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Effects of Quercetin on Cypermethrin-Induced Stomach Injury: The Role of Oxidative
Stress, Inflammation, and Apoptosis

Kuersetin'in Sipermetrin Kaynakli Mide Hasar1 Uzerine Etkileri: Oksidatif Stres, Enflamasyon ve Apoptozun

Rolii

Nurhan AKARAS?, Cihan GUR?, Hasan SIMSEKS, Sibel Cigdem TUNCER*

ABSTRACT

This study was conducted to investigate the effects
of quercetin (QUE) on cypermethrin (CYP) induced
gastrotoxicity in rats.

35 Sprague-Dawley rats were randomly divided
into five groups, 7 in each group. In the study, 25 and
50 mg/kg QUE were administered orally 30 min after
25 mg/kg cypermethrin was administered to rats for
28 days. Oxidative stress, inflammation, ER stress,
apoptosis and autophagy markers were biochemically
analyzed in gastric tissues. Additionally, histological
analysis was performed for microscopic evaluation of
gastric tissue.

The results revealed that QUE prevented tissue
damage by reducing CYP-induced lipid peroxidation
(MDA) and increasing GSH, SOD, CAT and GPx
activities. It also showed anti-inflammatory effect by
suppressing inflammatory markers such as NF-«B, IL-
1B, TNF-0, iNOS and COX-2. QUE administration
down-regulated CYP-induced increased PERK, ATF6,
Caspase-3 and Beclin-1 markers. In addition,
administration of QUE ameliorated the pathological
tissue damage in gastric tissue due to CYP. The data
of this study show that Que suppresses CYP-induced
gastric  toxicity by reducing oxidative stress,
inflammation, ER stress, apoptosis a autophagy.

Keywords: Cypermethrin, Gastrotoxicity, Oxidative
Stress, Quercetin, Rat

0z
Bu calisma, ratlarda sipermetrin (CYP) kaynakl

gastrotoksisite iizerine kuersetin'in (QUE) etkilerini
arastirmak i¢in yapildi.

35 adet Sprague Dawley rati, her grupta 7 tane
olacak sekilde rastgele bes gruba ayrildi. Caligmada,
ratlara 28 giin boyunca 25 mg/kg sipermetrin
uygulandiktan 30 dakika sonra oral olarak 25 ve 50
mg/kg QUE verildi. Mide dokularinda oksidatif stres,
inflamasyon, ER stres, apoptoz ve otofaji belirtegleri
biyokimyasal olarak analiz edildi. Ayrica mide dokusu
mikroskobik degerlendirme i¢in histolojik analiz
yapildi.

Sonuglar, QUEmin CYP  kaynakli lipit
peroksidasyonunu (MDA) diistirerek ve GSH, SOD,
KAT ve GPx aktivitelerini artirarak doku hasarini
onledigini ortaya koydu. Ayrica NF-kB, IL-1p, TNF-
a, iINOS ve COX-2 gibi inflamatuar belirtecleri
baskilayarak anti-inflamatuar etki gosterdi. CYP
kaynakli artan PERK, ATF6, Kaspaz-3 ve Beklin-1
belirteglerini QUE uygulanmasi asagi regiile etti. Ek
olarak, CYP’ye bagli olarak olusan mide dokusundaki
patolojik doku hasarmi QUE verilmesi iyilestirdi. Bu
caligmanin  verileri Que nin oksidatif stresi,
enflamasyonu, ER stresi, apoptozu ve otofajiyi
iyilestirerek CYP kaynakli mide toksisitesini
baskiladigini gdstermektedir.

Anahtar Kelimeler: Gastrotoksisite,
Oksidatif Stres, Rat, Sipermetrin
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INTRODUCTION

Pesticides are critical to agriculture,
forestry, the control of insects and pests.
Pesticides have recently become the subject
of intense research due to their important
effects and properties.! Although it has
contributions,  especially in  modern
agriculture, long-term exposure and incorrect
application can have bad results. The World
Health Organization (WHO) statement
revealed that more than 18.2 per 100,000
suffer from acute pesticide poisoning yearly.?

