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Unio elongatulus eucirrus
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Abstract In this study, the effects of cypermethrin on

antioxidant status, oxidative stress biomarkers, behavior,

and mortality in the freshwater mussel Unio elongatulus

eucirrus were examined. Cypermethrin was applied at

concentrations of 5, 10, 20, 40, 80, and 160 lg/L, for 1, 24,

48, 72, and 96 h. With increasing cypermethrin concen-

trations, the mussels showed significantly (P \ 0.05)

increased lipid peroxidation (MDA), which might be

associated with decreased levels of reduced glutathione

(GSH) and catalase (CAT) activity in the digestive glands

and gills of the mussels. Negative correlations were

observed between the MDA and the GSH and CAT levels

after cypermethrin exposure, indicating a protective role of

GSH and CAT against lipid peroxidation, and suggesting

the use of these antioxidants as a potential biomarker of

toxicity associated with contaminant exposure in freshwa-

ter mussels. In addition, at 5 lg/L, cypermethrin had no

effect on the duration of the active and rest periods. All

higher concentrations caused inhibition of the filtration

activity by reducing the active periods and lengthening the

rest periods. The active periods shortened as the cyper-

methrin concentrations increased, the reduction being

90% of the control at 160 lg/L. Rest periods were longest

(237% longer than the control) at 160 lg/L. The 48, 72,

and 96 h LC50 values of cypermethrin for mussels were

determined as 96.50, 77.96, and 59.20 lg/L, respectively

(P \ 0.05). The results indicate that the insecticide

cypermethrin has a harmful effect not only on nontarget

aquatic arthropods and fish, but also on mollusks, although

the sensitivity of mussels is less than that of fish. Being a

general toxicant for aquatic life, cypermethrin should be

used with great caution in agriculture to protect natural

waters from contamination.

Keywords Freshwater mussels � Cypermethrin �
Oxidative stress � Antioxidants � Biomarkers � Behavior �
Mortality

Introduction

The increased use of synthetic pyrethroid pesticides is

increasing worldwide pollution risks. One of the pyre-

throids that has found wide acceptability is cypermethrin. It

is extensively used in agriculture and forestry because of its

high activity against a broad spectrum of insect pests [1, 2].

Pesticides applied to the land may be washed into surface

waters and may kill or at least adversely affect the life of

aquatic organisms [3, 4]. Synthetic pyrethroids have been

found to be highly toxic to fish [5, 6], zooplankton com-

munities [7], and some beneficial aquatic arthropods [8].

The environmental fate and effects of synthetic pyrethroid

pesticides have been summarized by Hill [3]. According to

environmental quality standards, the maximum allowable

concentration is 1 ng/L [5].

The characterization of the quality of freshwater systems

requires specially designed biological methods for assess-

ing the health status of biota. Biomarkers are known to be

useful tools for measuring environmental health [9]. Bio-

markers of toxicity, such as malondialdehyde, have been

proposed to appraise the health status of exposed species.

Malondialdehyde reflects membrane degradation in a
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variety of pathological conditions [10]. Among biomarkers

of stress, the alteration of membrane phospholipids through

lipid peroxidation is considered to be one of the key events

in oxidative damage. Oxidative stress usually characterizes

chemically induced toxicity [11, 12]. An increase in mal-

ondialdehyde levels can thus reflect degradation of an

environmental site.

Study of cypermethrin-induced oxidative stress and its

influence on various antioxidants of fish and other aquatic

organisms could provide useful information on the eco-

toxicological consequences of cypermethrin use. Several

studies have shown that the levels of antioxidants in fish

and mussels could be used as biomarkers of exposure to

aquatic pollutants [12–15]. A review of the literature

reveals that there is a paucity of information on pesticide-

induced oxidative stress and its effects on various enzy-

matic antioxidants in freshwater mussels [10, 16–18].

To protect against reactive oxygen species, cells possess

specific antioxidant enzymes such as superoxide dismutase

(SOD), catalase (CAT), and glutathione peroxidase (GPx),

which decompose superoxide anion radical (SOD) and

hydrogen peroxide (CAT and GPx). Glutathione S-trans-

ferases (GST) catalyze the conjugation of glutathione (GSH)

to electrophilic xenobiotics and oxidized components.

