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Modern a g r i c u l t u r a l  p r a c t i c e s  have i n c r e a s e d  h e a l t h  
h a z a r d  to  farm a n i m a l s  o f  e x p o s u r e  to  o r g a n o p h o s p h a t e  
(OP) i n s e c t i c i d e s .  A p a r t  f rom o t h e r  s o u r c e s ,  r u m i n a n t s  
i n c l u d i n g  b u f f a l o e s  may be exposed  to OP i n s e c t i c i d a l  
a g e n t s  t h r o u g h  c o n s u m p t i o n  o f  c o n t a m i n a t e d  f o r a g e s  
{ S i n g h  1981; Ha tch  1988 ) .  These chemica ls  are  
r e s p o n s i b l e  f o r  many cases  o f  p o i s o n i n g  in  farm a n i m a l s  
due to t h e i r  a n t i c h o l i n e s t e r a s e  a c t i v i t y  ( S i n g h  1981; 
Smi th  and Lew is  1988; P r i t c h a r d  1989 ) .  The OP i n s e c t i -  
c i d e  f e n i t r o t h i o n  i s  b e i n g  e x t e n s i v e l y  used to c o n t r o l  
i n s e c t  p e s t s  on d i f f e r e n t  c r o p s  i n c l u d i n g  f o r a g e s  (Jha 
1987 ) .  T h i s  i n s e c t i c i d e  i s  more t o x i c  to  b u f f a l o e s  than  
to  r o d e n t s  (Vad lamud i  197q; Cupta  e t  a l .  1 9 8 1 ) .  

The a c e t y l c h o l i n e s t e r a s e  ( A C h E ) - r e a c t i v a t i n g  ox imes  
c o n t r o l  a c u t e  OP i n t o x i c a t i o n  in man and a n i m a l s  
(Ha tch  1988; T a y l o r  1 9 9 1 ) .  The c h o i c e  o f  an ox ime may 
v a r y  as c e r t a i n  ox imes  may be more e f f i c a c i o u s  than  
o t h e r s .  A w i d e l y  a c c e p t e d  o x i m e ,  p r a l i d o x i m e  was found  
to be i n e f f e c t i v e  in  c o m b a t i n g  a c u t e  m a l a t h i o n  i n t o x i c a -  
t i o n  in  the  b u f f a l o  {Cup ta  198q ) .  B e s i d e s  i n h i b i t i n g  
ACHE, OP i n s e c t i c i d e s  a re  known to  cause an i n c r e a s e  
in the  b l o o d  l e v e l s  o f  a m i n o t r a n s f e r a s e s  and p h o s p h a -  
t a s e s  in  a n i m a l s  (Cup ta  e t  a l .  1981; Sandhu and M a l i k  
1988 ) .  L i t t l e  has been r e p o r t e d  on the  e f f e c t  o f  ox imes  
on O P - m e d i a t e d  e l e v a t i o n  o f  t hese  enzymes.  The p u r p o s e  
o f  t h i s  s t u d y  was to d e t e r m i n e  w h e t h e r  2 , 3 - b u t a n e d i o n e  
monoxime has the  p o t e n t i a l  to r e v e r s e  f e n i t r o t h i o n -  
i n d u c e d  c i r c u l a t i n g  e n z y m a t i c  a l t e r a t i o n s  in  b u f f a l o  
c a l v e s .  

MATERIALS AND METHODS 

The e x p e r i m e n t s  were p e r f o r m e d  on c l i n i c a l l y  h e a l t h y  
male b u f f a l o  c a l v e s  w e i g h i n g  between 7q and 90 kg .  

