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Abstract Recent reports have demonstrated gonadal
abnormalities in the Lake Van fish (Alburnus tarichi)
from Lake Van caused by increasing pollution. In the
present study, the fish was collected from an area of Lake
Van receiving mainly sewage treatment plant effluent at
prespawning period (April) and from a river (Karasu)
which is close to the polluted area of the lake and where
the fish migrates at spawning period (May). Collected
specimens were examined for testicular alterations,
gonadosomatic index (GSI), condition factor (CF), and
antioxidant defense system biomarkers based on com-
parison with a reference lake (Ercek) and a reference
freshwater inlet (Memedik River). Histological exami-
nations of the testes of fish from the polluted area and the
connected river showed various alterations consisting of
macrophage aggregates, vacuolation, pyknosis, germ
cell degeneration, seminiferous tubule dilation, disorga-
nization of tubules, reduced spermatozoa, and fibrosis. A
lower GSI and CF were also observed. Moreover, alter-
ations in the antioxidant system biomarkers were deter-
mined in the testis tissues of fish from the Lake Van and
Karasu River, indicating oxidative stress. These results
suggest that the abnormalities in the testes are causally
related to the increased oxidative stress, and pollution in
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Lake Van may have adversely affected the reproductive
health of the lake Van fish.
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Introduction

Aquatic environments are continously being contami-
nated with hazardous pollutants originating from do-
mestic sewage, wastewater treatment plant effluent,
and industrial and agricultural activities (Au 2004). A
wide variety of contaminants including pesticides,
heavy metals, synthetic and natural estrogens, polycy-
clic aromatic hydrocarbons, polychlorinated biphenyls,
and phthalates can reach water bodies from those
sources and induce negative impacts on the aquatic
organisms. As inhabitants of aquatic systems, fish are
inevitably exposed to such chemicals (Scott and Sloman
2004). Many works have reported that histological al-
terations may occur in organs of fish living in or near
contaminated systems (Simpson et al. 2000; Ayas et al.
2007; Triebskorn et al. 2008; Lukin et al. 2011; Oliva
et al. 2013; Dane and Sigman 2015). Adverse effects
detected in fish that have been exposed to pollutants
found in aquatic environments include induction of
oxidative damage in tissues as a consequence of over-
production of reactive oxygen species (ROS) (Giil et al.
2004; Ameur et al. 2012). Ecotoxicological studies have
revealed that the reproductive systems of fish also suffer
from increasing concentrations of toxic compounds in
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aquatic environments. Gonadal abnormalities (Louiz
et al. 2009), reduced gonadosomatic index (GSI) values
(Hassanin et al. 2002), altered sex hormone levels
(Gilroy et al. 2012), and induction of female-specific
vitellogenin in males and/or feminization (Carballo et al.
2005; Penaz et al. 2005; Blazer et al. 2014) are the most
often reported reproductive disturbances in fish
inhabiting areas receiving wastewater worldwide.
Alburnus tarichi is an endemic Cyprinid fish found in
the Lake Van basin of Turkey. This anadromous fish
species migrates to freshwater inlets feeding the lake to
spawn during the reproductive period (April-June), af-
ter which it returns to the lake (Danulat and Selcuk
1992). Apart from its interesting biological properties,
it is also a commercially important species, with
10,000 t/year being harvested (TUIK 2013). Studies
have shown that Lake Van has been undergoing envi-
ronmental degradation caused by pollutants from do-
mestic discharge, agricultural runoff, and industrial
effluents and that A. tarichi in the lake may be
adversely affected. Bilgili et al. (1995) analyzed water
quality and some metals in the water of Lake Van and
muscle tissue of 4. farichi and found that the water
quality parameters were below the quality limits. More-
over, they reported concentrations of lead high enough
to pose a risk to human health in the muscle tissue of
A. tarichi as a result of terrestrial contamination. An
investigation by Aksoy et al. (2011), conducted in some
fish and mussel species collected from Lake Van and
connected rivers, revealed the presence of organochlo-
rine compounds (e.g., gamma-HCH, beta-HCH, hexa-
chlorobenzene, and PCB 28) and a pesticide (4,4’ DDE)
in A. tarichi. Field studies indicated histopathological
lesions, such as melanomacrophage centers, glycogen
depletion, and lipidosis in the liver of 4. tarichi from the
Van-Edremit coast of Lake Van, which receives domes-
tic, sewage wastewater plant, and industrial effluents
(Fig. 1) (Kaptaner et al. 2014). Unal et al. (2007) report-
ed decreased gonadosomatic index values, abnormali-
ties in testicular and ovarian tissues, inhibition of liver
acetylcholinesterase activity, and reduced plasma 17f3-
estradiol levels in 4. farichi from the same area. Anal-
yses of sediment samples from the Van-Edremit coast of
the lake have shown organic contaminants such as bis(2-
ethylhexyl) phtalate and 4,4’-DDT and reproductive dis-
turbances in female 4. tarichi (Unal et al. 2014). In a last
study, the relationship between histological alterations
and increased oxidative stress in the ovary of A. tarichi
as a result of pollution was indicated (Kaptaner 2015).
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Histopathological changes have long been preferred
as biomarkers of exposure to pollutants (Greenfield
et al. 2008) and provide direct evidence of the adverse
effects of contamination in fish (Fricke et al. 2012).

