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Alterat ions in the  phys io logy  and b iochemis t ry  of aquatic 
organisms are being inves t iga ted  as potent ia l  diagnost ic  tools 
in assessing environmental  e f fec ts  of the c h e m i c a l s -  ~he  ro le  
of Na /K ATPase (Sargent and Thomson 1974)_and C1 -K ATPase 
in the  ac t ive  t r anspo r t  of e l e c t r o l y t e s  (C1 /HCO a) across  the 
gi l ls  of t e l eos t  (Bornancin et  a l .  1980) has b~en r e p o r t e d .  
Regulation of ionic f luxes  is in t imate ly  r e l a t ed  to maintenance 
of ionic and osmot~  ~omeostas is  (Eddy 1982). It  is well 
e s t a b l i s he d  tha t  Na /K ATPase is loca l ized  in the chlo~id~ 
cel ls  of gi l l  ep i the l ium (Towle 1981). Alterat ions in Na /K 
ATPase a c t i v i t y  has  been shown in adaptat ion to a wide v a r i e t y  
of environmental  contaminants (McKeown et  a l .  1985). 

Lindane, a stable and persistent insecticide, is known to cross 
the gill epithelium of fish and found to produce biochemical 
and histological changes (Gopal et al. 1988). The present 
study elucidates the effect of lindane on the gill ATPase activity, 
lactic acid level and tissue water content of a fresh water 
fish Channa punctatus. 

MATERIALS AND METHODS 

Healthy specimens of f r e sh  water  f i sh  Channa punctatus were 
co l lec ted  from local  r e sources  and accl imat ized  to s tandard  
l abo ra to ry  condi t ions .  Exper iments  were conducted in wide 
mouthed ja r  containing 20 L of tapwater  with following c h a r a c t -  
e r i s t i c s :  t empera ture  26•176 pH 6 .9 -7 .2 ,  a lka l in i ty  95-100mg/L 
as CaCO a and ha rdness  118-122 mg/L as CaCO.. Technical  
grade ( 9 ~ )  l indane in acetone (Swaroop ChemicJals, Lucknow, 
India) was added to water containing tes t s  (6) specimens to 
a t ta in  the  de s i r ed  concentrat ions (0.03 and 0.006 mg/L) for  
96 h r .  Pa ra l l e l  group of acetone control  f i sh  was also main- 
tained under ident ica l  condi t ions .  For determinat ion of water  
content in g i l l ,  l i v e r ,  bra in  and muscle, the t i ssues  were 
removed from the f i sh  a f t e r  decapi ta t ion  weighed wet and then 
d r i e d  for  48-96 h r  and reweighed (Heath 1984). To assay 
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the activity of ATPase the gill tissues were homogenized 
immediately with chilled 0.32M sucrose solution (1:4), homo- 
genate was centrifuged for I0 rain at 800xg at 4~ and super- 
natant was removed. The supernatant (0.2 mL) was taken 
for assaying the enzyme activity. The assay system contained 
Tris-HCl buffer (50 raM, pH ?.8), sodium chloride (I00 raM), 
potassium chloride (20 raM) and magnesium chloride (4 raM). 
The incubation was done for 1 hr at 27~ and the reaction 
was stopped by adding I ml chilled trichloroacetic acid (TCA, 
10%). The inorganic phosphate (Pi) liberated was estimated 
by the method of Fiske and Subbarow (1925). The unit of 
enzyme activity was expressed as 2umol Pi liberated/mL homo- 
g e n a t e / h r .  Ouaba~n +(I mM) was added  to the  r eac t i on  mix ture  
to i n h i b i t  the  Na /K ATPase a c t i v i t y .  S t a t i s t i c a l  compar i sons  
between mean values were performed by using Student's 't' 
test. Homogenate of brain, liver, muscle and gill were mixed 
with equal amount of 10% trichloroacetic acid (TCA) and centri- 
fuged. To 1 mL of supernatant 0.5 mL 20% CuSO4.5H_O was 
added and made upto 5 mL by adding distilled water. ~alcium 
hydroxide CA(OH)~ 0.5 gm was added and centrifuged again 
after occasional s~haking upto 30 minutes. The lactic acid 
content was estimated in the supernatant of the fresh tissue 
homogenate according to the procedure described (Barker and 
Summerson 1941). 

