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The i n d i s c r i m i n a t e  and e x t e n s i v e  use of i n s e c t i c i d e s  to p r o t e c t  
c r o p s  poses  a s e r ious  t h r e a t  to humans and the  su r round ing  
env i ronment .  The p e s t i c i d e s  which  a re  l i b e r a t e d  into aqua t i c  
envi ronment  h a v e  a de t e r i ous  e f fec t  on f i sh  and s u b s e q u e n t l y  
to man (Metelev et a l .  1983). Ki lgore  and Mingyuli  (1975) empha -  
s i zed  tha t  the  concen t ra t ion  of p e s t i c i d e  r e s i d u e s  was found 
to be  more in aqua t i c  e cosys t em r a t h e r  than  the  t e r r e s t r i a l  
e c o s y s t e m .  The f r e s h w a t e r  f i s h e s  cons t i t u t e  an impor t an t  l ink  
in food cha in  and t h e i r  po l lu t ion  by  i n s e c t i c i d e s  imba lances  
the  aqua t i c  e cosys t em.  T r i c h l o r f o n ,  i s  an organo p h o s p h a t e  com- 
pound being wide ly  used in Ind ia  to cont ro l  a g r i c u l t u r a l  p e s t s .  
The s u b l e t h a l  e x p o s u r e  of OP compounds  h a v e  p r o d u c e d  s e v e r a l  
changes  in energy  metabol ism of f i sh  (Rani et  a l .  1989).  The 
f r e s h w a t e r  t e l eos t ,  C la r i a s  b a t r a c h u s ,  i s  an e d i b l e  f i s h  and 
is  c o n s i d e r e d  to be economica l ly  impor t an t  in p i s i c u l t u r e  i n d u s t r y .  
The p r e s e n t  s t udy  was unde r t aken  to i d e n t i f y  the  d i f f e r e n t  s h i f t s  
i n v o l v e d  in ammonia metabol ism in l i v e r ,  b ra in ,  and g i l l  t i s sue s  
of t he  i n s e c t i c i d e  exposed  f i s h .  

MATERIALS AND MF-THODS 

Heal thy  f r e s h w a t e r  f i s h ,  C. b a t r a c h u s ,  weighing around 20-+2g 
and measur ing 18-+4 cm in l eng th  were  co l l e c t ed  and a c c l i m a t i z e d  
for  10 d a y s  to l a b o r a t o r y  cond i t ions  in a cement tank under  
running tap  wate r .  The f i sh  were  fed ad l ib i tum with  groundnut  
cake  and whi te  of the  egg, but s t a r v e d  I d p r i o r  to e x p e r i m e n t .  
Techn ica l  g r ade  (90% p u r i t y )  sample  of t r i c h l o r f o n  ( O , O - d i m e t h y l -  
1 - h y d r o x y - 2 , 2 , 2 - t r i c h l o r o e t h y l  p h o s p h o n a t e )  was used  in sub -  
l e t ha l  concen t ra t ion .  The LC50 va lue  of t r i c h l o r f o n  at 48 h r  
ca l cu l a t ed  by  the  method of F inney (1964)  was found to be 6 mg/L. 
The f i sh  were e x p o s e d  to a s u b l e t h a l  concen t r a t ion  of 2 mg/L 
for  48 h r  and 96 h r .  The con t ro l  f i sh  were  mainta ined  wi th  
0.1 mL acetone s ince  i t  was used for  d i s s o l v i n g  t r i c h l o r f o n .  
Af te r  removing the  f i sh  at  s t i p u l a t e d  t ime i n t e r v a l ,  l i v e r ,  b r a in  
and g i l l  t i s s u e s  were  q u i c k l y  i s o l a t e d  and kep t  in i c e - j a c k e t e d  
p e t r i - d i s h e s  for  b iochemica l  e s t ima t ions .  The to ta l  p r o t e i n  content  
was de te rmined  by  Fo l i n -pheno l  method (Lowry  et a l .  1951),  

1To whom c o r r e s p o n d a n c e  shou ld  be a d d r e s s e d .  
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T a b l e  1. D i f f e r e n t  t e s t  cond i t i ons  and c o n c e n t r a t i o n s  fo r  enzyme  
~ s s a y e d  a t  t e m p e r a t u r e  29oC. 

