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O r g a n o c h l o r i n e  c h e m i c a l s  have b e e n  r e p l a c e d  by  l e s s  p e r s i s t e n t  
o r g a n o p h o s p h a t e  and c a r b a m a t e  c h e m i c a l s  i n  t h e  a g r i c u l t u r e  
i n d u s t r y .  However,  t he  a c u t e  t o x i c i t y  of  o r g a n o p h o s p h a t e  and 
c a r b a m a t e  c h e m i c a l s  may be the  same as o r  g r e a t e r  t h a n  t h a t  of  
o r g a n o c h l o r i n e  c h e m i c a l s ,  and t h u s ,  f i s h  k i l l s  and o t h e r  a d v e r s e  
e f f e c t s  t o  a q u a t i c  b i o t a  c o n t i n u e .  G e n e r a l l y ,  i n v e s t i g a t i o n  of  
c a u s a t i v e  a g e n t s  i n  f i s h  k i l l s  s u s p e c t e d  of  i n v o l v i n g  o r g a n o -  
c h l o r i n e  c h e m i c a l s  was s t r a i g h t f o r w a r d  and b a s e d  on t h e  p r e s e n c e  
o r  a b s e n c e  of  o r g a n o c h l o r i n e  r e s i d u e s  i n  w a t e r  and f i s h .  However,  
t he  a b s e n c e  i n  w a t e r  and f i s h  samples  of  s h o r t - l i v e d  o r g a n o -  
p h o s p h a t e  and c a r b a m a t e  r e s i d u e s  may n o t  be c o n c l u s i v e  e v i d e n c e  
t h a t  t h e y  were n o t  i n v o l v e d  w i t h  a f i s h  k i l l .  

I n h i b i t i o n  o f  a c e t y l c h o i i n e s t e r a s e  (ACHE) a c t i v i t y  i n  c h o l i n e r g i c  
p a r t s  o f  n e r v o u s  t i s s u e  has  b e e n  u s e d  as e v i d e n c e  of  o r g a n o -  
p h o s p h a t e  p o i s o n i n g  (G ibson  and Ludke 1971;  Benke and Murphy 1974; 
Coppage e t  a l .  1975) and c a r b a m a t e  p o i s o n i n g  (Ha ines  1981) i n  f i s h  
and i n v e r t e b r a t e s .  I t  i s  g e n e r a l l y  a c c e p t e d  t h a t  a 60 t o  80~ 
i n h i b i t i o n  of  AChE a c t i v i t y  i s  r e q u i r e d  b e f o r e  d e a t h  o c c u r s  i n  
f i s h .  Dea th  i s  b e l i e v e d  to  be c a u s e d  by b l o c k i n g  n e u r o t r a n s -  
m i s s i o n  i n  t he  r e s p i r a t o r y  c e n t e r  o f  t he  b r a i n .  A l t h o u g h  
o r g a n o p h o s p h a t e  r e s i d u e s  i n  w a t e r  and f i s h  u s u a l l y  d i s a p p e a r  
w i t h i n  s e v e r a l  d a y s ,  b r a i n  AChE a c t i v i t y  r e m a i n s  i n h i b i t e d  i n  f i s h  
f o r  s e v e r a l  weeks (Coppage and Duke 1 9 7 1 ) .  

