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Abstract In this study, the effects of deltamethrin on

antioxidant status and oxidative stress biomarkers in

digestive gland and gill of freshwater mussel, Unio elon-

gatulus eucirrus, was examined. Deltamethrin was applied

at concentrations of 25, 50, 100, 200, 400, 800 and

1,600 lg L-1, for 1, 24, 48, 72 and 96 h. With increasing

deltamethrin concentrations, the mussels exposed duration

1–96 h significantly increased lipid peroxidation, which

might be associated to decreased levels of reduced gluta-

thione and catalase activity in digestive gland and gill of

freshwater mussel (p \ 0.05 for each cases). Negative

correlations were observed between the lipid peroxidation

and glutathione or catalase levels after deltamethrin

exposure, indicating a protective role of glutathione and

catalase against lipid peroxidation, suggesting the use of

these antioxidants as a potential biomarker of toxicity

associated with contaminant exposure in freshwater

mussels.
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The increasing use of synthetic pesticides is improving

worldwide pollution risks. The synthetic pyrethroids are

among the most potent and effective insecticides available

(Casida et al. 1983), accounting for more than 30% of the

world market in insecticides. They are less persistent and

less toxic to mammals and birds. One of the pyrethroids

that have found wide acceptability is deltamethrin. It is

extensively used in agriculture and forestry because of its

high activity against a broad spectrum of insect pests

(Glickman and Lech 1982).

Pesticides applied to the land may be washed into sur-

face waters and may kill or at least adversely influence the

life of aquatic organisms (Köprücü et al. 2006). Synthetic

pyrethroids have been found to be highly toxic to fish

(Datta and Kaviraj 2003; Köprücü and Aydın 2004), zoo-

plankton communities and some beneficial aquatic

arthropods (Tidou et al. 1992). Effects of deltamethrin on

nervous, haematological and respiratory systems in fishes

are reported (Golow and Godzi 1994). Deltamethrin have

proved to alter the filtration and pumping activity of

mussels (Kontreczky et al. 1997). The environmental fate

and effects of synthetic pyrethroid insecticides have been

summarized by Hill (1989).

Study of deltamethrin-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 deltamethrin use. Several

studies have shown that the antioxidants of fish and mus-

sels could be used as biomarkers of exposure to aquatic

pollutants. A review of the literature reveals that there is a

paucity of information on deltamethrin-induced oxidative

stress and its effects on various enzymatic antioxidants in

freshwater mussels (Charissou et al. 2004; Almeida et al.

2005; Parvez and Raisuddin 2006).

In recent years, there has been considerable interest in

the use of biochemical indices within bivalve molluscs.

Mussels have a number of properties which make them

useful sentinels for chemical pollution. By filtering large

quantities water, mussels may be exposed to large quanti-

ties of pollutants even when their concentrations are quite

small (Robillard et al. 2003).

S. Ş. Köprücü (&) � E. Yonar � E. Seker

Fisheries Faculty, Firat University, 23119 Elazig, Turkey

e-mail: skoprucu@firat.edu.tr

123

Bull Environ Contam Toxicol (2008) 81:253–257

DOI 10.1007/s00128-008-9474-x



In Turkey, deltamethrin is a commonly used pesticide

for pest control in the agricultural fields around freshwater

reservoirs. Therefore, the present study has aimed to

investigate effects of deltamethrin on antioxidant status and

oxidative stress biomarkers in digestive gland and gill of

freshwater mussel, Unio elongatulus eucirrus. An attempt

has also been made to access usefulness of these parame-

ters as biomarkers of exposure to deltamethrin.

Materials and Methods

In the present study, a semi-static acute toxicity bioassay

was performed according to the standard method (APHA

1985). Deltamethrin was applied at sub-acute doses of 25,

50, 100, 200, 400, 800 and 1,600 lg L-1, for 1, 24, 48, 72

and 96 h.

Deltamethrin, (S)-alpha-cyano-3-phenoxybenzyl (1R, 3R)-

3-(2,2-dibromovinyl)-2,2-dimethylcyclopropancarboxylate,

was obtained from Roussel Uclaf, in form of DECIS 2.5 EC

(purity 2.5%, dissolved in 97.5% acetone).

Adult specimens of freshwater mussels, weighing 24–

26 g and total length 5.8–6.1 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 maintained 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. Ten mussels were

transferred into each aquarium. Five replicates were used in

the control and test series. The experimental water was

kept in the tank for 24 h before deltamethrin was added.

