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Abstract: Lake Van fish is one of few vertebrate species living in the lake, therefore it plays a very useful role as an indicator
in determining lake pollution. Deltamethrin (DLT) is one of the pesticides used extensively in the Lake Van basin. In this study,
it was aimed to determine the effects of DLT on the primary gill cell culture. Different concentrations of DLT (0.01, 0.1, 1, and
10 pM) were added to primary gill cell culture and the total antioxidant and oxidant levels, malondialdehyde (MDA), and 8-
hydroxy-2'-deoxyguanosine (8-OHdG) levels were determined at the end of 24 and 48 h of administration. While the highest
concentration of applied DLT (10 pM) caused a significant increase in the total oxidant level at 48 h, a decrease in the total
antioxidant level was detected at 24 and 48 h (P < 0.05). The increase in MDA level, which is the product of lipid peroxidation
of unsaturated fatty acids, with DLT concentrations of 1-10 uM at the end of 24 and 48 h was found to be significant (P < 0.05).
As a result, it can be said that DLT caused oxidative stress in the primary gill cell culture of Lake Van fish exposed to
concentrations of 1 and 10 pM, but no genotoxic effect was observed.
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Van Golii Baliklarinin [Alburnus tarichi (Giildenstadt 1814)] Birincil Solunga¢ Hiicre
Kiiltiiriinde Deltametrinin Toksik Etkilerinin Belirlenmesi

Oz: Van Golii baligi, Van Goli'nde yasayan az sayidaki omurgali tiirlerinden biridir bu ytizden goliin kirliliginin
belirlenmesinde ¢ok onemli bir gosterge olarak rol almaktadir. Deltamethrin (DLT), Van Golii havzasinda yaygmn olarak
kullanilan pestisitlerden biridir. Bu calismada, DLT'nin primer solungag hiicre kiiltiirti tizerine etkilerinin belirlenmesi
amaclanmistir. Primer solungag hiicre kiiltiiriine farkli konsantrasyonlarda (0.01, 0.1, 1 ve 10 uM) eklenen DLT nin 24 ve 48
saat sonunda toplam antioksidan, oksidan, malondialdehit (MDA) ve 8-hidroksi-2'-deoksiguanozin (8-OHdG) seviyeleri
belirlenmistir. Uygulanan en yiiksek DLT konsantrasyonu (10 pM) 48 saatte toplam oksidan seviyesinde onemli bir artisa
neden olurken, 24 ve 48 saatte toplam antioksidan seviyesinde bir azalma tespit edildi (P < 0.05). Doymamis yag asitlerinin
lipid peroksidasyonunun {tirtinii olan MDA seviyesindeki artis, 24 ve 48 saat sonunda 1-10 uM DLT konsantrasyonlari ile
anlamli bulunmustur (P < 0.05). DLT uygulama konsantrasyonlarmin hi¢birinde 8-OHdG seviyesinde herhangi bir degisiklik
gozlenmedi (P > 0.05). Sonug olarak, 1 ve 10 uM konsantrasyonlara maruz birakilan Van Golii baliklarnin primer solungag
hiicre kiilttirtinde DLT'nin oksidatif strese neden oldugu ancak herhangi bir genotoksik etkinin gozlenmedigi soylenebilir.
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1. Introduction

Although pesticides are produced for agricultural pests,
they are chemicals that have destructive effects on non-
target organisms as a result of water, food, and different
contaminations. Deltamethrin (DLT) [(S)-a-cyano-3-
phenoxybenzyl-(S)-2-(4-chlorophenyl)-3-methyl

