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Voluminous in fo rmat ion  i s  ava i lab le  on the res idua l  
t o x i c i t y  and the other environmental impacts of the pes t i -  
c ides, but  there i s  l i t t l e  in format ion  ava i lab le  on the 
mechanism of tox ic  ac t ion os the organochlor ine pes t i c ides  
espec ia l l y  on studies concerning ac t ive  t ranspor t  across 
c e l l u l a r  membranes. One of the i n i t i a l  e f f o r t s  to exp la in  
the act ion of DDT in ac t ive  t ranspor t  was made by MATSUMURA 
et al. (1969). By using differential centrifugatlon tech- 
niques, they isolated various nerve components of rat 
brain and localized the source of ATPase sensitive to DDT. 
Their results indicated that (Na +, K +, Mg ++) dependent 
ATPase in the rat brain is specifically sensitive to DDT. 
They suggested that DDT is casually related to disruption 
of ion transport mechanisms in the nervous system in vivo. 
Using similar methods, JANICKI AND KINTER (1971) c~c[ds~- 
rely showed that DDT inhibits (Na +, K +, Mg~ dependent 
ATPases engaged in active sodium transport functioning to 
maintain tissue osmolarity. 

In long term exposure of organochlor ine compounds 
in  v iyo,  (Na +, K +, M~9 dependent ATPases were i n h i b i t e d  
~-n several f i s h  species (KOCH et a l .  1972, DESAIAH et a l .  
1975). They also noted t h a t  in  some cases, notably at the 
lower concentrat ions of DDT, e r r a t i c  s t imu la t i on  occurred. 
However, s t imu la t i on  was most pronounced in  kidney and 
l i v e r  t i ssues .  

Therefore, the purpose of t h i s  study was to  deter -  
mine the e f f e c t  of var ious concentrat ions of chlordane 
upon the ATPase system in  the bra in ,  g i l l ,  l i v e r  and 
kidney of  two f resh water t e leos ts ,  Labeo roh i t a  and 
Saccobranchus f o s s i l i s  f o l l ow ing  c h r o - ~ c ~ r 6 ~ n e  i n t o -  
x i ca t ton  a f t e r  30 and 60 days ' t reatment .  

Materials and Methods 

The fishes, Labeo rohita and Saccobranchus fossili~ 
! , ! ! known as Rohu and-~Sing i'~, respectively in vernacular 

Hindi language belong to the order Cypriniformes and 
family Cyprinidae and ~accobranchidae respectively. These 
are easily available in the rivers and ponds of this 

m 

Communication No. 48. 

0007-4861/78/0020-0769 $01.80 
�9 1978 Springer-Verlag New York Inc. 



region. The size of Saccobranchus fossili$ selected 
varies from 150-220 mm !average 190 mm) and weight from 
45-72 gm (average 60 gm) while in Labeo rohita, the size 
varies from 130-165 mm (average lSO mm) an--~--~ight varies 
from I00-II0 gm (average 105 gm). The pesticide chlor- 
dane (1,2,4,5,6,7~8,8-octachloro-2,3,3a, 4, 7,7a-hexahydro- 
4,7-methanoindene) made by M/s Rallis India Ltd., Bombay, 
and available in 20~ emulsifiable concentration was used 
for the present study. 

A f t e r  the normal process of  acclimatization and 
washing with I~ light KMnO 4 solution so as to avoid the 
possibility of any infection, the fishes were transferred 
into the experimental tanks. The concentrations of experi- 
mental.pesticide were made by adopting the dilution tech- 
nique (STANDARD MHTHODS, 13th edition, 1971). The sub- 
lethal concentrations of I/2, i/3 and !/6 of the T~O 
values for Labeo rohita and Saccobranchus fossilis as 
obtained by'~ e-~--a~. (19~7, 1978)'were taken for long 
term exposure of both the fishes. The fishes were fed 
with an artificial diet and the water was renewed at every 
five days'inte~r 

Activity of ATPase was determined in fish tissues 
by measuring the amount of inorganic phosphate produced 
when adenosine triphosphate was converted to adenosine 
diphosphate. 

The f i s h  t i ssues were dissected out and weighed. 
Each t issue sample was t rans fe r red  to a cold so lu t ion  
conta in ing 0.25 M sucrose, 0.005 M disodium ethylene 
diamine t e t r a c e t i c  acid, and 0.003 M h i s t i d i n e  bu f fe r  
(pH 7.4 to y i e l d  a 5%W/V concent ra t ion) .  Tissue were 
homogenized in  a ground glass homogenizer in  ice. A c t i v i t y  
of  (Na +, K +, M ~  dependent ATPase was determined at 
20-24vC. Glassware was washed immediately a f t e r  each 
determinat ion wi th  d i s t i l l e d  deionized water and wi th  
Fiske and SubbaRow reagents. A f t e r  each f i f t h  determinat-  
ion,  the glassware was washed wi th  hot ION HC1. A 0.2 ml 
a l i quo t  of  the t issue homogenate was added to 4.25 ml of 
the incubat ion media conta in ing 20 mM h i s t i d i n e  bu f fe r  
(pH 7 .4 ) ,  100 mM NaC1, and 20 n%M ED1. Samples were assayed 
in  t r i p l i c a t e .  The reac t ion  was i n i t i a t e d  by add i t i on  of 
50 ~L of 100 mM Nat ATP and 100 mM MgC1 and continued 
agitation for 30 mzn at 24~ ATPase activity was term- 
inated by the addition of I.O 31 of ice cold 30% trichlo- 
roacetic acid. Samplesowere then transferred for 30 min 
to a refrigerator at 5 C to allow complete precipitation 
of the homogenate proteins. The precipitate was sedimen- 
ted in Remi clinical centrifuge at 3,000 ~m for 3 min. 
Total ATPase activity was measured with Na , K~ Mg++in 
the reaction mixture. Mg++ATPase activity was measured 
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using I mM ouabatn, a cardiac glycocide, tn  the reac t ion  § 
mixture,  the l a t e r  being a spec i f i c  i n h i b i t o r  of  Na +, K 
ATPase (McILWAIN 1963). Na +, K + ATPase a c t i v i t y  i s  t o t a l  

m+A a c t i v i t y  minus the Mg TPase a c t i v i t y .  

