r  w e i g h t  of 

23,500 d a l t o n s ,  9 y  c o m p a r i s o n ,  chum a n d  c o h o  GH h a v e  s i m i l a r  

e l e c t r o p h o r e t i c  c h a r a c t e r i s t i c s  a n d  s i ~ i l a r  e s t i m a t e d  molecular 

w e i g h t s .  I n  t e r n s  of a m i n o  a c i d  c o m p o s i t i o n ,  chum and c o h o  G H  

a r e  a l s o  v e r y  s imi la r  a n d  way b e  c o n s i d e r e d  a s  

i n d i s t i n g u i s h a b l e ,  t a k i n g  i n t o  a c c o u n t  t h e  error i n h e r e n t  i n  t h e  
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a m i n o  a c i d  a n a l y s i s  w h i c h  was n o t  c o r r e c t e d  f o r  h y d r o l y t i c  

d e s t r u c t i o n ,  T h e y  d i f f e r  m o s t  n o t a b l y  i n  t h e  h i g h e r  p r o l i n e  

c o n t e n t  o f  c o h o  G H  ( T a b l e  PV), # h e r e a s  ~ o s t  v e r t e b r a t e  G H s  h a v e  

b e t w e e n  s i x  a n d  e l e v e n  p r o l i n e  r e s i d u e s ,  c o h o  G M  h a s  t h i r t e e n  

a n d  is  only s u r p a s s e d  by c h i c k e n  Gf i  w h i c h  h a s  f o u r t e e n  p r o l i n e  

r e s i d u e s  ( F a r m e r  s n d  P a p k o f f ,  1979). T h i s  d i f f e r i n g  p r o l i n e  

c o n t e n t  of chum a n d  c o h o  GM may be r e s p o n s i b l e ,  i n  p a r t ,  f o r  t h e  

d i f f e r i n q  b i o a c t i v i t i e s  o b s e r v e d  i n  t h e  r a t  t i b i a  tests ( T a b l e s  



I X  a n d  I I T ) ,  a s  t h i s  a m i n o  a c i d  is known t o  b e  a  h e l i x  

i n t e r r u p t e r .  A l t h o u g h  t h e  h i n h  p r o l i n e  c o n t e n t  of c h i c k e n  GH h a s  

n o t  a f f e c t e d  its a c t i v i t y  i n  t h e  r a t  t i b i a  t e s t  ( F a r m e r  a n d  

P a p k o f f ,  1979) ,  i t  can a l s o  b e  a r g u e d  t h a t  t h e  s ' p e c i f i c  l o c a t i o n  

of t h e  p r o l i n e  residues i n  t h e  p r i ~ a r y  s e q u e n c e  o f  t h e  EH 

m o l e c u l e  may b e  e q u a l l y  a s  i m p o r t a n t ,  S u c h  may b e  t h e  c a s e  f o r  

c o h o  GH, a l t h o u g h  u n e q u i v o c a l  p r o o f  of t h i s  w i l l  o n l y  b e  

f o r t h c o m i n q  w i t h  t h e  c o m p l e t e  s e q u e n c i n g  o f  t h e  m o l e c u l e ,  An 

a l t e r n a t e  e x p l a n a t i o n  fo r  t h i s  b i o a s s a y  d i s c r e p a n c y  nay b e  

d i f f e r i n g  p r i ~ a r y  s t r u c t u r e s  o f  t h e  t w o  s a l m o n  FHs, p r o b a b l y  i n  

t h e  r e g i o n  o f  t h e  a c t i v e  s i t e  a s - t h e  two h o r m o n e s  a p p e a r  t o  h a v e  

common a n t i g e n i c  d e t e r m i n a n t s ,  A c o n s i d e r a t i o n  w h i c h  m u s t  a l s o  

be  t a k e n  i n t o  a c c o u ~ t  is t h a t  t h e  h i g h e r  p r o l i n e  c o n t e n t  i n  c o h o  

G H  m i g h t  b c  d u e  t o  c o n t a m i n a n t s  i n  th'e p r e p a r a t i o n ,  a l t h o u g h  

t h i s  is  t h e  o n l y  a p p a r e n t  d i s c r e p a n c y  between  the composit ions 

o f  t h e  t w o  s a l m o n  g r o w t h  h o r m o n e s ,  

C o m p a r a t i v e l y ,  t h e  s a l m o n  GHs a r e  most s i m i l a r  i n  a m i n o  

a c i d  c o m p o s i t i o n  t o  c a r p  G H  ( T a b l e  IV), w h i c h  also h a s  e q u i m o l a f  
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c o n c e n t r a t i o n s  of l e u c i n e ,  a s p a r t i c  a n d  g l u t a m i c  a c i d  (Cook  2% 

gZ., 1 9 8 3 ) .  T h e  p r o l i n e  c o n t e n t  of c a r p  GH is low h o w e v e r ,  l i k e  

t h a t  o f  chum GH. T h e  m a i n  c o m p o s i t i o n a l  c r i t e r i a  f o r  t h e  

v e r t e b r a t e  CHs h o w e v e r ,  a r e  t h o s e  e s t a b l i s h e d  by W i l h e l m i  

(1974) -  T h e s e  i n c l u d e  a l o w  h i s t i d i n e  a n d  m e t h i o n i n e  c o n t s n t ,  a 

h i g h  c o n t e n t  o f  f e u c i n e  a n d  g l u t a m i c  a c i d ,  two d i s u l p h i d e  

b r i d g e s  a n d  a s i n g l e  t r y p t o p h a n  r e s i d u e ,  Bo th  of t h e  s a l m o n  G H s  

i s o l a t e d  i n  t h i s  s t u d y  s a t i s f y  t h e s e  c r i t e r i a ,  



I n  c o m p a r i s o n  t o  chum s n l r n o n  p r o l a c t i n  ( K a w a n c h i  2s a&=, 

1983) .  t h e  s a l m o n  GHs d i s p l a y  s o m e  m a j o r  c o m p o s i t i o n a l  

d i f f e r e n c e s  ( T a b l e  IV), T h e  s a l s o n  GHs h a v e  a p p r o x i m a t e l y  twice 

t h e  n u m b e r  o f  t y r o s i n e ,  v a l i n e  a n 3  g l u t a m i c  a c i d  r e s i d u e s  a s  

s a l a o n  p r o l a c t i n ,  i n  a d d i t i o n  t o  lower q u a n t i t i e s  of s e r i n e ,  

a r q i n i n e  and e s p e c i a l l y  r n e t h i o n i n e ,  T h e  two h o r m o n e s  a re  v e r y  

s i m i l a r  i n  most o t h e r  r s s p e c t s  i n c l u d i n g  t h e  two d i s u l p h i d e  

b r i d g e s  a n d  a s i n g l e  t r y p t o p h a n  r e s i d u e ,  The  p r o l i n e  c o n t e n t  of 

s a f ~ o n  p r o l a c t i n  i s  a l s o  h i g h  ( K a w a u c h i  g& a&., 1 9 8 3 ) .  s im i l a r  

t o  c o h o  GH. 

