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Cyclic 3',5'-Adenosine Monophosphate Level in the Plasma of the Rainbow Trout 
(Salmo gairdnerii Richardson) Following Adrenaline Administration and Constrained Exercice 

The  metabo l iu  effects of c a t echo l amines  in  f ish h a v e  
been  t he  ob jec t  of n u m e r o u s  inves t iga t ions  a n d  references  
were a l r eady  reviewed~, ~. However ,  t he re  h a v e  been  
on ly  a few s tudies  on  cyclic 3 ' , 5 ' - adenos ine  mono-  
p h o s p h a t e  (cAMP). NAKANO a n d  TOMLI?CSON ~ showed 
t h a t  muscle  c A M P  rises in  r a i n b o w  t r o u t  in  r e l a t ion  
to phys ica l  d i s t u r b a n c e  which  increases  b lood  ca techol-  
amines .  A n d  CUTHBERT a n d  PIca  p o i n t e d  ou t  a n  increase  
of gill c A M P  in t h e  mul le t  t r e a t e d  b y  adrena l ine .  I n  t he  
p r e sen t  work,  we h a v e  s tud ied  t he  p l a s m a  level  of c A M P  
in t h e  r a i n b o w  t r o u t  a f t e r  ad rena l ine  in jec t ion  and  a f te r  
cons t r a ined  exercise. T he  hype rg lycemic  r eac t i on  5 was 
s tud ied  as a m a r k  of a n i m a l  response.  

R a i n b o w  t rou t ,  weighing  160-220 g, were in jec ted  i.m. 
w i t h  ad rena l ine  a t  t h e  r a t e  of 100 #g/100 g b o d y  weight .  
A t  va r ious  t i m e  in t e rva l s  a f te r  in j ec t ion  (15, 30, 60 m i n  
a n d  5 h), t h e y  were a n a e s t h e t i z e d  b y  be ing  p laced  in  a 
b a t h  c o n t a i n i n g  0.1 g/1 sod ium t r i ca ine  m e t h a n e  su l fona te  
(MS 222 Sandoz) .  Blood was t h e n  col lected b y  ca rd iac  
p u n c t u r e  w i t h  a n t i c o a g u l a n t  (Ant ic lo t  Delagrange)  and  
i m m e d i a t e l y  cen t r i fuga ted ,  Fo r  cons t r a ined  exercise, 
an ima l s  were g rasped  b y  t h e  ta i l  w i t h  t ongs ;  t h i s  causes  
s t rong  s w i m m i n g  m o v e m e n t s  w i t h  i n t e rva l s  of v igorous  
s t ruggle  ag i ta t ion .  Af te r  5 or 10 m i n  coercion t ime,  an ima l s  
were  a n a e s t h e t i z e d  for b lood  sampl ing .  Cyclic A M P  was 
assayed  us ing  t h e  com pe t i t i ve  p r o t e i n - b i n d i n g  m e t h o d  of 
WALTON and  GARREN 6 w i t h  a b i nd i ng  p r o t e i n  pur i f ied  
f rom bov ine  ad rena l  glands.  P l a s m a  samples  were 
t r e a t e d  w i t h  e t h a n o l  (8/1) a n d  e t h a n o l  e x t r a c t s  d r ied  
b y  a n i t r ogen  flow. E x t r a c t s  co r re spond ing  to  0.05-0.2 ml  
p l a s m a  were assayed  in dup l i ca te  and  c A M P  c o n t e n t  
d e t e r m i n e d  f rom a ca l i b r a t i on  cu rve  p r e p a r e d  a t  t h e  
same  t i m e  w i t h  t r i t i a t e d  a n d  non - r ad i oac t i ve  cAMP. 
The  p r o t e i n  b o u n d  c A M P  was isola ted b y  f i l t r a t i on  us ing  
glass f ibre  f i l ters  ( W h a t m a n  GF.F) .  Fo r  p l a s m a  glucose, a 
glucose oxidase  t e c h n i q u e  was used (B lu tzucker  F a r b t e s t  
Boehr inger ) .  

The  resu l t s  are  g iven  in  t h e  Table .  E a c h  e x p e r i m e n t a l  
series co r responds  to  8 animals .  Mean  va lues  are fol lowed 
b y  t he  s t a n d a r d  error.  A s t a t i s t i ca l  s t u d y  was m a d e  b y  
ana lys i s  of va r i ance  accord ing  to  t h e  F test .  

The  fol lowing po in t s  m a y  be  e m p h a s i z e d  : 1. T he  n o r m a l  
va lue  for c A M P  level  in  r a i n b o w  t r o u t  p l a s m a  is 25 -t- 4 
nmoles/1. This  va lue  is c o m p a r a b l e  to  t he  h u m a n  p l a s m a  
level  7. 