The use of cypermethrin (CYP), a type Il
synthetic pyrethroid from pesticides, has
increased a lot and is included in the list of
moderate pests in the statement published by
WHO.? Uncontrolled and widespread use of
these chemicals causes both to mix with
water resources and penetrate agricultural
products. CYP also harms aquatic organisms
and is included in the food chain. The fact
that CYP has entered the food chain is the
main source of toxicity in the living things
that consume these foods.* The fact that CYP
can be rapidly absorbed from the
gastrointestinal tract, by the placenta and
simply by skin contact accelerates this
toxicity.> Due to its lipophilic structure, CYP
accumulates in body fat, skin, liver, kidneys,
adrenal glands, ovaries and brain, and its
effects on important organs such as the
central nervous system, male reproductive
system, liver and kidney have been
demonstrated.® 7 Although these toxic effects
of CYP in different tissues and organs have
been reported, there are no studies on the

effect and damage mechanism on the
stomach, and this issue is still not sufficiently
clarified. Among the causes of toxic effects
caused by CYP, ROS production,
mitochondrial ~ dysfunction, nucleic acid
damage in the cell, protein damage, lipid and
cell membrane damage are at the forefront.® °
Previous studies have revealed that
cypermethrin  causes  oxidative  stress,
endoplasmic reticulum stress, autophagy,
inflammatory and apoptotic effects, directly
or indirectly. 1% 1

The use of natural medicinal products is
increasing to relieve the side effects of many
toxic conditions and diseases. Natural
compounds are widely used as antioxidants,
anti-apoptotic and  anti-inflammatory.?3
Quercetin  (QUE,3,3',4',5,7 pentahydroxy-
flavone) is one of the most effective
antioxidants of the flavonoid family. It is
found in cabbage, strawberries, broccoli,
onions, cherries, red grape and tea. The anti-
inflammatory and anti-apoptotic properties of
this agent have been demonstrated before. It
has also been reported to modulate ER stress-
mediated by calcium dynamic
dysregulation. 1416

Considering all this information, although
the toxic effect of CYP on many organs has
been demonstrated by experimental studies,
its effect on the stomach is not fully known.
Therefore, this study investigated the
possible protective effects of QUE on CYP-
induced gastric injury.

MATERIAL AND METHOD

Chemicals

QUE (CAS No: 849061-97-8), CYP
(CAS No: 52315-07-8) and other chemicals
used in the study are of analytical purity and
were purchased from Sigma-Aldrich (St.
Louis, MO).

Experimental Animals

35 male rats weighing 200-250 g,
obtained from Atatlirk University
experimental animals center, were housed in

appropriate laboratory conditions (12 hours
night / 12 hours day and 24 °C temperature).
During the experiment, the experimental
animals were given sufficient (ad libitum)
water and pellet feed. Thirty five male rats
were randomly divided into five groups, 7 in
each group. Animals were divided into 5
groups as control, QUE, CYP, CYP + QUE
25 and CYP + QUE 50. The doses of CYP
and Que given were adjusted according to a
previous study.?
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The groups were designed as follows:

Control Group: Physiological saline was
given orally for 28 days.

QUE Group: Rats in this group were
given 50 mg/kg QUE orally for 28 days.

CYP Group: Rats were given 25 mg/kg
CYP dissolved in corn oil for 28 days.

CYP + QUE 25 Group: Rats in this group
were given 25 mg/kg QUE 30 min after 25
mg/kg CYP dissolved in corn oil was
administered for 28 days.

CYP + QUE 50 Group: For gastric
toxicity, 25 mg/kg CYP dissolved in corn oil
was administered for 28 days and 50 mg/kg
QUE was given 30 min later.

Animals were decapitated under mild
sevoflurane anesthesia 24 h after QUE was
administered. Gastric tissue and blood serum
were stored for biochemical and histological
analyses.

Biochemical Analysis

To make biochemical measurements,
gastric tissues stored at -80 °C were
powdered in nitrogen and diluted with 1.15%
KCI. Then, MDA, GSH levels and SOD,
CAT, GPx activities were measured from the

Table 1. Primary Sequences

supernatants of the centrifuged tissues,
respectively. Total protein analysis was then
calculated.!”22

RT-PCR Analysis

Total RNA isolation was performed from
the stomach tissues of animals using hybridol
reagent (HibriGen) according to the
manufacturer's instructions. The
concentrations of the RNAs obtained were
measured in the NanoDrop device and the
RNA  concentrations  were  equalized
according to the results obtained. In the next
step, cDNAs were synthesized from total
RNAs. For this, a cDNA synthesis kit (BIO-
RAD, USA) was used and the process was
carried out with the instructions given by the
manufacturer. In the last step, the reaction
was started by preparing cDNAs and the
primers of the genes whose sequences are
presented in Table 1, and a mixture with iTaq
Universal SYBR® Green Supermix. The
reaction was carried out in the ROTOR-
GENE Q (Qiagen, Germany) instrument at
the temperature cycles provided by the
manufacturer. B-actin was used as the
internal control. At the end of the period, the
relative mRNA transcript levels of the genes
were calculated using the CT values obtained
from the device and the 2€lRdelCT methog 23

