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Responses of Antioxidant in Rainbow Trout Exposed to Temephos
Veysel PARLAKY  Arzu UCAR'  Gonca ALAK!  Muhammed ATAMANALP?

ABSTRACT: In this study, rainbow trout was exposed to temephos (TE) during 96h acute toxicity
conditions. The toxic compound was given in doses of 3 mg L™ and 6 mg L™. Furthermore, we
assessment antioxidant enzymes activity (glucose-6-phosphate dehydrogenase (G6PD), catalase
(CAT), glutathione reductase (GR), superoxide dismutase (SOD), malondialdehyde (MDA) level in
liver and acetylcholinesterase (AChE) in brain. CAT, SOD, GR, G6PD, and MDA in liver were
demonstrated significant effects by the treatments (P<0.05). TE exposure resulted in the inhibition of
AChE activity, which, compared with the control group, decreased in all doses (P<0.05). The results
showed that temephos inhibited liver tissue’s enzyme activities and increased MDA levels. In the light
of these data, we can say that temephos toxicity should be taken into consideration in aquatic
environments.
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Temefos’a Maruz Kalan Gokkusagi Alabaliklarinda, Antioksidan Cevaplar

OZET: Calismamizda gokkusag: alabaliklar temefosun 3 ve 6 mg L™ dozlarma akut uygulama ile
maruz birakilmistir. Uygulama sonrasinda karaciger dokusunda antioksidan enzim aktiviteleri
(Stiperoksitdismutaz (SOD), katalaz (CAT), glutatyon rediiktaz (GR), glukoz 6 fosfat dehidrogenaz
(G6PD)), malondialdehit seviyesi ve beyin dokusunda asetilkolin esteraz (AChE) aktivitesi
degerlendirildi. Karaciger dokusunda SOD, CAT, GR, G6PD aktivitelerinde ve MDA seviyesinde
onemli seviyede degisiklikler belirlendi (P<0.05). Kontrol grubu ile kiyaslandigi zaman tiim doz
uygulanan gruplarda AChE aktivitesinin inhibe oldugu tespit edildi (P<0.05). Sonuglar, temefosun
karaciger dokusunda enzim aktivitelerini inhibe ettigini ve MDA seviyesini arttirdigini géstermistir.
Bu veriler 15181nda sucul ortamlarda temefos toksisitesinin dikkate alinmasi gerektigini soyleyebiliriz.
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INTRODUCTION

Temephos (TE) one of the organophosphorus
insecticides. It is mainly used as a larvicide to
control mosquito in aquatic areas. The WHO
Pesticides Evaluation Scheme suggests using TE
as control agent in potable water sources
(Anonymous, 2018). This pesticide, which is
used intensively and unconsciously in
agricultural areas in our country, is transported
by rainfall and surface water and reaches to
aquatic environments. Especially with increasing
pesticide usage in the summer months there may
be threats to aquatic organisms. In aquatic
environments, trout, preferred as test organism,
is found commonly in our fresh waters in our
country.

As it is the case in other organophosphates,
TE affects the central nervous system. Its rapid
absorption and accumulation in tissues is due to
its hydrophobicity (log Kow=4.91). AChE
inhibition and antioxidant enzyme activities are
the main biomarkers of exposure to certain
organophosphates and carbamate insecticides in
fish (Sandahl et al., 2005; Barbosa and Junior,
2015). Some of the aquatic organisms, especially
fish are used as biological indicators to monitor
environmental pollution (Kirict et al., 2017).
Furthermore, the biochemical parameters can
contribute to the early detection of the
substances that help monitor environmental
quality (Barbosa and Junior, 2015).

In this study we determined toxic effects of
TE wusing antioxidant enzymes activity in
rainbow trout.

MATERIALS AND METHODS

Fish samples and experimental design
Rainbow trout (Oncorhynchus mykiss)
(20£1.5 g, 16£2 cm) samples were put in tanks
with a flow rate of 0.5 L min per kg fish
(minimum). The tanks (150 liter) had an average
water temperature of 10+1.5 °C. The dissolved

oxygen concentration in the tanks was 9.2 mg L
! and pH was 7.2. A total of 60 fish samples
were distributed evenly across six tanks (each
tank contained 10 fish samples). Of the tanks,
two contained the control groups (A) and four
contained the treatment groups. TE was procured
from a company (Sigma) and its stock solution
was dissolved in water. The LCsg value of TE for
rainbow trout is 9.8 ppm (Anonymous, 2018). In
the present study TE concentrations of 3 mg L™
(B) and 6 mg L* (C) (30 % and 60 %
concentrations of LCsy value) were deemed
suitable for use in the treatments. Excluding two
control tanks (no pesticide application), 3 mg L™
and 6 mg L* TE was added to four tanks,
respectively. The concentrations of tanks were
reapplied every 12 hours for readjusting the
dose.