Many environmental pollutants generate ROS and
subsequently induce oxidative stress, resulting in toxicity
toward aquatic organisms inhabiting in contaminated
waters (Valavanidis et al. 2006). The antioxidant defense
system that constitutes antioxidant enzymes such as su-
peroxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), glutathione reductase (GR), and glu-
tathione-S-transferase (GST) as well as nonenzymatic
antioxidants [e.g., glutathione (GSH)] serve as an impor-
tant biological defense against the toxicity of ROS.
Malondialdehyde is a main product of lipid peroxidation
and one of the most frequently observed biomarkers
indicating lipid peroxidation in the tissues (Tabrez and
Ahmad 2009). All of these markers have been extensive-
ly used in numerous field studies and are known to be
involved in pathology and the etiology of fish diseases
(Giil et al. 2004; Abdel-Moneim et al. 2013).

Testes development has been well described in
A. tarichi, and spermatogenesis is known to occur in
three stages: (1) recrudescence (July—April), (2)
spawning (May—June), and (3) postspawning (July).
GSI, germ cell proliferation, and plasma androgens have
been reported to be well correlated during testes devel-
opment (Unal et al. 1999; Kaptaner and Kankaya 2013).
Although pollution-related disturbances in the ovary of
A. tarichi have been thoroughly investigated, their ef-
fects in males are poorly understood. Therefore, in the
present study, male A4. tarichi were sampled from sites of
Lake Van receiving mainly sewage treatment plant ef-
fluent and other effluents, as well as a river (Karasu)
entering the lake near these sites. Collected specimens
were then analyzed for changes in histological charac-
teristics and antioxidant systems in the testes based on
comparison to reference fish from an uncontaminated
lake (Ercek) and river (Memedik River).

Materials and methods

Study area

Van is a metropolitan city on the eastern side of Lake
Van. Settlements of various sizes discharge their waste-

water into the Lake Van. Due to the extended domestic,
industrial, and agricultural activities, various pollutants
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Black Sea

Lake Van

Fig.1 Geographic locations of the study sites. Some facilities are present along the Van-Edremit coast of Lake Van (CF cement factory, STP
sewage treatment plant of Van Metropolitan Municipality, OIZ organized industry zone)

reach the lake from different points of the Van city. A
cement factory, a wastewater sewage treatment plant, an
organized industrial zone, and domestic discharges all
exist between the Van and Edremit districts (Fig. 1).
Pollutants such as pesticides, endocrine-disrupting
chemicals, and heavy metals mainly reach the lake from
this area (Bilgili et al. 1995; Aksoy et al. 2011; Unal
et al. 2007; Unal et al. 2014). Karasu River is a fresh-
water inlet that enters Lake Van, in which A4. tarichi
engages in spawning activity. Lake Ercek has similar
physicochemical properties to Lake Van. Memedik Riv-
er is the only freshwater inlet entering the lake in which
A. tarichi spawn (Akkus and Sar1 2013) (Fig. 1). Five
sampling sites were selected for this study. The physi-
cochemical parameters were measured by a multiparam-
eter meter kit (Thermo Scientific, Orion 5 Star). The site
description, sampling dates, geographical positions, and
physicochemical parameters of surface water samples
from the sampling sites are summarized in Table 1.
Briefly, the first site (S1) mainly receives sewage water
from the Van metropolitan city wastewater treatment
plant and is assumed to be polluted. The second site is
close to S1 and represents a migration route of the

A. tarichi to the freshwater. The third site is the Karasu
River, in which 4. tarichi conduct reproductive activity.
The Karasu River is located close to the first two sites.
Lake Er¢ek (S4) and the Memedik River (S5), which are
uncontaminated locations 30-35 km outside Van, were
seleced as reference sites (Fig. 1).

Fish sampling and processing

Sixty-six sexually mature male A. farichi were caught
from five sites using gill nets in April and May of 2015.
These sampling times (Table 1) were selected because
histological abnormalities such as delays in spermato-
genesis could be more easily discernable by gonadal
examination. In the lake population in April, males of
A. tarichi are in the late recrudescence period, while
May is the spawning period of testicular development
in which seminiferous tubules are full of spermatozoa
(Unal et al. 1999; Kaptaner and Kankaya 2013). After
sampling, the fish were anesthetized by using 2-
phenoxyethanol and sacrificed, after which the total
body weight (/) and total length (L) were individually
measured and recorded to calculate the Fulton
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Table 1 Site description and sampling dates and geographical positions and physicochemical parameters in surface water samples of

