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Abstract The effect of arsenic bioaccumulation in liver, kid-
ney, skin, muscle, and intestinal tissues of mirror carp
(Cyprinus carpio carpio) was investigated on lipid peroxida-
tion and certain antioxidant enzyme activities. In this study,
three aquarium groups were formed from mirror carp: control
group, 0.5-, and 1-mg/L arsenic concentrations. The fish were
dissected after 1 month. Arsenic bioaccumulation,
malondialdehyde (MDA) levels, catalase (CAT), and super-
oxide dismutase (SOD) enzyme activities were determined in
the tissues. Results showed that arsenic was accumulated in
liver, kidney, muscle, skin, and intestinal tissues. As the final
product of lipid peroxidation, MDA levels were determined to

have increased in all tissues with the exception of muscle. On
the other hand, CAT and SOD enzyme activities in the fish
tissues were decreased as compared to the control group. In
the muscle tissue, differences were observed in the enzyme
activities depending on arsenic concentration. Considering the
increases in enzyme inhibition and MDA levels, liver was
observed to be the main tissue affected in response to the
arsenic toxicity.
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Introduction

Due to natural and industrial causes, water resources are
contaminated by arsenic compounds. Arsenic is a highly toxic
element and its carcinogenic effect on living organisms is well
known (Wang et al. 2006). Therefore, water contamination by
arsenic has become a serious health and environmental prob-
lem with increasing severity (Allen and Rana 2004a).
Organisms inhabiting aqueous media are directly exposed to
arsenic intoxication. At the same time, this situation also
threatens human health by using arsenic-contaminated water
as drinking water and through food chain as a result of arsenic
bioaccumulation in living organisms exposed to arsenic.

Accumulation of heavy metals in the fish tissue leads to
both formation of hydroxyl radicals that cause oxidation of
fatty acids and increase in hydrogen peroxides concentration
(Atli et al. 2006). Arsenic emission to aqueous media as a
result of anthropogenic activities leads to arsenic concentra-
tion in high concentrations in the sediment, water, benthic
invertebrates, and fish (Culioli et al. 2009). Arsenic might
accumulate in aqueous media tissues at levels of 1–200 mg/kg
if the amount of arsenic in water is above tolerable levels
(Entwisle and Hearn 2006). The avoidance threshold for
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golden shiner (Notemigonus crysoleucas) was 28μg/L arsenic
in flow-through tests (Hartwell et al. 1989). Accumulation of
arsenic in living tissues above tolerable levels causes numer-
ous problems such as oxidative damage and deterioration of
numerous structural proteins (Akter et al. 2005). Furthermore,
arsenic causes oxidative stress directly since it damages pro-
oxidative and anti-oxidative balance by stimulating the for-
mation of free radicals like superoxide, hydroxyl radical, and
peroxyl radicals (Ventura-Lima et al. 2010).

One of the biggest factors in the formation of lipid perox-
idation is the increase of reactive oxygen species (ROS) (Sare
et al. 2002). Arsenic compounds that produce ROS and reac-
tive nitrogen species (RNS) might cause oxidation of cellular
components, especially lipid, DNA, and proteins (Volodymyr
2011). Biological indicators and modifications play an impor-
tant role in determining oxidative stress (Wasowicz et al.
1993). Malondialdehyde (MDA) is the most important one
of these indicators, which is the final product of lipid perox-
idation (Papadimitriou and Loumbourdis 2002).

As the first defense line against free radicals, antioxidant
defense system involves antioxidant enzymes like catalase
(CAT), superoxide dismutase (SOD), GR, and GP-x and
nonenzymatic antioxidants like glutathione (GSH), protein-
SH, and other antioxidants (Kelly et al. 1998). Therefore,
antioxidant enzymes both preserve cellular stability and play
an important role in keeping free radicals away (Halliwel and
Gutteridge 1989).

