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Abstract Recent studies have shown reproductively
arrested gonad development in female Alburnus tarichi
(Güldenstädt, 1814) (Cyprinidae) from the eastern
coastline of Lake Van, Turkey, due to increasing pollu-
tion. In the reproductively arrested females (RAF), oo-
cytes were developmentally blocked and arrested at the
previtellogenic stage and gonadosomatic indices (GSI)
were very low, while reproductively non-arrested fe-
males (RNF) found at the same site displayed relatively
normal ovarian development and higher GSI. The pres-
ent study investigated various oxidative stress bio-
markers in the ovaries of RAF and RNF collected from
a polluted site at Lake Van at the mid-vitellogenic phase,
compared with reference fish from a non-polluted site
(Lake Erçek). Ovarian total protein content, biometric
indices, and histology were also evaluated. The oxida-
tive stress biomarkers used were levels of lipid peroxi-
dation (LPO) and glutathione (GSH), and activities of
superoxide dismutase (SOD), glutathione peroxidase
(GPx), and glutathione-S-transferase (GST). High levels
of LPO and GSH and activities of SOD, GPx and GST
were found in the ovaries of RAF compared with the
reference fish. GSH content and activities of GPx and
GST were also higher in the RNF. The total protein
content and biometric indices decreased significantly

in the RAF compared with the RNF and reference fish.
The histology of the ovaries revealed atresia, melano-
macrophage centers, encapsulated follicle cysts, and
severe fibrosis in the RAF. The results of this study
suggest that abnormalities in the ovaries of A. tarichi
are causally related to increased oxidative stress as a
result of pollution.
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Introduction

Increasing amounts of pollutants discharged into aquatic
environments from industrial and agricultural facilities
and anthropogenic sources have been reported to cause
deleterious effects on fish health (Lukin et al. 2011). In
particular, environmental pollutants possessing endo-
crine activities such as pesticides, heavy metals, poly-
cyclic aromatic hydrocarbons, polychlorinated biphe-
nyls, alkylphenolic compounds, phthalates, and synthet-
ic and natural hormones are capable of disrupting the
reproductive physiology of fish populations (Blazer
2002; Agbohessi et al. 2015). Studies reported that
gonadal abnormalities, reduced gonadosomatic index
values, altered hormone levels, increased plasma vitel-
logenin levels, and delay in gametogenesis occurred in
fish found in areas receiving wastewater containing
agricultural and industrial chemicals (Hassanin et al.
2002; Kavanagh et al. 2004; Moharram et al. 2011;
Gilroy et al. 2012).
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Recent evidence indicates that environmental pollut-
ants generate reactive oxygen species (ROS) which are
responsible for toxicity in aquatic organisms living in
contaminated regions (Valavanidis et al. 2006). Cellular
antioxidant defense systems are depleted in the living
organisms when exposed to these environmental pollut-
ants, and excessive ROS production can overwhelm
endogenous defenses, causing oxidative damage to cel-
lular components (Livingstone 2003). Increased ROS
levels may be responsible for impairment in the physi-
ological functions of tissues and organs, and assayed
antioxidant system parameters can serve as biomarkers
of oxidative stress status (Van der Oost et al. 2003).

Lake Van is in the Eastern Anatolia Region of
Turkey. It is the largest soda lake in the world, with
highly alkaline water (Sari 2008). Alburnus tarichi,
(Güldenstädt, 1814) (Cyprinidae), is a fish species en-
demic to the Lake Van basin. The fish is anadromous,
migrating to freshwater inlets for spawning during the
reproduction phase (from mid-April to mid-June)
(Danulat and Selcuk 1992; Kaptaner and Kankaya
2013). About 11,000 tons of the fish are caught annual-
ly, indicating that it is economically important in the
region. Studies conducted in the last decade show that
Lake Van has been undergoing a process of environ-
mental degradation causally related to pollutants from
domestic discharge, agricultural runoff, and industrial
effluents. Various chemical families (e.g., heavy metals
(Bilgili et al. 1995; Oğuz and Yeltekin 2014), pesticides
(Unal et al. 2014) and natural and synthetic hormones
(Oğuz and Kankaya 2013)) have been detected in the
surface waters and sediment samples of the lake. In
recent years, increasing pollution has begun to exert
pressure on A. tarichi, which is known to be the only
vertebrate species in the lake (Kaptaner et al. 2014).
Ünal et al. (2007) described a subset of female
A. tarichi, collected from the eastern coastline of the
lake, showing disturbances in reproductive physiology
that resulted in a significant reduction in gonad mass,
poor gonadosomatic index values, ovaries having
arrested oocyte development, and lower plasma 17β-
estradiol level. This group of fish was termed reproduc-
tively arrested females (RAF) by the authors. Other
female fish in the same environment were reported to
have normal ovaries, relatively higher plasma 17β-
estradiol and GSI values, and were termed reproductive-
ly non-arrested females (RNF). The authors reported
43 % of the 150 females sampled to be RAF and
hypothesized that A. tarichi might be exposed to

