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Heart rate and ventilation frequency were monitored in ell 

exposed to lethal doses of lindane at different water temperatu

res. A simultaneous bradycardia and hyperventilation followed 

by a decrease in the ventilation rate occured after exposure to 

lindane. It is concluded that lindane kills fish by internal 

hypoxia induced by damage to the gills. 

INTRODUCTION 

The widespread use of pesticides has greatly benefited mankind by increasing 

food production and control
l

ing vectors of serious human and animal diseases. 

However, we have largely overlooked the problem of environmental pollution caused 

by indiscriminate use of pesticides. The biological activity of pesticides is not only 

restricted to the target organisms but extends to non-target organisms as well (.Brown, 

1978), Among the pesticides, Lindane, a Gamma isomer of hexachlorocyclohexane, 

is more toxic than any of the other isomers. There is an abundant literature on the 

effects of lindane on aquatic organisms (Levain et al 1973; Jeanne, 1979; Hansen, 

1980; Mendiola, et al. 1981; takota et al. 1983 and Reddy et al. 1986), yet the action 

and effects of lindane on the heart and ventilation rate have received scant attention. 

In view of this, the main objective of this study is to assess the effects of lindane 
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on the heart and ventilation frequency of the eel at different water temperatu

res. 

MATERIAL AND METHODS 

The tests were carried out on 64 healthy eel with a mean weight of 213.4 ± 73.3 gm. 

and lenght of 50.5 ± 7 .6 cm. Two groups of fish were acclimated at 1 o·c and l8°C under 

appropriate experimental conditions. The heart rate of the eel was calculated from 

the electrocardiogram obtained with the method of Labat (1966). The respiratory rate 

was calculated by counting the mandibular movements. A stock solution of lindane 

was prepared in acetone which was used as an organic solvent since it has a low 

toxicity to fish (Alabaster, 1969). The fish were individually subjected to lethal doses 

of lindane in a glass aquarium containing 20 liters of aerated water. Changes in the 

heart rate and respiratory rate of the fish under the influence of lindane were re

corded. Also, detoxication ability of the eel after a short exposure to the lethal dose 

of lindane was studied by placing the fish in aerated tapwater free of lindane. 

RESULTS AND DISCUSSION 

The toxicity of lindane to the eel at different concentrations and water temperatu

res is shown in Table 1. From this table it can be seen that the toxicity of lindane 

increased more than twice as the water temperature increased from l0°C to l8°C. 

For example, the fish died after 20h of exposure to 0.9 mg/1 lindane at l0°C and a 

temperature increase to l8°C resulted in the survival being reduced to 9h. The effects 

of water temperature was also observed at different doses of lindane. The increase 

of lindane toxicity at the higher temperature may be attributed in part to differential 

uptake and in part to alteration in the susceptibility of the fish. 

Doses mg/1 

Control 

Average of 8 fish. 

0.9 

1.8 

Toxicity of lindane at different doses and temperatures 

Toxicity of lindane/h 

1o·c 

Survived 

20 

Table 1 

1s·c 

Survived 

3 
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Fig. 1. Effects of lindane and temperature on the heart rate of the eel 

The results obtained are in agreement with Fisher and Wadleigh (19£5r On the 
other hand, the data for heart rate and respiratory rate after exposure the eel to 
lindane at different doses and temperatures are summerized in Fig. 1 and Fig. 2. From 
these figures it can be seen that the lethal dose of lindane was temperature-depen
dent since changes in the heart rate and respiratory rate of the eel were found to be 
stronger at the higher than at the lower temperature. The results obtained (brac)ycar
dia and hyperventilation followed by hypoventilation) were found to be identical to 
the effects of hypoxia which points out to a similar mechanism of toxicity. 

