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Abstract

Lake Van fish (Alburnus tarichi Guldenstadt 1814) is the only fish that can adapt to the extreme conditions (pH 9.8 salinity
0.2% and alkalinity 151.2 meq/L) of Lake Van. In this study, it was aimed to determine the cytotoxic and genotoxic effects of
chlorpyrifos (CPF) on Lake Van fish primary gill cell culture. Gill epithelium from Lake Van fish was isolated enzymatically
and grown in primary culture on Leibovitz’s L-15 medium. After different doses (0.01, 0.1, 1, and 10 μM) of CPF were applied to
the gill cells, the total oxidant status (TOS), total antioxidant status (TAS), malondialdehyde (MDA), and DNA damage levels
(8-hydroxyguanine (8-OHdG)) were examined at the end of 24 and 48 h. It was determined that the TOS, MDA, and 8-OHdG
levels increased in the cells exposed to high doses (1 and 10 μM) of CPF and the TAS was decreased (P < 0.05). It was revealed
from this study that CPF administered at a dose higher than 1 μM can cause oxidative stress and DNA damage in the primary
gill cell culture of Lake Van fish. In addition, the findings showed that Lake Van fish primary gill cell culture was useful in
determining the effects of toxic substances likely to be the contaminants of a lake.
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Introduction
Pesticide pollution increases day by day around the world. As
with other anthropogenic pollutants, pesticides can accumulate
in soil and aquatic ecosystems when they are overused [1].
Chlorpyrifos (CPF) (O, O-diethyl-O-3,5,6-trichlor-2-pyridyl phos-
phorothioate) is one of the most commonly used organic phos-
phorus insecticides and it is used extensively in the fight against
insects all over the world. It has been used in domestic areas in
addition to agricultural areas. CPF is used to control agricultural
pests, including termites and mosquitoes, which are associated
with vegetable, and fruit fields in Turkey [2]. The target organ
of insects affected by CPF is nerve tissue. Like other organic
phosphorous insecticides, it inhibits acetylcholinesterase and
converts it into choline and acetate [3]. Although CPF is used
to fight against insects, it also affects nontarget animals, such
as fish, which are the group most affected by pesticides [4–6].
CPF causes histopathology and dysfunction, and neurobehav-
ioral and neurochemical changes in vital organs, such as the gills,
brain, and liver [3, 7–9]. In previous studies, it has been stated that
CPF causes an increase in reactive oxygen species and a decrease
in antioxidant enzyme levels in fish [8, 10–12].

Gills of fish are an important organ in which important phys-
iological events, such as osmoregulation, nitrogenous waste dis-
posal, ionoregulation, and acid–base balance, occur. This organ
consists of mucus, respiratory, mitochondria rich, pilar, and neu-
roepithelial cells [13]. Gills are in contact with the external envi-
ronment, they are directly affected by many stress factors and
toxic substances in aquatic areas [14]. Gill surfaces make up
50% of the total surface in fish [15]. Therefore, biochemical and
enzymatic changes in the gills can serve as useful biomarkers to
assess pollution in aquatic environments.

Lake Van is one of the world’s largest soda lakes, and it is
also the largest lake in Turkey [16]. Lake Van fish is the only
fish species that lives in Lake Van, and it has great economic
importance for the people of the region. Fish is a cheap source
of protein in Van and approximately 10 000 tons of fish is caught

there every year. Many pollutants leech into Lake Van from
the surrounding settlements and agricultural areas [17, 18]. In
addition, it was determined in a study by Aksoy et al. [19] that
Lake Van fish were contaminated with organochlorine pesticides
and polychlorinated biphenyls, although at a low level. In recent
years, a decrease in the fish population has been observed;
hence, Lake Van fish has been included on the IUCN red list [20].

One of the most commonly used organic phosphorus pesti-
cides in the Lake Van basin is CPF. No research could be found
regarding the level of CPF in the lake and its effects on Lake Van
fish. The objective of this study was to evaluate the effects of CPF
on the oxidative stress biomarkers in the primary gill cell culture
of Lake Van fish. Since the number of Lake Van fish has decreased
substantially, primary gill cell culture was used as a tool to
evaluate the effects of CPF on the gills, instead of conducting
experiments directly on the fish. This made it possible to save
a great number of fish.

Material and methods
Fish

In this study, fish of an average length (17.5–19.5 cm) and weight
(about 80–110.5 g) were caught using casting nets from streams
during the spawning season. The fish were acclimated for 1 week
prior to starting the experiment. During acclimation, the fish
were kept in chlorinated and air stone-bound tanks under 24◦C
static conditions with filtered water, and a light/dark photope-
riod of 12:12. The fish were fed commercial trout feed once a day
during the experiment.

All of the animal experimental procedures were performed
in accordance with the animal study protocols approved by the
Animal Researchers Local Ethics Committee of Van Yüzüncü Yıl
University (2018/08).