T e l e o s t  G H  c e l l s  were f i r s t  l o c a l i z e d  i w m u n o c y t o c h e m i c a l f y  

i n  t h e  s o c k e y e  s a l m o n ,  u s i n g  a n  a n t i s e r u m  r a i s e d  a g a i n s t  o v i n e  

G H  (EcKeown a n d  vap  O v e r b e e k e ,  1 9 7 1 ) .  T h e  i d e n t i t y  o f  t h e s e  

c e l l s  was s u g q e s t e d  e a r l i e r  o n  t h e  b a s i s  o f  h i s t o p h y s i o l o g i c a l  
U 

s t u d i e s  ( f o r  a  r e v i e w ,  see B a l l  a n d  B a k e r ,  7 9 6 9 )  and t h e y  a r e  

now known t o  c o m p r i s e  t h e  a c i d o p h i 3 . s  i n  t h e  c a u d a l  p a r s  d i s t a l i s  

of the p i t u i t a r y  g l a n d .  S i n c e  t h e n ,  s e v e r a l  l a b o r a t o r i e s  h a v e  

u t i l i z e d  i m ~ u n o c y t o c h e m i s t r y  t o  i d e n t i f y  p i t u i t a r y  G H  c e l l s  i n  a 

v a r i e t y  of f i s h  species u s i n g  a n t i s e t s  r a i s e d  a g a i n s t  b o t h  

m a m m a l i a n  ( C h a d w i c k  2% qr,, 1 9 7 6 ;  B a n s e n  a n d  R a n s e n ,  1 9 7 5 )  and 

t e l eos t  GHs (Cook gt pi,, 1983;  I n g l e t o n  a n d  S t r i b f e y ,  1 9 7 5 ,  

1 9 7 7 ;  K o m o u r d j i a n  a n d  I d l e r ,  1 9 7 3 ;  N a g a h a n a  eg qi,, 1 9 8 1 )  T h i s  



s t u d y  e x t e n d s  t h e  e a r l i e r  i n v e s t i g a t i o n  o f  McKeown a n d  v a n  

O v e r b e e k e  (1971) w i t h  t h e  i d e n t i f i c a t i o n  of G H  c e l l s  i n  t h r e e  

o t h e r  species  o f  s a l m o n ,  i n  a d d i t i o n  t o  t h e  s o c k e y s .  It a l s o  

r e p r e s e n t s  t h e  f i r s t  h o m o l o g o u s  i m n u n o c y t o c h e m i c a l  f o c a l i z a t i o n  

of  GR c e l l s  i n  s a l m o n ,  T h e s e  ce l l s  a r e  a c i d o p h i l l i c  a s  u e l l ,  a s  

c o n f i r m e d  i n  t h e  c o h o  p i t u i t a r y  b y  t h e  s t a i n i n g  of a d j a c e n t  

s e c t i o n s  w i t h  h e a a t o x y l i n  a n d  e o s i n .  I n  t h e  case of t h e  s o c k e y e  

s a l m o n  (Fig, 10, B ) ,  t h e  c e l l s  i d e n t i f i e d  w i t h  t h e  chum G H  

a n t i s e r u m  c o r r e s p o n d  i n  b o t h  a p p e a r a n c e  a n d  d i s t r i b u t i o n  t d  

t h o s e  i d e n t i f i e d  by RcKeown a n d  v a n  O v e r b e e k e  (1971)  w i t h  a n  

o v i n e  G H  a n t i s e r u ~ ,  O n e  n o t a b l e  e x c e p t i o n  h o w e v e r ,  was t h e  

o b s e r v a t i o n  of i s o l a t e d  i m i u u n o r e a c t i v e  c e f l s  i n  t h e  p a r s  

i n t e r m e d i a  of t h e  s o c k e y e  a n d  a l l  o t h e r  s p e c i e s  i n v e s t i g a t e d ,  

S i m i l a r  o b s e r v a t i o n s  have- b e e n  n o t e d  i n  t h e  p a r s  i n t e r m e d i a  of 

t h e  s t u r g e o n  ( & ~ r ) ~ _ n ~ g ~  g . i ~ g g ~ s & g q & ~ )  p i t u i t a r y ,  u s i n g  a b o v i n e  

GR a n t i s e r u m  ( H a n s e n  a n d  f i a n s e n ,  1 3 7 5 ) .  W h i l e  t h e  f u n c t i o n  o f  

t h e  G H  cells h e r e  r e ~ a i n s  t o  b e  d e t e r m i n e d ,  i t  is n o t e w o r t h y  

t h a t  t h e y  stained Bore i n t e n s e l y  t h a n  ce l l s  i n  t h e  c a u d a l  p a r s  

d i s t a f i s ,  s u g g e s t i n g  a d i f f e r e n t  level of a c t i v i t y .  

i Y o r p h o l o g i c a l f y ,  t h e  p i t u i t a r y  G H  c e f l s  a r e  e l l i p t i c a l  i n  

a p p e a r a n c e ,  w i t h  c y t o p l a s m i c  e x t e n s i o n s  t o  n e a r b y  c a p i l l a r i e s  

( F i g ,  1 0 ,  a>) t h u s  f a c i l i t a t i n g  G H  refease i n t o  t h e  c i r c u l a t i o n ,  

T h e  G H  cells a r e  more densely p a c k e d  i n  j u v e n i l e s  ( F i g .  1 0 ,  C) 

t h a n  i n  s e x u a l l y  m a t u r e  salmon ( F i g ,  10;  A ,  3 and D) d u e  t o  t h e  

d e v e l o p m e n t  and p r o l i f e r a t i o n  of q o n a d o t r o p i c  cells i n  t h e  

l a t t s r  i n s t a n c e ,  T h e  G H  c e l l  p o p u l a t i o n  s t a i n e d  by  t h e  a n t i s e r u m  



s h o u l d  b e  h o m o g e n o u s ,  a s  t h ~  i m m u n o d i f f u s i o n  o f  p i t u i t a r y  

h o m o q e n a t e s  r e s u l t e d  i n  a s i n q l e  p f e c i p i t i n  l i n e  f o r  e a c h  

s p e c i o s ,  T h e  i m n r u n o d i f f  u s i o n  s t u d y  ( n o t  s h o w n )  h a s  a l s o  

d e m o n s t r a t e d  t h a t  t h e  GH m o l e c u l e  is i m m u n o l o g i c a l l y  i d e n t i c a l  

a a o n q  a l l  s p e c i e s  of . s a l ~ o n  u n d e r  i n v e s t i g a t i o n ,  s u g g e s t i n g  t h a t  

t h e  chum G H  a n t i s e r u m  is l i k e l y  s u i t a b l e  f o r  r a d i o i m m u n o l o g i c a l  

m e a s u r e m e n t s  of p l a s m a  GH i n  a l l  o f  t h e s e  s p e c i e s .  