I n h i b i t i o n  of  AChE a c t i v i t y  i n  c o m b i n a t i o n  w i t h  c h e m i c a l  r e s i d u e s  
i n  f i s h  and w a t e r  have b e e n  u s e d  as a t o o l  i n  d i a g n o s i n g  o r g n a o -  
p h o s p h a t e  and c a r b a m a t e  p o i s o n i n g .  Few r e s e a r c h e r s  h a v e ,  however ,  
examined  the  p o t e n t i a l  s o u r c e s  of  e r r o r  i n  m e a s u r i n g  f i s h  AChE 
a c t i v i t y  t h a t  may r e s u l t  from d i f f e r e n t  s t o r a g e  and h a n d l i n g  
t e c h n i q u e s .  I n  t h i s  s t u d y ,  we i n v e s t i g a t e d  c ha nge s  i n  c h a n n e l  
c a t f i s h  ( I c t a l u r u s  p u n c t a t u s )  b r a i n  AChE a c t i v i t y  c a u s e d  by  
d i f f e r e n t  s t o r a g e  and h a n d l i n g  t e c h n i q u e s .  We compared 
m e a s u r e m e n t s  d e r i v e d  from c o n t r o l l e d  l a b o r a t o ~ y p o p u l a t i o n s  to  
t h o s e  s e e n  i n  w i l d  p o p u l a t i o n s  of  f i s h .  
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The l a b o r a t o r y  p o p u l a t i o n  o f  c h a n n e l  c a t f i s h  was o b t a i n e d  from a 
commerc i a l  f i s h  b r e e d e r .  The f i s h  were a l l o w e d  t o  a c c l i m a t e  to  
l a b o r a t o r y  c o n d i t i o n s  f o r  one month p r i o r  t o  t e s t i n g .  Q u a l i t y  o f  
t he  l a b o r a t o r y  w a t e r  i n  the  1 , 0 0 0 - L  c i r c u l a r  f l o w - t h r o u g h  f i s h  
a c c l i m a t i o n  t a n k  was 10 ~ C t e m p e r a t u r e ,  10 .6  ppm d i s s o l v e d  oxygen ,  
7 .1  pH, and 18 mg/L CaCO~ h a r d n e s s .  F i s h  were f e d  a commerc i a l  
t r o u t  p e l l e t  food  d u r i n g - a c c l i m a t i o n  and were 105 • 14 mm (mean 
SD) f o r k  l e n g t h  and weighed  15 ! 5 g a t  t h e  t ime  of  t e s t i n g .  

The method u s e d  to  measure  AChE a c t i v i t y  i n  c h a n n e l  c a t f i s h  b r a i n s  
was d e v e l o p e d  by  E l l m a n  e t  a l .  (1961) as m o d i f i e d  by  H i l l  ( 1 9 7 9 ) .  
The H i l l  (1979) m o d i f i c a t i o n ,  d e v e l o p e d  f o r  a v i a n s ,  has  b e e n  
s u c c e s s f u l l y  u sed  f o r  f i s h  by H a i n e s  ( 1981 ) .  The chromagen  was 
p r e p a r e d  m o n t h l y  i n  pH 7 .4  0 .05  M t r i s  b u f f e r .  The 0 . 1 5 6  M ASChI 
s u b s t r a t e  was p r e p a r e d  d a i l y .  

The b r a i n  of  c a t f i s h  was removed by c u t t i n g  the  head  open  w i t h  a 
s c a l p e l .  The e n t i r e  b r a i n  was e x c i s e d  and we ighed  t o  t he  n e a r e s t  
m i l l i g r a m  on c l e a n  a luminum f o i l .  The b r a i n  was homogen ized  w i t h  
pH 8 0 .05  M t r i s  b u f f e r  a t  a r a t i o  of  100 mg (wet w e i g h t )  b r a i n  
t i s s u e  to  1 mL b u f f e r  i n  a P y r e x ' o 7 - m L  g l a s s  t i s s u e  g r i n d e r .  

The b r a i n  homogena te ,  r e a g e n t s ,  and o p t i c a l l y  ma tched  s p e c t o r o -  
o p h o t o m e t e r  p h o t o c e l l s  were warmed to  25 C i n  a w a t e r b a t h .  The 

a n a l y s i s  was c a r r i e d  ou t  i n  d u p l i c a t e  w i t h  a Bausch  and Lomb Spec 
20* s p e c t r o p h o t o m e t e r  a t  405 um w a v e l e n g t h .  The s p e c t r o p h o t o m e t e r  
and Omni S c r i b e  DS00 | s c r i p t  c h a r t  r e c o r d e r  were a d j u s t e d  to  r e a d  
z e r o  a b s o r p t i o n  w i t h  a r e a g e n t  b l a n k .  The r e a c t i o n  was a l l o w e d  to  
s t a b i l i z e  f o r  30 s econds  b e f o r e  t he  p h o t o c e l l  was i n s e r t e d  b a c k  
i n t o  the  s p e c t r o p h o t o m e t e r .  The r e a c t i o n  was m o n i t o r e d  on s c r i p t  
c h a r t  p a p e r  f o r  3 m i n u t e s .  At 3 m i n u t e s ,  t he  a b s o r p t i o n  c u r v e  
b e g a n  to  p l a t e a u  and was no l o n g e r  u s e f u l .  

