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We investigated oxidative stress response and histopathological changes in the brain and kidney of the
common carp after a 40-d exposure to CPF and ATR, alone or in combination, and a 20-d recovery.
Superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GSH-Px) activities and malondi-
aldehyde (MDA) content were measured using standard assays. Our results indicated that exposure to
ATR, CPF or a combination of the two for 40d induced significant changes in antioxidant enzyme
(SOD, CAT and GSH-Px) activities and MDA content in the brain and kidney of the common carp. Patho-
logical changes included tissue damage that was more severe with increased of exposure dose. To our
knowledge, this is the first report to study oxidative stress and histopathological effects caused by sub-
chronic exposure to ATR, CPF and ATR/CPF combination on common carp. The information presented in
this study may be helpful to understanding the mechanisms of ATR-, CPF- and ATR/CPF combination-
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induced oxidative stress in fish.
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1. Introduction

Many freshwater ecosystems are contaminated with industrial,
domestic and agricultural chemicals, such as herbicides and insec-
ticides, which are ubiquitous and can spread regionally and glob-
ally (Jin et al., 2010b). Atrazine (ATR) and chlorpyrifos (CPF) are
the most common pesticides in the freshwater ecosystems of the
world (Whyatt et al., 2007; Dong et al., 2009). Field surveys per-
formed in many countries have showed that ATR and CPF are com-
mon contaminants of surface and ground water (McConnell et al.,
1997; Miller et al., 1999; Banks et al., 2005; Du Preez et al., 2005;
Gojmerac et al., 2006). In fact, agriculture water and irrigation
water are the main sources of these contaminants to the aquatic
environment, where they subsequently deteriorate water quality.
Chemical pollution in the environment with pesticides has been
increasing due to their extensive usage in agriculture (Trasande
et al., 2011). Alterations in the chemical composition of natural
aquatic environments may affect the freshwater fauna, particularly
fish. Because human consumption of fish, the effects of pesticides
on fish have important significance in the evaluation of adverse ef-
fects of pesticides to human health (Begum and Vijayaraghavan,
1996). Recent studies have indicated that the pesticide toxicity in
fish may be related to an increased production of reactive oxygen
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species (ROSs), leading to oxidative damage. ROSs are products of
the electron transport chain, enzymes, and redox cycling and their
production may be enhanced by xenobiotics (Orug, 2010). Oxida-
tive stress occurs when ROSs overwhelm the cellular defences
and damage proteins, membranes, and DNA (Kelly et al., 1998).
Oxidative stress is defined as a disruption of the pro-antioxidant
balance, leading to potential damage. In recent years, increasing
emphasis is on the use of biomarkers as a tool for monitoring both
environmental quality and adaptation of organisms (Oruc et al.,
2004). The antioxidant defence system has been extensively stud-
ied because of the potential to use oxyradical-mediated responses
as biochemical biomarkers (Van der Oost et al., 2003).

The main antioxidative enzymes for the detoxification of ROSs
in all organisms are superoxide dismutase (SOD), catalase (CAT)
and glutathione peroxidase (GSH-Px). The reactions of these en-
zymes with oxyradicals have been studied in fish (Avci et al,
2005). It has been shown that the antioxidants from fish may be
useful biomarkers of exposure to aquatic pollutants (Ahmad
et al., 2000). Pesticides may cause oxidative stress that leads to
the generation of free radicals and alterations in antioxidants or
free oxygen radical scavenging enzyme systems (Almeida et al.,
1997). Lipid peroxidation has been suggested as one of the molec-
ular mechanisms involved in pesticide-induced toxicity (Khrer,
1993).

The effects of pesticides on fish may have diagnostic signifi-
cance in the evaluation of adverse effects of pesticides to human
health because fish have an important role in the food chain. We
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focused on the common carp (Cyprinus carpio L.) because they are
an ideal indexical organism for the study of aquatic systems be-
cause they have a wide distribution, they are bottom-dwelling fish
whose feeding habits expose them to many different types of envi-
ronmental contaminants, they are easily captured, and they are
important for human consumption. Many studies have described
the adverse effects of ATR and CPF on fish (Steinberg et al., 1995;
Hussein et al., 1996; Wiegand et al., 2001; De Silva and Samay-
awardhena, 2005; Kavitha and Venkateswara Rao, 2008). However,
in the present study, we investigated the histopathological charac-
teristics and antioxidant responses by assaying for CAT, SOD, GSH-
Px and ROSs in the brain and kidney of common carp that received
intraperitoneal administration of ATR and CPF. These results will
enable us to further understand the hepatic damage and antioxida-
tion mechanisms in fish.

2. Materials and methods
2.1. Fish

Fish model was developed as described in our previous article
(Xing et al, 2011). The common carp (mean body length,
12.5 £1.29 cm; mean body weight, 190 £ 10 g) used in this study
were purchased from an aquarium specialising in freshwater fish
species and maintained in laboratory tanks (90 x 55 x 45 cm) with
continuous aeration. The fish were acclimated to experimental
conditions for 15d wusing dechlorinated tap water (CaCOs:
230+3.16 mgL !, Ca: 42.5 + 1.2 mg L !; dissolved oxygen concen-
tration 7.21 £0.17 mgL~'; pH 7.4%0.2). The water temperature
was adjusted to 20 £ 1 °C and the photoperiod was 12 h of light
and 12 h of dark. Commercial food was given once a day until sati-
ation. No mortality was observed either in control animals or in
any of the treatment groups.

