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Abstract: The aim of this study was to determine oxidative stress caused by mercury chloride (HgClz) in rainbow trout (Oncorhynchus mykiss) liver tissue.
For this purpose, the LDso value of HgCl2 on rainbow trout was determined as 551 pg/L. In the study, 40 fish in four groups were exposed to 25% and 50%
(138 and 276 pglL) of the two subletal doses of HgCl for 2 and 7 days, with 10 fish (n=10) in each group. To determine oxidative stress; peroxynitrite
(ONOO"), total oxidant level (TOS), total antioxidant level (TAS), oxidative stress index (OSI) and malondialdehyde (MDA) were analyzed. In the study, it
was observed that the differences between the groups in terms of ONOO-, TOS, TAS and OSI levels in the liver tissues was significant (P<0.05), however,
this difference was not significant (P>0.05) in terms of MDA values. As a result, it can be concluded that HgCl2 increases ONOO-, TOS, TAS, OSI and MDA
levels in liver tissue and even small doses of mercury are toxic to fish.

Keywords: Oncorhynchus mykiss, mercury toxicity, oxidant/antioxidant, peroxynitrite, liver

Oz: Calismanin amaci, gokkusagi alabaligi (Oncorhynchus mykiss) karaciger dokusunda civa klorlriin (HgCl2) neden oldugu oksidatif stresi belirlemekdir.
Bu amagla gokkusagi alabaligi tizerine HgCl2'nin LDso degeri 551 ug/L olarak tespit edilmistir. Calismada, her grupta 10 balik (n=10) olacak sekilde dort
grupta toplam 40 adet balik 2 ve 7 giin stireyle HgCly'lin iki subletal dozun %25' ine ve %50' sine (138 ve 276 pg/L) maruz birakilmistir. Oksidatif stresi
belirlemek i¢in peroksinitrit (ONOO-), toplam oksidan seviyesi (TOS), toplam antioksidan seviyesi (TAS), oksidatif stres indeksi (OSI) ve malondialdehit
(MDA) tayinleri yapilmistir. Calisma sonucunda, genel olarak karaciger dokularindaki ONOO-,TOS, TAS ve OSlI diizeyleri agisindan gruplar arasindaki fark
istatistiksel olarak énemli (P<0.05) gikarken, MDA degerleri agisindan bu fark istatistiksel olarak onemsiz (P>0.05) ¢ikmistir. Sonug olarak HgClz'nin
karaciger dokusunda ONOO-, TOS, TAS, OSI ve MDA duizeylerini arttirdigi ve civanin kiigiik dozlarinin bile baliklar igin toksik oldugu belirlenmistir.

Anahtar kelimeler: Gokkusagi alabaligi, civa toksisitesi, oksidan/antioksidan, peroksinitrit, karaciger

INTRODUCTION

In parallel with the increase in industry, settlement and
agricultural areas, the pollution of water resources also
increases. It is causing pollution of water resources and
disruption of natural balance; organic substances, metals,
petroleum  derivatives, artificial  agricultural fertilizers,
detergents, radioactive, pesticides, inorganic salts, artificial
organic chemicals. Environmental conditions and water
resources have to be considered and the metals causing
environmental pollution are the most dangerous. The reason
for this is due to the metals cannot be physically decomposed
and persists for a long time. In particular, heavy metals, such
as mercury, accumulate because they cannot be disposed of
by natural physiological mechanisms and have a toxic effect if

regulations are exceeded inside. In this accumulation, fish
living in the water and people who feed on these fish may risk
their lives (Dural et al., 2007; Gunes et al., 2019; Kasassi et
al., 2008; Kirici et al., 2013).

Mercury is expressed as one of the 20 most toxic
substances in the World. Today, mercury is widely used as a
fungicide in agricultural applications and in the chlor-alkali
industry, the manufacture of electrical equipment, the
pharmaceutical industry, the cellulose and paper industry, and
the production of plastics. Mercury is a metal that is highly
toxic, even at trace levels, for all living things, both inorganic
and organic form (Plessi et al., 2001). Mercury is mostly found
as inorganic mercury compounds or in the aquatic
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environment as methylmercury (CHsHg*) (Driscoll et al.,
1994). There are two different ways for the bioaccumulation of
mercury in aquatic organisms. These are the result of direct
(by the metal in the water) or trophic exposures (by the metal
of the food) (Boudou and Ribeyre, 1983). Mercury can also
suppress important defense mechanisms of cells and cause
lipid peroxidation by causing free oxygen species formation
and oxidative stress (Berntssen et al., 2003). Mercury has a
high affinity for the -SH groups of cellular biomolecules. For
this reason, it can be attached to low molecular weight thiols
and thyol containing proteins such as mercury, cysteine and
glutathione after being taken into the body, and it can remain
in tissues and organs for a long time, causing free radicals
that cause lipid, protein and DNA oxidation (Perottoni et al.,
2004). Considering that mercury compounds can easily
spread in water, fish can be used as a good bioindicator of
pollution in water ecosystems (Has-Schon et al., 2015).

