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Owing to  t h e i r  w i d e s p r e a d  a p p l i c a t i o n  in a g r i c u l t u r e  
and v e t e r i n a r y  m e d i c i n e ,  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 re  f r e q u e n t l y  i n v o l v e d  in  l i v e s t o c k  p o i s o n i n g s  
in  many cases  w i t h  f a t a l  consequences  ( S i n g h  1981;  
K imura  e t  a l .  1988;  Smi th  and Lew is  1988;  P r i t c h a r d  
1 9 8 9 ) .  Of s e v e r a l  c a u s e s ,  fa rm an ima l  s p e c i e s  i n c l u d i n g  
b u f f a l o e s  may e n c o u n t e r  OP p o i s o n i n g  by i n g e s t i o n  o f  
i n s e c t i c i d e  s p r a y e d  f o d d e r  ( S i n g h  1981;  Ha tch  1 9 8 8 ) .  
A l t h o u g h  s p e c i f i c  t r e a t m e n t  o f  OP i n t o x i c a t i o n  i n c l u d e s  
a t r o p i n e  s u l f a t e  {ATS) to  c o u n t e r a c t  the  m u s c a r i n i c  
e f f e c t s  and ox imes  to  r e a c t i v a t e  c h o l i n e s t e r a s e  (ChE) 
enzyme, t h e  success  o f  t h e r a p y  v a r i e s  f rom one OP 
i n s e c t i c i d e  to  a n o t h e r  and w i t h  t he  a n i m a l  s p e c i e s  
i n v o l v e d  {Gupta  198q;  S r i v a s t a v a  1984; Sandhu 1985; 
Ha tch  1 9 8 8 ) .  OP i n s e c t i c i d e  phosphamidon  i s  w i d e l y  
employed to c o n t r o l  i n s e c t  p e s t s  on v a r i o u s  c r o p s  
i n c l u d i n g  f o r a g e s  and has p o t e n t i a l  to  i n d u c e  s e v e r e  
i n t o x i c a t i o n  in b u f f a l o e s  (Jha 1987; Awal e t  a l .  1 9 8 8 } .  
However ,  t h e r e  a r e ,  as y e t ,  no d a t a  to  e s t a b l i s h  the  
e f f i c a c y  o f  ox imes  and ATS in phosphamidon  i n t o x i c a t i o n  
in  b u f f a l o  s p e c i e s .  The p r e s e n t  s t u d y  was,  t h e r e f o r e ,  
u n d e r t a k e n  to  i n v e s t i g a t e  t he  e f f e c t i v e n e s s  of  d i a c e t y l  
monoxime (DAM) and 2 - p y r i d i n e  a l d o x i m e  m e t h o c h l o r i d e  
(2-PAM) in c o n j u n c t i o n  w i t h  ATS to  c o u n t e r a c t  a c u t e  
t o x i c i t y  and i n a c t i v a t i o n  o f  c i r c u l a t i n g  e s t e r a s e s  
i n d u c e d  by phosphamidon  in  b u f f a l o  c a l v e s .  

MATERIALS AND METHODS 

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  be tween 70 and 
120 kg ,  p u r c h a s e d  f rom the  l o c a l  m a r k e t ,  were a c c l i m a -  
t i z e d  to t he  d e p a r t m e n t a l  a n i m a l  house c o n d i t i o n s  f o r  