endocrine disrupting chemicals. Subsequently, Unal
et al. (2014) showed that RAF possessed lower hepatic
and ovarian estrogen receptor α and vitellogenin mes-
senger RNA (mRNA) levels than RNF found in the
same environment and concluded that RAF were a
segment of the population more sensitive to endocrine-
disrupting chemicals.

The present study aimed to determine a suite of
biomarkers to reveal disturbances in the reproductive
physiology of A. tarichi. Here, we report antioxidant
defense system profiles in the ovarian tissue of RAF and
RNF of A. tarichi collected from a polluted region of
Lake Van, compared with reference fish from Lake
Erçek. In addition to oxidative stress parameters, bio-
metric measurements, total protein content, and histo-
logical alterations in the ovarian tissue are presented.

Materials and methods

Study area

Lake Van is the largest lake in Turkey, with a surface
area of 3574 km2. Settlements of various sizes such as
Van, Erciş, Gevaş, Edremit, Tatvan, Adilcevaz, and
Ahlat all discharge their wastewater into the lake. Van
is a large city on the eastern coastline of Lake Van.
Because of the extended domestic, industrial, and agri-
cultural activities along the eastern side, various pollut-
ants reach the lake from different points in Van city.
Near this part of the lake are cement and industrial
factories, a wastewater sewage treatment plant, agricul-
tural areas, and suburban discharge sources (Fig. 1).
Pollution in the form of pesticides, endocrine-
disrupting chemicals, and heavy metals enter the lake
mainly from this side. Recent studies have reported
gonadal and hepatic histopathologies and endocrine dis-
turbances in A. tarichi sampled from the eastern coast-
line of the lake (Kaptaner et al. 2014; Ünal et al. 2007,
Unal et al. 2014). Lake Erçek is 20 km east of Lake Van.
It has a surface elevation of about 1890 m, an area of
95.20 km2, and a maximum depth of 38 m (Adızel and
Durmuş 2009). In the present study, fish samples were
obtained from two sites. These were selected because
the first one, Lake Erçek (S1: 43° 34′ E, 38° 40′N), was
considered to be less affected by pollution, if at all, and
thus was chosen as a reference site. This site is 20–
25 km outside Van city. The second site is on the eastern
coastline of Lake Van (S2: 43° 13′ E, 38° 26′ N) and
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assumed to be polluted (Fig. 1). Physicochemical pa-
rameters of sampling sites such as temperature, pH,
dissolved oxygen, conductivity, and salinity were mea-
sured (Table 1).

Fish sampling and processing

A total of 26 sexually mature female A. tarichi
(Güldenstädt, 1814) were sampled from S1 and S2 by
professional fishermen using gill nets, between
February 24 and March 01, 2015. Sampling time was
selected according to the reproductive period of
A. tarichi. At this time, A. tarichi presents the mid-
vitellogenic period of its reproductive cycle (Ünal
et al. 1999). In addition, at this time, RAF were more
easily separated by morphologic gonadal examination
than were RNF. Ten of the sampled female fish were
from S1 and the remainder (n = 16) from Lake Van.
After sampling, the live fish were transferred to the
laboratory in aerated coolers. Body weight (W) and total
length (L) were individually measured and recorded to
c a l c u l a t e t h e Fu l t on cond i t i o n i ng f a c t o r
(CF = 100 × W ÷ L3). The fish were then sacrificed
and their ovaries were removed. Ovary weights (OWs)
were recorded for calculation of gonadosomatic index
(GSI = OW ÷W × 100). Prior to sacrifice, the fish were
anesthetized with 2-phenoxyethanol. Ethical regulations
were followed in accordance with national and institu-
tional guidelines for the protection of animal welfare
during experiments. The ovaries of each fish were mac-
roscopically examined after dissection to identify abnor-
malities. RAFwere determined according to the gonadal
features (lower ovary weight and GSI and reduced ova-
ries with oocytes developmentally blocked before the
vitellogenic stage) described by Unal et al. (2014). Eight
of the fish sampled from the polluted site of Lake Van
were determined to be RAF, and others were RNF
(n = 8).