RESULTS AND DISCUSSION 

At lower  concen t ra t ion  of l indane  t r ea tmen t  (0.006 mg/L,  a 
d e c r e a s e  in the  l ac t i c  ac id  content  was not iced in g i l l  and 
muscle whe reas  a s i gn i f i can t  i nc rease  (P<0 .0010  was o b s e r v e d  
in l i v e r  and b ra in  (F ig .  1).  The f i sh  e x p o s e d  to h i g h e r  
concentration of lindane (0.03 rag/L)+ for 96 +~r showed signi- 
ficant i nh ib i t i on  (P<0 .001)  of Na /K and Mg ATPase in g i l l  
t i s sue s  (Table  1).  The e x p o s u r e  of f i sh  a t  t h i s  concen t ra t ion  

Table I .  ATPase a c t i v i t y  in g i l l  t i s sue s  of f r e s h  water  f i s h  
C. puncta tus  exposed  to l indane for  96 h r .  

Tissue Treatment Total ATPase MG++ATPase Na+K+ATPase 
activity activity activity 

Gill Control 2688.1+15 1673.06+53.1 I015.06+18 

(0.006 mg/L) 2544.8-+13 1623.33-+64.1 921.46-+15 
Lindane 

(0.03 mg/L)  355.8-+26 210.2-+16 145.6-+15 

Values are  mean + S .E .  (3 o b s e r v a t i o n s )  
Values a re  s ign i f i can t  at  ***P•0.001 ( S t u d e n t ' s  ' t '  t e s t )  
Units of enzyme a c t i v i t y  e x p r e s s e d  as ~mol Pi  l i b e r a t e d / h /  
g. t i s sue  
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of l indane  (0.03 rag/L) showed marked  d e c r e a s e  in the  l e v e l  
of l a c t i c  ac id  in l i v e r ,  muscle and g i l l ;  h o w e v e r ,  a s ign i f i can t  
i nc rease  was o b s e r v e d  in b r a i n .  Water content  of muscle 
and l i v e r  of the  f i s h  exposed  to l indane  (0.03 rag/L) i nc r ea sed  
s i g n i f i c a n t l y  at  two t e s t  du ra t ions  (24 h r  and 96 h r )  fo l lowed 
by  a marked  e f f ec t  at  24 h r  of exposu~'e S F i g .  2) .  ++The o b s e r -  
ved d e c r e a s e  in the  a c t i v i t y  of Na /K and Mg ATPase in 
g i l l  of the  p e s t i c i d e  t r e a t e d  f i s h  could be the  r e s u l t  of d i r e c t  
ac t ion of the  tox ican t s  on the enzymes .  This  f ind ing  s u p p o r t s  
the  idea  t h a t  the  p e s t i c i d e s  can d i r e c t l y  i n t e r f e r e  wi th  the  
membrane enzymes .  The i n h i b i t i o n  in the  ATPase a c t i v i t y  
in g i l l  may a l so  be due to p r i m a r y  l e t h a l  l es ions  in g i l l s .  
I nh ib i t i on  or  s t imula t ion  of ATPase a c t i v i t y  could be e x p e c t e d  
to have  metabol ic  or  ionic e f f ec t  in f i s h e s  in r e l a t i o n  to 
osmoregula t ion  (Verma et a l .  1988). Lindane e x p o s u r e  of 
C__ u. punc ta tus  r e s u l t e d  in an i nc rea se  in water  c o n t e ~  of l i v e r  
and musc le .  A d e c r e a s e  in osm,o~arity a n d / o r  Na and C1 
ion concen t ra t ions  in b lood  of Cu ion s t r e s s e d  f r e s h  wate r  
f i sh  have  been r e p o r t e d  (Lewis  and Lewis 1972) r e f l e c t i n g  