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  Depa r tmen 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 
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14 days  b e f o r e  b e i n g  used in  t h i s  i n v e s t i g a t i o n .  
A n i m a l s  were m a i n t a i n e d  on g reen  f o d d e r ,  whea t  s t r a w  
and w a t e r  was p r o v i d e d  ad l i b i t u m .  A l l  t he  c a l v e s  were  
f a s t e d  f o r  18-20  h r  p r i o r  to  a d m i n i s t r a t i o n  o f  p h o s p h a -  
midon in  a s i n g l e  dose  o f  80 mg/kg body  w t .  The 
r e q u i s i t e  q u a n t i t y  o f  phosphamidon  ( 0 , 0 - d i m e t h y l - 0 - ( 2 -  
c h l o r o - 2 - ( d i e t h y l c a r b a m o y l ) - l - m e t h y l v i n y l )  p h o s p h a t e ,  
d i m e c r o n ;  85% w/w;  H i n d u s t a n  C iba  G e i g y  L t d . ,  Bombay) 
d i l u t e d  w i t h  100 ml o f  t ap  w a t e r  was g i v e n  by d r e n c h i n g  
( p . o . ) .  The i n s e c t i c i d e - p o i s o n e d  a n i m a l s  were r a n d o m l y  
d i v i d e d  i n t o  3 g r o u p s  and were t r e a t e d  w i t h  a n t i d o t e s  
w i t h i n  15-20  min o f  phosphamidon  a d m i n i s t r a t i o n .  
A n i m a l s  o f  g r o u p s  I ,  I I  and I I I  were g i v e n  ATS (Sigma 
Chemica l  C o . ,  S t .  L o u i s ,  MO), DAM ( S i s c o  Resea rch  L a b s . ,  
Bombay) p l u s  ATS and 2-PAM ( A l d r i c h  Chemica l  C o . ,  
M i l w a u k e e ,  Wl) p l u s  ATS, r e s p e c t i v e l y .  These d r u g s  
were  a d m i n i s t e r e d  by i n t r a v e n o u s  ( i . v . )  and i n t r a -  
m u s c u l a r  ( i . m . )  r o u t e s .  The d e t a i l s  o f  dosages  and 
s c h e d u l e  o f  a d m i n i s t r a t i o n  o f  a n t i d o t e s  a re  p r e s e n t e d  
in  T a b l e  1. 

A l l  t he  t r e a t e d  a n i m a l s  were  o b s e r v e d  c l o s e l y  f o r  t he  
a p p e a r a n c e  o f  t o x i c  s i g n s  and f o r  any p r o t e c t i o n  
a g a i n s t  i n s e c t i c i d e - i n d u c e d  l e t h a l i t y .  B lood  samples  
were  t aken  f rom the  j u g u l a r  v e i n  o f  each c a l f  i n t o  
h e p a r i n i z e d  and n o n h e p a r i n i z e d  t u b e s  a t  p r e d e t e r m i n e d  
t i m e  i n t e r v a l s  to  i n v e s t i g a t e  t he  i n f l u e n c e  o f  
d i f f e r e n t  a n t i d o t a l  t r e a t m e n t s  on p h o s p h a m i d o n -  
i n h i b i t e d  e s t e r a s e s .  Plasma was s e p a r a t e d  f rom the  
h e p a r i n i z e d  b l o o d  by c e n t r i f u g a t i o n  a t  3000 rpm f o r  
15 m i n .  The ChE a c t i v i t y  in e r y t h r o c y t e s  and p lasma 
was d e t e r m i n e d  a c c o r d i n g  to  t he  method o f  Voss and 
Sachsse (1970)  as m o d i f i e d  by Moro i  e t  a l .  ( 1 9 7 6 ) .  
Serum c a r b o x y l e s t e r a s e  (CarbE)  was d e t e r m i n e d  by t he  
method o f  Mendoza e t  a l .  ( 1 9 7 1 ) .  Data were  e v a l u a t e d  
s t a t i s t i c a l l y  u s i n g  S t u d e n t ' s  t - t e s t  and P < 0 .05  was 
c o n s i d e r e d  as s i g n i f i c a n t .  

RESULTS AND DISCUSSION 

T a b l e  1 p r e s e n t s  t he  r e s u l t s  on t he  e f f e c t s  o f  
d i f f e r e n t  a n t i d o t a l  t r e a t m e n t s  on p h o s p h a m i d o n - i n d u c e d  
c l i n i c a l  t o x i c i t y  and l e t h a l i t y .  The r a t i o n a l e  f o r  
t he  s e l e c t i o n  o f  dosages  o f  a n t i d o t e s  has been r e c e n t l y  
d e s c r i b e d  ( S r i v a s t a v a  1984;  M a l i k  and S r i v a s t a v a  1 9 8 7 ) .  
A n t i d o t e s  were  a d m i n i s t e r e d  w i t h i n  15-20 min a f t e r  
i n s e c t i c i d e  e x p o s u r e  and a t  t h i s  t i m e ,  a l l  t he  a n i m a l s  
e x h i b i t e d  t o x i c  s i g n s  w h i c h  were  c h a r a c t e r i z e d  by 
f r o t h y  s a l i v a t i o n ,  e x c i t e m e n t ,  m u s c l e  f a s c i c u l a t i o n s ,  
t r e m o r s ,  i n c o o r d i n a t i o n  and resp i ra tory  d i s t r e s s .  The 
t i m e  c o u r s e  and d o s e - r e s p o n s e  r e l a t i o n s h i p  f o r  a c u t e  
phosphamidon  t o x i c o s i s  in  b u f f a l o  c a l v e s  r e v e a l e d  t h a t  
t he  dose o f  phosphamidon  (80 mg/kg  body  w t )  used in  
t he  p r e s e n t  s t u d y  was c a p a b l e  o f  p r o d u c i n g  100% 
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m o r t a l i t y  w i t h i n  2-9 hr  (Awal et  a l .  1988) .  O b v i o u s l y ,  
the dose was l e t h a l  because i t  cannot  be e l i m i n a t e d  
b e f o r e  i t  completely i n a c t i v a t e d  s e n s i t i v e  e s t e r a s e s .  
A d m i n i s t r a t i o n  of  a n t i d o t e s  a b o l i s h e d  the t o x i c  s i g n s  
w i t h i n  10-15 min but  t h e r e  was reappearance  of  these 
s i g n s  n e c e s s i t a t i n g  the repea ted  d o s i n g  w i t h  oximes 
and ATS. A l t h o u g h  ATS, DAM p l u s  ATS and 2-PAM p l u s  
ATS i n c r e a s e d  the s u r v i v a l  t ime to 4 -120 ,  15-76 and 
26-42 h r ,  r e s p e c t i v e l y  as compared to  2-9 hr  in 
u n t r e a t e d  c a l v e s  (Awal et a l .  1988) ,  none of  the 
t r e a t m e n t s  employed was e v e n t u a l l y  e f f e c t i v e  in 
combat ing  phosphamidon- induced  l e t h a l i t y .  