Histology

The mid-fragments of the ovaries were fixed in 10 %
neutral buffered formalin solution for up to 48 h and
then washed with phosphate buffered saline (pH 7.4).
The tissues were then dehydrated through graded etha-
nol series and embedded in paraffin. The 10-μm-thick
sections from the paraffinized tissues were placed on
polylysine-coated slides. Next, the sections were
deparaffinized in xylene, and after rehydration with

graded ethanol concentrations, they were stained with
hematoxylin and eosin (H&E) and Mallory’s trichrome
for examination of the developmental stages and histo-
logical alterations. The slides were examined under a
Leica DMI 6000 B model microscope and
photographed.

Biochemical analyses

The ovarian tissues were rapidly frozen after removal
and stored at −20 °C. Prior to the analyses, the tissues
were thawed and homogenized for 5 min in 50 mM ice-
cold KH2PO4 solution (1:10w/v) using a glass porcelain
ultrasonic homogenizer (Jencons Scientific Co., UK).
The homogenates were centrifuged at 10,000 g for
30 min. All processes were carried out at 4 °C.
Supernatant fractions were removed and used to deter-
mine the lipid peroxidation and antioxidant defenses.

Lipid peroxidation (LPO) was determined by mea-
suring the malondialdehyde (MDA) content, a product
of lipid peroxidation, in the samples. The MDA concen-
tration was measured spectrophotometrically at 532 nm,
using the method described by Jain et al. (1989), based
on thiobarbituric acid reactivity. Concentration of MDA
was calculated using the molar extinction coefficient
(1.56 × 105 mol/L/cm) according to the formula,
A = ε × C × L, where A is absorbance, ε is molar
extinction coefficient, and L is path length.

The superoxide dismutase (SOD) activity was mea-
sured using a commercial kit (Ransod, Randox Lab.,
UK) at 505 nm and 37 °C according to the manufac-
turer’s instructions. In this method, a xanthine-xanthine
oxidase systemwas used to generate superoxide radicals
which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-
phenyltetrazolium chloride (INT) to form a red
formazan dye. SOD activity was then measured by the
degree of inhibition of this reaction. One unit of SOD is
that which causes a 50 % inhibition of the rate of
reduction of INT under the conditions of the assay.

Glutathione peroxidase (GPx) activity was measured
using a commercial kit (Ransel, Randox Lab., UK) at
340 nm and 37 °C according to the manufacturer’s
instructions. This assay is based on the method of
Paglia and Valentine (1967). GPx catalyzes the oxida-
tion of glutathione by cumene hydroperoxide. In the
presence of glutathione reductase and NADPH, the
oxidized glutathione (GSSG) is immediately converted
to the reduced form with a concomitant oxidation of
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NADPH to NADP+. The GPx activity was calculated
from the decreases in absorbance values.

The glutathione (GSH) content was measured spec-
trophotometrically at 412 nm using the method de-
scribed by Beutler (1984). The GSH levels were obtain-
ed by using a standard curve derived from external GSH
standards.

Glutathione-S-transferase (GST) activity was mea-
sured using 1-chloro-2,4-dinitrobenzene (CDNB) as
substrate (Habig et al. 1974). The assay was carried
out in a quartz cuvette containing 0.1 M phosphate
buffer (pH 6.5), 1 mM CDNB, and 1 mM GSH. The
reaction was started by adding a 50-μL sample.
Absorbance values of the CDNB-glutathione conjugate
were assayed spectrophotometrically at 340 nm.

The total protein content in the supernatant fractions
was assayed spectrophotometrically using the method of
Bradford (1976), with bovine serum albumin as a stan-
dard. The SOD activity was expressed as unit per

milligram protein, GPx activity was expressed as unit
per gram protein, GST activity was expressed as
nanomole of CDNB-glutathione conjugate per minute
per milligram protein, and the MDA and GSH content
was expressed as nanomole per milligram protein. The
total protein content values for the ovarian tissue were
expressed as milligram per gram wet weight of the
tissue.

