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The influence of lindane on swimming performance of carp
was investigated. Lindane was found to significantly effect
fish swimming performance. It is suggested that lindane may
influence the exchange of respiratory gases or the metabolic path-
ways involved in the mobilization of energy.

INTRODUCTION

Lindane, a Gamma-isomer of hexachlorocyclohexane, is very hazardous to
aquatic organisms because this chemical is highly toxic, resistant to degradation and
easily absorbed by the fish (Lakota et al. 1983).

There is an abundant literature available on the effects.of lindane on aquatic
organisms (Reddy et al. 1986; Demael et al. 1987; Bondy and Halsall, 1988; Haw-
kinson et al. 1989; Mourad, 1990), yet not information has been published about
its effect on swimming performance. Swimming performance, depending as it does
on the immediate recruitment of energy, has been recommended for use as a cri-
terion in the determination of the sublenthal effects of pollutants on fish (Brett, 1967;
Sprague, 1971). Pulpwood fiber (MacLeod and Smith, 1966); sodium pentachloro-
phenate (Webb and Brett, 1973), fenitrothion (Peterson, 1974), detergents (Wegrzy-
nowicz et al. 1975) are some of the substances found to effect swimming perfor-
mance.

“
Lindane is one of the plant protection chemical agenis.
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The aim of this paper is to study the effects of lindane on swimming performance
of carp under the applied load of a given work.

MATERIALS AND METHODS

The investigation was carried out upon 32 carp (Cyprinus carpio), weighing 105
+ 20.3 g after acclimation period of one week. The experiments were made in a
glass aquarium containing 100 liters of aerated dechlorinted tap-water. The value
of temperature, pH and dissolved oxygen content were 18+ 0.5°C; 7.5% 0.5;
9.8 = 0.6 mg/1, respectively. Fish performance was measured with the method of
Wegrzynowicz and Ktyszejko (1972). According to this method, a float of deter-
mined force. buoyancy (5%) was fixed to the dorsal fin. To overcome the buoyancy
force of the float, the fish were constantly swimming.
In these experiments, four parameters were estimated in the following way:
1. Fish swimming speed by a direct measurement of the time required for the fish to
swimm over a gauged distance.
2. Time of fatigue i.e. the fish were swimming up to water surface and remained
there for some time without any motion.
3. Fish travel, as defined from the formula:
S=VT
where:
S =fish travel (m)
V = fish speed (M/s)
T = swimming speed (s.)
4. Physical effort, as defined by the formula:

L=F SCtga
where:
L = physical effort (Kg/m)
Fo = buoyancy force of float (Kg)
S = fish travel (m)
Ctg @ = angle between long axis of the fish and water surface.

A stock solution of lindane (99.2%) was prepared in acetone. The fish were sub-
jected to 5, 10.6, 21.2 ug/llindane and changes in swimming performance were
estimated. To evaluate the significance of changes caused by lindane, Student’s t test
was used.

RESULTS AND DISCUSSION

Changes in swimming performance as measured by swimming speed, fatigue
time, fish travel and physical effort under the applied load work are illustrated in
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Fig. 1. Effect of lindane on fish swimming performance:
(a) swimming speed, (b) time of fatigue, (c) fish travel, (d) physical effort

Fig. 1 (a—d). As shown in Fig. 1(a), the mean swimming spezad for the fish control
was 0.110 m/s. The mean decreased to 0.103 m/s. after exposing the carp to 5 pg/1
lindane. The reduction in swimming speed may be explained as an attempt of the
fish to decrease its oxygen consumption as well as the rate of energy expenditure.
Williams and Brett (1987) showed that swimming speed is among the major factors
affecting the rate of energy expenditure.

On the other hand, a rise in lindane concentration to 10.6 and 21.2 u g/l results
in increasing the mean swimming speed to 0.113 and 0.125 m/s., respectively, which
indicates some sort of hypertoxic stress and increased oxygen consumption. Rao and
Venugopalan (1984) found that lindane induced a significant increase in oxygen .
consumption and inhibited the oxygen uptake. The elevated rate of oxygen con-
sumption serves not only to meet the routine metabolic requirements but also to
replace muscle supplies of adenosine triphosphate, creatin phosphate and glycogen
(Bilihski, 1974). Statistically, changes in swimming speed were non-significant
except at a concentration of 21.2 pg/1.