This result is an agreement with Basha et al. (1984); Madhu et al. (1984); Zlateva 
and Yurukova (1984), who demonstrated that lindane was known to cause hypoxic 
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Fig. 2. Effects of lindane and temperature on the respiratory rate of the eel 
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condition in the tissues and reduced the rate of exidative metabolism. The increase 

in ventilation rate of the fish after exposure to lindane is known to maintain the 

delivery of oxygen to the gill surface as the oxygen content falls. There is a general 

agreement that the teleost fish can regulate their branchial surface function by mo

difying the blood circulation through the gills (Steen and Kruysse, 1964; Hughes, 

1972) and regulation of this surface to respiratory and ionic changes is related to the 

needs of the organism {Randall, 1972). It was found that a continuous exposure of 

the fish to lethal doses of lindane resulted in increasing hypoxia, eventually inhi

biting the respiratory system due to anoxia of the nervous system. It has become 
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clear that lindane interferes with some of the mechanism involved in the uptake of 

oxygen by the gills and consequently can significantly affect the ability of the fish 

to respond to the additional stress of oxygen lack in its environment. The available 

studies are in an accordance with this finding since lindane was found to cause 

desquamation of the epithelial layer of the gills (Matei and Malgina, 1979); extensive 

disarray of the secondary lamellae (Dreett and Abel, 1983) and histological damages 

in the gill tissues (Studnicka et al. 1981). 

Changes in the respiratory rate of the eel were found to be associated with a 

decrease in the heart rate. A decrease in heart rate after exposure to lindane has 

been suggested to be a mechanism that could alter the dynamics of blood flow in the 

vicinity of respiratory surface. Satchell (1960) and Holeton and Randall (1967), 

indicated that the lower heart rate may facilitate oxygen uptake by permitting the 

blood to remain in the gill lamellae for a long period of time. Thus the overall effect 

of this mechnism would be to enable the fish respiratory apparatus to compensate for 

the hypoxia by exposing its blood to a greater volume of water. On the other hand, 

it was found that a continuous exposure of the fish to lindane results in a strong sti

mulation of the heart by the parasympathetic nerve, which eventually leads to a 

complete stop of the rhythmic contractions. It is likely that tachycardia observed 

during the experiments resulted from inhibition of the parasympathetic fiber and 

reduction in the vagal tone. 

Changes in the heart and respiratory rate of the eel after exposure to 1.8 mg/1 lindane 

at different water temperatures and returned to clean-water 

Heart rate/min. Respiratory rate/min. 

Time/min. 

10°c l8°C 10°c l8°C 

Control 30.00 35.10 29.11 34.40 

5 min. 27.60 28.00 30.80 35.80 

15 min. 20.40 18.20 27.30 44.20 

Clean-water 29.20 36.30 28.30 35.80 

"15-20 min." 

Average of 8 fish. 

Table 2 

Detoxication ability of the eel after a short exposure to the lethal dose of lindane 

at different water temperatures is shown in Table 2. From this table it can be seen 

that placing the eel in aerated tap-water free of lindane resulted in a considerable 

detoxication ability of the eel since after about 15-20 minutes the heart and respira-
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tory rate returned to normaL This rapid normalization was probably dwe to the fact 

that the eel lives in two different aquatic environments and tolerates considerable 

differences in ionic composition during migration (Klyszejko et al. 1977), 

CONCLUSIONS 

1. The lethal concentrations of lindane was temperature-dependent.

2. Lindane alters the heart rate and respiratory rate in the manner identical to the

effect of hypoxia, which points out to a similar mechanism of toxicity,

3. The survival of the eel under prolonged exposure to lindane may be dependent

upon modifications in circulation and respiration and the ability of the heart and

ventilation mechanism to function under the effects of lindane.

4. Placing the eel in aerated tap-water free of lindane results in return of the heart

and respiratory rate to their initial form.
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Mohamed HMSan MOURAD 

ZMIANY W MIJ;;SNIU SERCOWYM I W ODDYCHANIU U Wl;:GORZA ANGUILLA ANGUILLA L. 
W CZASIE EKSPOZYCJI W DAWCE LETALNEJ LINDANU W ROZNYCH TEMPERATURACH 

STRESZCZENIE 

Badano ilosc skurczow serca oraz ilosc oddechow w czasie ekspozycji wegorza w dawce letalnej lindmu 
w roznych temperaturach. 

W .wyniku badan stwierdzono bradykardie or8* pocz,tkowo zwiekszenie ilosci odd11Cllow a n113t1ipnie 
zmniejszenie. 

Chankter zmian w miesniu sercowym oraz w oddychaniu wskazuje na objawy hipoksji. 
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