butyrate], which has been produced synthetically since
1974 to control pests in agricultural production, is widely
used worldwide as a pyrethroid insecticide (Lu et al.,
2019). Like other pyrethroids, it has highly toxic effects on
fish and other aquatic organisms. In particular, these
pyrethroids have a median lethal dose (LDso) of 100 to 1000
times lower in fish than in mammals and birds (Bradbury
& Coats, 1989; Paul & Simonin, 2006). These pyrethroids
have been reported to have adverse effects on fish
reproduction, development, behavioral physiology, and
different organs (Kopriicti & Aydim, 2004; Cengiz, 2006;
Benli et al., 2009). It has been reported that enzymes that
are effective in pesticide detoxification, especially in fish
liver, are quite low when compared to those in mice
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(Glickman & Lech, 1982; Wheelock et al., 2005). DLT can
accumulate in sediment, benthic organisms, and food
particles due to its lipophilicity. There have been studies
showing that it causes toxicity in many fish species
(Yildirim et al., 2006; Amin & Hashem, 2012; Hedayati &
Tarkhani, 2014; Petrovici et al., 2020). Reactive oxygen
species (ROS) can react with biological macromolecules,
such as DNA, lipids, and proteins, in living things. As a
result of this reaction, it can cause cell death. If ROS cannot
be removed from the cells by the antioxidant defense
system, it causes oxidative stress. It is known that
pesticides cause a great deal of damage in living creatures
by increasing ROS (Bagchi et al.,, 1995; Monteiro et al.,
2006). Animal cell culture is the process of cells continuing
to live outside of the body under certain conditions.
Studies with cell cultures constitute an important part of
popular research topics today. Cell cultures are conducted
to determine the effects of a particular substance or the
functions of a certain biological molecule or molecules
produced in a cell or tissue. Various studies can be
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performed on cells propagated from a specific cell line in
cell culture or in primary cultures made from a specific
organ and trials that cannot be done in vivo can be made
and results can be obtained. It has many advantages over
in vivo studies. One of the most important of these
advantages is that it minimizes the number of living
specimens used in in vivo studies (Freshney, 2015). Lake
Van is located in the eastern Anatolian region of Turkey
and is also among the largest soda lakes in the world. Only
one vertebrate species, the Lake Van fish, has adapted to
the extreme characteristics of the lake. Although attempts
have been made to adapt other fish species to the extreme
conditions of the lake, they were not successful (Danulat &
Selcuk, 1992). There has been a decrease in the population
level of Lake Van fish in recent years (Freyhof, 2014).
Although overfishing and habitat destruction have been
shown as the reason for the decrease in the population
level, the effect of the increasing pollution in the lake
cannot be ignored. Lake Van fish is the only vertebrate
species living in the lake; thus, it plays a very useful role
as an indicator in determining lake pollution. In vitro
studies are more advantageous than in vivo studies as they
use fewer living things and create a more controllable
environment. In this study, changes in the total
antioxidant status (TAS), total oxidant status (TOS),
malondialdehyde (MDA), and 8-hydroxy-2'-
deoxyguanosine (8-OHdG) levels in Lake Van fish
primary gill cell culture of DLT, which is one of the
pesticides used extensively in agricultural production in
the Lake Van basin, were investigated.

2. Material and Methods
2.1. Fish

The living fish (3+ years old) used in this study were
caught using sprinkle nets from the Karasu Stream that
pours into Lake Van during the breeding season (Figs. 1A
& 1B). The fish were adapted for seven days by attaching
an air stone to fiberglass tanks with 300 L of rested
chlorine-free tap water (temperature: 13.1+2°C, pH of
8.57+0.4, dissolved oxygen: 6.41+0.14 mg/L, oxygen
saturation: 61.1% L, conductivity: 731 mS/cm, salinity:
0.47%). During the experiment, they were fed commercial
trout feed once a day. Animal experimental procedures
were conducted in accordance with the animal study
protocols (2018/5) approved by the Van Yiiziincii Yil
University Animal Experiments Local Ethics Committee.
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Figure 1. Karasu stream flowing into the lake where the Lake Van
fish were caught using a sprinkle net (A) and breeding migration
of the fish (B).