Send r e p r i n t  r e q u e s t s  to D r .  J . K . M a l i k  a t  D e p a r t m e n t  
o f  P h a r m a c o l o g y ,  C o l l e g e  o f  V e t e r i n a r y  S c i e n c e  and 
An ima l  H u s b a n d r y ,  A n a n d - 3 8 8 0 0 1 ,  I n d i a  

115 



These an ima ls  were purchased from the l oca l  market  and 
b rough t  i n t o  the e x p e r i m e n t a l  house f o r  a c c l i m a -  
t i s a t i o n  two weeks b e f o r e  the s t u d i e s  s t a r t e d .  Ca lves  
were fed green f o d d e r ,  wheat s t r aw  and wa te r  was 
a v a i l a b l e  ad l i b i t u m .  A l l  the c a l v e s  were f a s t e d  f o r  
20 hr  and were g i ven  f e n i t r o t h i o n  [ 0 , 0 - d i m e t h y l  0 - ( q -  
n i t r o - m - t o l y l )  p h o s p h o r o t h i o a t e ;  F o l i t h i o n  50 EC; Bayer 
( I n d i a )  L t d . ,  Bombay] in a s i n g l e  o r a l  ( p . o . )  dose of  
217.5 mg/kg body w t .  The f e n i t r o t h i o n - e x p o s e d  an ima ls  
were ass igned  randomly  to 2 groups each compr ised  
of  3 c a l v e s .  Croup 1 was l e f t  u n t r e a t e d  whereas 
an ima ls  o f  group 2 were g i ven  a s i n g l e  i n t r a v e n o u s  
dose (30 mg/kg body wt )  o f  2 , 3 - b u t a n e d i o n e  monoxime 
( A l d r i c h  Chemical  Co. ,  M i lwaukee ,  Wl) w i t h i n  52-70 min 
of  f e n i t r o t h i o n  exposure  f o l l o w e d  12 hr  l a t e r  by the 
i n t r a m u s c u l a r  dose (15 mg/kg body w t ) .  A l l  ca l ves  
were observed  c l o s e l y  f o r  adverse  r e a c t i o n s  d u r i n g  the 
s t u d y .  

B lood samples were drawn from the j u g u l a r  v e i n  p r i o r  
to and at  0 .25 ,  0 . 5 ,  1, 2, q, 6, 12, 2q, 36, q8 and 
72 hr  and 7, l q ,  21 and 28 d a f t e r  i n s e c t i c i d e  
a d m i n i s t r a t i o n  and i n i t i a t i o n  of  a n t i d o t a l  t h e r a p y .  
Many data p o i n t s  t h a t  o f f e r e d  no a d d i t i o n a l  
i n f o r m a t i o n  have been o m i t t e d  in Tab les  1 and 2. B lood 
samples c o l l e c t e d  in n o n h e p a r i n i z e d  tubes were a l l owed  
to c l o t  and the serum was h a r v e s t e d  a f t e r  c e n t r i f u g a t i o n  
to d e t e r m i n e  the a c t i v i t i e s  o f  a s p a r t a t e  amino- 
t r a n s f e r a s e ,  a l a n i n e  a m i n o t r a n s f e r a s e ,  ac i d  phospha tase ,  
a l k a l i n e  phosphatase  and l a c t a t e  dehydrogenase a c c o r d i n g  
to the p rocedu res  d e s c r i b e d  by Wootton ( 196q ) .  The 
l eve l  o f  c h o l i n e s t e r a s e  (ChE) a c t i v i t y  was d e t e r m i n e d  
in the h e p a r i n i z e d  whole b lood  a c c o r d i n g  to the method 
d e s c r i b e d  p r e v i o u s l y  (Awal et a l .  1988) .  S t u d e n t ' s  
t - t e s t  was employed to compare s i g n i f i c a n t  d i f f e r e n c e  
between the b a s e l i n e  and l a t e r  v a l u e s  of  v a r i o u s  
pa ramete rs  and the s i g n i f i c a n c e  was assessed at  
P < 0.05 and P < 0.01 l e v e l s .  

