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Toxic Effect of a Synthetic Pyrethroid Insecticide (Cypermethrin) on Blood
Cells of Rainbow Trout (Oncorhynchus mykiss, Walbaum)
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Abstract: In this study, haematological parameters of rainbow trout, Oncorhynchus
mykiss were examined to determine if cypermethrin influenced the measurements. The
results indicated that the haematological changes were more evident in fish exposed
to cypermethrin. Levels of haematocrit, haemoglobin, leukocyte, red blood cells and
MCHC decreased with increasing cypermethrin concentrations (p<0.01) but MCV level
increased (p<0.01) and MCH level was not affected (p»0.05) with exposure of different
cypermethrin concentration. There was also statistically significant differences in the
mean levels of blood parameters of fish exposed to different cypermethrin
concentrations (p<0.05).
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Introduction

Cypermethrin is a synthetic pyrethroid insecticide and is used in control of many pests of
cotton fruit and vegetable crops, for crach crevice and spot treatment to control insect pests
in stores, warehouses, industrial buildings, houses, apartment buildings, greenhouses,
laboratories and on ship, railcars, buses, trucks and aircraft. It is also used in schools, nursing
homes, hospitals, restaurants and hotels (Eshleman and Murray, 1991). Wide use of this pesticide
in crop dusting, orchards and forest spraying for mosquito control, means that some of it will to
enter aquatic ecosystems. Thus it is necessary to know the effects of this broad spectrum
pesticide on fish (Elliot, 1977; Casida et al., 1983).

Cypermethrin is very highly toxic to fish, aquatic invertebrates and other living organisms in
water. Moreover, it is known that diseases, pollution and the presence of agricultural chemicals
in water cause alterations in blood cells of fish resulting in losses of aquaculture (Doriici and
Girgin, 2001). Fish metabolize and eliminate cypermethrin more slowly than mammals or birds,
perhaps explaining its higher toxicity in fish compared to other organisms (Bradbury and Coats,
1989).

Cypermethrin is commonly used for the control of insects in agriculture in the area where
this study was carried out. Therefore it may reach into water in fish ponds and natural water
bodies. Haematological parameters of fish are used as indicators of their physiological state and
its study has become widespread in the control of pathologies and manipulation stress in fish
farming (Martinez et al., 1994).

Previously, the effects of pyrethroid insecticides on survival (Shires, 1985), metabolism
(Edwards et al., 1987), nervous system (Eshleman and Murray, 1991) and behaviour {Edwards et al.,
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1986) of rainbow trout have been investigated. Recently, Doriicli and Girgin (2001) have shown
the exposure time related effects of a constant dose of cypermethrin on the haematological
parameters of Cyprinus carpio. Unfortunately, only limited information is available on the dose-
related effects of cypermethrin on fish in laboratory conditions (Shires, 1985). Thus, the aim of
this study was to investigate the effects of varied concentrations of cypermethrin on blood cells
of Oncorhynchus mykiss.

Material and Methods

A total of 50 rainbow trout obtained from Keban Trout Farm were immature <1 year old and
weighing 30-35 g. The fish were divided into 5 groups (1 control and 4 experimental groups) and
maintained in the 313 | aerated tanks at a constant water temperature {1120.5°C) and ambient
lighting for 2 weeks. Fish were fed ad libidum daily on a commercial dry trout diet. Cypermethrin
[(R-S) Alphacyno 3- phenoxybenzyl (1R,1S) cis/trans-3 (2,2-dichlorovili-dimethyl-cyclopropane
carboxylate] Polytrin 200 EC, was from Novartis. After acclimation, the fish were exposed to
0.001, 0.003, 0.005, 0.007 ppm concentrations of cypermethrin for 96 h. Aged tap water was used
in this study and test water was renewed everyday. Upon removal from the water, each individual
in the sample was immobilized and 1 ml of blood extracted with a heparinized plastic syringe from
the caudal vein.

The following determinations were then made: Haematocrit (Ht) by the microhaematocrit
technique (13000 rpm for 5 min on Hettich micro rapid) using heparinized capillary tubes; Hb
concentration (Hb g/100 ml) was determined spectrophotometrically wusing the
cyanmethemoglobin method, read at 540 nm; red blood cell (RBC) and leucocytes using dilutions
with Natt-herrich solution in Thoma Slide {(Kocabatmaz and Ekingen, 1984). From the results of
these parameters, mean corpuscular volume (MCV p*), mean corpuscular haemoglobin (MCH pg)
and mean corpuscular haemoglobin concentration (MCHC%) were calculated as in (Doriicli and
Girgin, 2001).

Differences in haematological parameters of rainbow trout exposed to varied concentrations
of cypermethrin were tested by Analysis of Variance (One-way ANOVA) using Minitab Statistical
Software Release 10. Relationships between levels of blood parameters and exposure
concentrations were correlated by means of Product Moment Correlation Coefficient (Fowler
and Cohen, 1992).

Results

No fish deaths occurred in the control group or the fish exposed to different
concentrations of cypermethrin for 96 h.