Reactive oxygen species (ROS) such as superoxide
radical (Oz) and hydroxyl radical, and reactive nitrogen types
(RNS) such as nitric oxide (NO), peroxynitrite (ONOQO-), are
produced in fish as a result of intracellular metabolic
processes and after exposure to genotoxic agents such as
heavy metals. ROS or RNS-mediated oxidative or nitrosative
injury occurs as a result of fish exposure to heavy metals
(Berntssen et al., 2003; Mieiro et al., 2010; Wang et al.,
2015). NO reacts with Oz to produce ONOO- anion, a
powerful oxidant that can cause lipid peroxidation. ONOO-
inhibits mitochondrial electron transport, oxidizing thiol
compounds and DNA (Powell et al., 2005). Malondialdehyde
(MDA) is a product of lipid peroxidation in fish as well as in all
highly vertebrates, and it is considered as one of the most
important indicators of oxidative stress occurring in cell
components (Morales et al.,2004).

Mercury chloride (HgClz), in industrial world in Turkey, is
widely used both in scientific and agricultural purposes. For
example, it is used as a fungicide in agriculture and as a
topical antiseptic and disinfectant in medicine (Baser et al.,
2003). So far, many researches have been done to determine
the toxic effects of heavy metals, especially in relation to
mercury compounds (GUl et al., 2008; Pandey et al., 2005;
Terzi & Verep, 2012; Thongra-ar et al., 2003; Verep et al.,
2007). The aim of this study is to investigate the changes of
nitrosative and oxidative stress (ONOO-, TOS, TAS, OSI and
MDA) parameters that occur in rainbow trout liver tissue,
where HgClz is applied.

MATERIAL AND METHODS
Fish material and experimental application

The application of the study was carried out at the
Aquaculture Laboratory of Faculty of Agriculture and
Molecular Biology Laboratory of the Faculty of Arts and
Sciences in Bingdl University. Rainbow trout (Oncorhynchus
mykiss) (59.43+3.73 g and 17.24+1.64 cm) was purchased
from the trout facility of Keban district of Elazi§ province and

brought to the laboratory as live. The fish brought to the
laboratory were placed in 600 It tanks and for their adaptation
to the environment, it was fed with a commercial feed of 2%
of its live weight twice a day for 15 days. During the study,
water temperature, dissolved oxygen level and alkalinity were
observed as 14+3 °C, 8.24+0.5 mg/L and 128+11 mgiL,
respectively, and total hardness was measured as 132+29
mg/L and pH 7.3£0.2 as CaCOs.

In order to determine the LDso value, HgCl2 was applied to
Rainbow trout in the groups (n=10 fish) with the dose of 100,
200, 500, 750, 1000 and 1500 ug/L. The fish in the groups
were checked 3 times a day for 96 hours, and those who died
were removed from the aquarium and noted. After 96 hours,
the LDso value was calculated as 551 ug/L. Then, 2 subletal
doses (25% LDso = 138 ug/L and 50% LDso = 276 ug/L) were
determined to apply. The fish were treated with subletal doses
for 2 and 7 days. In the study, 10 fish were used in each
group. No deaths occurred in any of the groups during the
study. The use of fish and the experimental protocol were
approved by Bingdl University Animal Experimentation Ethics
Committee (Bingdl, Turkey).

Preparation of homogen

After euthanasia of the fish, liver tissues were removed by
performing the necessary autopsy. Tissues were kept at -
80°C in the freezer until use. Frozen liver tissue samples
were homogenized individually in a 1:10 (w/v) ratio (10 mM
Tris-buffer (pH= 7.4), 0.1 mM NaCl, 1% TritonX-100, 0.2%
SDS, 2.5 mM ethylenediaminetetraacetic acid.