Water quality characteristics in the control units were

determined according to APHA (1985). 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 8.3 ± 0.4 mg L-1, pH 7.1 ± 0.2, alkalinity

138 ± 12 mg L-1 and total hardness 187 ± 15 mg L-1 as

CaCO3.

Seven different concentrations of deltamethrin and a

control with five replicates were used in the test series. Two

control groups received acetone at a concentration used in

the dilution of the maximum deltamethrin concentration.

Exceeding aeration was applied to the aquarium for 2 h in

order to obtain a homogeneous concentration of the toxic

compound, and then ten 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.

After tissue samples rinsing with cold 0.09% NaCl

solution and filtering to remove fluid, the tissue samples

were weighed meticulously. The homogenization of tissues

was carried out in a Sorvall homogenizer with a buffer

containing 1.15% KCl to obtain 1:10 (w/v) whole homog-

enate. The homogenates were centrifuged at 18,000g

(+4�C) for 30 min to determine malondialdehyde, reduced

glutathione concentrations and catalase activities. The

concentrations of malondialdehyde as a marker of lipid

peroxidation were determined according to the method of

Ohkawa et al. (1979) based on the reaction with thiobar-

bituric acid, and were expressed as nmol/g tissue. Catalase

activity was determined according to the method of Aebi

(1974). Tissue glutathione concentration was measured by

an assay using the dithionitrobenzoic acid recycling method

described by Ellman (1959). Protein concentrations were

measured according to Lowry et al. (1951).

Statistical analyses were performed with the SPSS 10.1

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

results were expressed as mean ± SE. Significant differ-

ences between groups were analyzed by one-way analysis

of variance and Duncan’s post hoc test where appropriate.

The significance of the results was ascertained at p \ 0.05.

Results and Discussion

The results show that with increasing deltamethrin

concentrations, the mussels exposed duration 1–96 h sig-

nificantly increased lipid peroxidation (Table 1), which

might be associated to decreased levels of reduced gluta-

thione (Table 2) and catalase (Table 3) activity in digestive

gland and gill of freshwater mussel (p \ 0.05 for each

cases). Negative correlations were observed between the

lipid peroxidation and glutathione or catalase levels after

deltamethrin exposure, indicating a protective role of glu-

tathione and catalase against lipid peroxidation, and

suggesting the use of these antioxidants as a potential

biomarker of toxicity associated with contaminant expo-

sure in freshwater mussels.

Deltamethrin is known to after cell metabolism in var-

ious ways, with a potential genotoxic risk, including DNA

damage and micronucleus induction in human lymphocytes

(Scassellati et al. 1994). The present findings implicate a

role of oxidative stress and free radical formation in these

effects. Studies in rodents have demonstrated that absorbed

deltamethrin is readily metabolized and excreted, elimi-

nation 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 deltamethrin metabolism are

oxidations mediated by the microsomal monooxygenase

system. The degredation pathways in cows, poultry, and
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fish are almost similar to those in rodents (IPCS 1989).

However, comparative in vivo and in vitro metabolic

studies have shown that fish have a lower capacity to

metabolize and eliminate pyrethroid insecticides (Glick-

man and Lech 1982). This is reflected in the present

investigation, where deltamethrin induced peroxidative

damage in digestive gland and gill in particular during a

short-term sub-acute 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

(Filho 1996). Lipid peroxidation has been extensively used

as a marker of oxidative stress (Huggett et al. 1992). In the

present investigation, we also showed that lipid peroxida-

tion estimation could provide useful information about the

exposure to aquatic pollutants. However, the response may

be nonspesific in terms of type of pollutants.

Use of glutathione and catalase as biomarkers of expo-

sure to organic xenobiotics has gained credence in aquatic

pollution biomonitoring (Almeida et al. 2005). The activity

of glutathione and catalase was found to be significantly

decreased in digestive gland and gill. This decrease in

catalase activity could be due to flux of superoxide radicals,

which have been reported to inhibit catalase activity (Pan-

dey et al. 2001). Reduced glutathione is the man nonprotein

thiol and one of the main reductants found in cell (Siegers

1989). It possesses antioxidant properties and its protective

role against oxidative stress induced toxicity in aquatic

animals is well established (Hasspielar et al. 1994).

Our results show decrease in glutathione and catalase

levels in digestive gland and gill of freshwater mussel. This

demonstrates a protective response in freshwater mussel

toward exposure to an oxidative stress inducing delta-

methrin. However, the induction pattern of glutathione and

catalase under long-term exposure conditions needs to be

investigated.
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