The s l o p e  of  t he  a b s o r p t i o n  c u r v e  was c a l c u l a t e d  by r e g r e s s i o n  
a n a l y s i s .  The s l o p e  was m u l t i p l i e d  by  130 to  y i e l d  pmole 
a c e t y l c h o l i n e  h y d r o l y z e d / g  t i s s u e ,  min ( H i l l  1979) .  The a n a l y t i c a l  
p r e c i s i o n  (Shewhar t  1931) of  the  method was ~ 2.6%. S i g n i f i c a n t  
(p ~_0,05) d i f f e r e n c e s  b e t w e e n  t r e a t m e n t  g roups  were d e t e c t e d  by 
a n a l y s i s  of  v a r i a n c e  and l e a s t  s i g n i f i c a n t  d i f f e r e n c e  t e s t s  (Soka l  
and R o h l f  1969) .  

Three  methods  os s t o r i n g  f i s h  were i n v e s t i g a t e d  f o r  i n t r o d u c i n g  
e r r o r  i n  m e a s u r i n g  f i s h  b r a i n  AChE a c t i v i t y :  (1) r e f r i g e r a t i o n  o f  
b r a i n  t i s s u e  homogena t e ;  (2) r e f r i g e r a t i o n  of  whole f i s h ;  and (3) 
f r e e z i n g  o f  whole f i s h .  

A t o t a l  o f  50 f i s h  were k i l l e d  by MS-222 i n t o x i c a t i o n  and a r r a n g e d  
i n  10 g roups  of  5 each  u s i n g  a random number  t a b l e .  The 10 g roups  
were :  one c o n t r o l  g roup  f o r  r e f r i g e r a t e d  and f r o z e n  s t o r e d  f i s h ;  
t h r e e  g roups  o f  f i s h  s t o r e d  r e f r i g e r a t e d  f o r  1, 2 ,  and 5 d a y s ;  

791 



f i v e  g roups  of  f i s h  s t o r e d  f r o z e n  f o r  2 ,  7,  14, 30,  and 70 d a y s ;  
and one group o f  f i s h  b r a i n  homogena te  i n  b u f f e r .  

To d e t e r m i n e  e f f e c t s  of  r e f r i g e r a t i n g  and f r e e z i n g  whole f i s h  on 
b r a i n  AChE a c t i v i t y ,  t he  c o n t r o l  g roup  (no f r e e z i n g  o r  
r e f r i g e r a t i n g )  was a s s a y e d  t he  same day t h a t  t h e y  were k i l l e d .  
T r e a t m e n t  g roups  of  whole f i s h  were d o u b l e  wrapped i n  a luminum 
f o i l  and t h e n  r e f r i g e r a t e d  a t  7 ~ C or  f r o z e n  a t  - 5  ~ C f o r  the  
above t i m e  i n t e r v a l s .  The f r o z e n  f i s h  were thawed f o r  two h o u r s  
p r i o r  t o  e x c i s i n g  b r a i n .  

To d e t e r m i n e  t he  e f f e c t  o f  r e f r i g e r a t i n g  b r a i n  homogenate  i n  
b u f f e r  on b r a i n  AChE a c t i v i t y ,  t he  homogenate  was r e a s s a y e d  a f t e r  
r e f r i g e r a t i o n  a t  1,  2,  and 5 d a y s .  