Determination of ONOO- value

Evaluation of nitrosative stress status in liver tissue is
obtained by determining ONOO-value. ONOO- value was
measured by phenol nitration (Ahlatci et al., 2014; Al-Nimer et
al.,, 2012; Vanuffelen et al., 1998). To obtain a final volume of
2 ml, 10 yl of sample was added to 5 mM phenol in 50 mM
sodium phosphate buffer (pH 7.4). After 2 hours of incubation
in a dark place at 37°C, 15 pl of 0.1 M NaOH was added and
the absorbance of the samples at 412 nm wavelength was
recorded. Nitrophenol vyield was calculated from €=
4400/M/cm. Results were expressed as pmol/g wet tissue.
Biochemical measurements were made using a
spectrophotometer (Shimadzu U 1601, Japan).

Determination of TAS, TOS and OSI values

TAS and TOS values of liver tissues were measured by
Rel Assay brand commercial kits (Rel Assay Kit Diagnostics,
Turkey). Trolox, a water-soluble analog of vitamin E, was
used as calibrator for TAS tests. Results are expressed as
mmol Trolox equiv/L (Erel, 2004). Hydrogen peroxide was
used as calibrator for TOS tests. Results are expressed as
pmol H202 equiv./L. While calculating OSI, which is
expressed as the percentage of the ratio of TOS levels to
TAS levels, the mmol value in the unit of the TAS test was
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converted to umol as in the TOS test (Erel, 2005). The results
were calculated according to the formula below.

TOS, pumol H202¢equiv./L
0slI=

TAS, mmol Trolox equiv./Lx10
MDA measurements

MDA determination of tissue samples was made by
method of Ohkawa et al. (1979) according to the method, 200
I of each group was taken and 200 pl of 8.1% SDS was
added. Then it was kept in a boiling water bath at 95 °C for
one hour and then cooled and vortexed by adding a mixture
of 1 ml distilled water and 5 ml of n-butanolpyridine in a ratio
of 15: 1 (v/v). After centrifuging at 4000 rpm for 15 minutes,
the top organic layer was taken and measured
spectrophotometrically at 532 nm wavelength, and the results
were recorded in nmol/ml.

Statistical analysis

SPSS 20.0 package program was used to calculate the
statistical analysis of the data obtained. One-way analysis of
variance (oneway ANOVA) was used to determine the
differences between the groups and Duncan Test was used to
compare the groups.

RESULTS

As a result of the study, the 96-hour LDso value of HgClz
in rainbow trout was 551 pg/L. Groups were created based
on the LDso value. The groups were formed from five groups
(1 control and 4 treatments); 2 and 7 days with 25% (138
Mg/L) and 50% (276 pg/L) of the control group and LDso.

The mean values of TAS, TOS, OSI, ONOO-and MDA of
the control and experimental groups were statistically
interpreted. While the difference between TAS, TOS, OSI and
ONOO- values was statistically significant (P<0.05), the
difference in MDA levels was insignificant (P>0.05).

When TAS values were analyzed, the highest group was
found as Group 1 (0.72 mmol/L), while the lowest group was
found as group 2 and group 3 (0.62 mmol/L). As a result of
comparison of control and experimental groups in TAS
values; There was no statistically difference between the
control group (group 5) and other groups. However, when the
groups were compared among themselves, a statistically
significant difference was found between groups 1, 4 and
groups 2, 3 (P<0.05).

When TOS values were examined, the highest group was
3 (8.35 pmol/L) and the lowest was 5 (5.82 umoliL). Also,
when the groups were compared, the difference between the
control group and the other groups was found statistically
significant (P<0.05).

In terms of OSI values, the difference of group 3 from all
other groups was statistically significant (P<0.05). In MDA

values, the difference of group 3 from all other groups was
statistically significant (P<0.05).

TAS (mmol/L), TOS (umol/L), OSI, ONOO- (mmol/L) and
MDA (nmol/mg protein) values of liver samples are given in
Table 1.

