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Abstract
Endosulfan is one of the organochlorine pesticides which has been used worldwide for
decades. The purpose of the present study was to investigate the effect of endosulfan on
hematological and P450 gene expression in Rutilus caspius. Fish were exposed to the
10% and 20% LC50 for 21 days and were sampled on days 1, 7, 14 and 21. Results
showed that there were significant differences in hematological parameters among the
control and treated fish (p<0.05). The highest amount of Hb, Ht and RBC was observed
in the control, while WBC was highest in the 20% endosulfan treated group on day 21.
According to the results alkaline phosphatase, aspartate aminotransaminase and alanine
amino transaminase levels increased during the experiment. The highest levels were
observed with 20% endosulfan on day 14 which were significantly different with those
in the control (p<0.05). In addition, the CYP450 gene expression had the same results.
We conclude that exposure to the endosulfan (especially 20%) can enhance the innate
immune system in Rutilus caspius.
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Introduction
Aquatic ecosystems, as the largest
natural environment, are always faced
with threats such as genetic restriction
and biodiversity (Van-Der Geest et al.,
1997). Pesticides are one of the main
causes of poisoning in fish which
released from thousands of chemicals
can cause high mortality even at very
low concentrations (Sanchez-Fortun
and Barahona, 2005).
Fish are an important source of food
in many regions of the world, so it is
necessary to secure the health of fish
(Assefa and Abunna, 2018). Producing
high quality fry depends on a lot of
environmental factors such as poisons
which negatively affect the stage of
early growth of fish (Sanchez-Fortun
and Barahona, 2005).
Evaluation of blood factors is used in
many aquaculture and fish farming
researches and also in the field of
toxicology and bioassay to determine
the ecotoxicological hazards of
pesticides and as an appropriate
indicator showing physiological and
pathological changes in fish (Ullah and
Zorriehzahra, 2015; Bhuvaneshwari et
al., 2015). Certainly changes in
hematological parameters due to
poisoning can be a sign of changes in
hematopoietic tissue and various tissues
of fish during poisoning. Generally, it is
believed that the quality and
characteristics of blood cells are as
sensitive to physiological changes when
they are affected by pathological
changes (Megarani et al., 2020).
Alanine aminotransferase (AST) and
aspartate aminotransferase are the most

important enzymes in the amine groups,
which catalyze alpha-keto acids to
amino acids by transferring amine units.
Enzymes are found mainly in liver
cells, and are also present less in the
heart, kidneys and skeletal muscles
(Rastiannasab et al., 2016). Any
damage or necrosis of the liver cells
will increase secretion of these enzymes
and their entry into plasma. Hence,
increased activity of these enzymes in
plasma can be a sign of tissue damage,
especially in liver tissue (Banai et al.,
2010). Molecular changes as the first
measurable changes can provide us a lot
of information about the effect of
stress-reducing substances (Rose et al.,
2006).
Proteins
like
HSP70,
metallothioneins and the cytochrome
oxidase enzyme P450 can be examined
as pollutant molecular markers at the
level of the genome or protein (Chan et
al., 1995; Bruno et al., 2006; Dong et
al., 2013; Tedeschi et al., 2015). P450
is the first enzyme that is produced in
the first phase of the response to
pollutants (Rusni et al., 2022). This
protein is also expressed in non-stress
conditions, but its exposure to various
pollutants, including heavy metals,
changes its expression, which can be
considered as a biomarker of
contamination (Korashy and El-kadi,
2005; Sheader et al., 2006; Softeland et
al., 2010).
Endosulfan is one of the organocholeric pesticides which enters the
water through agricultural runoffs and
due to its chemical stability, weak
degradability and increasing power of
bio-accumulation in the body of living
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organisms like aquatic animals creates
various lesions in them. In studies that
aquatics were exposed to different
concentrations of this poison, many
responses have been reported in various
species including tissue damage,
enzymatic
changes,
changes
in
hematological, genetic, behavioral,
reproductive parameters and even death
(Akhtar et al., 2012; Crupkin et al.,
2013; Negro et al., 2015). The present
study was performed to determine the
effect of endosulfan on hematological
parameters and the expression of
CYP450 gene in Rutilus caspius.
Materials and methods
Fish and experimental conditions
This experiment was conducted at the
Aquaculture
laboratory
of
the
Department of Fisheries, Gorgan
University of Agricultural Sciences and
Natural Resources in 2017. Two
hundred roach juveniles were purchased
from a private farm (Golestan province,
Iran) and transferred to the lab. Fish
were adopted for two weeks and fed a
commercial diet (Biomar, France) three
times a day. They were stocked
randomly in 3 groups (control, 10% and
20% endosulfan) in 12 tanks (500-L).
For the LC50 experiment, 12 fish with a
mean weight of 18.46±2.32 g were
exposed to 10 and 20% LC50
endosulfan
for
21
days.
All
environmental conditions were the
same for all tanks.
Samples from each treatment were
collected on days 1, 7, 14 and 21. The
culture system used static aerated water
with 50% daily exchange of water of
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the tank and endosulfan was added.
Blood samples were collected from the
control and treatments. Blood was
collected in vials containing an
anticoagulant, to count the red blood
cells (RBCs), white blood cell count
(WBC), hematocrit and hemoglobin
levels and the remainder of the blood
sample was centrifuged at 10,000 rpm
(4°C) for 20 min to separate the plasma
for measuring alkaline phosphatase,
aspartate amino transaminase and
alanine amino transaminase following
the protocol suggested by the company.
RNA extraction and Relative mRNA
expression of CYP450 Liver RNA was
extracted from 50-100 mg tissue using
RNAx Plus (CinnaGen, Iran). The
target tissue was homogenized in 1.0 ml
RNAxPlus reagent (Sinaclon; Iran) and
left at room temperature for 15 min.
The following steps for RNA extraction
were performed as described by
Panigrahi et al. (2011). The quantity of
RNA
was
evaluated
using
a
spectrophotometer at 260/280 nm and
the quality was measured using 1%
agarose gel and staining with ethidium
bromide. RNA samples were stored at 80 ˚C until cDNA synthesis. cDNA was
synthesized by SuPrime Script RT
Premix (2X) cDNA Synthesis Kit
(GeNet BIO Inc.; Daejeon, South
Korea) according to the protocol
suggested by the manufacturer. Realtime PCR was conducted using an
iCycler (Bio-Rad) with Fermentas
Maxima SYBR Green qPCR Master
Mix and the gene-specific primers. The
real-time PCR analyses were carried
out using standard protocol described in
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our previous paper (Miandare et al.,
2013).
Standard
curves
were
constructed from dilution series of
cDNA which included 5 dilutions from
1/10 to 1/200. The PCR efficiency was
calculated using the following equation:
E%= (101/slope –1)×100. The fold change