Statistical analysis

Statistical analyses were performed using the
Statistical Package for the Social Sciences software,
version 16.0. Differences among the data were an-
alyzed using a one-way analysis of variance with a
post hoc Duncan’s multiple comparison test. The
results were expressed as the mean ± standard de-
viation (SD). Values P ≤ 0.05 were considered to
be statistically significant.

Results

Biometric indices

All sampled female fish were sexually mature. As
shown in Table 2, length and weight of the RAF and
RNF fish at S2 was significantly lower than that of
reference fish at S1. The CF values of RAF at S2
were very low compared with both the RNF and
reference fish. The lowest GSI values were found
in RAF. The GSI of RNF collected from S2 was also

Fig. 1 Geographic locations of
the study sites (S1: reference site
on the Lake Erçek; S2:
contaminated site on Lake Van).
Some facilities are present on the
eastern side of Lake Van. CF
cement factory, STP sewage
treatment plant of Van
Metropolitan Municipality, OIZ
organized industry zone (Source:
Google Earth)

Table 1 Physicochemical parameters in the reference site (S1:
Lake Erçek) and the contaminated site (S2: Lake Van)

Water quality
parameters

Reference site
(S1, Lake Erçek)

Contaminated site
(S2, Lake Van)

Temperature (°C) 5.1 4.7

pH 9.85 9.65

Dissolved oxygen (mg/L) 11.4 10.2

Conductivity (mS/cm) 26.84 29.76

Salinity (ppt) 14.60 16.90

Saturation (%) 121 107
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significantly lower than in the reference fish collect-
ed from S1.

Histology

The ovarian sections of reference fish and RNF
indicated that A. tarichi was at mid-vitellogenic
phase of ovarian development. A higher proportion
of oocytes at mid-vitellogenic stage and lower rates
of cortical alveolar and perinucleolar oocytes were
observed in the ovaries of these fish (Fig. 2a, b). In
contrast, mostly perinucleolar stage oocytes were
observed in RAF (Fig. 2c). Few oocytes in cortical
alveolar and early vitellogenic stages were observed
in two individuals of RAF. Several types of histo-
logical alterations were also observed in the ovaries
of RAF. These were atresia in perinucleolar oocytes
(Fig. 3a), melano-macrophage centers (Fig. 3b), en-
capsulated follicle cysts (Fig. 3c), and severe fibro-
sis (Fig. 3d).

GSI values and histological examinations confirmed
that 8 individuals of a total of 16 females sampled from

S2 displayed reproductively arrested development in
their ovaries.

Biochemical assays

The total protein content, LPO, and endogenous antiox-
idants in the ovary of A. tarichi are presented in Table 3.

Levels of total protein in the ovary of fish captured at
S2 were significantly lower than in those recorded at the
reference site, S1. The lowest levels of total protein
content were observed in the ovaries of RAF.

LPO levels were found to be significantly higher in
the ovarian tissue samples of RAF than in those of RNF
from S2 and reference fish from S1.

Ovarian SOD activity in RAF was significantly
higher than in the RNF and reference fish. GPx
activities in the ovarian tissues of RAF and RNF
were significantly higher than in ovaries of the ref-
erence fish. GST activity increased significantly in
ovaries of both RAF and RNF fish compared with
the reference fish. Activity of GST in the RAF
ovaries was significantly higher than values ob-
served in the ovaries of RNF. The ovarian GSH

Table 2 Sampling sites, dates, number of fish, length (L), weight (W), condition factor (CF), and gonadosomatic index of A. tarichi caught
in reference site (S1, Lake Erçek) and contaminated site of Lake Van (S2)

Sampling
site

Sampling date Fish n L (cm) W (g) CF GSI

S1 February 24, 2015 Reference fish 10 22.66 ± 1.50a 149.83 ± 29.16a 1.27 ± 0.06a 8.44 ± 1.29a

S2 February 26–
March 01, 2015

Reproductively non-arrested fe-
male fish (RNF)

8 19.10 ± 1.71b 106.25 ± 18.50b 1.54 ± 0.30b 6.49 ± 1.11b

S2 February 26–
March 01, 2015

Reproductively arrested
female fish (RAF)