Moreover, complementary enzymes such as glutathione

reductase (GR) and glucose-6-phosphate dehydrogenase

(G6PDH) produce GSH and NADPH to maintain the cellular

antioxidant status [16].

In recent years, there has been considerable interest in

the use of biochemical indices within bivalve molluscs.

Mussels have a number of properties that make them useful

sentinels for chemical pollution. By filtering large quanti-

ties of water, mussels may be exposed to large quantities of

pollutants even when the concentrations are quite small

[11, 15].

In Turkey, cypermethrin, (R,S)-alphacyano-3-phenox-

ybenzyl (1R,S)-cis/trans-3-(2,2-dichlorovinyl)-2,2-dime-

thylcyclopropanecarboxylate, is a commonly used pesticide

in the agricultural fields around freshwater reservoirs.

Therefore, the present study aimed to investigate the effects

of cypermethrin on antioxidant status, oxidative stress

biomarkers, behavior, and mortality in the freshwater

mussel Unio elongatulus eucirrus. An attempt has also been

made to determine the usefulness of these parameters as

biomarkers of exposure to cypermethrin.

Materials and methods

Exposure test

In the present study, adult specimens of the freshwater

mussels Unio elongatulus eucirrus, weight 23–25 g and

total length 5.6–5.9 cm, were obtained from the Pertek

Region of Keban Dam Lake in Turkey. They were brought

to the laboratory and acclimatized to laboratory conditions

for 7 days. Water temperature in the aquaria was main-

tained at 12 ± 1�C using a heater, and the mussels were

subjected to a 12-h photoperiod using fluorescent lights.

Mussels were fed with trout feed during adaptation, but

they were not fed during the last 24 h of adaptation and

throughout the duration of the test. Before starting the test,

all experimental aquaria (280 L) were cleaned and filled

with 270 L of dechlorinated tap water.

Cypermethrin was obtained from Novartis, in the form

of Polytrin 200 EC (purity 20%, dissolved in 80% acetone).

A semi-static toxicity bioassay was performed according to

the standard method [19]. Cypermethrin was prepared from

a stock solution weighed in a glass bottle and transferred to

a volumetric flask containing experimental water. Dilutions

of the defined stock solution were used for tests described

below. The stock solutions were renewed every 12 h.

Cypermethrin was applied at concentrations of 5, 10, 20, 40,

80, and 160 lg/L, for 1, 24, 48, 72, and 96 h. Six different

concentrations of cypermethrin and a control with five

replicates were used in the test series. The control group

received acetone at a concentration used in the dilution of

the maximum cypermethrin concentration. Aeration was

applied to the aquaria for 2 h in order to obtain a homo-

geneous concentration of the toxic compound, and then 20

mussels were transferred into each aquarium. Mortality was

assessed at 1, 24, 48, 72, and 96 h after the start, and dead

mussels were removed immediately. Behavioral changes of

test animals were closely followed and recorded. The

results were evaluated by comparing the mean durations of

the open and closed positions of the valves before cyper-

methrin treatment and during the action of the chemical.

The mean durations of the active (open) and rest (closed)

periods in the control were taken as 100% for each animal,

and the experimental data are expressed as percentage

deviations from the control [20].

The experimental water was kept in the tank for 24 h

before cypermethrin was added. Water quality character-

istics in the control units were determined according to the

APHA [19]. Dissolved oxygen and pH were determined by

a digital oxygen meter and a pH meter. The mean quality

parameters of water used for preparation of test solutions were

as follows: dissolved oxygen 8.4 ± 0.3 mg/L, pH 7.2 ± 0.2,

alkalinity 136 ± 9 mg/L, and total hardness 225 ± 12 mg/L

as CaCO3.