Enzyme . . . . . . . .  pH" S u b s t r a t e  
c o n c e n t r a t i o n  

Enz'yme .... Bt~ffer . . . . .  
c o n c e n t r a t i o n  concen t r a t i on  

Ac id i c  3 .0  10 m 8 35 mg 
P r o t e a s e  (Dena tu red  Hb) 

Neut ra l  7 .0  10 mg 35 mg 
P r o t e a s e  (Dena tu red  Hb ) 

A lka l i ne  9 .0  10 mg 35 m 8 
P r o t e a s e  (Dena tu red  Hb) 

GDH 7.4  50 pmoles  30 mg 
(Sodium Glu ta -  

mate)  

AMP 6.8  10 ~moles  30 mg 
Deaminase  (AMP) 

Adenos ine  6.5 30 ~moles  30 mg 
Deaminase  (Adenos ine)  

Glu taminase  4 .9  40 pmoles  25 mg 
(Glu tamine)  

I00  pmoles  
( C i t r a t e  

b u f f e r )  

100 ~umoles 
( P h o s p h a t e  

b u f f e r )  

100 pmo le s  
( B i o c a r b o n a t e  

b u f f e r )  

100 p m o l e s  
( P h o s p h a t e  

b u f f e r )  

50 pmoles  
(Succ ina te  

b u f f e r )  

50 pmo le s  
( P h o s p h a t e  

b u f f e r )  

50 p m o l e s  . 
(Sodium c i t r a t e  

b u f f e r )  

f r e e  amino a c i d s  b y  n i n h y d r i n  method  (Moore and Ste in  1954) ,  
ammonia b y  n e s s l e r i z a t i o n  ( B e r g m e y e r  1965) ,  81utamine by  ac id  
h y d r o l y s i s  me thod  d e s c r i b e d  b y  Colowick  and Kaplan  (1967) 
and u r e a  b y  d i a c e t y l  monoxime method  (Na te l son  1971) .  The  d i f f e -  
r en t  t e s t  c o n d i t i o n s  of t h e  enzym e  a s s a y s  a r e  g i v e n  in T a b l e  
i .  

For  a s s a y i n g  a c i d i c ,  n e u t r a l  and a l k a l i n e  p r o t e a s e s ,  104 t i s s u e  
homogena t e s  w e r e  p r e p a r e d  in i ce  co ld  d i s t i l l e d  w a t e r  and c e n t r i -  
fuged a t  3000 rpm f o r  15 minu tes .  A c l e a r  ce l l  f r e e  s u p e r n a t e n t  
was used  f o r  t he  a s s a y  of p r o t e a s e s  b y  t h e  method  of Dav i s  
and Smith  (1955) .  Acid p r o t e a s e  a c t i v i t y  was  a s s a y e d  a t  pH 
3 .0  us ing  c i t r a t e  b u f f e r ,  n e u t r a l  p r o t e a s e  a t  pH 7.0  us ing  p h o s -  
p h a t e  b u f f e r  and a l k a l i n e  p r o t e a s e  a c t i v i t y  a t  pH 9.0  wi th  c a r b o -  
n a t e - b i c a r b o n a t e  b u f f e r  and i0  mg of d e n a t u r e d  h a e m o g l o b i n  p r o t e -  
in was used  as  s u b s t r a t e .  

To a s s a y  g l u t a m a t e  d e h y d r o g e n a s e  (GDH), 104 t i s s u e  homogena te s  
were  p r e p a r e d  in i c e  co ld  0.25 M s u c r o s e  so lu t ion  and c e n t r i -  
fuged a t  5000 rpm f o r  15 minu tes .  A c l e a r  ce l l  f r e e  s u p e r n a t e n t  
was used  fo r  the  a s s a y  of GDH b y  the  method  of Lee and L a r d y  
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�9 Table  2. Leve l s  of to ta l  p r o t e i n s ,  f r ee  amino a c i d s ,  ammonia 
glutamine and urea  in t i s s u e s  of con t ro l  and t r i c h l o r f o n  e x p o s e  
C la r i a s  b a t r a c h u s .  

P a r a m e t e r s  T issues  Control  T r i c h l o r f o n  t r e a t e d  f i sh  

4tJ h 96 h 

Total  p r o t e i n s  L i v e r  18.90-+0.33 11.60-+0.31 11.19-+0.19 
(rag/100 mg wet PC=-38.62 PC=-36.98 
wt of t i s sue)  Brain 12.98-+0.16 8.16-+0.04 8.64-+0.0~ 

PC=-37.13 PC=-33.43 
Gill 7.99-+0.13 6.01-+0.28 6.22-+0.14 

PC=-24.78 PC=-22.15 

Free  Amino L i v e r  815-+40.0 1113-+40.0 1086-+90.0 
a c i d s  (~mol/  PC=+36.56 PC=+33.25 
gm wet wt Brain 589-+50.0 789+80.0 728-+40,0 
of t i s sue )  PC=+33.96 PC=+23,60 