Phosphamidon caused s i g n i f i c a n t  (P < 0 .05)  i n a c t i v a t i o n  
of  e r y t h r o c y t e  ChE (13-15%) and plasma ChE (11-15%) 
w i t h i n  15 min (Tab le  2 ) .  At t h i s  t i m e ,  serum CarbE 
was a l s o  s i g n i f i c a n t l y  (P < 0 .05 )  i n h i b i t e d  to the 
e x t e n t  of  11-17% (Tab le  3 ) .  S ince ATS has no p o t e n t i a l  
to r e a c t i v a t e  p h o s p h o r y l a t e d - C h E  and a c t s  s o l e l y  by 
i t s  m u s c a r i n i c  c h o l i n o l y t i c  a c t i o n  ( T a y l o r  1991) ,  i t  
was a d m i n i s t e r e d  to  p r e v e n t  symptoms and the r a t e  of  
r e a c t i v a t i o n  of  e s t e r a s e s  was measured w i t h  or  w i t h o u t  
ox imes .  There was no s i g n i f i c a n t  (P > 0 .05 )  r e d u c t i o n  
in the ChE and CarbE i n h i b i t i o n  in an ima ls  t r e a t e d  

Tab le  3. E f f e c t s  o f  ox imes and a t r o p i n e  s u l f a t e  on 
serum c a r b o x y l e s t e r a s e  of  b u f f a l o  c a l v e s  
i n t o x i c a t e d  w i t h  phosphamidon (80 mg/kg ,p .o . )  

Time a f t e r  phosphamidon a d m i n i s t r a t i o n  ( h r )  a 
Drug 

ATS 

DAM 
+ATS 

0 0.25 I 4 12 24 72 

117 104 91 83 9b 72 c 72 d 72 ~ 
•  •  b •  b • 

104 86 b 65 b 81 3b 63 5 b 
•  •  •  •  • 

72 c 76 d 

2-PAM 115 96 67 2b 76 9b 65 59 8b 
+ATS •  •  b • •  •  b •  

Va lues  g iven  are  exp ressed  as nmol indopheno l  fo rmed/  
min/mL and r e p r e s e n t  the mean• of  3 an ima ls  un less  
o t h e r w i s e  s t a t e d .  

aDrugs were g i ven  15-20 min a f t e r  a d m i n i s t r a t i o n  of  
phosphamidon.  For d e t a i l s ,  see Tab le  1 

b s i g n i f i c a n t  d i f f e r e n c e  when compared w i t h  O h r  v a l u e  
of  the same an ima ls  (P < 0 .05 )  

