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Pesticides used in pest control programs seem to pro- 
duce many physiological and biochemical changes in 
fresh water organisms by influencing the activities of 
several enzymes. Alterations in the chemical composi- 
tion of the natural aquatic environment usually effect 
behavioral and physiological systems of the inhabitants, 
particularly of the fish (0'Brlen 1967). Althongh some 
data are available on the effects of different pestici- 
des on the biochemical aspects of fish gill (Girija 
1984), data on heptachlor toxicity on T. moss~mbica 
kidney are lacking. Therefore, an attempt has been 
made to observe certain biochemical par~neters of fish, 
T. mossambica under heptachlor intoxication. Investi- 
gation of this nature is useful in understanding the 
orientation of biochemical changes during sublethal 
toxicity to ascertain the degree of intensity of the 
toxicity of heptachlor on the kidney. 

MATERIALS AND METHODS 

Freshwater fish, Tilapia moss ambica (Peters), 15+2 g 
were collected from the ponds near Tirupati. They were 
kept in glass aquaria with continuously flowing dechlo- 
rinated water to acclimatize them to laboratory condi- 
tions (27+_2~ pH. 7.0 + 0.2, hardness 38 ppm of CaCo~ 
and light period of 12h). They were fed ad libitum o~ 
groundnut cakes daily. The bioassays were conducted 
in static waters by adopting the procedure of Doudoroff 
et al (1951) and the LC50 value (0.15rag/L) for 48 h 
with heptachlor (73% active ingredient) was determined 
by the method of probit analysis (Finney 1964). One 
fifth of the 1/350 (0.03rag/L) was taken as the sub- 
lethal concentration, and the fish were exposed for 5, 
I0 and 15 days. The control fish were maintained under 
identical conditions without pesticide in the medium; 
After the stipulated period, the blood was collected 
and the kidney was isolated both from control and 
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experimental fish. 5% h~nogenates were prepa~ed for 
proteins, carbohydrates, amino acids in 10% trichloro- 
acetic acid (TCA), in methanol : chloroform mixture 
(2:1, v/v) for lipids, i~ 0.25M cold sucrose solution 
for SDH, LDH and GDH, centrifuged at 1000 g for I0 rain 
at 4"C to remove cell debris. The clear cell-free 
exctract was used for all assys. 

Protein content was determined with Folin's reagent 
(Lowry et al 1981) using bovine serum albumln as stan- 
dard. Anthrone reagent was used to estimate the carbo- 
hydrates (Carrol et al 1956) using glucose as standard. 
The amino acid content was determined by using nin- 
hydrin reagent (Moore and Stein 1954) and tyrosine was 
used as standard. The lipids were estimated by gravi- 
metric method (Folch et al 1967). The serum non-protein 
nitrogen (NPN) was estimated colorimetrically as 
described by Natelson (1972a) using an~onium sulphate 
as standard. Serum proteins were precipitated wlth 10% 
TCA and the protein free supernatant was processed for 
NPN by the adaition of digestion mixture. The blood 
urea was estimated ~th diacetyl monoxime procedure 
described by Natelson (1972b) using urea as standard 
and the serum creatine was estimated by the reaction 
with alkaline picrate as described by Folin and D~/ 
(1979) using creatine as standard. 

Succinate dehydrogenase (SDH-E.C.I. 3.99. I) activity was 
determined by the amount of formazan formed after 30 
mln at 37~ incubation by the method of Nachlas et al 
(1960). Incubation mixture contains I00 ~oles of 
disodium hydrogen phosphate buffer (pH 7.4), 4 }unoles 
of INT ((2-p-iodophenyl)-3-(p-nltrophenyl)-5-phenyl) 
tetrazolium chloride), 40 ~moles of sodium succinate 
(substrate) and 0.I ml of supernatant. Lactate 
dehydrogenase (LDH-E.C.I.I. 1.27) activity was estimated 
by the method of Srik~ntan and Krishnamurthy (1955). 
Incubation steps followed are the same as described for 
SDH, using sodium lactate (40 ~noles) as substrate and 
0.I ml of NAD. Glutamate dehydrogenase (GDH-E.C.I.4.1.3) 
was estimated by the method of Lee and Lardy (1965). 
Incubation steps followed are the same as described for 

~I 0aph s~m as SDH, using sodium glutamate oles) substrate 
and 0.I ml of NAD. Standard gr were prepared with 
formazan, since the activity of enzymes namely SDH, LDH 
and GDH is dependant upon the formation Of formazan. 
Significance of the differences was assessed through 
students "t" test (Pillai and Sinha 1968). 