sampling sites

Sampling sites Description Sampling dates Geographical positions Physicochemical
parameters
Lake Van (S1) A site close to Van Metropolitan Municipality April 29,2015 38°32'N,43° 18'E T(°C) 12.0
sewage treatrr'le'nt. pla.nt in Lgke Van that ' pH 977
Zzzf]:;\;s municipial, industrial and domestic DO (mglL) 98
C (mS/cm) 27.88
Sal (ppt) 16.5
Sat (%) 105
Lake Van (S2) A site close to S1 on the fish migration route April 28,2015 38°34'N,43° 13'E T(°C) 9.9
from Lake Van to the freshwater river pH 98
DO (mg/L) 104
C (mS/cm) 28.65
Sal (ppt) 16.8
Sat (%) 108
Karasu River (S3) A river feeding Lake Van in which Alburnus May 12,2015 38°35'N,43°13'E T(°C) 13.8
tarichi perform spawning activity pH 834
DO (mg/L) 8.7
C (mS/cm) 572
Sal (ppt) 03
Sat (%) 100
Lake Ergek (S4) Reference site on Lake Ergek April 28,2015 38°41'N,43°37'E T(°C) 11.8
pH 9.98
DO (mg/L) 9.9
C (mS/ecm) 23.97
Sal (ppt) 14.3
Sat (%) 100
Memedik River (S5) A reference freshwater inlet on the a branch of ~ May 11,2015  38°41'N, 43°39'E T (°C) 15.1
the Memedik River iq \yhich Alburnus tarichi pH 839
perform spawning activity DO (mglL) 99
C (mS/cm) 478
Sal (ppt) 0.3

Sat (%) 103

T temperature, DO dissolved oxygen, C conductivity, Sal salinity, Sat saturation

conditioning factor (CF =100 x W+ L?). Testes were
excised from each side, weighed, and noted for calcula-
tion of the gonadosomatic index (GSI = testes weight +
W % 100). Testes fragments from the middle parts were
fixed in Bouin’s fixative for 48 h. The remaining parts of
the tissues are stored at —20 °C. All procedures were
performed in agreement with national and institutional
regulations for the protection of animal welfare during
the study. This work was approved by the Animal
Experiments Ethics Committee of Yuzuncu Yil Univer-
sity for the ethical concerns.
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Histology

All histological procedures were performed as described
by Lavado et al. (2004). The fixed tissues were
dehydrated through graduated ethanol series and em-
bedded in paraffin wax. Then, the consecutive sections
(7 um) were taken from the tissues and placed on
adhesive silane-coated slides. The sections were
deparaffinized in xylene, rehydrated with graded etha-
nol concentrations, and then stained with hematoxylin
and eosin (H&E), periodic acid Schiff and hematoxylin
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(PAS&H), and Mallory’s trichrome stainings. The prep-
arations were examined under a microscope (Leica DMI
6000 B, Germany), and photographs were taken.

Biochemical analyses

Prior to analyses, the frozen tissues were thawed and
homogenized for 5 min in 50 mM ice-cold KH,PO,
solution (1:10 w/v) using a glass-porcelain ultrasonic
homogenizer (Jencons Scientific Co., Bedfordshire,
UK). The homogenates were centrifuged at 10,000xg
for 30 min at 4 °C, after which the supernatant fractions
were removed and used to determine the lipid peroxida-
tion and antioxidant defenses.

The testicular malondialdehyde (MDA) concen-
tration was measured spectrophotometrically at
532 nm using the method described by Jain et al.
(1989) based on the thiobarbituric acid reactivity.
The results were expressed as nanomoles per gram
of tissue.

The SOD activity was measured spectrophotometri-
cally at 505 nm using a commercial kit (Ransod,
Randox Lab., UK) according to the direction of manu-
facturer’s procedures. The SOD activity was expressed
as units per milligram of tissue.

The CAT activity was measured spectrophotometri-
cally according to Aebi (1974). The activity of CAT was
determined by assaying the decrease in absorbance (hy-
drogen peroxide consumption) at 240 nm. The results
were expressed as units per gram of tissue.

The GPx activity was measured spectrophotometri-
cally using a commercial kit (Ransel, Randox Lab.) at
340 nm and 37 °C according to the direction of manu-
facturer’s procedures. The GPx activity was calculated
from the decreases in absorbance values and expressed
as units per gram of tissue.

The GSH content was measured spectrophotometri-
cally at 412 nm using the method described by Beutler
(1984). The results were expressed as miligrams GSH
per gram of tissue.

The GR activity was measured spectrophotometrical-
ly according to Carlberg and Mannervik (1975) based
on the decrease in absorbance of NADPH at 340 nm.
The results were expressed as units per milligram of
tissue.

GST activity was measured spectrophotometrically
according to Habig et al. (1974). The results were
expressed as units per milligram of tissue.

Statistical analysis

All data were analyzed using one-way analysis of vari-
ance with SPSS 16.0 for Windows statistical packet
program. A post hoc Scheffe’s multiple range test was
used for the determination of differences between
groups. The results were presented as the mean + stan-
dard deviation (SD). Significance was accepted at P <
0.05 level.