To d e t e r m i n e  t he  e f f e c t  t h a t  f r e e z i n g  whole f i s h  would have on 
d e t e c t i n g  i n h i b i t i o n  of  AChE a c t i v i t y  f o l l o w i n g  e x p o s u r e  to  a 
known AChE i n h i b i t o r ,  two e x p e r i m e n t s  were c o n d u c t e d  where f i s h  
were exposed  f o r  6 h o u r s  t o  s e v e r a l  c o n c e n t r a t i o n s  of  m e t h y l  
p a r a t h i o n .  I n  one t e s t  t he  f i s h  were a s s a y e d  f o r  AChE i m m e d i a t e l y  
a f t e r  e x p o s u r e  w h i l e  i n  t he  o t h e r  t e s t  t he  f i s h  were a s s a y e d  a f t e r  
b e i n g  f o r z e n  f o r  12 d a y s .  The t e s t  s o l u t i o n s  were  p r e p a r e d  u s i n g  
a commerc ia l  m e t h y l  p a r a t h i o n  f o r m u l a t i o n .  C o n c e n t r a t i o n s  of  
m e t h y l  p a r a t h i o n  were e s t i m a t e d  by  d i l u t i o n .  The t e s t s  were 
c o n d u c t e d  i n  20-L g l a s s  a q u a r i a  w i t h  w a t e r  volume a d j u s t e d  
to  10 L. 

RESULTS AM~ DISCUSSION 

F i s h  b r a i n  AChE a c t i v i t y  was n o t  s i g n i f i c a n t l y  (p ~ 0 . 0 5 )  a f f e c t e d  
by  s t o r i n g  the  homogenate  i n  b u f f e r  a t  7 ~ C f o r  up to  5 days  
(Tab le  1 ) .  However,  s t o r i n g  t he  whole  f i s h  a t  7 ~ C f o r  1 to  5 
days  s i g n i f i c a n t l y  i n h i b i t e d  f i s h  b r a i n  AChE a c t i v i t y ,  and the  
d e g r e e  of  i n h i b i t i o n  i n c r e a s e d  w i t h  i n c r e a s e d  s t o r a g e  t i m e :  15% 
i n h i b i t i o n  a f t e r  1 day;  25% i n h i b i t i o n  a f t e r  2 d a y s ;  and 31% 
i n h i b i t i o n  a f t e r  5 d a y s .  Thus ,  h o m o g e n i z i n g  t he  b r a i n  i n  t r i s  
b u f f e r  (pH 8 . 0 )  i m m e d i a t e l y  a f t e r  d e a t h  i s  n e c e s s a r y  f o r  
p r e s e r v i n g  AChE a c t i v i t y .  R e f r i g e r a t i n g  t he  f i s h  does n o t  s t o p  
l o s s  of  AChE a c t i v i t y ;  p r o t e i n s  c o n t i n u e  to  d e c a y .  

B r a i n  AChE a c t i v i t y  was s i g n i f i c a n t l y  i n h i b i t e d  (17 to  24%) by  
s t o r i n g  t he  whole f i s h  f r o z e n  a t  -5  ~ C f o r  2 t o  14 d a y s .  The 
d e g r e e  of  i n h i b i t i o n  d i d  n o t  a p p e a r  to  be d e p e n d e n t  on s t o r a g e  
t i m e .  F i s h  b r a i n  AChE a c t i v i t y  r e t u r n e d  to  c o n t r o l  v a l u e  a f t e r  30 
days  f r e e z i n g  and was s i g n i f i c a n t l y  i n c r e a s e d  (17%) a f t e r  70 days  
s t o r a g e .  Thus ,  f r e e z i n g  the  whole  f i s h  c a u s e d  an i n i t i a l  
i n h i b i t i o n  of  b r a i n  AChE a c t i v i t y  b u t  i n c r e a s e d  a f t e r  30 days 
s t o r a g e .  The i n i t i a l  AChE i n h i b i t i o n  was p r o b a b l y  due to  p r o t e i n  
d e s t r u c t i o n  as t he  f i s h  became f r o z e n .  The s u b s e q u e n t  i n c r e a s e  o f  
b r a i n  AChE a c t i v i t y  c o u l d  have b e e n  due to  i n d e t e r m i n a n t  m o i s t u r e  
l o s s  from f i s h  t i s s u e  d u r i n g  s t o r a g e  a t  -5  ~ C t h e r e b y ,  
c o n c e n t r a t i n g  AChE (pmole /g  wet w e i g h t ) .  