Tissue homogenates

Immediately after cervical dislocation to
euthanize the samples, the dissection procedure
was performed (Botté et al., 2012). The liver and
brain hemolysates were prepared using a
modificated method described by Kirict et al.,
(2017). The samples were homogenized (1% v
v) ina 0.1 M Triton X 100 containing phosphate
buffer (pH 7.4). The supernatants obtained with
the centrifugation of the liver homogenates at 13
000 rpm for 60 min (4°C) were used as the
enzyme source to estimate enzyme activities and
malondialdehyde (MDA) levels. The brain
homogenates were centrifuged at 13 000 rpm for
30 min (4°C) and supernatants were used as the
enzyme source to estimate the AChE activity
(Parlak, 2018).

Determination of the antioxidant enzyme
activities and MDA level

Catalase (CAT) activity was measured
using the Aebi method (1974) which is based on
the H,O, consumption-induced decrease in
absorbance at 240 nm. The reaction mixture
contained potassium phosphate and H,0,. The
superoxide dismutase (SOD) activity was
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determined using the method described by Sun
et al., (1988), in which the inhibitory effect of
SOD on nitro blue tetrazolium (NBT) reduction
is used and the reduction of NBT to blue
formazan by the superoxide anion is measured at
560 nm. As described by Beutler (1984), the
levels of NADPH and GSSG were used to
determine glutathione reductase (GR) activity.
One unit of GR was defined as the consumed
NADPH quantity that catalyze the reduction of 1
mM GSSG per min. The glucose 6 phosphate
dehydrogenase (G6PD) activity was analyzed at
340 nm in a spectrophotometer according to
Beutler (1984). Malondialdehyde is a secondary
product of the MDA lipid peroxidation. The
measurement is carried out by measuring the
absorbance of the pink complex at 532 nm,
which is formed due to the incubation of MDA
with thiobarbituric aside (TBA) at 95 °C (Luo et
al.,, 2006). Spectrophotometry was used to
determine each sample’s protein levels at a
wavelength of 595 nm and the results were
recorded by taking the BSA as the standard
(Bradford, 1976).

AChE activity

The reaction mixture contained 10 mM
acetylthiocholine iodide, 0.5 mM DTNB in 1%
sodium citrate, 0.5 M phosphate buffer

(KH2POy4; pH 8), and water. The reaction was
catalyzed using a crude enzyme extract and the
alteration in absorbance at 412 nm was measured
for 5 min (Sandahl et al., 2005; Parlak, 2018).

Statistical analysis

The statistical analyses of the results were
performed using the SPSS 20.0 software
package. To determine the significantly different
results, one-way ANOVA was used. Duncan test
was used to detect the differences between the
groups. The data were expressed as the mean +
SEM. Significance level was determined at
P<0.05.

RESULTS AND DISCUSSIONS

These study findings showed that, at the
end of the 96 th, exposure to TE in
Oncorhynchus mykiss caused a significant
decrease in activities of antioxidant enzymes in
the treatment groups (B, C) compared with the
non-exposure group (A: control). At the end of
the 96 h acute exposure, the activity of the
antioxidant enzymes in liver tissues decreased
with the increasing concentrations of TE. In
contrast, the MDA content in the tissues
increased after TE exposure (Table 1).

Table 1. The effect of different concentrations of TE on antioxidant enzyme activities and MDA levels of
rainbow trout (Oncorhynchus mykiss) liver (Mean + SEM)

Tissue Treatment CAT SOD GR G6PD MDA
A 0.77+£0.062 0.08+0.012 0.07+0.0130  0.07+0.012  0.07+0.01P
Liver*
B 0.56+0.060  0.03£0.010 0.10£0.012  0.06£0.012  0.12+0.012
C 0.31£0.06C  0.02+0.010  0.06x0.010  0.03£0.010  0.16+0.012

Lowercase superscripts (a, b) indicate significant differences among different concentration within each experimental treatment group
and tissue, whereas superscripts in uppercase show significant differences among dosage. Each value is the mean + SEM. of ten
individual observations. For TE concentrations A: Control (no treatment), B: 3 mg L, and C: 6 mg L™ * P<0.05 Enzyme specific
activity (EU mg), MDA Specific activity (nmol ml.)

In the present study, exposure to TE caused a
raise in the MDA levels in rainbow trout liver

tissues, which suggests that the TE in applied
concentrations increased the peroxidative tissue
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damage. Lipid peroxidation can be the first step
of organophosphate-induced cellular membrane
damage. The increase in MDA indicated that the
damage caused by ROS was potentially an
important toxic effect of TE (Kavitha and Rao,
2008; Narr, 2014).