Results
Histology and biometric indices

Reference fish from S4 and S5 exhibited normal testis
texture. Some individuals from S1, S2, and S3 had no
histological alterations and showed normal tissue orga-
nization in their testes. Histological changes determined
in the testes of fish from Lake Van (S1 and S2) and the
Karasu River (S3) are summarized in Tables 2 and 3 and
illustrated in Figs. 2 and 3, respectively. Histological
examinations showed that A. farichi sampled from lake
environment (S1, S2, and S4) was in the late phase of
the recrudescence period. The seminiferous tubules in
individuals with normal testis structure in the reference
fish from Lake Er¢ek and Lake Van contained spermato-
gonia, spermatocyte cysts, spermatid cysts, and residual
spermatozoa (Fig. 2a, b). In the river environment (S5,
S3), the fish exhibited mature testes that were full of
spermatozoa, as well as a few spermatonia, spermato-
cytes, and spermatid cysts in the semiferous tubule
epithelium (Fig. 3a, b). Testicular alterations were de-
termined in the fish sampled from Lake Van (S1, S2)
and Karasu River (S3) when compared to the reference
sites (S4, S5). Seven of 11 fish collected from S1 ex-
hibited histological alterations, including PAS-positive

Table 2 Sampling number (n), length (L), condition factor (CF),
and gonadosomatic index (GSI) of the fish sampled from the lake
environment (S1, S2, and S4)

Site n L (cm) CF GSI

S1 11 18.45+0.69 1.22+0.08* 7.78 +£2.70%
S2 7 18.67 +£0.68 1.25+0.07* 13.49+1.83°
S4 16 18.89+1.45 1.27£0.06* 11. 63 +2.68°

Values are given as mean= SD. The different superscript letters
indicate the difference in the statistical significance (column
comparison)
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Table 3 Sampling number (), length (L), condition factor (CF), and gonadosomatic index (GSI) of the fish sampled from the river

environment (S3 and S5)

Site n L (cm) CF GSI

S3 12 (fish possessing testis with normal histology) 18.31+£1.10 1.20+£0.07* 9.46+1.81*
S3 10 (fish possessing testis with histological alterations) 17.73 £1.05 1.00+0.09° 5.04+£2.64°
S5 10 19.47+1.85 1.16+0.07* 8.27+2.32%

Values are given as mean + SD. The different supercript letters indicate the difference in the statistical significance (column comparison)

macrophage aggregates that were usually observed usu-
ally near the blood vessels and stained in purple
(Fig. 2c), seminiferous tubule dilation (Fig. 2d), in-
creased pycnotic and degenerated germ cells in the
germinal epithelium (Fig. 2e), and infiltration of adipo-
cytes (Fig. 2f). Histological alterations were more evi-
dent in fish sampled from the Karasu River (S3), with 10
of 22 fish found to have these changes. The PAS-
positive macrophage aggregates (Fig. 3¢) and large vac-
uoles close to the tubule wall (vacuolation) (Fig. 3d, e)
were the most prevalent histological alterations. Other
alterations observed in the testes included disorganiza-
tion of seminiferous tubules (Fig. 3f), degeneration of
germ cells (Fig. 3g), delayed spermatogenesis (Fig. 3h),
reduced spermatozoa (Fig. 31), thickening in the wall of
blood vessels (Fig. 3j), thickening of the tubule walls
(Fig. 3k), and fibrosis (Fig. 31). Other fish (n=12)
collected in the same place (S3) were observed to have
normal testis architecture as observed in the reference
fish (S5). Accordingly, fish possessing testes with his-
tological alterations were assessed seperately in terms of
biometric indices and biochemical analyses.

Biometric indices of male fish sampled from the lake
(S1, S2, and S4) and river are given in Tables 4 and 5,
respectively. CF values were similar in fish groups
sampled from the lake (S1, S2, and S4). Lower GSI
values were found in fish at S1 than S2 and the reference
fish S4 (P <0.05). In the river, male fish with histolog-
ical alterations in the testicular tissue from S3 had low
CF and GSI values than fish with normal testis histology
collected from the same enviroment and reference fish
from S5 (P <0.05).

Biochemical assays
The MDA levels and enzymatic and nonenzymatic an-

tioxidants in the testes of the fish sampled from the lake
and river environment are presented in Tables 6 and 7,
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respectively. MDA levels were found to be unchanged
in testes of fish from Lake Van (S1, S2). In samples from
the river (S3, S5), MDA levels were determined to be
significantly higher in the testes of male fish with histo-
logical alterations than in reference fish from S5 and fish
displaying normal testis histology from the same envi-
ronment (S3).

Testicular GSH content and SOD, CAT, GPx, and
GST activities at S1 were all significantly higher than
those in fish from S2 and reference fish from S4
(P<0.05). Higher SOD and CAT activitives were also
observed in fish from S2 than in the reference fish from
S4 (P<0.05).