Gene Sequences (5°-3°) Length Accession no
(bp)

NF-xB F: AGTCCCGCCCCTTCTAAAAC 106 NM_001276711.1
R: CAATGGCCTCTGTGTAGCCC

IL-18 F: ATGGCAACTGTCCCTGAACT 197 NM_031512.2
R: AGTGACACTGCCTTCCTGAA

TNF-a F: CTCGAGTGACAAGCCCGTAG 139 NM_012675.3
R: ATCTGCTGGTACCACCAGTT

iNOS F: AGATCAATGCAGCTGTGCTC 235 NM_012611.3
R:GGCTCGATCTGGTAGTAGTAGA

COX-2 F: AGGTTCTTCTGAGGAGAGAG 240 NM_017232.3
R: CTCCACCGATGACCTGATAT

Caspase-3 F: ACTGGAATGTCAGCTCGCAA 270 NM_012922.2
R: GCAGTAGTCGCCTCTGAAGA

Beclin-1 F: TCTCGTCAAGGCGTCACTTC 198 NM_053739.2
R: CCATTCTTTAGGCCCCGACG

ATF-6 F: TCAACTCAGCACGTTCCTGA 130 NM_001107196.1
R: GACCAGTGACAGGCTTCTCT

PERK F: GATGCCGAGAATCATGGGAA 198 NM_031599.2
R: AGATTCGAGAAGGGACTCCA

B-Actin F: CAGCCTTCCTTCTTGGGTATG 360 NM_031144.3

R: AGCTCAGTAACAGTCCGCCT
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Histopathological Analysis

Stomach tissues obtained from rats were
fixed in 10% formaldehyde for 24 h. It was
then washed overnight in tap water to
undergo the routine histological follow-up
procedure. Then, dehydration was performed
by passing it through graded alcohol sericin.
After clearing with xylol and infiltration with
paraffin, the blocks were prepared. Sections
of 5 um thickness were taken from the blocks
by microton. Sections taken were stained
with Hematoxylin-Eosin (H&E). The stained
sections were examined and photographed

using a Binocular

microscope.

Olympus  Cx43

Statistical Analysis

All values were expressed as mean + SD.
One-way analysis of variance (ANOVA) and
the Tukey test was used to determine the
difference and significance levels between
the groups. (versiyon 20.0; SPSS, Chicago,
IL). p < 0.05 was considered a significant
difference.

Ethical Approval

The study was approved by Atatiirk
University Ethics Committee (11/232/2022).

RESULTS AND DISCUSSION

Evaluation of Oxidative Stress Parameters

The parameters used to show the oxidative
stress level are shown in figure 1. MDA
levels were measured to show lipid
peroxidation. It was observed that there was
a significant increase in MDA level in the
CYP-given group compared to the control
group (p<0.05). However, administration of
QUE with CYP decreased the MDA level. It
is also among the findings that QUE 50
mg/kg dose is more effective than QUE 25
mg/kg dose (p<0.05). However, it was

Relative mANA expression levels 3,
° - v
o % -~ % W &

Relative mRNA expression levels
0SS S M
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determined that SOD, CAT, GPx activities
were significantly decreased in the CYP
applied group compared to the control group,
and the activities of these enzymes were
increased with the administration of QUE
with CYP (p < 0.05). It was observed that
GSH level, which is a non-enzymatic
antioxidant, also decreased with CYP
application, QUE supplementation increased
GSH levels to levels close to the control
group, and QUE 50 mg/kg dose was more
effective than QUE 25 mg/kg dose (p<0.05).

3
Reltive mANA expression evels
e % = % w8 W

Figure 1. Malondialdehyde (MDA), Superoxide Dismutase (SOD), Catalase (CAT), Glutathione (GSH)
and Glutathione Peroxidase (GPX) Results of All Experimental Groups are Presented. a,b,c,d: There is a
Statistically Significant Difference Between the Pillars Where the Same Symbols are Found in All Grafics.

(p <0.05).
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Evaluation of Inflammation Parameters

NF-xB, IL-1B, TNF-0, iNOS and COX-2
mRNA transcript levels of factors and
cytokines involved in inflammation were
measured and given in figure 2. The levels of
these markers showed a remarkable increase
in the CYP-treated group compared to the
control (p<0.05). NF-kB, TNF-o, IL-1p,

INOS and COX-2 mRNA expiration levels of
the groups that were administered QUE with
CYP were significantly decreased compared
to the expression levels of the groups that
were administered CYP. It was observed that
QUE 50 mg/kg dose was more effective,
especially with CYP (p<0.05).