2. A n  ad rena l ine  in j ec t ion  causes  a s t rong  increase  of 
p l a s m a  cAMP. M a x i m a l  level  is seen a t  15 rain  a f te r  

ad rena l ine  in j ec t ion  (p < 0.01) a n d  pers is ts  for 1 h 
(p < 0.01). Af te r  5tl, c A M P l e v e l b e c o m e s l o w e r  (p < 0.05). 
Owing to a n i m a l  anae s the s i a  and  b lood s ampl ing  du ra t ion ,  
sho r t e r  ac t ion  t i m e s  were no t  used, b u t  t he  poss ib i l i ty  of a 
more  r ap id  occurrence  of c A M P  p e a k  m u s t  be  considered.  
The  t i m e  course change  in p l a s m a  glucose is more  g radua l  
and  pe r s i s t en t  ; th i s  evo lu t ion  suggests  t h a t  h y p e r g l y c e m i a  
comes  f rom c A M P  increase.  

3. Af te r  5 m i n  of cons t r a ined  exercise, c A M P  level  is 
a b o u t  twice  t he  con t ro l  va lue  (p < 0.05), p l a s m a  glucose 
rises s l ight ly  b u t  s ign i f i can t ly  (p < 0.01). A 10 min  
exercise induces  t he  same change  for  c A M P  (p < 0.01), 
b u t  t h e  hype rg lycemic  effect  is h ighe r  (p < 0.001). 
I n  t h e  same  way  c A M P  increase  appea r s  to  come before  
hype rg lycemic  reac t ion .  

Whi l e  t he  effects  of ad rena l ine  on  t i ssue  c A M P  levels 
h a v e  been  ex tens ive ly  s tud ied  s, t h e r e  are as ye t  few 
p u b l i s h e d  d a t a  on  in v ivo  effects on  b lood  cAMP. Adren-  
a l ine  e leva tes  b lood c A M P  level  in m a n  9 a n d  in  domes t i c  
fowl ~~ Our  s t u d y  conf i rms  th i s  fac t  in fish. The  increase  
in p l a s m a  c A M P  followed b y  a n  increase  in p l a s m a  
glucose p roduced  b y  a d r e n a l i n e  ind ica tes  t h e  role of th i s  
nuc leo t ide  as a second messenger  in f ish hype rg lycemic  
response.  The  s imi la r  resu l t s  n o t e d  in an ima l s  sub jec ted  
to cons t r a ined  exercise, also conf i rms  t h a t  t he  genera l  
p a t h w a y  for  c a t e c h o l a m i n e  me tabo l i c  effects func t ions  
in  f ish t issues.  

Rdsumd. La t a u x  p l a s m a t i q u e  de I ' A M P  cycl ique chez 
la t r u i t e  arc en ciel (Salmo gairdneri Richa rdson )  d'61evage 
est  pou r  l ' a n i m a l  n o r m a l  de 25 nk 4 nmoles/ l .  L ' i n j ec t i on  
i.in. d ' a d r 6 n a l i n e  p r o v o q u e  une  t r6s  for te  a u g m e n t a t i o n  
de ce t aux .  Au b o u t  de 15 m i n  on observe  l ' e f fect  m a x i m u m  
qui  se m a i n t i e n t  au  b o u t  d ' u n e  h et  d i m i n u e  ensu i te  au  
b o u t  de 5 h. L ' e f fe t  h y p e r g l y c 6 m i a n t  p lus  progress i f  e t  
prolong6,  a p p a r a i t  c o m m e  d6cal6. Apr6s  u n  exercice forc6 
de 5 ou 10 rain,  le t a u x  p l a s m a t i q u e  de I ' A M P  cycl ique 
est  doubl6  t a n d i s  que  la glyc6mie s'616ve p rog res s ivemen t .  
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Cyclic 3',5'-adenosine monophosphate and glucose levels in the 
plasma of the rainbow trout following an adrenaline injection and a 
constrained exereice 

cAMP (nmoles/1) Glucose (g/l) 

Control 25 ~ 4 0.69 q- 0.04 
Adrenaline {15 min) 199 d- 46 1.19 :~ 0".08 
Adrenaline (30 min) 146 • 22 1.68 • 0.17 
Adrenaline (1 h) 108 ~: 15 1.61 ~ 0.08 
Adrenaline (5 h) 61 q- 12 1.59 ~ 0.11 

Exersice (5 rain) 42 • 6 0.86 • 0.04 
Exersiee (10 min) 41 -b 2 1.13 -~ 0.04 
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