Gill  488-+50.0 680-+40.0 646-+20.0 
PC=+39.34 PC=+32,38 

Ammonia L i v e r  19.92-+2.08 28.96-+2.10 25.63-+3.23 
(~mol/gm PC--+45.38 PC=+28.66 
wet wt of Brain 12.66-+0.37 8.11-+0.04 8.89-+0.04 
t i s sue )  PC=-35.94 PC=-29.78 

Gill 8.09-+0.99 5.64-+0.77 5.81+0.04 
PC=-30.66 PC=-28.18 

Glutamine L i v e r  136.85-+15.32 198-+16.07 186-'16.98 
(~mol/gm PC=+46.50 PC=+37.83 
wet wt of Brain 101.84-+5.42 131.37•  126.80-+9.3 
t i s sue  ) PC=+29.00 PC=+ 24.51 

Gill 33.59-+4.47 48.05-+4.77 42.53-+4.36 
PC=+ZI3.05 PC=+26.62 

Urea L i v e r  13.56-+0.94 16.96-+0.96 16.05-+1.99 
(pmol/gm PC=+25.07 PC=+18.36 
wet wt of Brain 10.17-+0.93 13.21-+0.88 12.06-+1,88 
t i s sue  ) PC=+29,89 PC=+18.58 

Gill 5.75-+0.78 3.27-+0.11 3,42-+0.22 
PC=-43.13 PC=-40.52 

Each value is mean -+ SD of 6 observations. All values are stati. 
stically significant from eontr~ol at 1% level (P<0.01). PC denote~ 
percent change over control. Not significant. 

(1965).  In a d d i t i o n  to s u b s t r a t e ,  b u f f e r  and enzyme,  0.1 /a mole  
of NAD + and 2 la moles of INT were  a d d e d  to the  r e a c t i o n  mix ture  

For  the  a s s a y  of adenos ine  m o n o p h o s p h a t e  (AMP) deaminase  
10% t i s sue  homogenates  were  p r e p a r e d  in i ce  cold  d i s t i l l e d  wate  
and cen t r i fuged  at 3000 rpm for  15 minutes .  The c l e a r  supe rna t en  
was used  for  the  a s s a y  of enzyme (Wei l -Malhe rbe  and Greel 
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Table 3. A c t i v i t i e s  of p r o t e a s e s  ( a c i d ,  neu t ra l  and a lka l ine}  i n .  
t i s s u e s  of con t ro l  and t r i c h l o r f o n  e x p o s e d  C la r i a s  b a t r a c h u s .  

P a r a m e t e r s  T i s sues  Control  T r i c h l o r f o n  t r e a t e d  f i sh  

48 h 96 h 

Acid p r o t e a s e  L i v e r  1.36-+0.20 1.81-+0.22 1.67-+0.19 
( pmol of PC=+33.09 PC=+22.79 
t y r o s i n e  Brain 1.19-+0.18 1.58-+0.22 1.45-+0.20 
e q u i v a l e n t s /  PC=+ 32.77 PC=+21.85 
mg p r o t e i n / h )  Gill  0.63-+0.06 0.83-+0.11 0.77-+0.10 

PC=+31.75 PC=+22.22 

Neutral  p r o t e a s e  L i v e r  1.84-+0.20 2.46-+0.28 2.31-+0.25 
( pmol of PC=+33.70 PC=+25.54 
t y r o s i n e  Brain 1.50-+0.20 1.98-+0.21 1.83-+0.20 
e q u i v a l e n t /  PC=+32.00 PC=+22.00 
.rag p r o t e i n / h )  Gill 0.85-+0.08 1.04-+0.10 1.02-+0.09 

PC=+22.35 PC=+20.00 

Alka l ine  p r o t e a s e  L i v e r  1.52-+0.20 2.04-+0.25 1.89-+0.20 
( jumol of PC=+34.21 PC=+24.34 
t y r o s i n e  Brain 1.26-+0.18 1.69-+0.20 1.59-+0.18 
e q u i v a l e n t s /  PC=+34.13 PC=+26.19 
mg p r o t e i n / h )  Gill 0 .75+0.08 0.96-+0.09 0.90-+0.08 

PC=+28.00 PC=+20.00 

Each va lue  is  mean +S.D. of 6 o b s e r v a t i o n s .  All va lues  a re  
s t a t i s t i c a l l y  s ign i f i can t  from con t ro l s  at  1% l eve l  (P~-0 .01 ) .  
PC denotes  pe r cen t  change o v e r  con t ro l .  