In animals, toxicity of arsenic compounds depends on
species, gender, age, dosage, and exposure time (Allen et al.
2004b). Previous studies show that arsenic exposure of fishes
at levels of 0.1–8.4 mg/mL resulted in arsenic accumulation
and oxidative stress in fish tissues (Allen and Rana 2004a;
Allen et al. 2004b; Bagnyukova et al. 2007; Bhattacharya and
Bhattacharya 2007). Another study on Cyprinus carpio
showed that there was no arsenic accumulation while antiox-
idant system changes were still detected if C. carpios were
exposes to arsenic (AsIII and AsV) at levels of 0.1 and 1 mg/
mL for 2 days (Ventura-Lima et al. 2009). In this study,
bioaccumulation levels in the tissues of mirror carp exposed
to arsenic (long time at high concentrations) and lipid perox-
idation and at the same time changes in antioxidants system
were researched together. As a result, it was aimed to deter-
mine the target organs where arsenic accumulated and the
difference between the antioxidant reactions of target tissues
against oxidative stress caused by arsenic intoxication.

Material and method

Material

In this study, the Cyprinus carpio carpio 15±1 cm long and
50±5 g were obtained from Mediterranean Aquaculture

Research, Production, and Education Institute (Kepez/
Antalya). Totally, 36 fishes were used in the experiment.
The fishes were acclimatized in an aquarium for 15 days.
Later, three aquariums were kept as control while three were
filled with water with 0.5-mg/L concentration of arsenic and
the other three with 1-mg/L concentration of arsenic. Four
fishes were put into each aquarium. Sodium arsenite
(NaAsO2) was used as arsenic source. The experiments were
carried out in duplicate with three groups (control, As-
0.5 mg/L, and As-1 mg/L) of mirror carps each in 120-L
aquaria, under controlled temperature (21.3–23.6 ◦C), pH
(7.0–7.5), photoperiod (12-h light/12-h dark), and dissolved
oxygen 100 % saturation. Throughout the experiment, in
order to keep the water quality of the aquariums at such a
level not to affect fish health, one third water was changed
every week and water quality parameters were checked fre-
quently. The fish were kept in the aquariums for a month. At
the end of the experiment, the fishes were anesthetized by
immersion in 50 mg/L tricaine methane sulphonate (MS-222)
solution for 5–10min before theywere killed by transection of
the spinal cord. Liver, kidney, skin, muscle, and intestinal
tissues of fishes were removed in ice. After the tissues were
washed with physiologic water, dried, and weighed, they were
stored at −80ºC until analysis.

Bioaccumulation analysis

After drying the tissue samples at 105±5ºC, they were ground
in mortar to prepare a homogenous mixture. Dry and homog-
enous samples were stirred after concentrated nitric acid and
concentrated perchloric acid were added. Later, they were
exposed to saturation treatment in a microwave unit (CEM
Mars Xpress). After completing organic breakdown, the sam-
ples were cooled, centrifuged, and filtered through filter paper.
Afterwards, they were analyzed using atomic absorption spec-
troscopy (AAS). All the operations were repeated on blind
samples in the same way (APHA 1992).

Preparation of the samples

Before starting biochemical analyses, the tissues were homog-
enized for 5 min at 10,000 rpm in 50 μM, pH 7.4, cooled
sodium-phosphate tampon containing 0.25 M sucrose at 1/10
weight/volume (w/v) rate. In order to prevent enzyme activity
loss due to heat, the samples were homogenized in ice.
Homogenates were centrifuged for 30 min at +4ºC and
9,500g. The resultant supernatant was used while determining
protein amounts and CAT and SOD enzyme activities.

In order to perform MDA levels analyses, the tissues were
homogenized for 5min at 10,000 rpm in 50μM, pH 7.4, cooled
sodium-phosphate tampon at 1/10 weight/volume (w/v) rate.
The samples were homogenized in ice. Homogenates was used
while determining MDA levels.
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Malondialdehyde assay

Malondialdehyde was determined by the double-heating
method of Draper and Hadley (1990). The principle of the
method was spectrophotometric measurement of the pink
color produced during the reaction to thiobarbituric acid
(TBA) with MDA at 532 nm. The concentration of MDA
was calculated from the standard chart of MDA–TBA com-
plex by using 1,1,3,3-tetraethoxypropane on behalf of MDA.
Results were expressed as nanomoles per milligram protein.