RESULTS AND DISCUSSION 

Changes in the l e v e l s  o f  v a r i o u s  b lood  enzymes in 
f e n i t r o t h i o n - e x p o s e d  u n t r e a t e d  ca l ves  are p r e s e n t e d  
in Tab le  1. F e n i t r o t h i o n  s t r o n g l y  depressed  whole b lood  
ChE a c t i v i t y  w i t h i n  1 h r  and the maximal i n a c t i v a t i o n  
(79~) was n o t i c e d  at  2q h r .  S i g n i f i c a n t  (P < 0 .01 )  
i nc rease  in the serum l e v e l s  of  a s p a r t a t e  
a m i n o t r a n s f e r a s e ,  a l a n i n e  a m i n o t r a n s f e r a s e ,  ac i d  
phospha tase ,  a l k a l i n e  phosphatase  and l a c t a t e  
dehydrogenase was seen w i t h  peak e f f e c t  (87,  377, 208, 
59 and 53%, r e s p e c t i v e l y )  o c c u r r i n g  at 24 h r .  
E l e v a t i o n  of  these enzymes in serum f o l l o w i n g  exposure  
to f e n i t r o t h i o n  and o t h e r  r e l a t e d  OP i n s e c t i c i d e s  is  
p o s s i b l y  as a r e s u l t  o f  i nc reased  plasma membrane 
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p e r m e a b i l i t y  a n d / o r  c e l l u l a r  i n j u r y  ( A n t u n e s - M a d e i r a  
and M a d e i r a  1979; M a l i k  e t  a l .  1980; Cupta  et  a l .  1981; 
Cupta  1 9 8 q ) .  A l t e r a t i o n s  in  the  l e v e l s  o f  c i r c u l a t i n g  
ChE and o t h e r  enzymes m o n i t o r e d  may be o f  n o t a b l e  v a l u e  
in the  d i a g n o s i s  o f  a c u t e  f e n i t r o t h i o n  i n t o x i c a t i o n .  
A l l  a n i m a l s  g i v e n  f e n i t r o t h i o n  d i s p l a y e d  t o x i c  s i g n s  
c h a r a c t e r i s t i c  o f  a n t i c h o l i n e s t e r a s e  p o i s o n i n g  
(Vad lamud i  197q; S ingh  1981;  Cupta  198q;  S r i v a s t a v a  
198q; Sandhu and M a l i k  1988 ) .  One c a l f  d i e d  a f t e r  2q 
h r  and a second one on the  15 th  d a f t e r  f e n i t r o t h i o n  
a d m i n i s t r a t i o n .  The dose ( 2 1 7 . 5  mg/kg body w t )  employed 
has been r e p o r t e d  to be the  med ian  l e t h a l  dose o f  
f e n i t r o t h i o n  in  male  b u f f a l o  c a l v e s  (Vad lamud i  197q ) .  

T r e a t m e n t  w i t h  2 , 3 - b u t a n e d i o n e  monoxime e l i m i n a t e d  the  
c l i n i c a l  t o x i c  symptoms w i t h i n  18-30 min and c o m p l e -  
t e l y  p r o t e c t e d  a n i m a l s  a g a i n s t  f e n i t r o t h i o n -  i n d u c e d  
l e t h a l i t y .  In f e n i t r o t h i o n - e x p o s e d  o x i m e -  t r e a t e d  
c a l v e s ,  w h o l e  b l o o d  ChE a c t i v i t y  r e c o v e r e d  to c o n t r o l  
v a l u e s  w i t h i n  12 h r  a f t e r  t he  i n i t i a t i o n  o f  t h e r a p y  
( T a b l e  2 ) .  

A d m i n i s t r a t i o n  o f  2 , 3 - b u t a n e d i o n e  monoxime c o m p l e t e l y  
r e v e r s e d  the  r i s e  in the  serum l e v e l s  o f  
a m i n o t r a n s f e r a s e s ,  p h o s p h a t a s e s  and l a c t a t e  
d e h y d r o g e n a s e .  The a c t i v i t i e s  o f  t hese  enzymes were 
no t  s i g n i f i c a n t l y  (P > 0 . 0 5 )  d i f f e r e n t  f rom b a s e l i n e  
v a l u e s  w i t h i n  6 h r  a f t e r  the  f i r s t  a d m i n i s t r a t i o n  o f  
ox ime ( T a b l e  2 ) .  Gupta (198q)  a l s o  d e m o n s t r a t e d  t h a t  
p r a l i d o x i m e  p r e v e n t e d  e x c e s s  and s u s t a i n e d  l eakage  o f  
a m i n o t r a n s f e r a s e s  i n t o  serum o f  m a l a t h i o n - p o i s o n e d  
c a l v e s .  However ,  the  e x a c t  mechan ism o f  ox imes  
i n v o l v e d  in  r e d u c i n g  e n z y m a t i c  r e l e a s e  s t i l l  r ema ins  
to  be e l u c i d a t e d .  