CValue is  mean o f  2 an ima ls  

dVa lue is  of  1 animal  
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w i t h  DAM p l u s  ATS and 2-PAM p l u s  ATS as compared to  
t h o s e  g i v e n  ATS a l o n e .  The e s t e r a s e  a c t i v i t i e s  r ema ined  
s i g n i f i c a n t l y  (P < 0 . 0 5 )  i n h i b i t e d  in  a l l  t h e  t r e a t e d  
g r o u p s  a t  v a r i o u s  t i m e  i n t e r v a l s .  I t  i s  t h u s  a p p a r e n t  
t h a t  t he  d e g r e e  o f  a c u t e  e x p o s u r e  to  OP is  c r i t i c a l .  
V a r i o u s  f a c t o r s  such as t he  p h y s i o l o g y  o f  t he  a n i m a l ,  
t he  r e a c t i v a t i o n  r a t e  by ox imes  and t he  i n h i b i t i o n  
r a t e  by OP d e t e r m i n e  t he  amount o f  e x c e s s  OP the  a n i m a l  
i s  c a p a b l e  o f  h a n d l i n g  p e r  u n i t  o f  t i m e .  The 
OP- i n a c t i v a t e d  e s t e r a s e s  may be r e g e n e r a t e d  by ox imes  
d u r i n g  t r e a t m e n t ,  bu t  s u f f i c i e n t  OP i s  u s u a l l y  p r e s e n t  
to  f u r t h e r  i n h i b i t  t h e s e  r e a c t i v a t e d  enzymes.  I t  i s ,  
t h e r e f o r e ,  i m p o r t a n t  t h a t  t h e r a p y  must  be c a r r i e d  ou t  
u n t i l  a l l  t he  OP i s  h y d r o l y z e d  and e l i m i n a t e d  and 
s u f f i c i e n t  e s t e r a s e s  a r e  p r e s e n t  f o r  t he  s u s t e n a n c e  
o f  l i f e  o f  i n t o x i c a t e d  a n i m a l .  

I t  i s  d e s i r a b l e  to  employ  ox ime r e a c t i v a t o r s  in  
c o n j u n c t i o n  w i t h  ATS as the  c o m b i n a t i o n  p r o d u c e s  f a r  
more s a t i s f a c t o r y  r e s u l t s  t han  does  e i t h e r  d r u g  a l o n e  
( H a t c h  1988;  T a y l o r  1 9 9 1 ) .  Oximes and ATS have been 
used to  combat a c u t e  OP i n t o x i c a t i o n  in  b u f f a l o e s  w i t h  
v a r y i n g  s u c c e s s .  DAM a l o n e  o r  in  c o n j u n c t i o n  w i t h  ATS 
has been r e p o r t e d  to  cause  marked r e a c t i v a t i o n  o f  
p h o s p h o r y l a t e d - e s t e r a s e s  and to  c o m p l e t e l y  a n t a g o n i z e  
t h e  a c u t e  t o x i c i t y  i n d u c e d  by 100~ l e t h a l  dose  o f  
f e n i t r o t h i o n  ( S r i v a s t a v a  1 9 8 q ) .  The combined  t h e r a p y  
was,  h o w e v e r ,  o f  no b e n e f i t  a g a i n s t  m o n o c r o t o p h o s  
i n t o x i c a t i o n  (Sandhu 1 9 8 5 ) .  C o n v e r s e l y ,  a w i d e l y  
emp loyed  ox ime 2-PAM was f ound  to a c c e n t u a t e  t o x i c i t y  
o f  m a l a t h i o n  in  b u f f a l o  c a l v e s  (Gupta  1 9 8 q ) .  

An e a r l y  a d m i n i s t r a t i o n  o f  C h E - r e a c t i v a t i n g  ox ime has 
been emphas i zed  f o r  c o m b a t i n g  OP i n t o x i c a t i o n ,  s i n c e  
w i t h  some OP compounds a g i n g  o f  t he  p h o s p h o r y l a t e d - C h E  
o c c u r s  and t he  aged enzyme becomes r e f r a c t o r y  to  
d e p h o s p h o r y l a t i o n  by ox imes  ( T a y l o r  1 9 9 1 ) .  In t he  
p r e s e n t  s t u d y ,  a l t h o u g h  a n t i d o t a l  t h e r a p y  was 
i n s t i t u t e d  w i t h i n  15-20  min 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 ,  no s i g n i f i c a n t  (P > 0 . 0 5 )  r e a c t i v a t i o n  o f  
p h o s p h a m i d o n - i n h i b i t e d  e s t e r a s e s  was seen in  a n i m a l s  
t r e a t e d  w i t h  e i t h e r  DAM p l u s  ATS o r  2-PAM p l u s  ATS. 
These r e s u l t s  s u g g e s t  t h a t  phosphamidon  i s  one o f  t h e  
most  h a z a r d o u s  OP i n s e c t i c i d e s  f o r  b u f f a l o e s .  
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