2.2. Primary gill cell isolation and cell culture

In order to prevent the study from being affected by
anesthetic agents, the fish were euthanized and
decapitation was performed. The gill springs were
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removed and placed into phosphate-buffered saline (PBS)
(136.9 mM NaCl, 8.06 mM NayPOq, 2.68 mM KCI, 1.47 mM
KH2POq). The gill filaments were cut into small pieces
using a scalpel. They were then treated with PBS
containing antibiotics and antimycotic (18°C, 10 min). The
filaments were placed in a solution containing trypsin
enzyme and kept in a shaker for 20 min (this process was
repeated twice). The cell suspension was then filtered
through an 80-pm filter into PBS containing fetal bovine
serum (FBS). The suspension was centrifuged at 250 Xg.
Cells were washed with PBS containing 2% FBS and
centrifuged at 250 Xg for 8 min. Next, the cells were
suspended in 5% FBS and medium containing antibiotic-
antimycotic and; then, they were placed into appropriate
cell culture dishes (Part et al., 1993). Dead-alive cell count
was performed under a microscope by staining the
isolated cell suspension with trypan blue. After it was
determined that more than 90% of the cells were viable,
they were placed in poly-L-lysine-coated 48-well cell
dishes. The pH change and microbial contamination in the
cell culture dishes were observed via microscopic
observations during the experimental period. DLT (0.01,
0.1,1, and 10 pM) was added onto the cells. The proportion
of solvent used in the culture medium was set not to
exceed 1%.

2.3. Determination of TAS and TOS levels

The TAS and TOS levels, developed by Erel (2004), were
determined by mass using the Rel Diagnostics Assay kit
(Mega Medicine, Gaziantep, Turkey). According to the
method used for the TAS measurement, the antioxidant
effect of the sample against strong free radical reactions of
the generated hydroxyl radical was measured. Results
were expressed in pumol Trolox Eq/L (Erel, 2004).
According to the method used for the TOS measurement,
the total amount of oxidant molecules in the sample was
related to the color density that could be measured
spectrophotometrically. Calibration of the test was done
using hydrogen peroxide (H>O5). Results were expressed
as micromolar hydrogen peroxide equivalent per liter
(umol H2O, Eq/L) (Erel, 2005).

2.4. Determination of MDA concentrations

MDA is a product of lipid peroxidation (LPO) which was
measured in terms of the MDA concentration using the
thiobarbituric acid reaction (John & Steven, 1978)

2.5.8-OHdG assay

DNA damage in gill cells was determined using ready-
made commercial ELISA kits for 8-OHdG content.
Samples taken at the end of 24 and 48 h were extracted and
evaluated according to the commercial kit procedures.
Finally, the absorbance values of the samples were
measured at 450 nm in a microplate reader. Values were
calculated using the graphics obtained from the standards
in the kit (Bioassay Technology Laboratory, Shanghai,
China). The 8-OHdG content was expressed as ng/mL.

2.6. Statistical analysis

The data were expressed as the meantstandard error of the
mean (SEM). Raw data were analyzed by using statistical
package software (SPSS 11.5, IBM Corp., Armonk, NY,
USA). Between group comparisons were performed with
a one-way ANOVA and Duncan’s multiple comparison
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tests. Significance was accepted at P < 0.05.
3. Results

As a result of the primary gill cell isolation of Lake Van
fish, it was determined that the gill cell morphology was
round in appearance under the microscope. Erythrocytes
were observed in the culture because the tissue contained
much blood. However, the total erythrocytes did not
exceed 10% of the gill cells. No contamination was
observed in the cell culture during the experiment. There
was no change in the TOS level at 24 h of exposure to DLT;
however, but it was determined that it caused an increase
with 1T and 10 pM of DLT at 48 h (P <0.05) (Fig. 2). When
the groups exposed to DLT and the control were compared
in terms of the TAS level, the decrease with all of the DLT
concentrations at 48 h and with 10 pM at 24 h was found
to be significant (P<0.05) (Fig. 3). For the MDA levels,
which is a product of LPO, an increase was observed with
10 uM of DLT at 24 h and with 1-10 uM of DLT at 48 h
(P<0.05) (Fig. 4). No significant change was observed in the
8-OHdG level, which is a marker of DNA damage, with
any of the DLT concentrations of at 24 or 48 h (P>0.05) (Fig.

5).
48.h

24.h
Figure 2. Changes in total oxidant status activity in Lake Van fish
gill primary cell culture exposed to different concentrations of
deltamethrin. Different letters represent statistical significance at
P<0.05. Values are expressed as the mean + SEM (n: 6).
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Figure 3. Changes in total antioxidant status activity in Lake Van
fish gill primary cell culture exposed to different concentrations
of deltamethrin. Different letters represent statistical significance
(P<0.05). Values are expressed as the mean+SEM (n: 6).