Determination of CAT activity

Catalase activity was measured according to the method of
Aebi (1984). The principle of the assay is based on the
determination of the rate constant of hydrogen peroxide de-
composition by CAT enzyme. One unit (1U) of CAT equals
the enzyme activity that recognized 1 μmol of hydrogen
peroxide in 60 s at 37°C. CAT activity was measured by
observing the change on absorbance of sample and blank for
a minute spectrophotometricly at 240 nm. Results were
expressed as units per milligram protein.

Determination of SOD activity

The determination method of SOD activity depends on the
spectrophotometric measurement of SOD’s inhibition effect

on autoxidation of 6-hydroxyidopamine (6-OHDA) (Heikkila
and Cabbat 1976; Crosti et al. 1987). 1U of SOD activity is
accepted as the amount of enzyme that decreases the autoxi-
dation of 6-OHDA in 50 % in 1 min at 37 °C. Since the curve
of autoxidation speed is stable in the 1st minute, the spectro-
photometric measurement was done at 490 nm until the 60th
second of oxidation in this reaction. Results were expressed as
units per milligram protein.

Determination of protein

Tissue homogenates protein concentration was calculated ac-
cording to the method of Lowry et al. (1951) as milligrams per
milliliter using bovine serum albumin.

Statistical analysis

The data are expressed as mean ± standard deviations. The
Levene test was used to analyze the homogeneity of the
variances. If the variances were not homogenous, the differ-
ences were analyzed using the Kruskal–Wallis variance anal-
ysis, and bilateral comparisons were performed using the
Mann–Whitney U test. The t test for paired samples was used
when the variances were normally distributed. Statistical anal-
ysis was performed using the Statistical Analysis System
(SPSS) 14.0 for Windows.

Fig. 1 Arsenic bioaccumulation
in tissues of mirror carp exposed
to arsenic

Fig. 2 MDA levels in tissues of
mirror carp exposed to arsenic
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Results and discussion

It was determined that arsenic accumulated in the kidney,
muscle, and skin tissues of mirror carp raised in 00.5 mg/L
arsenic concentration significantly compared with the control
group (p<0.05). It was also determined that as well as in
kidney, muscle, and skin tissues, arsenic accumulation was
significant in liver and intestinal tissues of mirror carp raised
in 1-mg/L concentration compared with the control group
(p<0.05) (Fig. 1).

It was found that, in both concentrations, compared with
the control group, MDA levels in most tissues of the mirror
carp exposed to arsenic—liver, kidney, skin, and intestinal
tissues—increased significantly (p<0.05); the change in
MDA levels in muscle tissue was not significant (p>0.05)
(Fig. 2).

Compared with the control group, while significant in-
creases in SOD enzyme activities were seen in kidney and
muscle tissues of the fish exposed to 0.5 mg/L arsenic
(p<0.05), in liver, skin, and intestinal tissues, SOD activity
was significantly decreased (p<0.05). In addition, In SOD
enzyme activities, the decrease in liver, kidney, muscle, skin,
and intestinal tissues of the fish exposed to 1 mg/L arsenic was
determined to be significant (p<0.05) (Fig. 3).

The decrease in CAT enzyme activities in all tissues of the
fish exposed to 1 mg/L arsenic was found significant

(p<0.05). However, while an increase occurred in the muscle
tissue of the fish exposed to 0.5 mg/L arsenic, a decrease was
determined in the other tissues (Fig. 4).