8 20.73 ± 0.79c 89.15 ± 5.48b 1.00 ± 0.07c 2.48 ± 1.77c

Values for L, W, CF, and GSI are expressed as mean ± SD. Different letters indicate significant differences between fish groups using
Duncan’s multiple range test (significance at P ≤ 0.05, column comparison)

Fig. 2 Representative light micrographs of ovary sections of
reference fish from S1 (a) and RNF from S2 showing normal
ovarian organization (b), and RAF from S2 showing arrested

ovarian development (c). pn perinucleolar oocyte, ca cortical
alveolar oocyte, eVo early vitellogenic oocyte, mVo mid-
vitellogenic oocyte. H&E stain
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content was significantly higher in RAF and RNF
than in reference fish; however, the GSH content
was found to be higher in RAF than in RNF.

Discussion

Biometric indices

Recent studies have shown that the eastern coastline of
Lake Van is undergoing environmental pollution by
contaminants arising from agricultural and industrial
facilities and other anthropogenic sources existing along

this shore (Fig. 1). Previous reports showed that metals
increased in the Lake Van environment and accumulated
in various tissues of A. tarichi, including the ovaries
(Bilgili et al. 1995; Oğuz and Yeltekin 2014). It was
reported that municipal sewage treatment plant effluent,
containing endocrine disrupting chemicals and flowing
into the lake, is a major source of pollution in the
sediment and surface waters of Lake Van. Some pesti-
cide residues and phthalates in the fish ovarian tissue
and lake sediment samples were also reported at this site
(Unal et al. 2014). The present study was intended to
focus on the biomarkers of oxidative stress, histology,
and biometric indices in the RAF and RNF in this

Fig. 3 Light micrographs of
ovary sections of RAF showing
histological alterations. Atresia in
perinucleolar follicle (ao) (H&E
stain) (a); melano-macrophage
centers (mmc) (H&E stain) (b);
encapsulated follice cysts (efc)
(H&E stain) (c); severe fibrosis
(sf) in which collagen fibers
stained in blue by Mallory’s
trichrome stain (d)

Table 3 Total protein content, lipid peroxidation, and antioxidants in the ovary of A. tarichi caught in reference site (S1, Lake Erçek) and
contaminated site of Lake Van (S2)

Sampling
site

Fish n Total protein
content

MDA
content

GSH content SOD
activity

GPx activity GST activity

S1 Reference fish 10 256.72 ± 21.83a 0.10 ± 0.04a 16.80 ± 5.59a 0.37 ± 0.07a 0.036 ± 0.006a 12.72 ± 4.99a

S2 Reproductively non-
arrested female fish
(RNF)

8 209.82 ± 20.08b 0.14 ± 0.08a 34.57 ± 12.28b 0.48 ± 0.13a 0.057 ± 0.018b 20.70 ± 6.63b

S2 Reproductively arrested
female fish (RAF)

8 162.97 ± 36.11c 0.29 ± 0.22b 87.57 ± 25.62c 0.92 ± 0.33b 0.072 ± 0.022b 30.36 ± 9.26c

Values are expressed as mean ± SD. Different letters indicate significant differences between fish groups using Duncan’s multiple range test.
The total protein content values for ovarian tissue were expressed as milligram per gram wet weight of the tissue. The SOD activity was
expressed as unit per milligram protein; GPx activity was expressed as unit per gram protein; GST activity was expressed as nanomole of
CDNB-glutathione conjugate per minute per milligram protein; and the MDA and GSH content was expressed as nanomole per milligram
protein (significance at P ≤ 0.05, column comparison)

MDA malondialdehyde, GSH reduced glutathione, SOD superoxide dismutase, GPx glutathione peroxidase, GST glutathione-S-transferase
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polluted area of Lake Van compared with the reference
fish from an unpolluted site (Lake Erçek).