t h e r e b y  an e l e v a t e d  wate r  content  in the  t i s s u e s .  F r e s h  wate r  
f i sh  r egu la t e  t h e i r  b lood  and t i s sue  o smola l i t y  by  e x c r e t i n g  
e x c e s s  wa te r  v%a ~ i d n e y  anti r e c o v e r i n g  sa l t s  by  an a c t i v e  
t r a n s p o r t  of Na /K and C1 from the  water  into the  b lood  
by  c h l o r i d e  ce l l s  in t ~ e + g i l l s  (Gordon 1982). This  p r o c e s s  
i n v o l v e s  the  enzyme Na /K a c t i v a t e d  ATPase.  Such an i n h i b i -  
t ion of enzymes could cause r educ t ion  of b lood  o smo la l i t y  and 
p r e s u m a b l y  i n t e r s t i t i a l  f lu id  osmola l i t y  was wel l .  An osmotic  
g r a d i e n t  thus  d e v e l o p e d  into the  ce l l s  r e s u l t e d  in an i nc rea se  
of water  content .  The l e v e l  of l ac t i c  ac id  in the  t i s sue s  of 
C_. punc ta tus  is  i nc r ea sed  a f t e r  e x p o s u r e  to l indane  (Heath 
1984). I t  is  ev iden t  t h a t  t he se  a l t e r a t i o n s  are  not due to 
h y p o x e m i a .  Lindane ac ts  on t i s sue s  b r ing ing  changes  in enzyme 
funct ion .  The inc rease  in w.ater content  in the  t i s sues  of 
C_. punc ta tus  can be a t t r i b u t e d  to the  d i lu t ion  of c e l l u l a r  me ta -  
b o l i t e s  con t r i bu t i ng  s ign i f i can t  d e c r e a s e  in a c t i v i t y  of ATPase 
u n d e r ^ s t r e s s  condi t ion  Simi lar  o b s e r v a t i o n s  h a v e  been r e p o r t e d  

Z +  
in Cu exposed  Lepomis m a c r o c h i r u s  (Heath 1984). 

I t  is  e v i d e n t  from our da ta  (F ig .  1) t h a t  the  b ra in  of the  
f i sh  is  most  s e n s i t i v e  organ as the  l e v e l  of l ac t i c  ac id  d r a s t i -  
c a l l y  i n c r e a s e d  even at v e r y  low concen t ra t ion  of l indane 
(0.006 rag/L) .  At t h i s  concen t ra t ion  the f i sh  is  under  s t r e s s  
to e x p e r i e n c e  h y p o x i a l  condi t ion  lead ing  to i nc rea se  in a n a e r o -  
b i a s i s  r e s u l t i n g  in metabol i sm of l a c t i c  ac id  from g i l l s  and 
muscles  into the  b lood  c i r c u l a t o r y  sys t em and from t h e r e  i t  
r e a c h e s  l i v e r  and b r a i n .  Af ter  the  e x p o s u r e  of f i s h  with 
5- t imes  g r e a t e r  concen t ra t ion  of l i ndane ,  the  m o b i l i s a t i o n / d e p -  
le t ion  of l a c t i c  ac id  is  enhanced r e su l t i ng  in d e c r e a s e  in the  
l e v e l  of l a c t i c  ac id  in l i v e r ,  g i l l s  and muscles  whereas  i t  
is  s t i l l  h i g h e r  in b r a i n  in compar i son  to t h a t  of con t ro l .  
The reason  may be due to h i g h e r  r a t e  of accumulat ion of l a c t i c  
ac id  in b r a i n .  
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