U n l i k e  p r a l i d o x i m e ,  2 , 3 - b u t a n e d i o n e  monoxime r e a d i l y  
c r o s s e s  b l o o d - b r a i n  b a r r i e r  and r e a c t i v a t e s  AChE 
enzyme in the  c e n t r a l  n e r v o u s  sys tem ( T a y l o r  1991 ) .  
C o m p a r a t i v e  s t u d i e s  on the d i s p o s i t i o n  o f  2 , 3 -  
b u t a n e d i o n e  monoxime and p r a l i d o x i m e  in the  b u f f a l o  
have a l s o  r e v e a l e d  c o n s i d e r a b l y  h i g h e r  c o n c e n t r a t i o n s  
o f  t he  f o r m e r  d rug  in  d i f f e r e n t  p a r t s  o f  b r a i n  and 
s p i n a l  c o r d  ( S r i v a s t a v a  198q ) .  In a d d i t i o n  to  i t s  
a b i l i t y  to  a c c e l e r a t e  d e p h o s p h o r y l a t i o n  o f  i n h i b i t e d  
ACHE, 2 , 3 - b u t a n e d i o n e  monoxime may r e a c t  d i r e c t l y  w i t h  
OP to  form a r e l a t i v e l y  n o n t o x i c  comp lex  t h a t  can be 
e l i m i n a t e d  f rom the  body (Cohen and W i e r s i n g a  1 9 6 0 ) .  
From the  p r e s e n t  f i n d i n g s ,  h o w e v e r ,  i t  c o u l d  no t  be 
a s c e r t a i n e d  w h e t h e r  a l l  o f  t hese  f a c t o r s  a n d / o r  some 
o t h e r  mechan ism are  i n v o l v e d  in  the  o b s e r v e d  p r o m i n e n t  
b e n e f i c i a l  e f f e c t s  o f  2 , 3 - b u t a n e d i o n e  monox ime.  

I t  has been w e l l  documented  t h a t  ox imes are  no t  
e f f e c t i v e  in  r e s t o r i n g  aged p h o s p h o r y l a t e d  AChE enzyme 
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(Ha tch  1988; T a y l o r  1991 ) .  A l t h o u q h  d i m e t h o x y -  
p h o s p h o r y I - A C h E  formed by f e n i t r o t h J o n  is  l e s s  
susceptible to  a g i n g  as compared to  the  p h o s p h o r y l a t e d  
enzyme d e r i v e d  by OP compounds c o n t a i n i n g  t e r t i a r y  
a l k o x y  g r o u p s  ( T a y l o r  1991 ) ,  an e a r l y  t r e a t m e n t  w i t h  
2 , 3 - b u t a n e d i o n e  monoxime w o u l d  be h i g h l y  d e s i r a b l e .  

The r e s u l t s  o f  t h i s  s t u d y  d e m o n s t r a t e d  t h a t  
d e l e t e r i o u s  e f f e c t s  o f  f e n i t r o t h i o n  on c i r c u l a t i n g  ChE, 
a m i n o t r a n s f e r a s e s ,  p h o s p h a t a s e s  and l a c t a t e  d e h y d r o -  
genase in the  b u f f a l o  may be r a p i d l y  and c o m p l e t e l y  
a n t a g o n i z e d  by 2 , 3 - b u t a n e d i o n e  monox ime.  
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