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Pesticides are synthetic organic chemicals introduced 
intentionally in order to augment the agricultural 
productivity. But the injudicious and inadvertent use 
of these chemicals during the last three decades 
resulted in unprecedented chemical pollution, posing a 
threat to many nontarget organisms in aquatic 
ecosystems. Organochiorine insecticides are quite 
persistent and consequently undergo biomagnification 
and accumulate in the tissues [Wilber 1971: Gray and 
Peterle 1979). Endosulfan (1.4. 5. 6.7.7-hexachloro 8. 
9. I0- Try-norbonn 5.2.3-enylene dimethyl sulphite) is 
a broad - spectrum organochlorine insecticide, widely 
used and is known for its potential for insect knock- 
down capacity. The deleterious effects of endosulfan 
on fish models have been well documented (Davis and 
Wedmeyer 1971: Yap et al. 1981). However. 
information on freshwater crustaceans, particularly on 
freshwater field crabs, that inhabit paddy fields, is 
v e r y  scanty. BaryteIphusa ~uerini, a freshwater field 
crab of high edible importance to rural populations. 
has received |ittle attention with regard to 
endosulfan toxicity. 

ATPases are the enzymes concerned w i t h  the immediate 
r e l e a s e  o f  e n e r g y  a r e  u s e f u l  f o r  a l l  t y p e s  o f  
p h y s i o l o g i c a l  a c t i v i t i e s .  ATPase a c t i v i t y  can be taken 
as mean ing fu l  index of c e l l u l a r  a c t i v i t y  and forms a 
use fu l  t o x i c o l o g i c a l  t o o l .  Hence the p resen t  
i n v e s t i g a t i o n  i s  aimed to  unders tand  the in  v i v o  
e f f e c t  o f  a n  e m u l s i f i a b l e  c o n c e n t r a t e  (35  EC) o f  
e n d o s u l f a n  on ATPase s y s t e m  in  the t i s s u e s  o f  the 
field crab. Barytelphusa Ruerini. 

M A T E R I A L S  AND METHODS 

H e a l t h y ,  u n i f o r m - s i z e d  ( 2 5 . 0 0 •  S> m a l e  c r a b s  
Bary te lDhusa g u e r i n i  c o l l e c t e d  from and around 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

*Correspondence to  Dr .S .L .N .Reddy ,  Dept. of  Zoo logy.  
Osmania U n i v e r s i t y ,  Hyderabad-500 007. I n d i a .  
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Hvderabad were acclimated to laboratory conditions for 

a period of 15d. The animals were fed fish meat a__dd 
libitum. A density of I0 crabs per 8L of water was 
used with I0 individuals in each test container. 
The physico-chemicaI characteristics of the test water 
were as follows: pH 7.2-7.~: dissolved oxygen 7.8-8.0 
mg/L: salinity 0.190 g/L: chlorinity 0. II0 g/L: 
alkalinity 102 mg/L hardness of water 112 mg/L and 
carbon dioxide 2.08 mg/L. Endosulfan (Hoechest 
India) is a brownish crystalline solid, and stock 
solution was prepared in acetone and mixed in water in 
required dilutions. To determine the LC, o value, the 
crabs were exposed to six serial concentrations of 
endosulfan. The bioassay experiment of each 
concentration was repeated six times with parallel 
controls, and mortality was noted in each 
concentration at the end of 98 hr. The LCs~ value 
(17.78 mg/L for 98hr was determined according to 
Finney (196~). 

The crabs were divided into two groups of 2~ each. 
Group I served as control and group II were 
subsequently exposed to a sublethal concentration of 
endosulfan (I/3 of LC, o i.e. 6 mg/L for a period of 4d. 
The toxicant water and control water were renewed 
every 24 hours after feeding. The crabs were starved 
a day prior to experimentation to avoid metabolic 
differences, i f  any, due to differential feeding and 
food reserves. Six crabs each from experimental and 
control groups were sacrificed every 2# hr over a 
period of 4 days. The tissues, chelate leg muscle. 
hepatopancreas, heart, gills and thoracic ganglion 
were isolated from both control and toxicant-treated 
animals and were immediately transferred to a deep- 
freezer for enzyme assays, i.e., ATPases. 