Table 1. TAS, TOS, OSI, ONOO- and MDA values of liver samples

Trial Groups (X*SD)*
1 2 3 4 5
TAS 0.72+0.06°
TOS 6.54+0.95%
oSl 90.42+17.852
ONOO- 34.64+10.042 41.79+4.94% 54.64+14.17° 70.39+26.98° 33.61+2.38°

0.62+0.06=  0.62+0.05¢  0.70+£0.05°  0.67+0.08%

7.07+0.83*  8.35+0.49¢  7.54+0.45° 5.82+0.53

113.08+10.58" 134.42+10.25° 107.92+8.40° 87.39+9.602

MDA 12.40£3.152  17.10+6.84%  31.06+12.38° 14.00+3.812 9.69+2.80°

*The difference between average values carrying different letters in the same
line is statistically significant (p<0.05).

TAS=Total Antioxidant Level, TOS=Total Oxidant Level,
0SI=Oxidative Stress Index, ONOO-=Peroxynitrite,
MDA=Malondialdehyde, 1= 25% LC50 2 Days, 2=50% LC50 2 Days,
3=25% LC50 7 Days, 4=50% LC50 7 Days, 5=Control group

DISCUSSION

Mercury is a heavy metal that is not necessary for
biological functions and can be very toxic even at very low
levels. Given that a total of 40,000-50,000 tons of mercury
reaches the atmosphere and 4,000 tons of water every year,
mercury poses a great risk for humans and other living things.
Mercury is listed by the International Chemical Safety
Program (IPCS) as one of the most dangerous chemicals in
the environment (Gilbert and Grantwebster, 1995). This heavy
metal is also included in the most dangerous xenobiotic class
with its toxicological effects such as neurotoxic, embryotoxic
and cytotoxic, and wide spread and permanence in the
environment (Gundacker et al., 2006). Mercury mixed with
water is converted to methylciva by bacteria and organisms.
Planktons get into the food chain with small fish and mussels
that eat them, and large fish and marine mammals that feed
on small fish (Given et al., 2004). The increase in water
temperature increases the solubility of the mercury in the
water in the summer and affects the increase of the mercury
concentration in the fish (GUl et al, 2004). Mercury
accumulates in many fish species, causing kidney and liver
lesions, endocrine disorders and changes in the membranes
of cells in the central nervous system (Bano and Hasan,
1990; lliopoulou-Georgudaki and Kotsanis, 2001; Veena et
al., 1997).

Since hepatic blood flow is proportionally slower than
cardiac blood flow in fish liver, it is more sensitive to damage
caused by toxic substances. Also, because the liver is a
detoxification organ, heavy metals accumulate most in this
organ. Indeed, in a study, it was observed that the highest
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elimination percentage (up to 64% in the liver, 20% in the
brain and 3% in the muscle) was recorded in the liver in
European seabasses exposed to MeHg for 28 days
(Maulvault et al., 2016). Hg can cause liver damage, as
shown in bream (Guardiola et al., 2016), Salvelinus alpinus
(de Oliveira Ribeiro et al., 2002) and tiger fish (Elia et al.,
2003). In a study (Guardiola et al., 2016), it was stated that
MeHg exposure to sea bream (Sparus aurata) fish increased
SOD, CAT activities and ROS levels in blood serum while
decreasing antioxidant potential. In our study, it was
determined that rainbow trout (Oncorhynchus mykiss)
increased the oxidative stress parameters of HgCl2 in liver
tissue. Besides, it was found that rainbow trout of HgClz
caused toxic effects on liver tissue.

The most important feature of the antioxidant defense
system is that all components of the system act in a way that
creates a synergy against reactive oxygen types (Chaudiere
and Ferrari-lliou, 1999). Therefore, all antioxidants are vital in
ensuring homeostasis in living things (Doyotte et al., 1997).
As a result of the oxidant and antioxidants in the blood acting
together, more oxidant and antioxidant effects occur than
each one creates alone. For this reason, it is reported that
TOS and TAS measurement may be more useful to
determine the total oxidant/antioxidant balance instead of
measuring the oxidant and antioxidants individually (Erel,
2004, 2005). Indeed, there are many studies in this direction.
For example; Dogan et al. (2011) investigated the
biochemical effects of subletal concentrations of
fenpyroximate acaricide in the liver tissue of adult guppies by
looking at TAS and TOS values, they noted that the doses of
subletal acaricide administered did not cause any changes in
antioxidant activity, and 25 and 50 ug/l acaricide caused
oxidative stress. Kaya et al (2014), in their study investigating
the effect of tebuconazole used as fungicide in Cyprinus
carpio (L., 1758) on serum TAS and TOS levels, found that
serum TAS levels decreased in groups treated with
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