The GSH content remained unchanged in the testis of
fish from the river (S3) comparing to the fish from the
reference river (S5). The CAT, GPx, and GST activities
were significantly higher in fish from the river (S3)
possessing histological alterations than in fish with nor-
mal testis histology present in the same environment and
reference fish from S5 (P < 0.05). Conversely, the activity
of GR was significantly lower in the testes of fish show-
ing histological alterations than in fish with normal his-
tology and the reference fish. The CAT, GPx, and GST
activities were also higher in fish with normal histology
from S3 than in reference fish from S5 (P <0.05).

Discussion

Environmental monitoring studies have documented
heavy metal, organochlorine compound, pesticide, and
phthalate contamination in Lake Van (Bilgili et al. 1995;
Aksoy etal. 2011; Unal et al. 2014). Additionally, many
studies have displayed that xenobiotics can disrupt
structural organization and function of the gonads of
fish inhabiting in contaminated regions (Louiz
et al. 2009; Allner et al. 2010; Blazer et al. 2014). The
present study investigated reproductive disturbances in
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Fig. 2 Histological sections of testes of A. tarichi sampled from
the reference lake (Ergek, S4) (a) and from a polluted area of Lake
Van (S1) (b—f) during the prespawning period (April). a Testes
tissue of reference fish showing normal structure and all germ cell
stages (Sg spermatogonia, Sc spermatocyte, Sd spermatid, Sz sper-
matozoa) (H&E). b Normal testes showing no histological

the testes of A. tarichi from contaminated sites of Lake
Van (S1, S2), which receives sewage effluent from a

alteration from S1 (H&E). ¢ Testes showing PAS-positive macro-
phage aggregate (ma) near a blood vessel (bv) (PAS&H). d Testes
showing seminiferous tubule dilation (asterisks) (H&E). e Testes
showing pyknosis (arrowheads) and degeneration (arrows) in
germ cells (H&E). f Testes showing infiltrated adipocytes (H&E)

wastewater treatment plant and a connected river (S3;
the Karasu River) to which fish migrate for spawning.
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Fig. 3 Histological sections of testes of 4. tarichi sampled from a
reference freshwater inlet, (Memedik, S5) (a), and from Karasu
River (b-1) close to the polluted area of Lake Van in which the fish
migrated (S3) during spawning period (May). a Testes tissue of
reference fish showing normal structure with the lumens of the
seminiferous tubules having full of spermatozoa (Sz) (H&E). b
Normal testes showing no histological alterations from S3 as in the
reference site (H&E). ¢ Testes showing PAS-positive macrophage
aggregate (ma) and vacuolation (v) (PAS&H). d Testes showing
large vacuoles (v) in the germinal epithelium (H&E). e Testes

Biometric indices, histological alterations, and oxidative
stress biomarkers were investigated based on

@ Springer
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showing high degree of vacuolation (arrows) (H&E). f Testes
showing seminiferous tubule disorganization (circle) (Mallory’s
trichrome). g Testes showing degenerated germ cells (arrowheads)
(H&E). h Testes with delayed spermatogenesis (PAS&H). i Testes
having reduced spermatozoa (Rs) (Mallory’s trichrome). j
Thickening of the wall of blood vessels in testes (two-headed
arrow) (H&E). k Testes showing thickening of the tubule wall
(two-headed arrow) (H&E). 1 Testes showing fibrosis (f) in the
interstitial area (Mallory’s trichrome).

comparison with fish from an uncontaminated lake
(S4; Ercek) and a freshwater inlet (S5; Memedik River).
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Table 4 Histological alterations in testis of the fish sampled from the lake environment (S1, S2, and S4)

Site Total number of fish with Macrophage Seminiferous Increase in pycnotic ~ Germ cell Infiltration of
histological alterations aggregates tubule dilation germ cells degeneration adipocytes

S1 711 3/11 4/11 1/11 1/11 1/11

S2 177 0/7 0/7 0/7 1/7 0/7

S4  0/16 0/16 0/16 0/16 0/16 0/16

Histological examination of the testes of fish from the
reference lake (S4) and river (S5) demonstrated normal
testis structure. Fish from S4 showed spermatogonia,
spermatocyte, and spermatid cysts and residual sperma-
tozoa in the tubules (Fig. 2a). Fish from S5 appeared to
have mature testes full of spermatozoa in the tubules
(Fig. 3a). Some of the fish collected from Lake Van (S1
and S2) and the Karasu River (S3) had normal testes as
observed in reference fish, but others showed various
pathological changes, indicating testicular regression.
The histological alterations observed in those sites were
PAS-positive macrophage aggregates, seminiferous tu-
bule dilation, increased pycnosis and degeneration in
germ cells, infiltration of adipocytes, vacuolation, disor-
ganization of seminiferous tubules, thickening of blood
vessel walls, delayed development of germ cells, reduced
spermatozoa, thickening of interstitial tissue, and fibrosis.
The histopathological alterations in the testes of 10 of 22
fish from the Karasu River (S3) were more remarkable
and easily discernable. This is because all fish normally in
the river population usually exhibit mature testes with
seminiferous tubules full of spermatozoa (Unal et al.
1999; Kaptaner and Kankaya 2013). Observation of
histopatologic individuals in the river suggests that those
fish were exposed to contaminants in the lake and mi-
grated to freshwater with healthy ones. These fish might
be more sensitive to contaminants (Unal et al. 2014). The
other fish with normal testes histology in the same area
may have migrated to the river from cleaner sites in Lake
Van or been less affected by contaminants.