T h e  RIA d e v e l o p e d  i n  t h i s - s t u d y  r e p r e s e n t s  t h e  f i r s t  

v a l i d a t e d  a s s a y  f o r  t h e  m e a s u r e m e n t  of p l a s m a  G H  l e v e l s  i n  

s a l a o n  a n d  t r o u t ,  T h e  c a l c u l a t e d  c o e f f i c i e n t s  o f  v a r i a t i o n  

i n d i c a t e  t h a t  t h e  a s s a y  i s  c o n s i s t e n t ,  w i t h i n  a s i n q l e  assay  a n d  

k e t w a e n  s e p a r a t e l y  c o n d u c t e d  a s s a y s ,  i n  t h e  m e a s u r e m e n t  of 

p l a s m a  g r o w t h  h o r m o n e ,  T h e  r e c o v e r i e s  of GH a d d e d  t o  p l a s m a ,  

' d e m o n z t r a t e  t h s t  t h e r e  is m i n i ~ a l  i n t e r f e r e n c e  b y  p l a s m a  

sI c o n s t i t u e n t s  a s  well, T h e  p a r a l l e l i s m  s t u d i e s  ( F i q s .  34 a n d  15) 

h a v e  a f f i r m e d  t h a t  t h e  p l a s m a  f o r %  of t h e  GH m o l e c u l e  i n  s a l m o n  

a n ?  t r o u t  i s  i m m u n o l o g i c a l l y  s imi la r  t o  the p i t u i t a r y  f o r m  of 

t h e  h o r m o n e  a n d  t h a t  t h e  a s s a y  i s  v a l i d  fur p l a s m a  GH 

m e a s u r e m e n t s  i n  t h e  q e n e r a  525~9 a n d  Qqcomhynchus, P l a s n a  CH 

l e v e l s  i n  j u v e n i l e  r a i n b o w  t r o u t  r a n g e d  b e t w e e n  30-240 n ~ / m l  i n  

t h e  e x p e r i m e n t s  c o n d u c t e d  w i t h  t h e  R I A .  T h i s  r a n g e  i n c l u d e s  

h o w e v e r  o n l y  those t r o u t  w h i c h  nere  w a i n t a i n e d  i n  a f ed  

c o n d i t i o n  a n d  w h i c h  were n o t  s u b j e c t e d  t o  a n y  e x p e r i m e n t a l  



m a n i p u l a t i o n s ,  T h e  S e p h a d e x  C-58  p r o f i l e  o f  f r a c t i o n a t e ?  c o h o  

p l a s n a  (Fig. 16) s h o w s  t h a t  t h e  i m m u n o r c a a c t i v e  component i n  t h e  

plasma c o m p r i s e s  e i t h e r  a s i n g l e  o r  s imi la r  m o l e c u l a r  w e i g h t  

s p e c i e s  o f  Z H  t h a t  are o f  a p p r o x i m a t e l y  t h e  same m o f e c u l a r  

w e i g h t  a s  t h e  p i t u i t a r y  f o r m  o f  t h e  h o r m o n e ,  T h e  s e n s i t i v i t y  o f  

t h e  assay (2.5 nq/ml)  a l s o  a f l o v s  GH m e a s u r e m e n t s  t o  be  

c o n d u c t e d  o n  a s  l i t t l e  a s  1 0  ul o f  p l a s m a .  C o m p a r a t i v e l y ,  t h e  

s a l m o n  G H  R I A  h a s  p e r f o r m a n c e  c h a r a c t e r i s t i c s  s i m i l a r  t o  t h o s e  

r e p o r t e d  b y  Cook gt qf.  ( 1 9 8 3 )  f o r  a c a r p  G R  r a d i o i m m u n o a s s a y ,  

T h e s e  t w o  9 I A s  c o m p r i s e  t h e  o n l y  a v a i l a b l e  a s s a y s  fo r  t e l e o s t  

g r o w t h  h o r a o n e .  P r io r  t o  t h i s 8  p lasma GH l e v e l s  i n  t e l e o s t s  

{ s a l m o n  a n d  g o l d f i s h )  were m o n i t o r e d  b y  a n  R I A  e m p l o y i n g  o v i n e  

G H  a n d  an  o v i n e  G H  a n t i s e r u m  ( L e a t h e r l a n d  pa., 1974; McKeown 

a n d  v a n  D v s r b e e k e ,  1 9 7 2 ;  Peter  22 gi,, 1 9 3 5 ) .  A l t h o u g h  t h i s  

a n d  t h e  a n t i s e r u m  e m p l o y e d  was s p e c i f i c  f o r  the G R  c e l l s  i n  t h e  

salmon p i t u i t a r y  (RcKeown a n d  v a n  O v e r b e e k e ,  l 9 7 l ) ,  t h e  

@ l i m i t a t i o n s  of a h e t e r o l ~ g o u s  assay  m u s t  a l s o  be r e c o q n i z e d ,  

e s p e c i a l l y  i n  terms of l a c k  0 5  s e n s i t i v i t y  a n d  i n  i ts  i n a b i l i t y  

t o  m e a s u r e  a b s o l u t e  plasma GH l e v e l s .  H o w e v e r ,  p r o b l e m s  o f  t h i s  

k i n d  a r e  n o t  o n f p  c o n f i n e d  t o  h e t e r o l o q o u s  a s s a y s  t h a t  cross 

v e r t e b r a t e  c l a s s  b o u n d a r i e s ,  A l t h o u g h  Cook gy ql. ( 1 9 8 3 )  

r e p o r t e d  p a r a l l e l i s m  of t r o u t  p l a s m a  i n  a c a r p  GH R I A ,  

p a r a l l e l i s %  was n o t  o b t a i n e d  w i t h  p l a s m a  from c o h o  s a f a o n ,  

s u q q e s t i n q  o n c e  m o r e  t h a t  t h e  t e l eos t  G 9 s  are  e x t r e m e l y  d i v e r s e ,  