The effects of different concentrations (0.01, 0.1, 1, and 10 μM)
of CPF were examined for 24 and 48 h on the oxidative stress
biomarkers in the primary gill cell culture of Lake Van fish.



Oğuz et al. 743

Primary fish gill cell culture

Lake Van fish gill epithelial cells were isolated using the method
described by Pärt et al. [21] with minor modifications. Euthanasia
was performed by cutting off the fish heads in such a way that
the anesthetic materials did not affect the study material. The
gill archs were removed and placed into phosphate buffered
saline (PBS) (136.9 mM of NaCl, 8.06 mM of Na2PO4, 2.68 mM of
KCl, and 1.47 mM of KH2PO4). Gill filaments were cut into small
pieces with a sharp scalpel and treated with PBS that contained
antibiotic-antimycotic solution (A5955, Sigma-Aldrich, St. Louis,
MO, USA) at 18◦C. The filaments were placed into a solution that
contained trypsin enzyme and kept in a shaker for 20 min, and
this process was repeated twice. The cell suspension was passed
through an 80-μm filter and then placed into PBS that contained
fetal bovine serum (FBS). The suspension was centrifuged at 250X
g. The cells were washed with PBS that contained 2% FBS and
centrifuged at 250X g for 8 min. The cells were suspended with
medium that contained 5% FBS and antibiotic-antimycotic, and
then cultured in 48-well cell culture dishes (Greiner Bio-One,
Germany). After staining with the trypan blue from the isolated
cell suspension, a dead-live cell count was performed under a
light microscope. The pH change and microbial contamination
were determined via microscopic observations in the cell culture
vessels until the end of the experiment. CPF was added to the
cells at does of 0.01, 0.1, 1, and 10 μM. The proportion of acetone
used as a solvent did not exceed 1% in the medium.

Gill cells exposed to different concentrations of CPF were
trypsinized after 24 and 48 h. The cells were then centrifuged at
2000 g for 5 min. At the end of centrifugation, the supernatant
was discarded and the cell pellet was washed with 1 ml of PBS.
The gill cell was homogenized and the cell pellet was again
centrifuged at 2000 g for 5 min. The supernatants were stored
at −80◦C in a deep freezer until the biochemical analyses were
performed.

Measurement of the total oxidant
and antioxidant status

Total oxidant status (TOS) and total antioxidant status (TAS)
assays were performed on the cell culture extracts using
commercially available kits (Rel Assay Diagnostics, Gaziantep,
Turkey). The TOS assay was calibrated with hydrogen peroxide
and the results were expressed in terms of micromolar hydrogen
peroxide equivalent per liter (μmol H2O2 Equiv./L). The TAS was
expressed as mmol Trolox equiv./L [22, 23].

Malondialdehyde analysis

The method of Jain et al. [24], which was based on thiobarbi-
turic acid reactivity, was used to determine the malondialdehyde
(MDA) levels within the gill culture extracts. In Eppendorf tubes,
from each of the gill cell extracts, 200 μl of supernatant was
added to 800 μl of phosphate buffer at a pH of 7.4, followed by
500 μl of trichloroacetic acid (30%) and 25 μl of butylated hydrox-
ytoluene, and then mixed. After 2 h of incubation at −20◦C,
centrifugation of the mixture at 400 g was performed for 15 min.
Next, 1 ml of the supernatant was transferred into a different
Eppendorf tube, and to that, 250 μl of TBA (1%) and 75 μl of 0.1 M
EDTA were added. The tubes, which had screw caps lined with
Teflon, were then incubated in a water bath at 90◦C for 15 min,
followed by cooling until they reached room temperature. For
the gill cells, measurement of the optical density was performed
using a Shimadzu UV-1800 spectrophotometer (Tokyo, Japan) at
532 and 600 nm.

Determination of 8-hydroxy deoxyguanosine

Preparation of all of the standard solutions, reagents, and sam-
ples was performed following the manufacturer’s instructions
(Bioassay Technology Laboratory, Shanghai, China). Before being
used, all of the reagents were allowed to equilibrate at room
temperature. Room temperate was also used to perform the
essays. First, into each well, 50 μl of the standard solutions were
added. After that, 50 μl of streptavidin-HRP (as the standard) and
10 μl of anti-8-hydroxyguanine (8-OHdG) antibody were added to
samples that had been transferred into individual sample wells.
Following 1 h of incubation at 37◦C, the seals were removed,
and the plates were washed five times with washing buffer.
After blotting the plates onto paper towels, to each well, 50 μl of
substrate solutions A and B were added. Following resealing, the
plates were incubated at 37◦C for 10 min in the dark. Next, into
each well, stop solution was added, followed by an immediate
change of color from blue to yellow in the samples. Within 30 min
of adding the stop solution, in each sample, a microplate reader
(Dasitaly, Rome, Italy) was used to determine the optical density
at 450 nm.