Arsenic is a common environmental contaminant. Heavy
metals might accumulate in tissues (Farombi et al. 2007).
Therefore, tissue accumulation analysis of toxic materials in
the aqueous organisms might be a reasonable assessment for
animal and human health standards (Kumar and Banerjee
2012). In the literature, after exposure to arsenite, a significant
amount of arsenic accumulation is reported in liver, gills, skin,
muscle, brain, and blood tissues of the catfish (Kumar and
Banerjee 2012). In this study, as a result of exposure to 0.5 mg/
L arsenic for a month, the increase order in the arsenic bioac-
cumulation values in mirror carp tissues was skin > muscle >
kidney > liver > intestine, whereas the arsenic accumulation
change in the fish exposed to 1-mg/L concentration was
determined to be skin > muscle > kidney > intestine > liver.
Accordingly, it was observed that, in the mirror carp exposed
to high concentrations of arsenic, the most arsenic accumula-
tion occurred in skin and muscle tissues, whereas it was less in
liver and intestinal tissues. Although arsenic accumulation
showed discrepancies in freshwater fish tissues, the most
accumulation was reported in muscle and gills (Allen et al.
2004b). In areas exposed to metal contamination, arsenic
accumulation was determined in the liver, kidney, and heart
tissues of the fish (Farombi et al. 2007). Arsenic accumulation

Fig. 3 SOD enzyme activities in
tissues of mirror carp exposed to
arsenic

Fig. 4 CAT enzyme activities in
tissues of mirror carp exposed to
arsenic
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was less in the liver and kidney of the rats exposed to chronic
arsenic than in their skin and hair (Germolec et al. 1998).
Differences might be observed in the arsenic accumulation
among tissues depending on the duration and amount of
inorganic arsenic (AsIII) exposure in different species. As a
result of the study on different arsenic concentrations, arsenic
accumulation ratio in liver, kidney, skin, and intestinal tissues
significantly increased by increasing arsenic concentration in
living media.

Similar to MDA, aldehydes occur during lipid perox-
idation and are commonly used as an indicator of oxi-
dative damage (Wang et al. 2012). In this study, an
increase was observed in MDA levels—final product
of lipid peroxidation—in the tissues of the fish due to
prolonged arsenic exposure. An increase was reported in
the lipid peroxidation products in liver tissue of goldfish
(Bagnyukova et al. 2007), liver and gills tissues of
C. carpio (Ventura-Lima et al. 2009), and liver tissue
of Clarias batrachus (Bhattacharya and Bhattacharya
2007) depending short-term arsenic exposure. A minor

increase in ROS formation in animals exposed to arse-
nite was enough to trigger a significant increase in lipid
peroxidation (Zarazúa et al. 2006). A significant corre-
lation (p<0.05) was obtained between arsenic accumu-
lation and the increase of MDA levels in our study
(Table 1). Free radicals existing due to biotransforma-
tion of arsenic components and arsenic accumulation in
tissues caused oxidation in cellular components—mainly
lipids and proteins—and an increase was observed in
the oxidative stress markers such as MDA in the cell.

Reactive oxygen species produced as a result of
oxidative stress is deactivated by antioxidant defense
system (Gumustekin et al. 2005). SOD represents the
first defense line during ROS neutralization process
against superoxide radicals (Guney et al. 2009).
Antioxidant enzymes like SOD play an important role
in suppressing ROS increase (Wang et al. 2012). In this
study, while a decrease was determined in SOD activity
in certain tissues of fish exposed to arsenite, an increase
was determined in others. Differences might be

Table 1 The levels of arsenic accumulation. MDA level and activities of CATand SOD in liver, kidney, intestine, muscle, and skin tissues of mirror carp

As accumulation (μg As/g tissue) MDA levels (nmol/mg protein) CAT activities (U/mg protein) SOD activities (U/mg protein)
Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Liver