T h i s  p a r t i c u l a r  o b s e r v a t i o n  by  C o o k  gy: a&, ( 1 9 8 3 )  is e v e n  more 



i n t e r e s t i n q  a s  i t  c o n t r a d i c t s  t h e  r e s u l t s  o b t a i n e d  

i n  t h i s  study; t h a t  c o h o  a n 3  t r o u t  p l a s m a  G H  a r e  i m m u n o l o g i c a l l y  

i d e n t i c a l .  T h e  r e a s o n  f o r  t h i s  d i s c r e p a n c y  may b e  t h a t  t h e  c a r p  

a n d  chum G W  a n t i s e r a  were r a i s e d  a g a i n s t  d i f f e r e n t  a n t i g e n i c  

d e t e r m i n a n t s  o f  t h e  two r . e s p e c t i v e  GH m o l e c u l e s .  T h i s  w o u l d  t h e n  

i m p l y  t h a t  c a r p  a n d  t r o u t  G H  s h a r e  a n t i g e n i c  d e t e r m i n a n t s  w h i c h  

a r e  n o t  s h a r e d  b y  t r o u t  a n d ' s a l m o n ,  o r  t h a t  t h i s  p a r t i c u l a r  

a n t i g e n i c  s e q u e n c e  i s  h i d d e n  i n  s a l a o n  g r o w t h  h o r m o n e ,  

S t r e s s  i n  fish is a c c o m p a n i e d  b y  c h a n g e s  i n  many b l o o d  

p a t a m 3 t e r s  w h i c h  h a v e  been v i e w e d  a s  p h y s i o l o g i c s l  a d a p t a t i o n s  

t o  a p o t e n t i a l l y  h a r m f u l  s i t u a t i o n ,  I n  r a i n b o w  t r o u t ,  s t ress  of 

v a r i o u s  types is  a s s o c i a t e d  w i t h  s i g n i f i c a n t  e l e v a t i o n s  i n  

' p l a s n a  c j l u c o s e  ( W a g n e r  a n d  McKeown, 1 9 8 2 ;  H a t s o n  a n d  EcKeown, 

@ 1975a), p l a s m a  c o r t i c o s t e r o i d s  ( D o n a l d s o n  and Dye, 1 9 7 5 ;  Vazeu6 

e t  a&, 1 3 7 7 ;  R a t s o n  a n d  HcReown, 1 9 7 6 b )  a n d  p l a s m a  -- 

c a t e c h o l a m i n e s  fHazeud 2% pi,, 1 9 7 7 ;  N a k a n o  a n d  T o m l i n s o n ,  

1967). Z i n c  stress i n  t r o u t  i s  a l s o  accompanied by a d e p l e t i o n  

i n  l i v e r  g f y c o j e n  a n 3  c o n c o m i t a n t l y  d e p r e s s e d  p f a q m a  i n s u l i n  

l e v e l s  ( H a g n e r  a n d  HcKeown, 1982) and a r e d u c t i o n  i n  t h e  rate o f  

b o d y  g r o w t h  ( W a t s o n  a n d  McKeown, 1 9 7 B a ) .  T h e s e  responses a r e  

believed t o  o c c u r  f o r  t h e  m o b i l i z a t i o n  of b o d y  r e s e r v e s  a n d  a r e  

s i m i l a r  t o  t h e  e f f e c t s  of stress i n  mammals ( P a r t e  a n d  



S o b e f t s o n ,  1 9 7 3 ) .  Plasma GN l e v e f s  i n  r a t s  are s i g n i f i c a n t l y  

d e p r e s s e d  by a v a r i e t y  of s t r e s so r s  w h i c h  i n c l u d e  forced 

h a n d l i n g ,  f o r c e d  i m m o b i l i z a t i o n ,  2 fec t r ic  s h o c k ,  i n j e c t i o n s ,  

f o r c e d  s w i m m i n q  a n d  r e d u c e d  t e m p e r a t u r e s  ( A r i m u r a  e$ pa,, 1976; 

C o l l u  3s S L . ~  1973; L e n o x  g_t q l . ,  1980; R a r t i n , -  1374 ;  

M i o d u s j e w s k i  a n d  C r i t c h l . 0 3 ,  1 9 8 2 ;  T e r r y  g& ql., 1976) .  T h i s  

d e p r e s s i o n  o f  plasm? G H  c a n  b e  r e d u c e d  ( T e r r y  2% a&., 1 9 7 6 )  o r  

I z r o n p l e t e l y  s u p p r e s s e d  ( H a r t i n ,  197ri) by t r e a t m e n t  of t h e  a n i m a l s  

u i t h  a n  a n t i s e r u m  t o  s o m a t o s t a t i n ,  These r e s u l t s  s u g g e s t  that 

t h e  i n h i b i t i o n  of GM s e c r e t i o n  d u r i n q  stress is  a e d i a t e d  v i a  a n  

i n c r e a s e d  somatostatin release f r o m  t h e  h y p o t h a l a m u s ,  In h u m a n s  

o n  t h e  o t h e r  h a n d ,  a n a e s t h e s i a  a n d  s u r g i c a l  s t ress  c a u s e  an  

e l e v a t i o n  i n  p l a s m a  G H  l e v e l s  ( G l i c k  g? pi., 1965).  

Rainbow t r o u t  d o  n o t  r e s p o n d  t o  h a n d l i n g  s t ress  i n  e i t h e r  

of t h e s e  t w o  ways. No c h a n q e s  were o b s e r v e d  i n  p l a s m a  GH l e v e l s ,  

o n e  a n d  s e v e n  h o u r s  f o l l o w i n g  t h e  i n d u c t i o n  o f  h a n d l i n g  stress 

( T a b l e  V), s u g g e s t i n g  t h a t  i n  r a i n b o w  trout, GH is  n o t  i n v o l v e d  

b i n  the i n d u c t i o n  o f  t h e  stress r e s p o n s e .  A f t e r n a t i v e l y ,  i t  m i g h t  

b e  s u g g e s t e d  t h a t  a s  t h e s e  were n o t  w i l d  t r o u t  a n d  were s o m e w h a t  

u s e d  t o  h a n d l i n g  , t h a t  t h e y  w o u l d  n o t  be e x p e c t e d  t o  r e s p o n d  a s  

s e v e r e l y  t o  s t ress of t h i s  n a t u r e .  I n  the eel  (&qgl&lp 

gggi&la), p i t u i t a r y  G H  c e l l k  a re  a l s o  n o t  s t i m u l a t e d  b y  

stressors s u c h  as a n a e s t h e s i a  and b l e e d i n g  ( O l i v e r e a u ,  1967a) 

b u t  a r e  a c t i v a t e d  b y  s u r q i c a l  stress ( O l i v e r e a u ,  196733; 