As shown in Fig. 1(b), the mean time of fatigure following exposure to different
concentrations of lindane were 57.3%, 34.0%, 12.7%, respectively of the control.
The decrease in fatigue time following exposure to lindane could be due to direct
action on muscle, effect on areas of the nervous system concerned with muscle
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activity, or indirect effects thorough motivational disturbance i.e. carbohydrate
metabolism. Boulekbache and Spiess (1974) found changes in the histological
structure of the muscle and the level of the glycolytic enzymes after exposure of
the trout to lindane.

From Fig. 1(c) we can see that the mean fish travel rollowing exposure to different
concentrations of lindane were 61.6%, 35.7%, 14.8% respectively of the control.
Also, the mean physical effort were 51.4%, 33.7%, 13.1% of the control as shown
in Fig. 1(d). Statistically, changes in fatigue time, fish travel and physical effort
were significant.

The impairment of swimming performance of the fish after exposure to lindane is
thorought to be related to a reduction in their respiratory efficiency. Lindane is
known to cause desquamation of the epithelial layer of the gills (Matei and Malgina,
1979), extensive disarray of the secondary lamellae (Drewett and Abel, 1983);
histological damages in the gill tissues (Studnicka et al., 1981).

It has become clear that lindane interferes with some of the mechanisms involved
in the uptake of oxygen at the gill Ievel of the fish, eventually causing prevalence of
hypoxic condition in the tissues. Basha et al. (1984), Madhu et al. (1984), Zlateva
and Yurukova (1984), demonstrated that lindane is well known to cause hypoxic
condition in the tissues and reduce the rate of oxidative metabolism.

CONCLUSIONS

1. Lindane significantly affects fish swimming performance.

2. Swimming performance changes depended upon the concentrations of lindane.

3. Impairment of swimming performance is thought to be related to a reduction in
their rerspiratory efficiency.

REFERENCES

Basha S., R. Prasada, R. Sambasiva and R. Ramans, 1984: Respiratory potentials of the fish Tilapia
mosombica under malathion, carbaryl and lindane intoxication. Bull. Environ. Contam. Toxicol.
32, 5: 570=574.

Bilifiski E., 1974: Biochemical aspects of fish swimming. In ”Biochemical and Biophysical Perspectives
in Marine Biology” (D.C. Malins and J.R. Sargent, eds.), Academic Press, New York. p. 239—288.

Bondy S. and L. Halsall, 1988: Lindane-induced modulation of calcium levels within synaptosomes.
Neurotoxicology, 9, 4: 645—652.

Brett J.R., 1967: Swimming performance of sockeye salmon (Oncorhynchus nerka) in relation to fatigue
time and temperature. J. Fish. Res. Bd. Can., 24: 1731—1741.

Boulekbache H., and C. Spiess, 1974: Effect of lindane on trout fry Salmo irideus Gibb. Changes in glyco-
lytic enzymes. Bull. Soc. Zool. F.R., 99, 1: 79=85.

Demael A., D. Lepot, M. Cossarini-Dunier and G. Monod, 1987: Effect of Gamma-hexachlorocyclohexane
(lindane) on carp (Cyprinus carpio). 2. Effects of chronic intoxication on blood, liver enzymes and
muscle plasmic membrane. Ecototoxicol. Environ. Saf., 13, 3: 346=351.



Effect of lindane on swimming 57

Drewett N. and P. Abel, 1983: Pathology of lindane poisoning and hypoxia in the brown trout, Salmo
trutta. J. Fish Biol. 23, 4: 373—384.

Hawkinson E., R. Shull and M. Joy, 1989: Effects of lindane on calcium fluex in synaptosomes. Neuro-
toxicology, 10,1: 29—39.

Lakota S., A. Roszka, J. Roszkowski, S. Helond and F. Kozlowski, 1983: Toxic effect of DDT; lindane and
toxaphane on the fry of the carp. FOLIA (Cracow), 31, 1: 93—100.