in the relative mRNA expression of
CYP450 was calculated by the 2-ΔΔCt
method and standard curve based
method. The data were analyzed using
the iQ5 optical system software version
2.0 (Bio-Rad) (Table 1).

Table 1: Gene-special primers for β-actin and CYP450 used in the real-time PCR.
Gene

Accession number

Primer (5′-3′)

Product size (bp)

P450

HQ287217

F: CGTCGGAATCGTCAATGACCT
R:AGACGTACAGTGAGGAATGGTGAA

253

Beta
actine

DQ061948.1

F: CCCTGCATGGATGTGTGGAT
R:GGGTGACACCATCACCAGAG

189

Results
Exposure to LC50 endosulfan during 21
days did not result in any mortality in
Rutilus caspius. The changes in
hematological
and
biochemical
parameters are presented in Figure 1.
During the Experiment, hemoglobin,
hematocrit and red blood cells
decreased whereas WBC levels
increased in treated fish. Results
showed that there were significant
differences in Hb, Ht, RBC and WBC
levels in control and fish exposed to
10% and 20% LC50 for 21 days
(p<0.050).
By
increasing
the
concentration of toxin, the measured
blood factors decreased. The highest
amount of Hb, Ht and RBC was
observed in the control which showed
significant differences with treatments
(p<0.05) and the lowest levels were
related to the fish exposed to the 20%
LC50 for 21 days.
Although there were increases in
ALP and ALT levels in endosulfan
treatments during the test, they were not

significant (p>0.05) and these levels
decreased on day 21. Results related to
AST were similar to ALP and ALT but
there were significant differences in
groups which were exposed to
endosulfan compared to the control
(p<0.05). The highest level of ALT was
observed in the group treated with 20%
endosulfan on day 14 and the lowest
was in the control (Fig. 2).
Results of evaluating CYP450 gene
expression are shown in Figure 3.
According to the results CYP450
expression were significantly upregulated compared to the control up to
day 14 and then decreased on day 21.
CYP450 reached its maximum level in
the 20% endosulfan treated group on
day 14 which had notable differences
with other groups (p<0.05).
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Figure 1: The toxic effects of endosulfan on the Hb, Ht, RBC and WBC of Rutilus caspius for oneday exposure periods. The small and capital letters represent a significant difference
(p<0.05) in days of exposure (A-B) and dose of endosulfan (a-b).

Figure 2: The toxic effect of endosulfan on the ALP, ALT and AST of Rutilus caspius for 21-day
exposure periods. The small and capital letters represent a significant difference (p<0.05)
in days of exposure (A-B) and dose of endosulfan (a-b).
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Figure 3: The toxic effect of endosulfan on
the CYP450 gene expression of Rutilus
caspius for 21-day exposure periods. The
small and capital letters represent a
significant difference p<0.05) in days of
exposure (A-B) and dose of endosulfan (ab).