Many organisms have systems to protect
themselves against the activated ROS damaging
effects (Xing et al., 2012). The liver’s SOD and
CAT activities decreased in all treatment groups
with exposure to TE, in the present study. The
decreases in SOD and CAT activities is
attributable to the inhibition of the formation of
superoxide radicals (Parlak, 2018). The results
obtained in this study for the related parameters
agree with the results obtained in other studies
(Orug et al., 2004; Peixoto et al., 2006; Xing et
al., 2012; Narr, 2014). We believe that the
decrease in the SOD enzyme activity is due to
the increase in the reactive oxygen species
(ROS), which are formed due to pesticide
exposure. SOD activity decrease was probably
caused by superoxide anion radical, which, after
transformation to H,0,, causes the oxidation of
SOD (Rahal et al., 2014). TE application caused
a decrease in the CAT specific activity and
compared with the control group, relatively
lower values were obtained (Table 1). The
statistical analysis showed that the differences
among all groups were significant (P<0.05). The
inhibitory and inducing effects of pesticides on
CAT were investigated in previous studies.
Peixoto et al., (2006) reported that CAT activity
was inhibited and induced when exposed to
certain pollutants and concluded that it was not
suitable for use as a biomarker in toxicology
studies (Jeon et al., 2015). The decrease in the
CAT activity in the present study agree with the
results obtained by exposing different fish
species to different pesticides (Nwani et al.,
2010; Hattab et al., 2015). The results indicate
that TE lipid peroxidation is accompanied by
simultaneous decreases in the activities of

antioxidant enzymes such as CAT and SOD.
Antioxidant enzymes decrease results in
increased oxidative stress. This indicates that
free radicals are generated excessively when
exposed to pesticides, which leads to the
disruption of the antioxidant defense system
(Zhu et al., 2014). Glutathione redox level,
antioxidant enzyme activities, and lipid
peroxidation are the main biomarkers used in
toxicology studies (Kaviraj et al., 2014).
Especially, the intracellular changes at GSH
level are viewed as one of the most important
indicators of the oxidative stress caused by the
pollutants in fish (Zhang et al., 2004). In this
study, GR and G6PD activities in liver were
inhibited by TE exposure (P<0.05).

The GR and G6PD activities decreased in
all tissues, especially in Group C. There are a
large number of studies focusing on the
relationships between pesticides and antioxidant
activities of GR and G6PD in different species
(Giiler et al., 2013; Lavarias and Garcia, 2015).
However, the number of the studies focusing on
the oxidative stress caused by TE is limited. In
this study, after the application of a B and C
concentration of TE, a decrease was determined
in GR and G6PD activities. These changes
suggest that certain substances such as pesticides
affect O, production and have inhibitory effects
on enzyme activity (Jin et al., 2015; Ucar et al.,
2017). However, the decrease in GSH levels due
to TE exposure may have been caused by the
increase in GSH utilization. GSH is converted
into oxidized glutathione and results in the
efficient regeneration of GSH (Yonar, 2013).
The decrease in GR activity was attributed to the
increased production of oxidized glutathione
(GSSG). Studies have shown that different
species may use different mechanisms to cope
with pesticide exposure (Parlak, 2018).

After 96 h acute exposure, the activity of
AChE in brain decreased with the increasing
concentrations TE. In some species, AChE
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showed tissue-specific sensitivity and the
enzymes caused dose and time-dependent
inhibition while the rate of inhibition differed
depending on the species and age (Ramsay and

Tipton, 2017). In the present study, TE resulted
in the inhibition of the AChE activity in brain
(Table 2).

Table 2. The effect of different concentrations of TE on AChE enzyme activities of rainbow trout
(Oncorhynchus mykiss)  brain (Mean + SEM)

Tissue Treatment AChE
A 0.040+0.032
B L0 03D
Brain® 0.020+0.03
C 0.0130.03P

Lowercase superscripts (a, b) indicate significant differences among different concentration within each experimental
treatment group, whereas superscripts in uppercase show significant differences among dosage. Each value is the mean
+SEM. of twenty individual observations. For TE concentrations A: Control (no treatment), B: 3 mg L™, and C: 6 mg L™ *

P<0.05 AChE Specific activity (EU mg).

In addition, the AChE activity was reduced
compared with the control samples. The activity
of AChE was evidently affected by the
concentration of TE in all treated fish samples.
The results of the study showed that the AChE
activity in the 96 h TE exposed juvenile rainbow
trout samples was significantly inhibited and it
continued to decrease depending on TE
concentration. In the control fish samples, the
AChE activity in brain was higher than that of
the treatment groups. AChE was present in the
brain tissue of trout at the lowest TE
concentration (3 mg L™) and the enzyme activity
in brain is sensitive to the inhibitory effects of
TE. There are a large number of studies focusing
on the connection between pesticides,
organophosphates, and AChE activity in
different species (Tam et al., 2015; Petrov et al.,
2018). However, there is no study focusing on
the relationship between TE and AChE activity
in fish.

CONCLUSION

To establish regulatory measures, data

obtained for acute toxicity have been used to

develop water quality guidelines (Nwani et al.,
2010). The results of the study revealed that TE

negatively affected antioxidant enzyme activity
and AChE activity. Acute exposure to TE caused
changes enzyme activity and MDA contents in
liver of rainbow trout. Furthermore, the results
revealed that oxidative parameters, and AChE
were significantly changed in the TE exposed
rainbow trout samples. To the best of our
knowledge, this is the first study reporting the
acute effects of TE on rainbow trout. Although
there are previous studies which can compared
with our results, none of these studies focused on
the toxic effects of TE on fish. Thus, the
information presented in this study can
contribute to the elucidation of the toxicant
response of fish to TE exposure and serve as a
substantial reference for future studies. More
investigations are required to elaborate the
mechanism of TE toxicity.
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