4. Discussion

Pesticides play an important role in the formation of ROS.
The immune systems of fish are significantly affected by
toxic substances. Reaction to toxic substances can be either
activating or suppressive. However, this activation does
not mean that the immune system becomes stronger or
resistant (Ghelichpour et al., 2019; Mirghaed et al., 2020).
Gills are multifunctional organs in fish (Wang et al., 2016).
Oxidative damage caused by chemicals in aquatic
ecosystems can be evaluated by measuring the enzymatic
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Figure 4. Changes in malondialdehyde level in Lake Van fish gill
primary cell culture exposed to different concentrations of
deltamethrin. Different letters represent statistical significance at
P<0.05. Values are expressed as the mean + SEM (n: 6).
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Figure 5. Changes in 8-hydroxy-2'-deoxyguanosine level in Lake
Van fish gill primary cell culture exposed to different
concentrations of deltamethrin. Different letters represent
statistical significance at P<0.05). Values are expressed as the
mean+SEM (n: 6).

and nonenzymatic antioxidant profiles in fish (Slaninova
et al., 2009). There have been many studies with DLT on
fish and it has been reported that this pyrethroid is a
source of oxidative stress. In this context, in a study
conducted with DLT, it was suggested that it reduced
hepatic and renal antioxidant levels [catalase (CAT),
superoxide dismutase (SOD), glutathione (GSH)] in the
liver and kidneys, and increased MDA levels (Abdel-Daim
et al., 2013). In a study on primary hepatocyte culture in
Lake Van fish, fish primary cell culture exposed to 10 pM
of DLT for 24 h was found to have a significant increase
(P<0.05) while the increase seen in fish exposed to 10 uM
of DLT for 48 h was nonsignificant (Kiraccakali & Oguz,
2020). DLT (65.6 pg/L) has been reported to reduce the
activity of antioxidant enzymes, such as SOD, CAT, and
glutathione reductase, in common carp (Cyprinus carpio L)
exposed for 96 h and cause oxidative damage in the gills,
liver, and kidneys (Stara et al., 2015). In freshwater fish
(Channa punctatus Bloch) exposed to DLT (0.75 pg/L) for
46 h, an increase was observed in the levels of glutathione
peroxidase and glutathione-S-transferase against ROS
damage in the liver and kidneys while a significant
decrease in CAT activity was reported. Significant
increases were observed in LPO (MDA) levels in all tissues
(Sayeed et al., 2003). Increased LPO is an indicator of
oxidative damage (Pinedo-Gil et al., 2018). ROS increase
the oxidation of polyunsaturated fatty acids in the cell
membrane structure (Blahova et al.,, 2013). It has been
observed that LPO increases due to various pesticides in
fish (Rao, 2006; Uner et al., 2006). LPO is one of the most
important biomarkers of oxidative stress in fish and it
causes the impairment of cellular function through its
destructive effects on biomolecules under oxidant
conditions (Nunes et al., 2018). The current study showed
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that the increase in the TOS, decrease in the TAS, and
increase in MDA levels in the Lake Van fish primary cell
culture were associated with the increased concentration
of DLT and prolonged exposure (Figs. 2-4). These results
were similar to those of studies related to DLT exposure.
The increased 8-OHAG activity of the pyrethroids in the
gill tissues of fish may be a response to oxidative stress. 8-
OHJdG is an indicator used in the determination of the
toxicity of many chemicals. In this study, it was observed
that DLT did not cause DNA damage at the end of 24 and
48 h in the Lake Van fish primary gill culture. The reason
why this pyrethroid did not show a significant increase in
the 8-OHdG level in the gill cell culture may have been due
to the short exposure time.

Gonad anomalies in Lake Van fish sampled from
Lake Van were shown in previous studies (Unal et al.,
2007; Oguz & Yeltekin, 2014). It was reported that DLT
causes toxic effects on the gonads in addition to oxidative
stress in fish (Petrovici et al.,, 2000). Gonad anomalies
observed in Lake Van fish may have been caused by DLT
or similar pyrethroids. For this reason, studies and
measures such as the quantification of pesticides in Lake
Van and restrictions on the use of these pyrethroids should
be taken.
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