Biological assays

Tissue samples were washed with 0.9% NaCl and kept at

-20�C until analyzed. Tissues were weighed, rinsed with

ice-cold deionized water, cut into small pieces, and then
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dried on a filter paper. The tissues were homogenized using

a phosphate buffer solution containing 1.15% KCl to obtain

1:10 w/v, depending upon the variable to be measured. The

homogenates were centrifuged at 18,000 9 g for 30 min at

?4�C to determine malondialdehyde (MDA) and reduced

glutathione (GSH) concentrations and catalase (CAT)

activities. The concentrations of MDA as a marker of lipid

peroxidation were determined according to the method of

Ohkawa et al. [21] based on the reaction with thiobarbituric

acid and are expressed as nanomoles per gram of tissue.

CAT activity was determined according to the method of

Aebi [22]. Tissue GSH concentration was measured by an

assay using the dithionitrobenzoic acid recycling method

described by Ellman [23]. Protein concentrations were

measured according to Lowry et al. [24].

Statistics

Statistical analyses were performed with the SPSS 10.1

computer program (SPSS, Chicago, IL, USA). The results

are expressed as mean ± standard error. Significant dif-

ferences between groups were analyzed by one-way anal-

ysis of variance and Duncan’s post-hoc test where

appropriate. In addition, the data for active and rest periods

were subjected to t-test. Changes are expressed as per-

centages of the control. The data obtained from the

cypermethrin toxicity tests were evaluated using the Probit

Analysis Statistical Method. The LC50 values were

calculated.

Results

In this study, with increasing cypermethrin concentrations,

the mussels significantly increased MDA (Table 1) and

decreased GSH (Table 2) and CAT (Table 3) activity in

digestive glands and gills (P \ 0.05, for each case). Neg-

ative correlations were observed between the MDA and the

GSH and CAT levels after cypermethrin exposure. The

highest MDA levels and the lowest GSH and CAT activity

in digestive glands and gills of freshwater mussels were

measured after 48 h of exposure to cypermethrin

(P \ 0.05, for all cases).

In addition, the valve movement representing the

activity of the adductor muscles was recorded (Table 4).

The durations of the active and rest periods in the control

differed significantly. In general, the active periods lasted

13.5 h, while the rest periods lasted 10.5 h. Application of

cypermethrin to the water led to a concentration-based

reduction in the duration of the active periods. A concen-

tration of 5 lg/L had no observable effect, but 10 lg/L

caused a nearly 21% reduction, and the reduction reached

90% at 160 lg/L. The duration of the rest periods also T
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changed in response to cypermethrin. At 5 lg/L, there was

a 4% increase in the duration of the rest periods, and at

higher concentrations (10–160 lg/L) further lengthening of

the rest periods was observed. The longest rest periods

(237% as compared with the control) occurred at 160 lg/L.

It was also observed that there was lightening in the color

of the gills in the mussels.

Cumulative mortality of the freshwater mussels exposed

to concentrations of cypermethrin is presented in Table 5.

Only 1% mortality in the lowest concentration of cyper-

methrin (5 lg/L) was observed. The toxicity of cypermeth-

rin on mussels increased with increasing concentration. For

example, for mussels exposed to 10 lg/L cypermethrin, only

21% had died at 96 h, whereas 61% were dead at 1 h when

exposed to the 160 mg/L concentration. The 1 h and 24 h

LC50 values could not be calculated because the mortality

was not over 50%. However, the 48, 72, and 96 h LC50

values of cypermethrin for mussels were determined to be

96.50, 77.96, and 59.20 lg/L, respectively. There were

significant differences in LC50 values obtained for different

times of exposure (P \ 0.05).

Discussion

Pyrethroid and organophosphorus pesticides may induce

oxidative stress, leading to generation of free radicals and

alteration in antioxidants, oxygen free radicals, the scav-

enging enzyme system, and lipid peroxidation. Several

studies have demonstrated oxidative stress induced by

organophosphorus pesticides in rats and humans. Lipid

peroxidation is also evident in rat brains and human

erythrocytes. Organophosphorus pesticide-induced seizures

have been reported, associated with oxidative stress [25].