Control 0.205±0.004 4.06±0.53 106.18±17.66 3.07±0.34

As (0.5 mg/L) 0.209±0.012 5.38±0.88a 16.59±0.63a 0.46±0.07a

As (1 mg/L) 0.240±0.004b, c 5.68±0.44b, c, d 13.32±1.53b, c, e 0.36±0.05b, c, f

Kidney

Control 0.223±0.003 2.07±0.38 16.35±1.83 2.18±0.29

As (0.5 mg/L) 0.252±0.016a 3.65±0.43a, d 13.95±0.64a, e 2.57±0.25a, f

As (1 mg/L) 0.309±0.011b, c 4.27±0.45b, c, d 12.25±1.17b, c, e 1.31±0.21b, c, f

İntestine
Control 0.204±0.013 0.42±0.05 16.93±1.86 3.31±0.36

As (0.5 mg/L) 0.193±0.019 0.69±0.07a 14.43±1.75a 2.88±0.35a

As (1 mg/L) 0.239±0.010b, c 0.81±0.07b, c, d 12.87±1.42b, c, e 2.52±0.23b, c, f

Muscle

Control 0.108±0.034 0.79±0.14 3.82±0.50 1.62±0.11

As (0.5 mg/L) 0.176±0.011a 0.86±0.04d 5.71±0.51a, e 1.74±0.13a,

As (1 mg/L) 0.159±0.008b 0.89±0.19d 2.74±0.29b, c, e 1.44±0.16b, c, f

Skin

Control 0.098±0.028 1.38±0.12 3.68±0.33 1.91±0.19

As (0.5 mg/L) 0.164±0.009a 1.67±0.12a, d 2.69±0.24a, e 1.72±0.11a, f

As (1 mg/L) 0.194±0.008b, c 1.71±0.14b, d 2.49±0.23b, e 1.61±0.15b, f

Data are expressed as mean ± SD (n=12). Different letters indicate significant differences (p<0.05) between means of different groups
a Control, As (0.5 mg/L)
b Control, As (1 mg/L)
c As (0.5 mg/L), As (1 mg/L)
d As accumulation, MDA level
e As accumulation, CAT activities
f As accumulation, SOD activities
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observed among tissues in terms of antioxidant reaction
against arsenic toxicity. It was observed that as a result
of arsenic induction in rats, SOD activity did not
change significantly or decrease in blood, liver, and
brain tissues depending on age and exposure time
(Jain et al. 2012). SOD enzyme activity in heart, brain,
and liver tissues of female rats exposed to arsenite is
reported to decrease (Bharti et al. 2012). Our study
show that SOD enzyme activity in tissues that arsenic
accumulated significantly decreased (p<0.05) by likely
depending on arsenic toxicity, when tissues of
C. carpio—except muscle and kidney tissues—were ex-
posed to 0.5 mg/L arsenic.

Catalase is a very crucial enzyme to protect the cell
from toxic effects of H2O2 and radical oxygen species
(Coban et al. 2007; Altikat et al. 2006). In this study,
although changes occurred depending on arsenic concen-
tration, a decrease was observed in CAT activity in all the
tissues in high arsenic concentration. In similar studies, a
decrease was reported in CAT activity in the tissues of the
living exposed to arsenic (Wang et al. 2006; Ventura-Lima
et al. 2009). Superoxide radical inhibits CAT enzyme
activity (Kono and Fridovich 1982). At the same time,
after arsenic exposure, a decrease in CAT enzyme activity
could be due to depression of protein synthesis because of
the damage caused by free radicals (Humtsoe et al. 2007;
Palaniappan and Vijayasundaram 2008). A significant de-
crease of CAT enzyme activity in tissues that arsenic
accumulated was observed, excepting the exposure of
0.5 mg/L as concentration in muscle tissue.

Conclusions

As a result of arsenic exposure, MDA—a product of lipid
peroxidation—was reported to increase in mirror carp tissues,
and at the same time, antioxidant enzyme activities were
determined to be inhibited. Arsenic was reported to accumu-
late more in skin, kidney, and muscle, respectively.
Considering the increase in MDA levels and decrease in
CAT, SOD enzyme activities in the fish tissues, the most
susceptible tissue to arsenic exposure was determined to be
the liver. It was observed in all the tissues of mirror carp
exposed to high concentrations of arsenic that antioxidant
system was affected negatively. In the muscle tissue, on the
other hand, the enzyme activities were found to be affected
differently depending on arsenic concentration (increase in
CAT and SOD activities in 0.5-mg/L concentration, decrease
in CAT and SOD activities in 1-mg/L concentration). As a
result, induction of oxidative stress and negative effect on
antioxidant enzymes depending on arsenic accumulation in
tissues of C. carpio were found after the exposure of high
arsenic concentration.
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