Channe l  c a t f i s h  exposed  f o r  6 h o u r s  t o  10 and 30 mg/L m e t h y l  
p a r a t h i o n  e x h i b i t e d  l o s s  of  e q u i l i b r i u m  and were n e a r  d e a t h .  
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R e g a r d l e s s  o f  w h e t h e r  t h e  f i s h  were  f r e s h  o f  f r o z e n ,  AChE a c t i v i t y  
was s i g n i f i c a n t l y  i n h i b i t e d  58 t o  61% and 65%, r e s p e c t i v e l y  ( T a b l e  
2 ) .  Channe l  c a t f i s h  e x p o s e d  t o  5 mg/L d i d  n o t  e x h i b i t  l o s s  o f  
e q u i l i b r i u m ,  a l t h o u g h  AChE a c t i v i t y  was s i g n i f i -  c a n t l y  i n h i b i t e d  
(47%).  Coppage e t  a l .  (1975) i n d i c a t e d  t h a t  60 t o  80% i n h i b i t i o n  
o f  b r a i n  AChE a c t i v i t y  was n e a r  t h e  l e t h a l  t h r e s h o l d  f o r  f i s h e s ,  
and o u r  d a t a  (58 t o  65% d e p r e s s i o n )  c o n f i r m  t h e s e  f i n d i n g s .  

T a b l e  1 .  A e e t y l c h o l i a o s t e r a s e  a c t i v i t y  ( p m o l e / s - m i n )  o f  c h a n n e l  
c a t f i s h  b r a i n  t i s s u e  f o l l o w / a S  d i f f e r e n t  s t o r a g e  
t e c h n i q u e s .  

T r e a t m e n t  

S t o r a g e  Time R e f r i g e r a t e  R e f r i g e r a t e  F r e e z e  
( d a y s )  Homogenate  F i s h  F i s h  

0 (Control) 41.2• i /  42.3• 42.3• 

1 39.4• 35.8• - 

2 42.8• 31.6• 35.2• 

5 4 2 . 2 •  2 9 . 2 •  - 

7 3 2 . 2 •  

14 3 5 . 2 •  s 

30 4 2 . 3 •  

70 4 9 . 5 •  

~ /  Mean ~ S . E .  f o r  g r o u p s  o f  5 f i s h ;  p e r c e n t  i n h i b i t i o n  
f rom c o n t r o l s  i n  p a r e t h e s e s .  

* S i g n i f i c a n t l y  d i f f e r e n t  t h a n  c o n t r o l s  (p ~ 0 . 0 5 ) .  

F r e e z i n g  f i s h  f o r  12 d a y s  d i d  n o t  a p p e a r  t o  a l t e r  t h e  r e l a t i o n s h i p  
i n  b r a i n  AChE a c t i v i t y  b e t w e e n  m e t h y l  p a r a t h i o n  e x p o s e d  and 
c o n t r o l  f i s h  even  t h o u g h  t h e r e  was 18% i n h i b i t i o n  o f  AChE a c t i v i t y  
due t o  f r e e z i n g  f o r  12 d a y s .  T h u s ,  l i t t l e  r e l a t i v e  e r r o r  i n  
m e a s u r i n g  AChE a c t i v i t y  w i l l  o c c u r  p r o v i d i n g  t h a t  c o n t r o l  and 
t r e a t m e n t  g r o u p s  a r e  h a n d l e d  i n  t h e  same m a n n e r .  H i l l  and F l e m i n g  
(1982) c o n c l u d e d  t h a t  f o r  a v i a n s  c o n c u r r e n t  c o n t r o l s  must  be  
h a n d l e d  i n  t h e  same manner  as  s p e c i m e n s  i n  q u e s t i o n  i f  d i a g n o s i s  
o f  AChE a c t i v i t y  i s  t o  be  o p t i m i z e d .  