1955 modi f ied  by  Wagelin et al .  1978).  The r e a c t i o n  mix tu re  
conta ined  bu f f e r ,  s u b s t a t e ,  enzyme,  5 pmoles  ATP, 2 pmoles  
MgC12 and 1 pmole EDTA. 

For  a s s a y i n g  adenos ine  deaminase  a c t i v i t y  by the  method of 
Agarwal  and P a r k s  (1978),  10% t i s sue  homogenats  were  p r e p a r e d  
in ice cold d i s t i l l e d  water  and cen t r i fuged  at 3000 rpm for  15 
minutes  to ob ta in  a c l e a r  supe rna t en t  which  was used as enzyme 
source. 

To a s s a y  the  a c t i v i t y  of g lu taminase  by  the  method of Al ton-  
Meis te r  (1955),  10% t i s sue  homogenates  were  p r e p a r e d  in ice  
cold  d i s t i l l e d  wate r  and cen t r i fuged  at 3000 rpm for  15 minutes.  
The supe rna t en t  was used as enzyme sou rce .  

RESULTS AND DISCUSSION 

Table  2 shows tha t  the  t ox i c  s t r e s s  of t r i c h l o r f o n  to f i sh  has  
led  to the  d e c r e a s e  in t i s sue  p ro t e in  f r a c t i o n s .  P r o b a b l y  p r o t e -  
ins may be u t i l i z e d  to meet the  ene rgy  demands  dur ing  OP 
t o x i c i t y .  L i v e r  seems to be h i g h l y  a f f e c t e d  in the  exposed  
f i sh  s ince  i t  i s  t he  most impor t an t  me tabo l i c  organ .  The f r ee  
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Table  4. A c t i v i t i e s  of g lu tamate  d e h y d r o g e n a s e ,  AMP deaminase ,  
adenos ine  deaminase  and g lu taminase  in t i s s u e  of con t ro l  and 
t r i c h l o r f o n  exposed  Cla r ias  b a t r a c h u s .  

P a r a m e t e r s  T i ssues  Control  
T r i c h l o r f o n  e x p o s e d  f i s h  

48 h 96 h 

Glutamate L i v e r  
d e h y d r o g e n a s e  
(pmole of Brain 
formazan 
formed/rag Gill  
p r o t e i n / h )  

AMP deaminase  L i v e r  
(pmele of 
ammonia Brain 
formed/rag 
protein/h) Gill 

Adenosine Liver 
deaminase 
(13mole of Brain 
ammonia 
formed/rag Gill 
protein/h) 

Glutaminase L i v e r  
(pmole of 
ammonia Brain  
r e l ea sed / r ag  
p r e t e i n / h  ) Gill  

0 .65•  0 .90•  0 .84•  
PC=+38.46 PC=+29.23 

0.21•  0 .29•  0 .25•  
PCz+38.09 PC=+23.81 

0.07• 0 .12•  0 .10•  
PC=+71.42 PC=+42.86 

0.47• 0 .74•  0 .65•  
PC=+58.67 PC=+40.69 

0 .32•  0 .51•  0 .49•  
PC=+57.23 PC=+51.69 

0 .17•  0 .27•  0 .26•  
PC=+56.32 PC=+50.00 

0 .16•  0 .26•  0 .24•  
PC=+59.04 PC=+56.63 

0 .09•  0 .16•  0 .15•  
PC=+71.58 PC=+66.32 

0 .07•  0 .12•  0 .10•  
PC=+62.03 PC=+56.96 

1 .49•  2 .23•  2 .18•  
PC=+49.66 PC=+46.31 

1.26• 2 .01•  1 .95•  
PC=+59.52 PC=+54.76 

0 .92•  1 .46•  1 .40•  
PC=+58.70 PC=+52.17 

Each va lue  i s  mean • of 6 o b s e r v a t i o n s .  All v a l u e s  a re  
s t a t i s t i c a l l y  s i gn i f i can t  from c o n t r o l s  at  196 l eve l  ( P ~  0 .01 ) .  
PC deno tes  pe r cen t  change o v e r  con t ro l .  