Inorganic phosphate produced as a resu l t  o f  the 
cleavage os ATP to ADP was measured by the method os 
FISKE AND SUBBARO# (1925) as modif ied by BARTLETT (1958). 
Color development proceeded at room temperature f o r  10 
mtn. Pro te in  was determined by the procedure developed 
by LO#RY et a l .  (1951), using a spect ron ic-20 co lor tmeter .  

Results and Discussion 

According to the several theor ies  of ac t ive  t rans-  
por t ,  ATPase i s  s p e c i f i c a l l y  required f o r  the t ranspor t  
of ions against  concent ra t ion gradient  and across membr- 
anes. The mechanism of the ac t ion  of chlordane on ATPase 
system may be due to the uncoupling of ox ida t i ve  phospho- 
z~/lation which causes a dep le t ion  in  the phosphory lat ion 
product-ATP. This reduct ion in  ava i lab le  f ree phosphate 
would be d i r e c t l y  p ropo r t i ona l  to  the reduct ion of t o t a l  
ATP produced. 

The s e n s i t i v i t y  of ATPases from bra in ,  9111, l i v e r  
and kidney of  Labeo roh t ta  and Saccobranchus f o s s i l t s  
a f t e r  chronic c - ~ d a n - - ~ t o x i c a t i o n  was determined i n ~  
and the resu l t s  are tabu la ted in  tab les  I to  IV. The i n h i -  
b i t i o n  os t o t a l ,  Mg++and Na +, K + ATPases by chlordane were 
qu i te  s i m i l a r  to each other  and there was an increased 
i n h i b i t i o n  w i th  increased concent ra t ion os the t o x i c a n t  
(Table I - I V ) .  DESAIAH~ND KOCH (1975) observed t ha t  the 
i n h i b i t i o n  os Na +, K + ATPase by KeponeR and DCPD was 
qu i te  s i m i l a r  and there was an increased i n h i b i t i o n  w i th  
increased concent ra t ion of the tox i can t .  CUTKOMP et a l .  
li971a) also observed similar with dicofol response 
Kelthane R) on blue gill brain Na , K + ATPase. They also 

showed that a number of other organochlorines which 
inhibited Na +, K § ATPase did not show such a progressive 
response. 

In  the present i n v e s t i g a t i o n t  authors observed t ha t  at 
the lowest sub le tha l  concent ra t ion ( l / 6 t h  TLsQ) in  both the 
f i shes ,  i n s i g n i f i c a n t  s t imu la t i on  was observed in  a l l  the 
three ATPases. However, i n  60 days t rea ted  Saccobranchus 
f o s s i l i s  l i v e r  Mg ++ ATPase showed an i n s i g n i f i c a n t  i nh ib -  
i t i o n .  KOCH et al. (1972) further noted stimulation in all 
the ATPases at the lower concentrations of polychlorin- 
ated biphenyls in the brain, liver and kidney of Pimephales 
promelas following a four month exposure period. DESAIAH 
et ai.(1975) observed an activation of Na *, K + ATPase and 
oligomycin insensitive Mg++ATPase in brain tissuehomogenate 
of Pimephales promelas following chronic DDT administration. 
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Authors in the present investigation observed 
inhibition of all the three ATPases in both fish Labeo 
rohita and Saccobranchus fossilis in all tissues,~ow- 
~ronic Chiordane treatment. However, inhibition of 
ATPases in all the tissues of Labeo rohita was found 
higher as compared to Saccobra~~is, indicating 
more susceptibility of the former to chlordane. Authors 
also observed an insignificant activation of gill and 
liver Mg++ATPase and brain Na +, K + ATPase of 30 days 
treated Labeo rohita with 0.06 mg/l of chlordane. Authors, 
also observed that chlordane was equally effective in its 
inhibitory action on both Na +, K + and Mg++ATPase activities. 
KOCH (1969/70) also observed the similar behaviour of 
ATPases for chlordane. It was also observed that maximum 
inhibition of total ATPase was found in brain and gill, 
less in kidney and least in the liver of both the fishes. 

Sensitivity of ATPase system to organochlorine 
pesticide both in vivo (DESAIAH et al. 1975) and in vitro 
(VERMA et al. 1978) has @iso been shown by KOCH (I-969--~f0~ 
and CUTKOMP et al. (1971). They also observed that diff- 
erent types of organochlorines exert different effects 
on three different ATPase activities. For example, DDT 
was more effective on the mitochondrial Mg++ATPase 
activity (CUTKOMP et al. 1971, DESAIAH et al. 1974).Hence 
differential sensitivity of ATPases to pesticides can 
provide a good understanding on the action and effect of 
these pesticides on active transport mechanism involving 
ATPase system. 

The observed action of chlordane in all tissues 
of the fish assayed might be related to the ability of 
the compound to alter the cellular membrane configurat- 
ion by binding with the fat portion of the membrane. 
Since ATPase is a structural part of the membrane, the 
active site of the enzyme would be altered. Movement of 
substances by active transport would be blocked. If the 
uptake of chlordane by fish in natural environment 
reaches tissue concentration equal to those found in this 
study, the resulting ATPase inhibition may be sufficient 
to impair organ function. 
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