Studies in rodents have demonstrated that absorbed

pyrethroids are readily metabolized and excreted, and

elimination is achieved within 2–4 days. The tissue residue

levels are reported to be generally very low, except in fat,

where slightly higher residues occurred. The major meta-

bolic reactions ascribed to pyrethroid metabolism are oxi-

dations mediated by the microsomal monooxygenase

system. The degradation pathways in cows, poultry, and

fish are similar to those in rodents [1, 26].

However, comparative in vivo and in vitro metabolic

studies have shown that fish have a lower capacity to

metabolize and eliminate pyrethroid insecticides [27]. This

is reflected in the present investigation, where cypermeth-

rin induced peroxidative damage in digestive glands and

gills in particular during a short-term sublethal exposure

regimen.

The extent of lipid peroxidation is determined by the

balance between the production of oxidants and the

removal and scavenging of those oxidants by antioxidants

[28]. Lipid peroxidation has been extensively used as a

marker of oxidative stress [29]. In the present investigation,

it was shown that lipid peroxidation (MDA) estimation

could provide useful information about the exposure to

aquatic pollutants. However, the response may be non-

specific in terms of type of pollutants. In this study, the

levels of MDA were found to be significantly increased,

which might be associated with decreased GSH and CAT

activities in digestive glands and gills of mussels after

cypermethrin exposure.

Use of GSH and CAT as biomarkers of exposure to

organic xenobiotics has gained credence in aquatic pollu-

tion biomonitoring [14, 16]. In the present study, the

activity of glutathione and catalase was found to be sig-

nificantly decreased in digestive glands and gills after cy-

permethrin exposure. This decrease in catalase activity

Table 4 Changes in duration of valve movement in the freshwater

mussel Unio elongatulus eucirrus after 96 h exposure to sublethal

concentrations of cypermethrin

Concentrations

(lg/L)

Relative value (% of the control)

Active period Rest period

5 98 ± 2 (P [ 0.05) 104 ± 3 (P [ 0.05)

10 79 ± 11 (P \ 0.05) 146 ± 19 (P \ 0.05)

20 60 ± 8 (P \ 0.05) 175 ± 22 (P \ 0.05)

40 30 ± 6 (P \ 0.05) 206 ± 28 (P \ 0.05)

80 15 ± 3 (P \ 0.05) 228 ± 32 (P \ 0.05)

160 10 ± 1 (P \ 0.05) 237 ± 33 (P \ 0.05)

The mean (±standard error of the mean) durations of active (open)

and rest (closed) periods in the control were taken as 100% for each

animal, and the experimental data are expressed as percentage devi-

ations from the control (n = 20 for each group)

Table 5 Cumulative mortality of the freshwater mussel Unio elon-
gatulus eucirrus exposed to sublethal concentrations of cypermethrin

(n = 100 in five replicates)

Concentrations

(lg/L)

Number of dead mussels (%)

1 h 24 h 48 h 72 h 96 h

Control 0 0 0 0 0

5 0 0 0 1 1

10 15 16 19 20 21

20 22 24 28 30 32

40 32 35 40 42 45

80 38 43 49 51 55

160 42 48 54 57 61

LC50 values NA NA 96.50a 77.96b 59.20c

In each row, lethal concentration values with different letters signif-

icantly differ (P \ 0.05)

NA LC50 value could not be calculated because mortality was not

over 50%
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could be due to flux of superoxide radicals, which have

been reported to inhibit CAT activity [30]. Reduced GSH is

the main nonprotein thiol and one of the main reductants

found in cells. GSH possesses antioxidant properties, and

its protective role against oxidative stress-induced toxicity

in aquatic animals is well established [31–33].

Effects of insecticides on lipid peroxidation have been

evaluated in several studies. In the study of Gohary et al.

[33], the effect of deltamethrin on testicular apoptosis in

rats and the protective effect of nitric oxide synthase

inhibitor was investigated. Plasma levels of both nitric

oxide and lipid peroxides were measured as MDA, and the

MDA levels were found to be significantly increased in

deltamethrin-treated animals in this study.