O l i v e r e a u  a n d  O l i v e r e a u ,  1 9 5 8 ) .  I n  ~ a m m a l s ,  t h e  r e a s o n s  f o r  t h e  

c h a n g e s  i n  p l a s m a  GW l e v e l s  h a v e  u n f o r t u n a t e l y  n o t  b e e n  p u r s u e d ,  



Host s t u 4 i e s  h a v e  r a t h e r  b e e n  c o n c e r n e d  w i t h  t h e  m e c h a n i s m  b y  

w h i c h  G H  s e c r e t i o n  i s  s e d u c e d  a n d  c o n s e q u e n t l y  t h e r e  is  n o  

i n f o r m a t i o n  w i t h  w h i c h  c o m p a r a t i v e  a s s e s s m e n t s  c a n  b e  m a d e ,  

T h e s e  r e s u l t s  c a n  b e  v i e w e d  p o s i t i v e l y  h o w e v e r ,  i n  t h e  s e n s e  

t h a t  t h e  h a n d l i n g  a s s o c i a t e d  w i t h  b l o o d  s a m p l i n g  w i l l  n o t  e f f ec t  

plasma G H  levels and t h u s .  i n f l u e n c e  e x p e r i m e n t a l  r e s u l t s  with 

this s p e c i e s ,  

I n  h u m a n s ,  f a s t i n g  is a c c o ~ p a n i e d  by i n c r e a s e ?  l e v e l s  o f  

p l a s m a  G R  ( G l i c k  eg a&,, 1 9 4 5 ;  G o s c h k e ,  1977; B a r k s  s& &,, 

1 9 6 5 ;  R o t h  g& p i . ,  1 9 6 3 ; -  t rnqer  glfr. a%., 1 9 6 5 ) .  T h i s  r e s p o n s e  h a s  

b e e n  c o n s i d e r e d  a s  c o u n t e r a c t i v e  t o  i a p e n d i n u  c a r b o h y d r a t e  

d e f i c i e n c y  a n d  s u b s e q u e n t  h y p o g l y e e a i a  ( G l i c k  2% p ~ , ,  1 9 6 5 ;  

B a r k s  2% gi,, 1 9 6 5 )  by r e d u c i n g  b o t h  p e r i p h e r a l  g l u c o s e  

u t i l i z a t i o n  and  h e p a t i c  g f u c o s e  p r o d u c t i o n  (Adamson  2% pi,, 

1 9 7 7 ;  S h e r w i n  2s a&. ,  1 9 8 3 ) ,  I n  t h i s  n a n n e r ,  c a r b o h y d r a t e  a n d  

p r o t e i n  r e s e r v e s  a re  s p a r e d  a n d  g r e a t e r  r e l i a n c e  i s  p l a c e d  u p o n  

f a t  a 5  a m e t a b o l i c  f u e l  ( G l i c k  g& sl., 3 9 6 5 ) .  In c o n t r a s t  t o  

h u m a n s ,  plasma G H  l e v e l s  a n d  the e p i s o d i c  release of GH are 

s u p p r e s s e d  i n  f a s t i n g  cats ( D i c k e r m a n  2% pi., 1 9 6 6 ;  T a n n e n b a u m  

e t  pi., 1 9 7 8 ) ,  -- 

T h e  r e s p o n s e  of f i s h  t o  p r o l o n g e d  f a s t i n g  is  s i w i l a r  t o  

t h a t  o b s e r v e d  i n  humans .  T h e r e  is a p r o n o u n c e d  s t i m u l a t i o n  of  



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

~ r o l o n g e . 1  f o o d  d ~ p r i v a t i o n  (G?s, 1975; Nagahama,  1 9 7 3 ;  

D l i v e r e a u ,  1 9 7 0 ;  c f .  Naqahama gg g f . ,  l 9 8 l ) .  I n  c o r r o b o r a t i o n  

w i t h  these e a r l y  h i s t o l o g i c a l  s t u d i e s ,  r a i n b o w  t r o u t  r e s p o n d e d  

t o  a t h r e e  w e e k  fast w i t h  p l a s m a  G H  l e v e l s  a p p r - o x i m a t e l y  n i n e  

times h i g h e r  t h a n  l e v e l s  o b s e r v e d  i n  t r o u t  o n  a n o r m a l  f e e d i n g  

regime ( T a b l e  VI), 1 n . a  c o a p a r a b l e  s t u d y ,  McKeown g g  a&, ( 1 9 7 5 )  

o b s e r v e d  n o  c h s n g e s  i n  p l a s a a  G H  l e v e l s  of k o k a n e e  s a l ~ o n  

s t a r v e d  f o r  t h i r t y  d a y s ,  T h i s  d i s c r e p a n c y  may h o w e v e r  be  d u e  t o  

t h e  d i f f e r e n t  m e t h o d  e m p l o y e 3  f o r  t h e  n e a s u r e m e n t  o f  p l a s % a  G H  

o r  t o  a d i f f e r i n g  r e s p o n s e  o f  t h i s  s p e c i e s  t o  s t a r v a t i o n ,  

I n s u l i n  l e v e l s  a n d  t h y r o i d  a k t i v i t y  a r e  d e p r e s s a d  i n  s t a r v e d  

r a i n b o w  t r o u t  ( M i g g s  a n d  Eales, 1 9 7 7 ;  L e a t h e r l a n d  2% gi,, 1 9 7 7 ;  