2.2. Chemicals

ATR (purity 98.0%) and CPF (purity 99.5%) were purchased from
Sigma-Aldrich Chemical Co. (USA). Stock solutions of ATR and CPF
were prepared in analytical grade acetone (purity 99%), and all
working solutions were made from this stock solution. The concen-
tration of acetone was kept at <0.05% in all pesticide solutions
used.

2.3. Experimental design

2.3.1. Exposure test

The fish were divided into eleven groups as follows: three ATR
treatment groups (4.28, 42.8 and 428 ug L~!), three CPF treatment
groups (1.16, 11.6 and 116 pgL~!), three ATR/CPF combination
treatment groups (1.13, 11.3 and 113 pg L), one solvent control
(acetone) group, and one water control group. The binary mixtures
were composed of a 1:1 mass ratio of ATR and CPF. The fish were
exposed under semi-static conditions for 40 d, with water and pes-
ticide completely replaced once every 2 d by transferring fish to
freshly prepared pesticide solutions. Other conditions of fish accli-
mated were consistent with the previous description (2.1). The
exposure treatment is detailed in Table 1.

At the end of the exposure, fish were sacrificed by decapitation
and bled. Then the liver, kidney, gill and brain were excised imme-
diately on an ice-cold plate washed in physiological saline solution.
The tissues were divided into two portions: one for protein and
antioxidant enzyme analysis and a second was fixed in Bouin’s
solution for histological examination.

Table 1
Treatments of fish for 40d exposure at sub-lethal concentrations of atrazine,
chlorpyrifos and their mixture and treatments of exposed fish for 20 d recovery.

Batches Toxicant Treatments of Fish number Fish number

pesticides of exposure of recovery
treatments treatments
1 Control Pesticide-free 20 10
water
2 Solvent control Add acetone in 20 10
pesticide-free
water
3 Atrazine 428 pgL! 20 10
4 428 pgL! 20 10
5 428 ug L 20 10
6 Chlorpyrifos 1.16 ugL7! 20 10
7 11.6 ugl™! 20 10
8 116 pgL~! 20 10
9 Mixture of atrazine 1.13 pgL™! 20 10
and chlorpyrifos
10 113 pgL! 20 10
11 113 pugL™! 20 10

2.3.2. Recovery test

Ten fish from each exposure group were kept as a set in fresh,
pesticide-free water for 20 d in large 200 L glass aquaria with fil-
ters and continuous aeration. The conditions during the recovery
experiment were the same as those described above (Table 1). At
the end of the recovery period (60 d), the animal treatment and tis-
sue isolation methods employed were the same as those described
above.

2.4. Antioxidant enzyme analyses

2.4.1. Preparation of post-mitochondrial supernatant

The tissues were homogenised (1:10 w/v) with a glass-Teflon
homogeniser (Heidolph SO1 10R2RO) in 50 mM potassium phos-
phate buffer (pH 7.0; containing 0.5 mM EDTA). The homogenate
was centrifuged at 12000g for 30 min at 4 °C to obtain the post-
mitochondrial supernatant for measuring malondialdehyde
(MDA) levels and antioxidant enzyme activities.

2.4.2. Determination of antioxidant enzyme activities and MDA levels

Total SOD activity was determined by the method of Marklund
and Marklund (1974), which involved the autoxidation of pyrogal-
lol. SOD activity was assessed spectrophotometrically at 420 nm
and expressed as the amount of enzyme per mg of protein.

The CAT activity was determined according to the method of
Beutler (1984), which involves a mixture of 1 M Tris—-HCl, 5 mM
EDTA (pH 8.0), 10 mM H,0, and H;0, and the rate of H,O, con-
sumption at 37 °C was measured at 230 nm and then used for
the quantitative determination of CAT activity. An extinction coef-
ficient for H,O, at 230 nm was 22 and used to calculate the activity
of the enzyme.

GSH-Px activity, which catalyses the oxidation of GSH to GSSG
by H,0,, was determined according to the methods by Beutler
(1984). The rate of GSSG formation was measured by following a
decrease in absorbance of a reaction mixture containing NADPH
and glutathionereductase at 37 °C and 340 nm, as NADPH is con-
verted to NADP. t-Butyl hydro-peroxide was used as a substrate.

MDA content was measured after incubation at 95 °C with thio-
barbituric acid in aerobic conditions (pH 3.4). The pink colour pro-
duced by these reactions was measured spectrophotometrically at
532 nm (Ohkawa et al., 1979). Specific activity was defined as the
unit of activity per milligram protein. Protein content was deter-
mined according to the method by Lowry et al. (1951) using bovine
serum albumin as the standard.
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