Shadnia et al. [34] studied genotoxicity and oxidative

stress in workers who formulate organophosphorus pesti-

cides. Results indicated that chronic exposure to organo-

phosphorus pesticides was associated with increased

activities of CAT, SOD, and GSP-Qx in erythrocytes. In the

study of Akhgari et al. [35], the effect of subchronic

exposure to malathion in the production of oxidative stress

was evaluated in male Wistar rats. Administration of mal-

athion (100, 316, 1,000, and 1,500 ppm) for 4 weeks

increased CAT and SOD activities, as well as MDA con-

centrations in red blood cells and liver. Seth et al. [36]

studied the effects of propoxur on lipid peroxidation. In that

study they found that propoxur increased MDA levels and

altered glutathione levels. Gromov et al. [37] investigated

effects of deltametrin and dichlorvos on memory processes,

and the activity of antioxidant enzymes such as SOD and

CAT in brain and blood of female rats. The enzyme activ-

ities were not significantly changed in blood, but CAT

activity was lowered in brain 3 h after administration.

Oxidative stress and lipid peroxidation were determined

by measuring the MDA concentration [25]. In the present

study, MDA levels were found to increase with high con-

centrations. These findings about MDA levels are com-

patible with other study results.

In addition, the durations of the active and rest periods

in the control were significantly different, in agreement

with the literature [38]. The experiment revealed that the

lasting presence of cypermethrin in the water also influ-

ences central neural regulation. The mechanism of con-

traction and relaxation of the adductor muscles, forming

the basis of the periodic activity, is controlled by the

central nervous system, and the external influences result-

ing in the modulation of the opening and closing of the

valves are exerted through neural mechanisms from the

ganglia [20, 39]. As the present experiment indicates, under

cypermethrin exposure the regulatory mechanism operates

first with reduction of the active periods and elongation of

the rest periods. Chronic application of cypermethrin may

affect the central neural (possibly both membrane and

synaptic) processes, which in turn results in alteration of

the effector system regulating the contraction and relaxa-

tion of the adductor muscles, and leads to shortening of the

active periods and elongation of the rest periods. The effect

of cypermethrin at concentrations of 10 lg/L or more can

be interpreted in this experiment as depressive to the fil-

tering behavior of mussels. It is an adverse action: upon

reduction of the filtering activity, the feeding, respiration,

and excretory processes are reduced, affecting both the

living processes of the mussels and their water-cleaning

function, which is an important component with respect to

the maintenance of a healthy aquatic ecosystem.

The USDA National Agricultural Pesticide Impact

Assessment Program’s document reports that cypermethrin

causes acute toxicity in fish in laboratory tests at an average

concentration of 1.8–8.2 lg/L [5], for example, the 96 h

values are 1.2 lg/L for Salmo trutta, 2 lg/L for Salmo

salar, 2.2 lg/L for Tilapia nilotica, and 6 lg/L for On-

corhynchus mykiss. Clark et al. [8], examining cyper-

methrin toxicity in other aquatic organisms, reported a 96 h

LC50 value of cypermethrin for the grass shrimp Palae-

monetes pugio to be 0.016 lg/L. In the present study, the

96 h LC50 value of cypermethrin for freshwater mussels

was determined as 59.20 lg/L, and the toxicity of cyper-

methrin on mussels increased with increasing concentra-

tion. However, the toxicity of cypermethrin on mussels did

not increase with increasing times of exposure. The results

indicate that the insecticide cypermethrin has a harmful

effect not only on fish [5] and nontarget aquatic arthropods

[8], but also on mollusks, although the sensitivity of the

freshwater mussel is less than that of fish.

The results obtained from this study show significantly

increased lipid peroxidation (MDA) levels and decreased

GSH and CAT activities in digestive glands and gills of

freshwater mussels after exposure to increasing cypermeth-

rin concentrations. Negative correlations were observed

between the MDA levels and the GSH and CAT activities.

This suggests a protective response in freshwater mussels

toward exposure to an oxidative stress-inducing cyper-

methrin. The experimental data obtained with freshwater

mussels can be considered as a useful reference for com-

parisons with biomarker responses of organisms living in

polluted environments. It is concluded that cypermethrin

contamination is dangerous to the ecosystem, and this fact

should be taken into consideration when this insecticide is

used in agriculture or in the control of mosquito populations.
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