T h o r p e  a n d  Ince, 1 9 7 6 )  s u g g e s t i n g  t h a t  t h e s e  h o r m o n a l  changes 

a l s o  o c c u r  i n  r e s p o n s e  t o  t h e  a l t e r e d  m e t a b o l i c  s t a t e  i n d u c e d  by 

food d e p r i v a t i o n .  A n u m b e r  of studies h a v e  b e e n  c o n d u c t e d  w i t h  

s a l m o n i d s  d u r i n g  s t a r v a t i o n  t o  e l u c i d a t e  t h e  m e t a b o l i c  s u r v i v a l  

s t r a t e g i e s  employed. F o l l o w i n g  t e n  d a y s  o f  s t a r v a t i o n ,  n i t r o g e n  

e x c r e t i o n ,  w h i c h  i s  a n  i n d i c a t o r  o f  p r o t e i n  c a t a b o l i s m ,  is 

r e d u c e d  i n  r a i n b o w  t r o u t  ( S m i t h  a n d  T h o r p e ,  1977). M i t h  f u r t h e r  

s t a r v a t i o n  (3-4 weeks), t h e r e  is a d e p l e t i o n  of t h e  f r ee  a m i n o  

a c i d  p o o l  i n  t h e  m u s c u l a t u r e  ( T i ~ o s h i n a  a n d  S h a b a l i n a ,  1 9 7 2 )  a n d  

v i s c e r a l  l i p i d  reserves ( % e a t h e f l y  a n d  G i l l ,  1 9 8 1 ) ,  I n  k o k a n e e  

s a l m o n ,  t h o r e  is a l s o  a d e c l i n e  i n  p l a s m a  f r ee  f a t t y  a c i d s  a n d  

l i v e r  g l y c o g e n  a n d  a n  i n c r e a s e  i n  m u s c l e  g l y c o g ~ n  (HcReown 22 

pl,, 1 9 7 5 ) .  W i t h  more p r o l o n g e d  s t a r v a t i o n ,  n u s c l e  c o n t r a c t i l e  



protein is t h e n  c a t a b o l i z e d  ( T i ~ o s h i n a  a n d  - S h a b a l i n a ,  1972) a n d  

t h s r e  is a r i s e  i n  h e p a t i c  a m i n o  t r a n s f e r a s q s  t o  f a c i l i t a t e  t h i s  

p r o t e i n  c a t a b o l i s m  ( G u r s s  a n d  Micolai,  1977). T h e  w h i t e  

m u s c u l s t u r e ,  w h i c h  i s  l a r g e l y  a n a e r o b i c  a n d  u s e d  p r i m a r i l y  f o r  

s h o r t  b u r s t s  of s w i m m i n g ,  is c a t a b o l i z e d  f irst , .  t h u s  c o n s e r v i n q  

t h e  a e r o b i c  r e d  m u s c u l a t u r e  f o r  s u s t a i n e d  s w i n r n i n q  ( L o v e ,  1980).  

Taken t o g e t h e r ,  t h e s o  s t u 3 i e s  s u g g e s t  t h a t  d u r i n g  t h o  i n i t i a l  

s t a g e s  o f  s t a r v a t i o n ,  body p r o t e i n  is s p a r e d  w h i l e  a m i n o  a c i d  

snd l i p i d  r e s e r v e s  a r e  m o b i l i z e d  t o  s u p p o r t  f u e l  r e g u i r e m e & t s .  

A m i n o  a c i d s  a r e  c a t a b o f i z e d  t h r o u g h  g l u c o n e o q e n i c  p a t h w a y s  t o  

a a i n t a i n  a d e q u a t e  c a r b o h y d r a t e  r e s e r v e s  w h i l e  f a t s  a r e  

c a t a b o l i z e d  by s w i m m i n g  a n d  c a r d i a c  m u s c u l a t u r e  ( L o v e ,  7980). 

W i t h  p r o l o n g e d  s t a r v a t i o n  a n d  t h e  s u b s e q u e n t  d e p l e t i o n  of thase 

r e s e r v e s ,  b o 5 y  p r o t e i n  is t h e n  s o b i l i z e d .  A s i m i l a r  c o u r s e  aE 

e v e n t s  takes pl3ce d u r i n q  t h e  s p a w n i n q  m i g r a t i o n  of t h e  s a l a o n  

( D u n c a n  a n d  T a r r ,  1958;  I d l e r  a n d  B i t n e r s ,  7958; Wood g& as, 

T h e  d r a m a t i c  r i se  i n  p l a s r a a  GH l e v e l s  o f  s t a r v e d  t r o u t  

s u g g e s t s  t h a t  t h i s  h o r m o n e  p l a y s  a n  i w p o r t a n t  r o l e  i n  t h e  

m o b i l i z a t i o n  o f  t h e 3 2  r e s e r v e s ,  However ,  a s  t h e r e  h a v e  b e e n  n o  

s t u d i e s  t o  d a t e  o n  t h e  m e t a b o l i c  e f f e c t s  of f i s h  G H s ,  t h e  

p r e c i s e  nature of t h i s  ro le  csn o n l y  be s p e c u l a t e d  o n .  H a m m a l i a n  

G H  ~ r o m o t e s  n i t r o g e n  r e t e n t i o n  i n  f e d  r a i n b o w  t r o u t ,  b u t  h a s  n o  

e f f e c t  o n  t h e  i n c r e a s e d  n i t r o g e n  r e t e n t i o n  o b s e r v e d  i n  t h i s  

s p e c i e s  d u r i n g  food d e p r i v a t i o n  ( S m i t h  a n d  T h o r p e ,  1977). T h i s  

s u g g e s t s  t h a t  p r o t e i n  c o n s e r v a t i o n  i s  m a x i m a l l y  s t i m u l a t e d  by 



- ,  
e n d o g e n o u s  C H  d u r i n g  s t a r v a t i o n  a n d  c a n n o t  be  a u g m e n t e d  f u r t h e r  

by GH t r e a t m e n t ,  H a m m a l i a n  GI1 a l s o  n o b i l i z e s  l i p i d  r e s e r v e s  a n d  

i n c r e a s e s  liver g l y c o g e n  i n  k o k a n e e  s a l m o n  (ElcKeown e_g a & , ,  

1 9 7 5 )  a n 2  r e d u c e s  plasma a m i n o  a c i d  l e v e l s  i n  g o l d f i s h  ( P t a c k  g? 

&,, 1 9 5 0 ) .  F u r t h e r m o r e ,  p l a s a a  G H  l e v e l s  i n  s a l m o n  a r e  e l e v a t e ?  