One of the most prevalent alterations observed in the
testes of 4. tarichi was PAS-positive macrophage ag-
gregates. These pigment-containing cells were generally
observed near blood vessels. The size and frequency of
these cells have been reported to increase in fish as a
nonspecific response of the immune system, in response
to environmental stress and poor water quality caused
by contaminants (Agius and Roberts 2003; Marty et al.
2003). This alteration has also been reported in the liver
and ovaries of A. tarichi collected from the same region

(Van-Edremit coast) (Kaptaner et al. 2014; Kaptaner
2015). Similar to our findings, Lavado et al. (2004)
reported macrophage aggregates in the testis of carp
(Cyprinus carpio) from portions of the Ebro River
(Spain) receiving sewage treatment plant effluent. Louiz
et al. (2009) identified these cell aggregates in the testes
of black goby (Gobius niger) inhabiting the Bizerta
Lagoon (Tunisia), which is contaminated with organic
pollutants. The presence of these structures has also
been observed in the testes of the Sacremento splittail
(Pogonichthys macrolepidotus) in a river containated by
organochlorine contaminants and metals (Greenfield
et al. 2008). Vacuolization in the germinal epithelium
of seminiferous tubules is another histological alteration
commonly found in the testes of A. farichi from river
samples. Both field (Bjerregaard et al. 2006; Louiz et al.
2009; Agbohessi et al. 2015) and laboratory (Sangalang
et al. 1981; Santos et al. 2015) studies have revealed
testiscular vacuolization. Thus, vacuolization is not a
specific response to a sole chemical compound and
can be caused by xenobiotics that may lead to cytotoxic
effects on gametes and change the hormonal environ-
ment during gamete development (Kime 1999;
Bjerregaard et al. 2006). Interstitial fibrosis was also
observed around some tubules. This was also reported
in some fish sampled from polluted waters (Lavado
et al. 2004; Agbohessi et al. 2015). The large vacuoles
and fibrosis in the testes of A. tarichi may be signs of
degenerative and necrotic processes (Da Cuia et al.
2013). Vacuolated necrotic areas containing fatty mate-
rial in the testes lobules of cod (Gadus morhua) because
of polychlorinated biphenyl (Aroclor 1254) exposure
have been observed to lead to fatty degeneration and
fibrosis (Sangalang et al. 1981). Conversely, chemical
messengers from macrophages are responsible for pro-
duction of extracellular matrix elements such as colla-
gen, glycoproteins, and proteoglycans that result in fi-
brosis (Highleyman and Franciscus 2011; Lech and
Anders 2013; Da Cuiia et al. 2013). Seminiferous tubule
dilation is characterized by increased luminal diameter
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Table 5 Histological alterations in testis of the fish sampled from the river environment (S3 and S5)