RESULTS AND DISCUSSION 

Decreased carbohydrate content in heptacnlor intoxicated 
fish ~Table I) may be due to the rapid utilization of 
carbohydrates by the tissue, possibly to overcome the 
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pesticlde induced stress.~ Dezwaan and Zandee (1972) 
reported that anoxic or hypoxic conditions were kno~m 
to elevate carbohydrate consumption. Decreased protein 
content (Table I)in the kidney co111d pbssibly be due to 
protein breakdown leading to increased ~ino acid pool 
of tissue. It is also reported that the decrease in 
protein moiety suggests damage to hepatic tissue and 
an intensive proteolysis (Rao 1984), resulting in 
increased amount of free amino acids to be fed into 

Table I. Levels of carbohydrates, proteins, amino 
acids and lipids in the }ddneys of controls and in 
fish exposed to 0.03 mg/L heptachlor. 

Control in Exposed fish in days 
days 

Component .......... 
15 5 I0 15 

Carbohydrates 3. 23 
(mg/g wet weight) +_0.16 

2.04* 1.73" 1.72" 
+0.08 +0.Ii +0.06 

PrOteins 79.2 
(mg/g wet weight) +2.19 

64.5* 58.5* 42.0* 
+I. 77 +_6.22 +--2.32 

Amino acids 1.50 
(mg/ g wet weight)+_0.04 

1.83" 1.95" 2.97* 
+_0.08 +0.09 +0.25 

Lipi ds 162 178"* 182"* 205* 
(mg/g dry welght)+26.5 +29.5 +14.2 +39.8 

Each value represents the mean of six indlvidual 
observations. Mean + S.D., ~P value < 0.001; 
:~NS = Not significant. 

TCA cycle as keto acidso Increased levels of total 
lipid content (Table I) suggests the lipogenesis under 
pesticidal intoxication. The observed increase of 
amino acids in the present investigation may be due to 
decreased utilization of ~mino acids from other sources 
llke glucose and fatty acids and constant breakdown of 
proteins, as is also noticed in different organisms 
exposed to various pesticides (GirlJa 1984; Rao 1984). 

Increased activity of LDH in 10 and 15 days (Table 2) 
indicates that the fish is favoring anaerobic respira- 
tion to meet the energy demands when aerobic oxidation 
was lowered. This also suggests the forward reaction 
of LDH, namely pyruvate to lactate, may be more 
operative during exposure to heptachlor. Consistent 
increase in GDH activity has been observed under 
heptachlor impact. This enz~nne catalyses the key 
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reactions, which provide substrates for either protein 
synthesis (glutamate) or carbohydrate metabolism (~- 
keto glutanate) of the fish kidney. Since SDH is an 

important enzyme in TCA cycle, it is logical to assume 
that with the inhibition of SDH activity, the metabolic 
pathway might have shifted towards anaerobic side to 
meet the increased energy demands during pollution 
stress. 

Table 2 Activity levels of SEH, LDH and GDH in the 
kidneys of controls and in fish exposed to 0.03 mg/L 
heptachlor. 

Component 
Control Exposed fish 
in days in days 

15 5 I0 15 

SDH 0.78 
(~mol formazan formed/ +0.05 
mg/protein/h) 

LDH 1.85 
(pmol formazan formed/ +0.14 
m g/pr otein/h) 

GDH 0.23 
0/mol formazan formed/ +0.03 
rag/protein~h) 

0.86* 0.65* 0.59* 
+_0.0 3 +_0.08 +_0.04 

1.58" 1.92"* 2.19" 
+0.07 +0.28 +_0.34 

0.29* 0.31" 0.35* 
+0.03 +_0.02 +_0.02 

Each value represents the mean of six indivi~d~al 
observations. Mean + S.D., ~P value < 0.001; 
eeNS = Not significant. 

Table 3 Levels of urea, serum non-protein nitrogen and 
creatine in the blood of controls and in fish exposed 
to 0.03 mg/L heptachlor. 

Component Control in days _~Exposed fish in days 
15 5 10 15 

Urea 718 815"* 835* 967 *~ 
(rag/100 mL) _+65.2 +27,4 +--21.5 +15.9 

Non,protein 50.3 59.2* 64.8* 71.9"* 
nitrogen (mg/100 mL) + 6.1 +_4.3 +1.7 +3.9 

Creatin e 9.8 10.9" 11.5" 19. I* 
(rag/100 mL) +0.52 +0.77 _+0.50 +3.91 

Each value represents ~e mean of six individual 
observations. Mean + S.D., *P value< 0.0011 
**NS = Not significant. 
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The blood parameters like urea, non-protein nitrogen 
and creatine have shown consistent increase under 
heptachlor impact (Table 3) possibly be attributed to 
the failure of kidney clearance with pathological 
lesions noticed earlier (Radhaiah et al 1986). 
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