d n r i n g  e n f o r c e d  e x e r c i s e  (EcKeown 2% pi., f975)  a n d  during t h e  

u p s t r e a m  s p s w n i n q  m i g r a t i o n  when t h e  f i s h  are  n o t  a c t i v e l y  

f e e d i n g  (McKeown a n d  v a n  O v e r b e e k e ,  1 9 7 2 ) .  T h e s e  few s t u d i e s  

i n d i c a t e  t h a t  t h e  f u n c t i o n  of G H  i n  f i s h  is v e r y  s i m i l a r  tb i ts 

r o l e  i n  mam~als ,  T h e r e f o r e ,  t h e  e l e v a t e d  p l a s m a  SB l e v e l s  i n  

s t a r v e d  t r o u t ,  may s i m i l a r l y  a c t  p e r a i s s i v e l p  o n  t h e  s e q u e n t i a l  

m o b i l i z a t i o n  of r o e t a b o l i c  reserves a s  o u t l i n e d  a b o v e *  a s  is t h e  

case i n  h u m a n s  ( G l i c k  g$ B & , ,  1965), 

The w e e k l y  p r o f i l e s  of  q r o w t h  r a t e  a n d  p l a s m a  G H  l e v e l s  i n  

t r o u t  a r e  s h o w n  i n  F i g u r e  17, T h e  r e s u l t s  have d e m o n s t r a t e d  t h a t  

p l a s m a  G H  l e v e l s  a r e  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  t h e  weekly 

g r o w t h  r a t e  i n  t h i s  s p e c i e s .  H o w e v e r ,  t h i s  c o r r e l a t i o n  is  o n e  

week  o u t  o f  phase w i t h  t h e  g r o w t h  r a t e ,  i m p l y i n g  t h a t  t h e  

e f f e c t s  o f  G H  are n o t  i m m e d i a t e ,  a t  l e a s t  w i t h  r e s p e c t  t o  

s o m a t i c  g r o w t h ,  G r o w t h  h o r m o n e  l e v e l s  p e a k e d  d u r i n g  week 8 ,  

w h i l e  t h e  t r o u t  p o p u l a t i o n  ,was s t i l l  i n  a l o w  q r o w t h  p h a s e  a n d  

t h e n  d r o p p e d  g r o q r e s s i v e l y  t h e r e a f t e r  a s  t h e  p o p u l a t i o n  e n t e r e d  



- ,  
a h i g h  q b o w t h  p h a s e ,  T h e  p r g g r e s s i v e  d e c l i n e  i n  G H - l e v e l s  m i g h t  

b e  d u e  t o  a d e c r e a s e d  s e c r e t o r y  a c t i v i t y  of t h e  G H  cells o r  t o  

3 n  i n c r e a s e d  u s a g e  of t h e  h o r m o n e ,  b u t  mag a l s o  b e  d u e  t o  a 

c o m b i n a t i o n  of t h e  two, As plasma GH l e v e l s  a n d  t h e  g r o w t h  rate 

c y c l e ,  i t  w o u l d  f o l l o w  t h a t  t h e  p a t t e r n  o f  G H  s e c r e t i o n  a n d  

t i s s u e  r e c e p t i v e n e s s  a re  c y c l i c a l  a s  well, A l t h o u g h  t h e  

s e c r g t o r y  p a t t e r n  o f  t h e s e  c e l l s  h a s  n o t  b e e n  i n v e s t i g a t e 3  on a 

w e e k l y  b a s i s ,  t h e  nuc l ea r  d i a m e t e r s  of t h e s e  ce l l s  d o  c y c l e  o n  a 

d a i l y  b a s i s  u n d e r  p h o t o p e r i o d i c  i n f l u e n c e  ( L e a t h e r l a n d  a n d ' N u t i ,  

1 9 8 2 ) .  S i m i l a r l y ,  p l a s m a  G H  l e v e l s  i n  k o k a n e e  s a l m o n  f l u c t u a t e  

a c c o r d i n q  t o  t h e  p h o t o p e r i o d  ( L e a t h e r l a n d  g& a&., 29?4), X n  

r a t s ,  p l a s m a  G M  l e v e l s  &r2 a l s o  e n t r a i n e d  t o  t h e  l i g h t - d a r k  

cycle ( T a n n e n b a u ~  a n d  H a r t i n ,  1936) .  In t h e  p r e s e n t  s t u d y ,  tha 

? h o t o p e r i o d  was a 3 j u s t e d  w m k l y ,  r e s u l t i n g  i n  a p r o q f e s s i v e  r i se  

i n  t h e  l i q h t  p h a s e  u n t i l  June 22, f o l l o w e d  by a p r o q r e s s i v e  

d e c l i n e  t h e r e a f t e r ,  T h e r e f o r e ,  i f  t h e  l i g h t - d a r k  c y c l e  d o e s  

i n f l u e n c e  t h e  w e e k l y  g r o w t h  r a t e  of r a i n b o w  t r o u t ,  t h e  cues n a y  

b e  t h e  c h a n g i n g  l e n g t h s  o f  t h e  l i g h t  a n d  d a r k  p h a s e s ,  r a t h e r  

t h a n  when t h e  l i g h t s  t u r n  o n  a n d  o f f ,  

W e e k l y  c h a n g e s  i n  g r o w t h  s a t e  h a v e  not  been  c o ~ ~ o n f g  

o b s e r v e d  p r i n c i p a l l y  b e c a u s e  o f  t h e  m e t h o d s  w h i c h  h a v e  b e e n  

e m p l o y e d  t o  m o n i t o r  g r o w t h ,  F i s h  g r o w t h  h a s  u s u a l l y  b e e n  

e x p r e s s e , d  a s  t h e  c u m u l a t i v e  a b s o l u t e  w e i g h t  o r  f e n q t h  g a i n  o r  

t h e  c u m u f a k i v e  p e r c e n t  g a i n  o v e r  time, u s i n g  t h e  i n i t i a l  body 

s i z e  a s  t h e  s t a r t i n g  p o i n t  of r e f e r e n c e ,  F u r t h e r m o r e ,  t h e  f i s h  

u t i l i z e d  h a v e  g e n e r a l 1  y n o t  S e e n  i n d i v i d u a l l y  t a g g e d  f o r  



- ,  
i d e n t i f i c s t i o n .  D 3 t a  e x p r e s s e , J  i n  t h i s  mann'ef does  n o t  allow a n y  

weekly c h s n q e s  i n  g r o w t h  r a t e  t o  be  o b s e r v e d ,  T h e  q r o w t h  c u r v e s  

p l o t t e d  f o r  e x p e r i m e n t  o n e ,  t h e  b i o a s s a y  o f  c h u ~  P I  a n d  PIf 

(fiq, 6 )  i l l u s t r a t e  t h i s  p o i n t ,  E x p e r i a e n t s  two a n d  three (Figs. 