Statistical analysis

The data were expressed as the mean ± standard error of the
mean (SEM). The data were analyzed using one-way ANOVA, fol-
lowed by Duncan post hoc test comparison to determine differ-
ences between the groups. Statistical analyses were performed
using IBM SPSS Statistics for Windows 21.0 (IBM Corp., Armonk,
NY, USA). Statistical significance was accepted as P < 0.05.

Results
Gill cell isolation and culture

Morphological characteristics of the gill cells of Lake Van fish
were visualized under inverted light microscopy. The results
showed that, after cell isolation, erythrocytes were also found in
the gill cell culture. It was observed that the cells placed into the
Petri dishes were round in shape and kept their shape during
the culture. The cells also adhered to the base of the poly-L-
Lysine-coated Petri dishes within hours, and the dead cells and
cell wastes were suspended in the medium.

TAS and TOS analysis

The TOS and TAS are shown in Fig. 1A and B, respectively. The
TAS levels were significantly higher in the gill cells at the end
of 24 and 48 h when compared to the control group (P < 0.05). A
decrease in the TAS was observed with the highest dose of CPF
(10 μM) in contrast to the TOS (P < 0.05). However, there were no
significant differences between the other CPF dosages after 24
and 48 h (P > 0.05).

Lipid peroxidation and DNA damage

MDA and 8-OHdG levels in the gill cells of Lake Van fish with
different doses of CPF are shown in Fig. 1C and D, respectively.
The MDA level increased only with the highest dose of CPF
(10 μM) after 24 and 48 h (P < 0.05). DNA damage also increased
with high doses of CPF (P < 0.05).

Discussion
Free radical production causes cell damage when it exceeds
the endogenous antioxidant level. This damage occurs on large
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Figure 1: (A) Effects of different doses of chlorpyrifos on the TOS (μM H2O2 Eqiv./L), (B) TAS (mmol Trolox Eqiv./L), (C) malondialdehyde (mmol/mg protein), and (D)

8-OHdG (ng/mL) in primary gill cell culture after 24 and 48 h. Each value is the mean ± SEM (n = 6). Different letters indicate statistically significant differences between

the groups.

biomolecules, such as lipids, proteins and nucleic acids, in the
cell. In many fish species, organic phosphorous pesticides have
been shown to increase reactive oxygen species in tissues and
cause cell damage [8, 25]. In this study, it was observed that the
total oxidant level (Fig. 1A) in primary gill cell culture increased
in the groups treated with different doses of CPF, while the total
antioxidant level (Fig. 1B) decreased. The decrease in the total
antioxidant level may have been due to the prevention of toxicity
caused by reactive oxygen species. In biological systems, antiox-
idant enzymes, such as superoxide dismutases, catalases, and
glutathione peroxidases, protect cells from oxidative damage [26,
27]. In this study, similar to previous in vivo and in vitro studies
with fish, CPF induced oxidative stress by causing an increase in
reactive oxygen species.

One of the indicators of cellular damage observed as a result
of oxidative stress is the peroxidation of unsaturated fatty acids.
Lipids are probably the most sensitive when compared to other
macromolecules. An increased level of, MDA, a lipid peroxidation
product, in cells exposed to CPF has been reported in in vivo and in
vitro studies [11, 28]. Contrary to these results, while glutathione
S-transferase activity from antioxidant enzymes increased in
tilapia gonads exposed to CPF, there was no change in the level of
lipid peroxidation [10]. In the present study, it was clearly shown
that CPF increased the levels of MDA, depending on the dose, by
inducing oxidative stress in the gill cells (Fig. 1C). The reason for
the increase in the MDA level can be explained as the decrease
of antioxidant enzymes (Fig. 1B) and the protective effect of these
enzymes in the cell.

Mitkovska and Chassovnikarova [29] stated that CPF causes
DNA and nuclear damage in fish, even below the concentrations
considered as acceptable by the European legislation. 8-OHdG
is a biomarker of oxidative damage caused by free radicals on
nuclear and mitochondrial DNA [30]. High doses of CPF (1–10 μM)
resulted in gill cell DNA damage, while other doses had no effect
(P < 0.05) (Fig. 1D). Ali et al. [31] demonstrated that CPF induced
a significantly higher number of micronuclei formation, which
increased with the concentrations and durations.

The decrease in the Lake Van fish population and the reason
for its red listing were stated as the result of the destruction of
their habitats and overfishing [20]. The effects of pollutants in the
lake and agricultural chemicals carried by the streams pouring
into the lake on Lake Van fish have been ignored. Analyses
performed on the lake surface water and sediments over recent
years have been minimal when compared to those in developed
countries [17, 18]. There are no current data on the pollution of
the lake. In this study, it was observed that CPF had a highly toxic
effect on the gill cells, which are vital for fish. It is necessary to
determine the accumulation of CPF in the water, sediments, and
fish in the Lake Van basin to evaluate the influx of CPF from the
adjoining agricultural fields. In addition, limiting the use of CPF
is important for the fish population.
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