In female A. tarichi, length, weight, CF, and GSI
varied considerably between sites. The biometric indi-
ces of fish sampled from Lake Van were generally lower
than those of reference fish. This effect might be related
to niche changes, the use of available food resources,
and pollutants existing in the lake environment
(Nwabueze and Ekelemu 2011; Gilroy et al. 2012).
RAF displayed significantly lower CF, an indication of
physiological status related to well-being, than those of
RNF and reference fish. In accordance, the poor CF was
also recorded in fish exposed to industrial effluent
(Adeogun et al. 2012). Fish found in sites contaminated
with pesticides were reported to have decreased CF
regardless of the season, species, and sex (Agbohessi
et al. 2015). A low GSI was observed in RAF from Lake
Van compared with RNF and reference fish. Elp and
Çetinkaya (2000) reported that GSI is well correlated
with oocyte development in A. tarichi. Decrease in the
GSI could be attributed to the presence of mainly
previtellogenic oocytes showing arrested development
instead of mid-vitellogenic stage oocytes in the ovaries
(Ünal et al. 2007). Unal et al. (2014) reported that the
presence of previtellogenic oocytes in the ovaries of
RAF is most likely to be a consequence of exposure to
contaminants. Such a reduced GSI has also been ob-
served in other fish species exposed to various types of
contaminants (Singh and Singh 2008; Mdegela et al.
2010; Lal et al. 2013).

Histology

Histological examination showed that RNF from Lake
Van and reference fish from Lake Erçek possessed
mainly mid-vitellogenic oocytes in their ovaries, where-
as mainly previtellogenic oocytes were observed in
RAF. Such an observation was termed Breproductively
arrested gonad development^ in previous studies (Ünal
et al. 2007, Unal et al. 2014). It was hypothesized that
regressed ovaries in A. tarichi might arise because of
accumulation of endocrine disrupting chemicals such as
phthalates and pesticides (Unal et al. 2014), and heavy
metals (Oğuz and Yeltekin 2014) in the ovaries. In the
present study, some histological alterations including
atresia, melano-macrophage centers, encapsulated folli-
cle cysts, and severe fibrosis in addition to the regressed
ovarian development were observed. Similar to our
findings, atresia and melano-macrophage centers were

described in a previous study (Ünal et al. 2007); how-
ever, encapsulated follicle cysts and severe fibrosis were
first determined here. This result suggested that increas-
ing pollution in the lake environment raised its pressure
on A. tarichi as time progressed. Many factors can cause
atresia in fish ovaries, and atresia, especially in
previtellogenic oocytes as in the present study, is an
important indicator of pathological conditions. When
fish are exposed to environmental contaminants, the rate
of atretic oocytes has been reported to increase
(Kaptaner and Ünal 2011). Melano-macrophage centers
are pigment-containing macrophage aggregates that
play a role in the storage of foreign material, and in-
creases in size and frequency of these centers in envi-
ronmentally stressful conditions suggest chemical pol-
lution (Agius and Roberts 2003). Consistently,
Agbohessi et al. (2015) have reported melano-
macrophage centers in the ovaries of fish inhabiting a
cotton basin impacted by pesticides. Encapsulated folli-
cle cysts are abnormal structures in which follicular cell
layers proliferate and form a nonkeratinized multilayer
epithelium (Witthames et al. 2010; Dominguez-Petit
et al. 2011). These structures in the fish ovary presum-
ably occurred as a result of pollution. Severe fibrosis
observed in the ovary of A. tarichi might be a chronic
tissue response to contaminant injury (Blazer 2002).

Biochemistry

The total protein content of ovaries in fish sampled
from Lake Van displayed a general decrease com-
pared with those sampled from the reference site;
however, it was remarkably lower in the RAF than
in RNF and reference fish. Studies showed when
fish were exposed to the toxicants, the protein con-
tent of the tissues was decreased (Nagaraju and
Rathnamma 2013). It has been reported that the
ovarian protein content increased as vitellogenesis
progressed, depending on the reproductive cycle of
fish; however, it could be decreased in the presence
of pollutants (Assem et al. 2005; Kumari 2012). A
remarkable reduction of the protein content in the
ovaries of RAF can be attributed to the unfavorable
process of vitellogenesis. The key product in vitel-
logenesis is a lipophosphoprotein called vitellogen-
in, which is synthesized by liver in response to
circulating 17β-estradiol. After synthesis, vitello-
genin is transported to the ovary by blood and in-
corporated into developing oocytes. However, some
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external (environmental) and internal (sex hor-
mones) factors may negatively impact this process
(Khan et al. 1991). Previous studies reported that
RAF have reduced circulating 17β-estradiol levels
(Ünal et al. 2007) and lower vitellogenin mRNA
levels in their livers and ovaries (Unal et al. 2014).

