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Lindane is a commonly used synthetic organic pesticide. It has received much
attention over the past few years as potentially important aquatic pollutant
(Muirhead-Thomson 1971; Ware 1983). Fishes are of great nutritional
significance and their intoxication by pesticides causes retardation of growth
and deterioration in the nutritional value (Livingston 1977). In fish, lindane 1s
known to cause a variety of effects like anemia, inhibiton of ATPase activity
(Hanke et al. 1983; Gonzalez et al. 1987) and alterations in nervous function
(Joy 1982). Apart from this, very little altention has been paid to biochemical
changes which develop more quickly in response {o toxicanis than any
apparent morphological changes. Therefore, the present investigation was
underiaken to evaluate the effect of lindane on plasma chemistry of freshwater
fish Anguilla anguilla. This fish was selected because its wide availability,
edibility in Spain and its important ecological role in the Albufera Lake of
Valencia, Spain.

MATERIALS AND METHODS

Eels of species Anguilla aggudla (weight, 20-30 g; length, 16-20 cm), were
collected from a fish farm in Valencia, Spain. They were acclimatized to
laboratory conditions for 2 wk in 300 L glass tanks. The tanks were supplied
with a continuous flow of tap water (lemperature, 20°C; total hardness, 250
mg/L as CaCOg; pH, 7.910.2; alkalinity, 4.1 mmol/L). A 12 hr photoperiod
(light=08.00 to 20.00 hr) was maintained (Ferrando et al. 1989). The fish
were then transferred to test aquaria and were not fed. The acute lethal
toxicity (96 hr LCS0 value) to the fish for lindane, in these conditions, was
0.67 mg/L (Ferrando et al. 1987).

For the study of the effect of lindane on blood metabolism, groups of 10 fish
each were exposed to 0.335 mg/LL (0.50 of the LC50-96 hr value) and 0.167
mg/L. (0.25 of the LC50-96 hr value) lindane. Fish were sampled for the
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various biochemical parameters at 6, 12, 24, 48, 72 and 96 hr following
exposure {o both lindane concentrations. Groups of control fish in tap water
with acetone (66 pl/L) were sampled for each specified parameter for
comparison with the treated fish.

Stock solutions were prepared by dissolving lindane (99%, AGRONEXA
company) in acetlone; appropriate quantities of this solution were pipetted
into glass aquaria (40 L) containing 35 L of test solution and ten fish. Ten
more eels, used as controls, were kept in 35 L of clean water with the same
concentration of acetone. After treatment the fish were quickly anaesthetized
(MST 222); blood was removed directly from the heart with a syringe (1
mL), centrifuged (15 min, 5000 rpm), and the plasma used for the metabolite
determination inmediately. Glucose was determined spectrophotometrically
(610 nm) using the GOD-Period method (Boehringer-Mannheim). Lactate
was estimated using Trichloroacetic acid (7%o) (Lang and Michal 1974)
following by spectophotometrical determination (340 nm) using the kit of
Boehringer-Mannheim. We determined pyruvic acid level using perchloric
acid (1M) (Dange and Masurekar 1982) and Boehringer-Mannheim kits
(spectophotometrical determination, 340 nm). Cholesterol levels were
analyzed spectophotometrically (S00 nm) with a test kit from Boehringer-
Mannheim and we used the method of Bligh and Dyer (1959) for the
extraction process. Resulls from pesticide exposed animals were rigorously
compared with those from controls.

One-way analysis of variance (ANOVA) was used to determine treatment
toxic effects, and Duncan's significant difference test was used for mean
separation. The significant level was fixed at p<0.001 and p<0.05. These
analysis were performed using Statistical Analysis System (SPSS+) with an
IBM computer.

RESULTS AND DISCUSSION

The results of this study showed that lindane intoxication led to significant
variations in biochemical composition of plasma in fish, Anguilla anguila
(Table 1 and 2).