Thickening of  Fibrosis

Reduced

Germ cell Delayed

Thickening of wall
of blood vessels

Site Total number of fish with  Macrophage Vacuolation Disorganization of

spermatozoa interstitial tissue

degeneration development of

seminiferous tubule

aggregates

histological alterations

germ cells

522
0/10

3/22
0/10

6/22
0/10

5122
0/10

122
0/10

1/22
0/10

3/22
0/10

8/22
0/10

7/22
0/10

10/22
0/10

S3

S5

of tubules and appears to be related to chemical toxicity
(Creasy 2001). Other hispathological changes include
pyknosis and degenerated germ cells in the testes of
A. tarichi. Necrotic germ cells in fish testes are character-
ized based on nuclear changes including pyknosis charac-
terized by shrinking and darkening of the cell. Arrest of
germ cell maturation during the process of spermatogene-
sis may cause such an effect, eventually leading to degen-
eration. A similar observation has also been reported in the
testes of the fish collected from Lake Michigan (Blazer
2002). Germ cell pyknosis has been observed in the testes
of Mosambique tilapia (Orechromis niloticus) exposed to
DDT (Mlambo et al. 2009) and yellow tail lambari (Asty-
anax aft. bimaculatus) exposed to zinc (Santos et al. 2015).
The disorganization of seminiferous tubules and thicken-
ing of tubule walls have also been found in fish species
exposed to pesticides (Sangalang et al. 1981; Mlambo
et al. 2009; Agbohessi et al. 2015) and inhabiting in the
waters contaminated by endocrine disrupters (Simpson
et al. 2000). Reduced spermatozoa in the lumina of tubules
has also been determined in the testes of freshwater fish
(Rasbora dandia) chronically treated with mercury that
might have arisen from arrested spermatogenesis and re-
sulted in impaired reproductive success (Rajan and
Kuzhivelil 2013). The findings of this work also indicate
that alterations determined in the testes of A. tarichi are
general tissue injuries as a result of contaminant exposure.
CF reflects the well-being and physiological status in
fish. In the present study, fish from the river (S3)
displaying histological alterations also had a significant-
ly lower mean CF than reference fish, while fish from
the same site with normal testes histology were not
different from the reference fish. The lower CF with
the presecence of histological changes in the testes of
the fish suggests a connection and requires further
investigation. Nwabueze and Ekelemu (2011) also re-
ported a lower CF in Clarias gariepinus exposed to
different concentrations of domestic leachate. Addition-
ally, long-term exposure to industrial effluents has been
reported to affect physiological parameters and cause
poor CF in C. gariepinus (Adeogun et al. 2012). Similar
to our findings, fish found in regions contaminated with
wastewater treatment plant effluent (Lavado et al. 2004;
Blazer et al. 2014) and pesticides (Agbohessi et al.
2015) were observed to have decreased CF values.
GSI analyses showed significant decreases in fish
from S1 and S3. A low GSI has also been related with
gonadal histopathologies (Mills et al. 2001; Holm et al.
2006; Louiz et al. 2009; Mlambo et al. 2009).
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Table 6 MDA level and antioxidants in the testis of the fish sampled from the lake environment (S1, S2, and S4)

Site »n MDA (nmol/g)  GSH (mg/g) SOD (U/mg)  CAT (U/g) GPx (U/g) GR (U/g) GST (U/g)

S1 11 2043+442° 56.03+8.44*  1.62+0.26 10.51£2.13%  148.97+23.11°  1.19+£0.12*  12.39+3.74*
S2 7 24.61+£8.18° 40.14+3.48°  143+027"%  840+2.56™  120.17+2220° 1.08+0.16°  7.64+0.92°
S4 16 20.64+5.00° 37.12+8.95°  1.32+0.16° 7.86+2.26° 121.55+2495° 123+0.13° 653+1.72°

Values are given as mean = SD. The different supercript letters indicate the difference in the statistical significance (column comparison)

n number of sampled fish

Additionally, reduced GSI values have been observed in
fish living in aquatic environments contaminated by
sewage effluents (Hassanin et al. 2002; Lavado et al.
2004; Carballo et al. 2005), pesticides (Agbohessi et al.
2015), and organic pollutants (Louiz et al. 2009; Gilroy
et al. 2012). Thus, decreases in GSI could be attributed
to regressive histological changes such as degeneration
and arrrested spermatogenesis.

Toxic compounds in the aquatic environments have
been reported to disrupt the prooxidant/antioxidant bal-
ance of fish cells. The generation of ROS was enhanced
by heavy metals, organic contaminants, polycyclic aro-
matic hydrocarbons, and pesticides. Because of cytotox-
ic agents, ROS attack critical macromolecules in cells
such as lipids, carbohydrates, nucleic acids, and pro-
teins, which may lead to tissue damage (Livingstone
et al. 2003). Lipid peroxidation (LPO) is an indicator
of cellular damage that contributes to oxidative stress
(Frenzilli etal. 2001). Environmental contaminants have
been reported to lead LPO in fish tissues (Van der Oost
etal. 2003). Therefore, measurement of MDA, a product
of LPO, is a widely used biomarker of oxidative injury
(Tabrez and Ahmad 2009). Our results show a signifi-
cant increase in the MDA level of the testes of fish with
histological alterations from the Karasu River (S3).
Contistently, increased MDA levels together with

histopathological damage were reported in the tissues
of fish caught from polluted sites (Gl et al. 2004;
Belge-Kurutas et al. 2009; Ameur et al. 2012; Ruiz-
Picos and Lopez-Lopez 2012; Abdel-Moneim et al.
2013). A recent study by Kaptaner (2015) showed a
correlation between increased MDA level and ovarian
abnormalities in A. tarichi from a contaminated region
of Lake Van. Our results are also concordant with those
of a previous work reporting high LPO levels in the
gonads of the fish, caught from Lagos lagoon polluted
with sawmill industry discharge (Ekaete 2014). The
SOD-CAT system functions the primary line of defense
mechanism against oxidative stress. The endogenous
scavenger, SOD, catalyzes dismutation of the highly
reactive superoxide anions to hydrogen peroxide,
whereas role of CAT is to degradate of hydrogen perox-
ide, a precursor of hydroxyl radical, to water
(Livingstone 2003). The simultaneous increases in the
activities of these two enzymes are usually observed in
response to environmental contaminants (Dimitrova
et al. 1994; Belge Kurutag et al. 2009). In the current
study, similar relationship was also found in fish from
Lake Van (S1, S2). The increased activity of SOD in the
liver, kidney, gills, and gonads of fish living in the
polluted areas has been also detected by different re-
searchers (Pandey et al. 2003; Avci et al. 2005;