LPO is a complex process in which polyunsaturated
fatty acids in biological membranes undergo changes by
chain reactions and form lipid hydroperoxides that de-
compose double bonds of unsaturated fatty acids and
destroy membrane lipids (Janero 1990). A wide variety
of environmental contaminants have been shown to
produce free radicals and initiate LPO, and free radicals
cause oxidative damage in cells by attacking main cel-
lular components such as proteins, carbohydrates, and
nucleic acids (Van der Oost et al. 2003). In the present
study, significantly increased levels of LPO in the ova-
ries of RAF collected from a polluted region of Lake
Van indicate oxidative injury and provide an indicator of
pollution. This result coincides with a previous study
demonstrating elevated LPO in gonadal tissue of fish
(Pomadys jubelini) collected from polluted coastal sites
(Ekaete 2014). Increased LPO levels were also reported
in various tissues of different fish living in rivers
(Farombi et al. 2007) and lakes (Abdel-Moneim et al.
2013) contaminated by environmental pollutants.

SOD plays an important role against oxygen toxicity
by catalyzing the transformation of superoxide radical to
hydrogen peroxide and water and catalase which further
degrades hydrogen peroxide to water. Exposure to envi-
ronmental pollutants has been reported to increase SOD
activity in fish (Dimitrova et al. 1994; Dautremepuits
et al. 2004; Zagal and Mazmanci 2011). In the present
study, SOD activity was found to be enhanced in the
ovaries of RAF compared with the RNF and reference
fish, suggesting pollution-induced production of super-
oxide radicals. Similar to the present study, SOD activity
was reported by several authors to be higher in fish from
polluted sites (Avci et al. 2005; Abdel-Moneim et al.
2013; Gül et al. 2004).

The results showed that GPx activity increased
significantly in the ovaries of RAF and RNF. GPx is
an important enzyme that converts hydrogen perox-
ide into hydrogen oxide using GSH as a substrate.
Increased GPx activity has been described in fish
treated with certain environmental pollutants
(Almeida et al. 2002; Sayeed et al. 2003; Sanchez
et al. 2005; Kankaya et al. 2015). The observed
increase in the GPx activity might be a protective

response to overproduction of hydrogen peroxide in
the ovary under pollutant-induced LPO. Consistent
with our results, some researchers also reported high
levels of GPx activity in the tissues of other fish
collected from polluted waters (Pandey et al. 2003;
Abdel-Moneim et al. 2013).

GST is as a major phase II detoxification enzyme that
plays a role in catalyzing the electrophilic substrates to
GSH. The enzyme protects cells against endogenous
and exogenous toxic chemicals (Sheehan et al. 2001).
The activity of GST was found to be significantly in-
creased in the ovaries of fish collected from Lake Van as
compared with reference fish. Elevated GST activity is
possibly related to increased free radical production
from the metabolism of environmental pollutants. Our
results coincide with those of Lu et al. (2011) who
reported increased GST activity in caged fish at Lake
Taihu, which is known to be contaminated with estro-
genic chemicals. Increased GST activity has also been
demonstrated in fish species as a result of exposure to
certain toxicants (Otto and Moon 1996; Farombi et al.
2007; Peebua et al. 2007; Lu et al. 2009).

GSH protects cells against the toxicity of xenobiotics
and oxidants and plays a central role in maintaining
cellular redox status (Stephensen et al. 2002). GSH
levels were significantly increased in the ovaries of fish
from Lake Van. This increase was more evident in the
RAF. These results agreed with Pandey et al. (2003);
Farombi et al. (2007), and Doherty et al. (2010), who
also found an increase in GSH level together with ele-
vated lipid peroxidation in the tissues of fish collected
from polluted waters. GSH itself is a free radical scav-
enger and known to be a cofactor substrate for GPx and
GST. The increase in GSH level might be due to an
adaptive and protective role of this biomolecule against
oxidative stress as a result of chronic exposure to envi-
ronmental contaminants (Dickinson and Forman 2002).

In conclusion, the present study demonstrated evi-
dence of elevated oxidative stress in the ovaries of RAF
from the eastern coastline of Lake Van, which is known
to be polluted with various contaminants. RNF devel-
oped antioxidant defenses to remove or transform free
radicals and reduce oxidative damage. By making a
comparative study of two distinct sites, we have shown
that oxidative stress parameters and physiological re-
sponses such as CF, GSI and ovarian histology are
linked. Thus, abnormalities in the ovaries of A. tarichi
are causally related to increased oxidative stress as a
result of elevated levels of pollution in Lake Van.
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