B r a i n  AChE a c t i v i t y  m e a s u r e d  f o r  c h a n n e l  c a t f i s h  i n  t h e  l a b o r a t o r y  
( 2 9 . 1  t o  4 2 . 3  p m o l e / g - m i n )  w h i c h  were  f r o z e n  f o r  10 t o  30 d a y s  

p r i o r  t o  a n a l y s i s  were  s l i g h t l y  h i g h e r  t h a n  t h o s e  m e a s u r e d  f o r  
f i s h  c o l l e c t e d  f rom an a g r i c u l t u r a l  d r a i n  ( 2 4 . 4  p m o l e / g - m i n )  
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which were h a n d l e d  in  a s i m i l a r  manner (Table  3 ) .  The 
a g r i c u l t u r a l  d r a i n  c o n t a i n s  r e t u r n  w a t e r  from r i c e  f i e l d s  and up 
t o  3 to  4 ug /L  methy l  p a r a t h i o n  ( F i n l a y s o n  and Lew 1983) .  Methyl  
p a r a t h i o n  c o n c e n t r a t i o n s  may be r e s p o n s i b l e  f o r  the  s l i g h t l y  lower  
b r a i n  AChE a c t i v i t y  in  d r a i n  f i s h .  The d i f f e r e n c e  may a l s o  be due 
t o  d i f f e r e n c e s  w i t h i n  and among p o p u l a t i o n s  (Gibson and Ludke 
1971). 

T a b l e  2.  A e e t y l e h o l i n e s t e r a a e  a c t i v i t y  (pmole /g -min )  o f  
channe l  c a t f i s h  a f t e r  e x p o s u r e  t o  p a r a t h i o n .  

Methyl  P a r a t h i o n  
C o n c e n t r a t i o n  F r e s h  

Trea tmen t  

12-Day F r e e z i n g  

C o n t r o l  35 .6 •  K/ 29 .1 •  

5 mg/L - 1 5 . 3 •  

10 mg/L 13.9+--0.9(61)* 12.2• 

30 mg/L 12.6• - 

K/ Mean ~ S .E.  f o r  groups  of  4 f i s h ;  p e r c e n t  i n h i b -  
i t i o n  from c o n t r o l s  in  p a r e t h e s e s .  

* S i g n i f i c a n t l y  d i f f e r e n t  t han  c o n t r o l s  (p ~ 0 . 0 5 ) .  

T a b l e  3. A e e t y l c h o l i n e s t e r a s e  a c t i v i t y  (pmolc /g -min )  o f  
f i s h  from an a g r i c u l t u r a l  d r a i n  ( d a t a  from 
F i m l a y s o n  and Lew 1983) .  

C o l l e c t i o n  Times 

S p e c i e s  May 1983 ~une 1983 

I e t a l u r u s  p u n c t a t u s  

I c t a l u r u s  c a t u s  

I c t a l u r u s  n e b u l o s u s  

Cyrp inus  c a r p i o  

19.1• ~/ 

19.4• 

14.4• 

2 4 . 4 + 3 . 8 ( 4 )  

17.6+1.0 (15) 

18.5+1.0(4) 

K/ Mean • S . E . ;  number of  f i s h  in  p a r e n t h e s e s .  
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Our s t u d y  i n d i c a t e s  t h a t :  ( i )  f r e e z i n g  or  r e f r i g e r a t i n g  whole 
f i s h  s i g n i f i c a n t l y  a l t e r s  f i s h  b r a i n  AChE a c t i v i t y ;  (2) 
homogeniz ing  f i s h  b r a i n  in  t r i s  b u f f e r  s h o r t l y  a f t e r  d e a t h  
p r e s e r v e s  AChE a c t i v i t y  f o r  up t o  5 days  when r e f r i g e r a t e d ;  and 
(3) l i t t l e  r e l a t i v e  e r r o r  in  measur ing  AChE a c t i v i t y  w i l l  occu r  
p r o v i d e d  t h a t  c o n t r o l  and t r e a t m e n t  g roups  a r e  h a n d l e d  in  the  same 
m a n n e r .  
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