MclLeod 1.C. and L.L. Smith, 1966: Effect of pulpwood fiber on oxygen: consumption and swimming endu-
rance of the fathead minnow, Pimephales promelas. Trans. Am. Fish. Soc. 95: 71—-84.

Madhu C., R. Jayantha and R. Ramana, 1984: Hematological changes in Sarotherodon mossambicus
exposed to lindane. J. Food Sci. Technol. 21, 1: 53-55.

Matei V.E. and N.A. Malgina, 1979: Effect of pesticides on the branchial epithelium of a crucian carp.
Inst. Biol. Vnutr. Vod., Akad. Nauk. SSSR, 38: 68—80.

Mourad M.H.,1990: Effects of lindane on the electrocardiogram, heart rate and respiratory rate of the eel,
Anguilla anguilla L. at different temperatures. PhD Thesis, Academy of Agricultue, Szczecin, Poland.
Peterson R.H., 1974: Influence of fenitrothion on swimming velocity of brook trout (Salvelinus fontinalis).

J. Fish. Res. Bd. Can., 31: 1757—-1762.

Rao P. and V. Venugopalam, 1984: Lindane induced respiratory changes in juvenile of estuarine fish
Mugil cephalus (Linn.). Indian J. Mar. Sci., 13, 4: 196—198.

Reddy M., Y. Venkateswaelu, P. Surendranath and K. Rao, 1986: Photophamidon and lindane induced
changes in the hemolymph biochemistry of a penaeid prawn, Metapenaeus monoceros (Fabricius).
Natl. Acad. Sci. Lett., 9, 5: 155-157.

Sprague 1.B. 1971: Measurement of pollutant toxicity or fish. III. Sublethal effects and safe concentra-
tions. Water res., 5: 245—266.

Studnicka M., A. Sopifiska and J. Niezgody, 1981: Zmiany histologiczne w skrzelach i watrobie karpi
poddanych dziataniu DDT, lindane i HCH. Histopathological changesin gillsand liver of carps exposed
to DDT, lindane and HCH. Roczniki Nauk Roln. SH. 1981. (in press).

Webb P.W. and J.R. Brett, 1973: Effects of sublethal concentrations of sodium pentachlorophenate on
growth rate, food conversion efficiency and swimming performance in underyearling sockeye
salmon (Oncorhynchus nerka). J. Fish. Res. Bd. Can., 30: 499—507.

Wegrzynowicz R. and B. Kiyszejko, 1972: Method for application of physical effort to fish. Acta Ichth.
et Pisc. 2, 1: 91-94.

Wegrzynowicz R., B. Kiyszejko, G. Gigbocka and J. Muzykiewicz, 1975: Influence of DBS (Deterlon)
and TBS (Marlon) type of detergents on the bream Abramis bramaL. under the applied load of the
general physical effort. Acta Ichth. et Pisc. .5, 1: 45=50.

Williams L.V. and I.R. Brett, 1987: Critical swimming speed of Faster and Thompson River pink salmon
(Oncorhynchus gorbuscha). Can. J. Aquat. Sci. 44: 348—356.

Zlateva M. and T. Yurukova, 1984: Effect of organochloride pesticides on cardiac muscle (a morpholo-
gical assessment). Med. Biol. Probl. 12: 59—166.

Mohamed Hassan MOURAD

WPLYW LINDANU NA AKTYWNOSC LOKOMOTORYCZNA U KARPIA
(CAPRINUS CARPIOL.)

STRESZCZENIE

Przeprowadzono badania nad wptywem lindanu na aktywno$¢ lokomotoryczng u karpia przy zastoso-
waniu metody Wegrzynowicz-Kiyszejko 1972. W wyniku badan stwierdzono, ze lindan istotnie obniza
zdolnos¢ ryb do aktywnego wysitku fizycznego, w zaleznoSci od dawki. Uzyskane wyniki pozwalaja
stwierdzié¢, ze lindan blokuje oddychanie skrzelowe.
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