Discussion
Sensitivity to pollutants in different
species and even in a specific species is
different and depends on size, age,
species conditions and environment
(Hedayati and Safahieh, 2011). In
recent years instead of monitoring
ecosystems quantitatively by the use of
a little amount of pollutant in water,
sediment and fish tissues, the effects of
pollutants on aquatic organisms have
been measured using quantitative
assessments such as molecular,
biochemical, hematological, enzymatic
and tissue biomarkers (Dalzochio et al.,
2016). Aquatic ecosystems are always
receiving a large amount of pollutants
such as pesticides, heavy metals,
petroleum hydrocarbons and organic
materials from domestic, mineral,
industrial and agricultural wastewaters,
which disturb the balance of the
ecosystem (Pourang et al., 2005).
Therefore, estimating the effects of
these pollutants on ecosystems is
essential. Exposure to the 20%
endosulfan on day 14 significantly

enhanced ALP, AST, ALT and
CYP450 in Caspian roach.
A reduction in Hb, Ht and RBC
indicated anemia in fish exposed to the
pesticide. It can be because of
erythropoiesis, haemosynthesis and
osmoregulatory dysfunction. Another
reason may be an increase in the rate of
erythrocyte
destruction
in
hematopoietic organs (Jenkins and
Smith, 2003; Seth and Saxena, 2003).
In this study the number of red blood
cells and the amount of hematocrit in
fish exposed to endosulfan poison was
the most important blood response
compared to the control groups. In
other words, the decrease in the RBC
count and the amount of hematocrit are
a significant sign of anemia in animals.
A state of anemia results from the effect
of oxygen free radicals produced by
toxins on spleen and kidney tissues.
These tissues are the main organs in
fish which have the main function in
producing blood. This causes the
reduction in RBC production. The
toxicant can also eradicate RBC
(Edsall, 1999). Pesticdes were found
mainly in the erythrocytes and plasma
compared to leucocytes, platelets or
stroma so they can bind with
hemoglobin. In this experiment we also
observed a reduction in hemoglobin
content that can result from the
conversion
of
hemoglobin
to
methemoglobin
during
a
rapid
oxidation or release of O2 radicals by
the toxicant. In another study,
Matkovics et al. (1981) stated that
hemoglobin content decreased in
response to paraquat toxicity and it
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might due to the methemoglobin
formation and a direct response of O2
radicals. Results showed a remarkable
increase in WBC in treated fish
compared to the control. The increase
in the number of white blood cells in
the blood well confirms the presence of
inappropriate foreign agents in the
animal’s body. The increase in WBC
can be related to the antibodies
production which has an important role
in survival and recovery of fish exposed
to the toxicant (Joshi and Deep, 2002)
so the significant increase in WBC
count in this study can be because of
the hypersensitivity of leucocytes to
endosulfan
which
results
in
immunological reactions to produce
antibodies in stressful conditions.
In the present investigation ALP,
ALT and AST levels showed a
significant
increase
during
the
experiment. This finding is in
agreement with Al-Kuraizi (2010) who
indicated that endosulfan can destroy
the liver and release ALT and AST
enzymes. Also other studies have
reported that three major concentrations
of
organophosphorus
insecticide
(chlorpyrifos) enhanced ALT and AST
enzyme levels. They suggested that
these results can be due to the
incorporation of amino acids by way of
amino transferase activities of these
enzymes into Krebs cycle to cope with
the stressful situation endosulfan caused
(Braunbeck et al., 1990).
The results of the present research
obviously demonstrated that P450 gene
expression was
up-regulated in
exposure to the two concentration of
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endosulfan compared to the control. In
agreement with these, results Dong et
al. (2013) reported that P450 levels in
zebrafish liver significantly increased
after endosulfan exposure. They also
reported the same results after atrazine
exposure on days 10,15 and 20 (Dong
et al., 2009). Many pollutants such as
heavy metals and toxins have toxic
effects on the cells by producing active
oxygen and cause the destruction of
biological molecules such as protein,
lipids and DNA. The first reaction of
the cell to these stressful conditions is
the production of a series of oxidative
enzymes such as P450 and antioxidants.
If stress conditions continue, it can lead
to a disruption of the normal
metabolism and ultimately death of the
cell (Waisberg et al., 2003). On other
hand, He et al. (2011) and Zhou et al.
(2011) indicated that CYP3A induction
could be reflected by ERND activity in
fish. It means that some xenobiotics can
induce CYP3A and ERND activity in
fish as well as mammals. In addition,
previous study implied that the
activities of APND (Aminopyrine Ndemethylase)
and
ERND
(Erythromycin N-demethylase) could
be induced by xenobiotics. For
example, Dong et al. (2013) reported
both APND and ERND after exposure
to 0.01, 0.1, and 1 mg L−1 endosulfan.
Li et al. (2008) showed that rifampicin
(RIF) and dexamethasone (DEX)
increased APND and ERND activities
in two grass carp cell lines. In general,
we conclude that exposure to
endosulfan can stimulate the innate
immune system in Rutilus caspius. The
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highest amounts of hematological
parameters were observed in the control
expect WBC, which means that
endosulfan negatively affects blood
cells. In contrast endosulfan stimulates
the innate immune system of Rutilus
caspius throughout the liver enzymes
and CYP450 gene expression especially
with doses of 20%.
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