amino ac id  pool was i n c r e a s e d  in the  t i s s u e s  of f i s h  dur ing  
e x p o s u r e  to t r i c h l o r f o n .  The enhanced  f r e e  amino ac id  l e v e l s  
may be channe l l ed  for  ene rgy  s y n t h e s i s  and o t h e r  me tabo l i c  
r e a c t i o n s  (Kovacs and Seglen 1981).  The ammonia l e v e l s  in t i s s u e s  
o t h e r  than  l i v e r  were  d e c r e a s e d .  The i n c r e a s e d  l eve l  of ammonia 
in l i v e r  t i s sue  could be due to the  fac t  tha t  i t  i s  t he  s i t e  
for  ammonia p r o d u c t i o n ,  u t i l i z a t i o n  and d e t o x i f i c a t i o n  by  c o n v e r -  
ting ammonia to g lu tamine and u rea  (Go lds t e in  et  a l .  1982).  
The d e c r e a s e  in ammonia l e v e l s  in b r a i n  and g i l l  t i s s u e s  sugges t  
the  r emova l  and e x c r e t i o n  of ammonia from t h e s e  two t i s s u e s  
by  the  p r o c e s s  of d i f fu s ion .  The d e c r e a s e  in b r a i n  ammonia 
might  be i t s  c o n v e r s i o n  to n o n - t o x i c  81utamine as  i t  i s  e v i d e n t  
from i n c r e a s e d  l e v e l s  of g lu tamine.  The t h r e e  t i s s u e s  r e c o r d e d  
an i n c r e a s e  in glutamine l e v e l s .  The format ion  of g lu tamine  in 
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bra in  is  c o n s i d e r e d  to be an i m p o r t a n t  method fo r  the  r emova l  
of tox ic  ammonia (Dabrowsk  and Wlasow 1986).  An i n c r e a s e  in 
urea l e v e l s  were o b s e r v e d  which  were  s ign i f i can t  at  48 h r  but 
s l i g h t l y  a f f ec t ed  at 96 h r  of e x p o s u r e  to t r i c h l o r f o n .  The h i g h  
l e v e l s  of urea  in l i v e r  sugges t s  t he  d e t o x i f i c a t i o n  of e x c e s s  
ammonia to urea  in t h i s  t i s sue .  

Table  3 and 4 show the  enzyme a c t i v i t i e s  of ac id ,  neu t ra l  and 
a l k a l i n e  p r e t e a s e s ,  g lu tamate  d e h y d r o g e n a s e ,  AMP and adenos ine  
deaminases  and l a s t l y  81utaminase wh ich  were  found to be i n c r e -  
ased in l i v e r ,  b r a in  and g i l l  t i s s u e s  of the  f i sh  e x p o s e d  to 
t r i c h l o r f o n  for  48 h r  and 96 h r .  The i n c r e a s e d  a c t i v i t y  of a c i d ,  
neu t ra l  and a lka l i ne  p r o t e a s e s  i n d i c a t e s  i n c r e a s e d  p r o t e i n  d e g r a -  
da t ion  to y i e l d  e x c e s s  ene rgy  to ove rcome  the  t o x i c  impac t .  
The enhancement  in the  a c t i v i t y  of GDH due to t r i c h l o r f o n  t o x i c i t y  
was o b s e r v e d  in l i v e r ,  b r a i n ,  and g i l l  t i s s u e s .  Th i s  i n d i c a t e s  
h i g h e r  o x i d a t i o n  of amino a c i d s  to combat  the  t ox i c  e f fec t  of 
OF compound.  The h i g h e r  a c t i v i t y  of GDH may r e s u l t  in e f f i c i en t  
o p e r a t i o n  of o x i d a t i v e  deamina t ion  unde r  tox ic  impac t  of t r i c h l o r -  
fen.  A s ign i f i can t  i n c r e a s e  was noted  in bo th  AMP and adenos ine  
deaminase  a c t i v i t i e s  in t i s s u e s  of e x p o s e d  f i s h .  Th i s  may be 
due to s t imula t ion  of p r o t e a s e s  which  modula te  the  AMP deaminase  
a c t i v i t y  (Raff in  1981).  The enhanced  g lu taminase  a c t i v i t y  in 
tox ic  f i sh  sugges t s  i n c r e a s e d  p r o d u c t i o n  of ammonia by  the  s y n t h -  
e s i s  of n u c l e o t i d e s  t h rough  the  a c t i v i t y  of g lu taminase  (Lowenste in  
1972).  The e l eva t i on  in g lu taminase  a c t i v i t y  can be r e g a r d e d  
as an a d a p t i v e  measure  in ammoniogenes is  of t r i c h l o r f o n  exposed  
f i s h .  The p r e s e n t  s t u d y  conc ludes  tha t  t r i c h l o r f o n ,  in s u b l e t h a l  
concen t ra t ion  a l t e r s  t i s s u e  ammonia metabol i sm in C . b a t r a c h u s .  
As a consequence  of t r i c h l o r f o n  t o x i c i t y ,  the  f i sh  s h i f t s  to a l t e r -  
nate  methods  of metabo l i sm to ove rcome  the  tox ic  s t r e s s  and 
maintain i t s  s u r v i v a l  in the  p o l l u t e d  env i ronment .  
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