ATPase (Adenosine triphosphatase: ATPase phosphorylase 
E.C. 3.6.1.3) activity was assayed by the method of 
Kaplav (1978). The tissues were homogenized in 0.25M 
ice-cold sucrose solution containing ImM EDTA and 
30mM histidine (pH 7.4). The reaction mixture of the 
enzyme assay in a volume of I mh contained: 3mM ATP. 
3mM MgCI2. 140 mM NaCI. l~mM KCI. 20mM Tris-HCl buffer 
(pH 7.4) and 0.2ml of ouabain (for Mg §247 ATPases). 
The reaction was initiated by adding ATP and allowed 
for I0 min at 37~ The reaction was stopped by adding 
ImL of 10% TCA. The inorganic phosphate liberated was 
measured by the method of Taussaky and Short (1953). 
The difference in the activity of enzyme in the absence 
and presence of ouabain was taken as Na" -K" ATPase 
activity. Total activity in the presence of ouabain 
was Mg "§ ATPase activity. The protein content in the 
enzyme source was estimated according to Lowry et 
al. (1951). using bovine serum albumin (Sigma) as a 
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standard. Enzyme activity was expressed as umoles of 
inorganic phosphate formed/mg protein/hr. Students 
"t' test was used to compare the differences between 
control and experimental groups. 

RESULTS AND DISCUSSION 

ATPase activities measured in the present investigation 
to assess the toxicological effect of a sublethal 
concentration of endosulfan on the energy metabolism 
of tissues of crab showed significant alterations in 
enzyme activities, reflecting sensitivity of crabs to 
endosulfan toxicity. ATPases. both Na* -K* ATPase and 
Mg'' - ATPase. exhibited a progressive inhibition. 
Na § - K* ATPase is a key enzyme in cellular water 
balance and in osmoregulation in whole animal. It 
plays an important role in aquatic organisms. There 
was almost an inhibition in the activity of Na + -K" 
ATPase. The inhibition in the activity was, however. 
tissue-specific (Table I). However, a negligible 
enhancement in the enzyme activity in g i l l s  and 
muscle on Ist day of exposure suggests the stimulation 
of anaerobic metabolism at the expense of aerobic 
processes. There was a subsequent decrease in the Na + 
-K" ATPase activity in all tissues during rest of the 
exposure. Several classes of pesticides were known 
to inhibit ATPases activities (Koch 1969: 1970: 
Desaiah et al. 1972: Cutkomp et al 1976). Na* -K § 
ATPases are highly susceptible to organochlorine 
pesticides (Davis and Wedmeyer 1971). Several 
opinions were expressed for such an inhibition in the 
ATPase activity in the cetluiar system. Inhibition 
indicates an overall disruption in the energy 
metabolism. Na* -K" ATPase enzyme is associated with 
lipoprotein in the form of a complex (Nakao et al. 
197~). Kinter et al. (1972) speculated that 
lipophilic pesticid( s exert biologic effect on ATPase 
system which would induce partitioning in the enzyme 
complex. The lipophilic partitioning of ATPase enzyme 
by endosulfan may produce allosteric change resulting 
in decreased ATPase activity. Similar conclusion 
was drawn by La Rocca and Carlson (1979) for the 
inhibition of ATPase by PCB. Endosulfan toxicosis in 
fish models exhibited symptoms of hyperexcitabiliity. 
tremors, and convulsions (Singh and Srivastava 1981). 
These symptoms can be caused by the inhibition of Na + - 
K § ATPases. 

Oligomycin sensitive (mitochondrial) Mg "+ -ATPase in 
the present study exhibited a progressive 
inhibition when exposed to endosulfan. Similar 
observations were made in a teleost fish Channa gachua 
when exposed to endosulfan CDalela et al. 1979). 
Mg "§ ATPases are associated with synthesis of ATP in 
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mitochondria through oxidative phosphorylation. 
Evidences also indicate implicating OS (mitochondrial) 
Mg ++ ATPases in the terminal step of oxidative 
phosphorylation result in the formation of ATP. 
Mitochondrial disorganization resulted during 
pesticidal toxicosis (Pardini et al. 1980) may cause 
inhibition of Mg +" -ATPase in this study. It may be 
concluded that endosulfan induced inhibition in ATPases 
not only disrupt various aspects of cell function and 
also energy production necessary for maintenance of 
physiological processes. Further analysis of adenine 
nucleotides which are reliable estimates of adenylate 
energy charge (AEC) will provide needed insight into 
metabolic energy state of cells. 
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