Plasma glucose level increase from the controls (80.28 mg/100mL) in fish
exposed o 0.335 mg/L (Table 1) and 0.167 mg/L (Table 2). The increase in
glucose level was found to be significant (p<0.001; p<0.05) in the fish
exposed to 0.335 and 0.167 mg/L at 6, 12, 24, 48, 72 and 96 hr. Thus, lindane
exposure caused hyperglycemia in fish. The percentage of increase in glucose
level after 0.335 mg/L exposure was 197.8 and 219.8% at 72 and 96 hr
respectively; and for 0.167 mg/L. exposure was 191.8 and 214.9% at the same
time period. Singh and Srivastava (1981) in a series of experiments observed
significant and persistent hyperglycemia in endosulfan exposed fish
( Heleropneustes fossdis ). Sastry and Sharma (1981) also noted
hyperglycemia in fish ( Opliocephalus punctatus ) exposed to diazinon.
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Similar results were found in Ciprinus carpro exposed to lindane (Gluth and
Hanke 1985). The hyperglycemia response exhibited by lindane intoxicated
fish might be due to the fact that cholinergic inhibitors also affect secondary
adrenergic reactions. According with Gupta (1974) the hyperglycemia
induced by pesticide might be explained in part by inhibition of
cholinesterase at neuroeffector sites in the adrenal medulla leading to
hypersecretion of adrenaline which stimulates the breakdown of glycogen to
glucose.

Blood sugar levels are elevated in fish during acute exposure to a variety of
compounds, including pesticides. Stressful stimuli elicit rapid secretion of
both glucocorticoids and catecholamines from the adrenal tissue of fish; both
hormones produce a rapid hyperglycemia (Singh and Srivastava 1981). The
hyperglycemia observed at these times after exposure to lindane might be a
result of glycogenolysis in muscle and liver causing a significant increase in
blood glucose levels.

Significant elevation was observed in blood pyruvate levels at 12, 24, 48 and
72 hr in treated fish (Table 1 and 2) as compared with controls (0.471
mg/mL). Hyperglycemia was observed (Table 1 and 2) at 12, 24, 48, 72 and
96 hr following exposure to 0.335 mg/L ; and at 48, 72 and 96 hr in fish
subjected to 0.167 mg/L of lindane (12.98 mg/100 mL in controls). The
elevated pyruvate leve! in fish was possibly due to rapid glycolysis under
hypoxia. The increase activity of lactic acid content in this study suggests this
assumption. Endosulfan also induced elevation of both blood pyruvate and
lactate in Heteropmeustes fossdis (Singh and Srivastava 1981). It has been
reported that the rate of oxygen consumption increases by as much as 40-
70% in several leleosts treated with sublethal concentrations of both
organochlorine and organophosphate pesticides (Srivastava et al. 1977,
Pandey et al. 1979).

Serum cholesterol concentration was lowered with both treatments mainly
after 72 hr of exposure (Table 1 and 2). A reduction of 47-40% was
determined. The concentration of cholesterol in the serum of eel (controls)
was 559.24 mg/100 ml. The fish exposed to various concentrations of
lindane thus manifested hypocholesterolemia.. This finding is in accordance
with the findings of Gluth and Hanke (1985) who also observed decreased
cholesterol level in fish ( Cyprznus carpio) during lindane exposure. It is
presumed that reduction in circulating cholesterol level is either because of
more utilization of cholesterol during corticosteroidogenesis, as it is
precursor for steroid hormones, or depressed ok wmovo synthesis.
Methylmercury has also been reported to decrease the serum cholesterol level
in bluegill fish, Lepomris machrockius (Dutta and Haghighi 1986).
Simultaneously an increase in protein level was also observed in the same
study. This might have resulted in high density lipoprotein in serum and was
suggested to be the cause of hypocholesterolemia in mercury exposed fish.
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This study suggests that exposure of fish to lindane leads to disturbance in
carbohydrate metabolism which might be responsible for its toxic action.
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