Table 7 MDA level and antioxidants in the testis of the fish sampled from the river environment (S3 and S5)

GPx (Ulg) GR (U/lg) GST (Ulg)

Site n MDA (nmol/g) GSH (mg/g) SOD (U/mg) CAT (U/g)
S3 12 (fish possessing 35.35+7.04°
testis with normal
histology)
S3 10 (fish possessing 4331+3.87°
testis
withhistological
alterations)
S5 10 35.88 +6.60°

31925517 1.24+022° 12.28+2.06° 152.64+20.34" 1.01+0.08* 9.53+1.77"

33.77+6.86° 1.40+0.18" 12.73+226" 177.51+38.48° 0.99+0.06° 11.66+1.12°

32.10+6.66% 1.24+0.22° 8.88+238° 156.62+40.20° 1.13+0.09° 7.98+1.96"

Values are given as mean = SD. The different superscript letters indicate the difference in the statistical significance (column comparison)

n number of sampled fish
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Bagnyukova et al. 2006; Farombi et al. 2007; Belge
Kurutas et al. 2009; Abdel-Moneim et al. 2013; Ekaete
2014; Kaptaner 2015), suggesting a high formation of
superoxide anions. CAT removes hydrogen peroxide
occured as a result of SOD activity and its activity was
frequently increased by ROS production (Hermes-Lima
2004; El-Shenawy et al. 2012). The elevated activities
of CAT in testes of fish from both lakes and rivers in this
study may be attributable to the accumulation of perox-
ide radicals and be an adaptive and protective role of this
enzyme against ROS (Ahmad et al. 2006; Belge Kurutag
et al. 2009; Zagal and Mazmanci 2011). GPx has major
role in the reduction of lipid hydroperoxides. Specifical-
ly, this enzyme protects cells against damage induced by
oxyradical formation (Orbea et al. 2000). The treatment
of fish to certain chemical compounds has been reported
to induce GPx activity in response to hydrogen peroxide
production (Almeida et al. 2002; Sayeed et al. 2003;
Sanchez et al. 2005). In this work, activity of the enzyme
was increased in the testes of fish in which histological
changes where observed (S1, S3). A high level of GPx
activity was also reported in the ovaries of A. tarichi
having histopathological changes (Kaptaner 2015). Our
findings are also in agreement with the results of previ-
ous studies reporting elevated levels of GPx activity in
the tissues of fish living in waters polluted by different
types of contaminants (Pandey et al. 2003; Ruiz-Picos
and Lopez-Lopez 2012; Abdel-Moneim et al. 2013).
GSH is an effective protectant cabaple of quenching
free radicals that is known to be a cofactor of GPx and
GST (Stephensen et al. 2002). Similarly, Di Giulio et al.
(1993), Pandey et al. (2003), Farombi et al. (2007),
Doherty etal. (2010), and Mahboob et al. 2014 observed
high levels of GSH in fish exposed to polluted waters.
Therefore, the higher testicular GSH content may result
from adaptive and protective function of this molecule
against oxidative stress induced by environmental toxic
compounds (Dickinson and Forman 2002). In this work,
fish with histopathological testes showed unchanged
GSH levels. GSH is regenerated from glutathione
disulfite (GSSG) by the enzyme GR. The decrease in
GR activity in these individuals may cause unchanged
levels of GSH that the reducing equivalent of GR
(NADPH) is provided by the glucose 6-phoshate dehy-
drogenase. Some researchers have reported that the
decreased GR activity in fish living in polluted waters
might result from utilization of the enzyme to produce
GSH or from a lack of NADPH (Pandey et al. 2003;
Abdel-Moneim et al. 2013). GST is a phase Il enzyme

@ Springer

that detoxifies toxic substances and provides crucial
defending against products of oxidative stress. This
enzyme catalyzes the conjugation of GSH with a wide
variety of xenobiotics (Hayes and Pulford 1995). The
increased activity of GST in the testis may be associated
to formation of free radicals that arised from the metab-
olism of environmental contaminants (Otto and Moon
1996; Peebua et al. 2007; Lu et al. 2009; 2011); thus, the
existence of an altered antioxidant system may reflect
the reasons for histological changes in the testes.

In conclusion, the present study provides new data
regarding testicular alterations in A4. tarichi sampled
from a site of Lake Van that receives sewage treatment
plant effluent and other types of anthropogenic pollut-
ants, as well as from a river (Karasu) near this site to
which fish migrate and spawn. Comparison with refer-
ence sites (Lake Ercek and a freshwater inlet of
Memedik River) revealed that alterations in antioxidant
system parameters, physiological responses (CF and
GSI), and histology are linked. Our results indicate that
multiple contaminants in the polluted area are possibly
responsible for the detected impacts in the testes. Thus,
pollution in Lake Van may pose a serious risk to the
fitness and reproductive capacity of A. tarichi.
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