3 a n d  8) h a v e  s h o w n  t h a t  G i i  c a n  be a n a b o l i c  a n d  p o s s i b l y  

c a t a b o l i c  d u r i n q  d i f f e r e n t  p h a s e s  of t h e  g r o w t h  c y c l e .  T h e  

a n a b o l i c  e f f e c t s  were e x p e c t e d  a s  G H  is  known t o  p r o m o t e  g r o w t h  

i n  a l l  v e r t e b f a t e s .  H o w e v e r  t h e  p o s s i b l e  c s t a b o l i c  e f f e c t s  were 

u n e x ~ e c t e d  a n d  may i n  f a c t  b e  n o n - p h y s i o l o q i c a l ,  i n  t h e  s e n s e  

t h a t  t h e  h o r m o n e  was a d m i n i s t e r e d  a t  t h e  end o f  a h i g h  g r o w t h  

p h a s e ,  @ h e n  p l a s m a  SM l e v e l s  h a v e  s u b s e q u e n t l y  b e e n  f o u n d  t o  be 

l o w  ( F i g .  1 7 ) .  T h o  c y c . l i n g  of t h e  g r o w t h  ra te  s u g g e s t s  t h a t  

g r o w t h  i n  t r o u t  i n v o l v e s  a t  l e a s e  two m e t a b o l i c  e v e n t s ,  o n e  o f  

w h i c h  is t h e  a s s i m i l a t i q n  o f  m e t a b o l i t e s  f o r  somatic g r o w t h  

d u r i n a  t h e  h i g h  q r o w t h  p h a s e s ,  T h e  e v e n t s  w h i c h  ocrur  d u r i n g  3 

l o w  q r o w t h  p h a s e  h o w e v e r ,  a r e  l e s s  o b v i o u s ,  T t  is p o s s i b l e  t h a t  

t h e  a c c u a u l a t i o n  of q r o w t h  p r e c u r s o r s  t a k e s  ?lace d u r i n g  t h i s  

time, X R  t h i s  m a n n % r ,  t h e  low g r o w t h  phase c o u l d  b e  c o n s i d e r e d  

a s  p r e p a r a t o r y  t o  a p e r i o d  of a c c e l e r a t e d  g r o w t h ,  T h e  

o b s e r v a t i o n  t h a t  p l a s m a  GH l e v e l s  a r e  l o w  d u s i n q  p e r i o d s  of  

reduced  g r o w t h  (Fig. 17) and t h a t  G H  t r e a t ~ e n t  r e d u c e d  t h e  

g r o w t h  r a t e  a t  t h i s  time (Piq. B )  a l s o  s u g g e s t s  t h a t  the h o r m o n e  

may h a v e  a n  e n t i r e l y  d i f f e r e n t  f u n c t i o n  h e r e .  T h i s  w o u l d  l i k e l y  

i n v o l v e  i n t e r m e d i a r y  m e t a b o l i c  p r o c e s s e s ,  a s  i s  t h e  case i n  

h u m a n s  (Glick pr,, 3765) .  T h e  u p t a k e  of q r o w t h  p r e c u r s o r s  may 

b y  m e d i a t e d  by o t h e r  h o r m o n a l  f a c t o r s ,  s u c h  a s  i n s u l i n .  It is 



t h e n  w i t h  t h e  o n s e t  of a h i g h  g r o w t h  p h a s e  i h a t  p l a s m a  G H  l e v e l s  

r i s e ,  p o s s i b l y  f o r  t h e  m o b i l i z a t i o n  of t h e s e  r e s e r v e s  a n d  

s u b s e q u e n t  q r o w t h .  From t h i s  v i e w p o i n t ,  t h e  c a t a b o l i c  e f fec ts  o f  

G H  i n  e x p e r i m e n t  t h r e e  may h a v e  b e e n  d u e  t o  t h e  m o b i l i z a t i o n  o f  

r e s e r v e s  a t  a time when  t h e  f i s h  was n o t  p r e p a r e d  o r  a b l e  t o  u s e  

t h e @ ,  Y o w e v e r ,  a s  t h e  p h y s i o l o g i c a l  a c t i o n s  of s a l m o n  GH s t i l l  

r e m a i n  l a r q e l y  u n k n o w n ,  t h e s e  c o n c l u s i o n s  can o n l y  3e c o n s i d e r e d  

a s  s p e c u l a t i v e .  

R e c e n t  s t u d i e s  on G H  p h y s i o l o g y  i n  r a t s  p r o v i d e  some ' 

e v i d e n c e  s u g g e s t i n g  t h a t  t h i s  p r o p o s e d  s e q u e n c e  of e v e n t s  c o u l d  

i n d e e d  b e  possible. R a t s  g r o w  a t  a r e l a t i v e l y  c o n s t a n t  s a t e  a n d  

t h e r e  is n o  c o r r e l a t i o n  b e t w e e n  g r o w t h  r a t e  a n d  p l a s m a  G H  l e v e l s  

( E d e n ,  1 9 7 9 ) .  S u r g e s  i n  p l a s m a  G H  o c c u r  a p p r o x i m a t e l y  e v e r y  

t h r e e  h o u r s  ((200 ng/ml), f o l l o w e d  b y  n e a r l y  u n d e t e c t a b l e  f e v e f s  

o n e - t w o  h o u r s  l a t e r  ( T a n n e n b a u m  a n d  f l a r t i n ,  1 9 7 6 ) .  T h e s e  s u r q e s  

a r e  c o r r e l a t e d ,  f o l l o w i n g  'a l a q  p h a s e  o f  o n e  h o u r ,  w i t h  

i n c r e a s e d  a m i n o  a c i d  t r 3 n s p o r t  a n d  p r o t e i n  s y n t h e s i s  i n  

d i a p h r a g m  ~ u s c l e  ( A f b e r t s s o n - W i k l a n d  a n d  I s a k s s o n ,  1978). T h e  

t i s s u e  t h e n  b e c o ~ e s  r e f r a c t o r y  t o  G H  b y  first  s l o w i n g  down a m i n o  

a c i d  t r a n s p o r t  a n d  t h e n  p r o t e i n  s y n t h e s i s  ( A l b e r t s s o n - W i k l a n d  2% 

ah . ,  1 9 8 0 ) .  T h e  c y c l e  of e v e n t s  t h e n  b e g i n s  a g a i n  w i t h  a n o t h e r  

G H  s u r q e  a n d  i n  t h i s  m a n n e r  r a t s  a c h i e v e  somatic g r o w t h .  

C o n s i d e r i n g  t h e  lower m e t a b o l i c  r a t e  of r a i n b o w  t r o u t  a n d  t h e  

d i s t i n c t  m s n n e r  i n  w h i c h  t h e y  grow, p h a s e s  of r e d u c e d  g r o w t h  may 

r z p r e s e n t  a n a b o l i c  r e f r a c t o r y  p e r i o d s ,  o n l y  p r o t r a c t e d  i n  

l e n q t h .  I n  t h e  same r e g a r d ,  t h e  o n e  week l a g  i n  t h e  g r o w t h  



response to i n c r e a s e S  GM l e v e l s ' m a y - s i n p 3 . y  be t h e  time necessary 

to a c h i e v e  a full 8 n a b o i i c  r e sponse  i n  this species .  
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