The haematological changes were more evident in fish exposed to cypermethrin and were
not observed in the control fish (Table 1). When fish were exposed to different cypermethrin
concentrations, their food intake decreased and susceptibility to ambient movement increased.
Moreover, after exposure to cypermethrin, an excessive amount of mucus was observed over the
body surface of fish.
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Table 1:  Changes in haematological parameters of Oncorhynchus mykiss exposed to different
concentrations of cypermethrin. Each value is mean+SE of 10 individual observations.
(%) represents percent changes over the control.
Concentrations
Blood s e e
Parameters Control 0.001 ppm 0.003 ppm 0.005 ppm 0.007 ppm
Haematocrit 32.30+0.63 31.00+1.70 30.40+0.47 29.40+1.30 28.80+2.00
(4.02) (5.88) (8.97) (10.83)
Haemoglobin 7.070.13 6.80+0.46 6.14+0.18 5.35x0.32 4.80x0.20
(3.81) {13.15) (24.32) (32.10)
Leucocyte 4,8+0.08 4.3£0.07 3.4x0.09 2.8+0.06 2.420.05
{10.41) (29.16) (41.66) (50.00)
Erythrocyte 1.41+0.03 1.28+0.08 1.13£0.05 1.02+0.03 0.92+0.02
(9.21) (19.85) (27.65) (34.75)
MCV 229.7+7.71 245.8:25.0 277.5212.3 288.0+£14.5 315.0+24.2
(7.01) (20.80) (25.38) (37.13)
MCH 50.14+0.96 55.78+6.55 56.10+2.93 49.55+1.87 52.74£2.76
{11.33) (11.97) (1.09) {5.26)
MCHC 21.94+0.49 22.66+2.20 20.22+0.62 17.71£1.30 17.56+1.48
(3.28) (7.83) (19.27) (19.96)

Table 2: Simple correlation (r), determination (r’) coefficients and levels of significance (p)
between blood parameter values of rainbow trout and concentrations of cypermethrin

Blood parameters r r’ p

Haematocrit - 0.97 94 p=<0.01
Haemoglobin -0.98 96 p=<0.01
Leucocyte - 0.94 88 p<0.01
Erythrocyte - 0.96 92 p<0.01
MCV +0.98 96 p<0.01
MCH -0.14 1.9 p>0.05
MCHC - 0.95 S0 p<0.01

Levels of haematocrit, haemoglobin, leukocyte, red blood cells and MCHC decreased with
increasing cypermethrin concentrations, but MCV level increased and MCH level was not
affected with exposure to different cypermethrin concentrations (Table 2). Excepticnally, the
level of MCH at 0.001 ppm concentration was lower and MCHC at 0.005 ppm concentration was
higher than in the control group (Table 1j.

There were also statistically significant differences in the mean levels of blood cell numbers
of fish exposed to different cypermethrin concentrations (One-way ANOVA, F=56.3, p<0.05).
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Discussion

Studies carried out earlier (Anees, 1978; Coats and Jeffery, 1979; Khan, 1983; Edwards et al.,
1986; Eells et al., 1993; Singh and Agarwal, 1993; Dorlici and Girgin, 2001) on the toxicity of
synthetic pyrethroids to a number of animals showed that they were highly toxic to fish and
other aquatic animals.

The results in this study also showed that cypermethrin caused notable changes in the blood
status of rainbow trout. Similar findings have been reported by Dérlicli and Girgin (2001) in carp,
Cyprinus carpio. Levels of blood parameters in the control group of this study were similar to the
results in Kocabatmaz and Ekingen (1984) who reported the natural values of haematological
parameters of some fish species, including rainbow trout. The mean corpuscular haemoglobin was
the only measurement uninfluenced by cypermethrin concentration on 96 h exposure. However,
cypermethrin had a negative effect on haematocrit, haemoglobin, leukocyte and red blood cells
and a positive effect on MCHC. A decrease in red blood cells number during exposure to various
pesticides was reported by Anees (1978) and by Krishan and Garg (1981) were similar to the
findings in this study. The decrease in red blood cells and haemoglobin content may be due to
the disruptive action of the pesticides on the erythropoietic tissue as a result of which the
viability of the cells might be affected. Alterations in the haematological parameters were
brought about by cypermethrin as an anemia due to decreased synthesis of red blood cells
(Morgan et al., 1980). The decrease in haemoglobin concentration may be due to either an
increase in the rate at which haemoglobin is destroyed or a decrease in the rate of haemoglobin
synthesis (Moss et al., 1964).

In accordance with our findings, Cengiz and Unlii {2002} have also observed increased mucus
on the dills of fish exposed to endosulfan.

Most of the studies on the effects of pyrethroids are confined to reporting the biochemical
and physiological alterations (Desaiah et al., 1975; Sivaprasad et al., 1984; Edwards et al., 1986;
Edwards et al., 1987; Eells et al., 1993). Little attention has been paid to the haematological
modulation induced by pyrethroids, especially by cypermethrin.
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