TNF-a

o
in

n

Relative mMRNA expression levels

1
-

n

Relative mRNA expression levels
n i

1

Control Que op CYP+QUE2S  CYP+QUESO

QUE o CYP+QUE2S  CYP+QUESO

Figure 2. Effects of CYP and QUE Administrations on NF-kB, TNF-a, IL-1p, iINOS and COX-2 Activities
in Stomach Tissue of Rats. NF-kB: Nuclear factor kappa-B, TNF-a: Tumor Necrosis Factor Alpha, IL-1p:
Interleukin-1 beta, iINOS: Inducible Nitric Oxide Synthase, COX-2: Cyclooxygenase-2. a,b,c,d: There is a
Statistically Significant Difference Between the Pillars Where the Same Symbols are Found in All Grafics.

(p <0.05).

Evaluation of ER Stress Results

The mRNA transcript levels of markers
indicating ER stress are shown in figure 3.
Our findings show that CYP exposure causes
ER stress by increasing PERK and ATF6
mMRNA transcript levels. It was determined
that PERK and ATF6 levels in the groups
given QUE and CYP together showed a
significant decrease compared to the group in
which CYP was administered (p<0.05). It
was determined that 50 mg/kg dose of QUE
with CYP down-regulated ATF6 level
compared to 25 mg/kg dose of QUE
(p<0.05).

Evaluation of Apoptosis and Autophagy
Results

The mRNA transcript levels of Caspase-3
and Beclin-1 markers, which show apoptosis
and autophagy in gastric tissue, are shown in
figure 3. We observed that the expression of
both Caspase-3 and Beclin-1 markers in the
CYP-treated group was significantly
increased compared with the control.
However, co-administration of CYP and
QUE decreased Caspase-3 and Beclin-1
levels depending on the dose increase.
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RNA expression levels

Relative mi
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Figure 3. Effects of CYP and QUE Administrations on ATF-6, PERK, Caspase-3 and Beclin -1 Activities
in Stomach Tissue of Rats. a,b,c,d: There is a Statistically Significant Difference Between the Pillars Where

the Same Symbols are Found in All Grafics. (p <0.05).

Evaluation of Histopathological Results

When the gastric tissues of the control
group were examined under the light
microscope, it was observed that the mucosa,
submucosa, muscularis and serosa layers
were in normal morphology. Additionally,
the glands showed were normal morphology
in the lamina propria, and the architectural
structure of the parietal and principal cells
showed a smooth appearance. (Fig. 4A). Rats
treated with QUE alone had normal stomach
morphology (Figure 4B). Shedding was
observed in the surface epithelial cells of rat
stomach tissues exposed to CYP toxicity.
Dilatation of the gastric glands and
lymphocyte cell infiltration in the submucosa
were observed. Additionally, hemorrhagic
areas were detected in the submucosal area
(Figure 4.C). We observed that the
pathological deteriorations in the stomach
were reversed and they had a morphology
close to the control with the application of
QUE with CYP. Inflammatory cell
infiltration and hemorrhagic areas were
decreased in the gastric tissue of these
groups. (Fig. 4.D,E). The results show that
the concomitant administration of CYP and

50 mg/kg OUE has a more modulating effect
against the pathological effects in the
stomach induced by CYP. The careless use
and worldwide spread of CYP, one of the
pyrethroid insecticides, exceeds its main
target and causes acute and chronic toxicity
in  many living  species, including
humans.?#?® Studies conducted to investigate
the mechanism of these effects have shown
that CYP causes damage in different tissues
by causing oxidative stress, inflammation
and apoptosis. & 7+ 26:27

However, the mechanism of action on
gastric tissue is unclear. Considering this
information, this study was conducted to
investigate the potential protective effect of
CYP on gastric damage caused by oxidative
stress, inflammation, ER stress, apoptosis
and autophagy. Studies in the literature
suggest that ROS-mediated oxidative stress is
under the toxic effect of pesticides.?®?’

Oxidative stress occurs because of the
disruption of the balance between the ROS
and antioxidant systems. In studies, the
degree of oxidative stress damage caused by
CYP has been reported by looking at the
accumulation of lipid peroxidation.?®2°
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Figure 4. Photomicrographs of Histological Changes in Stomachs Tissue. (H&E Staining) A. Control
Group, B. QUE (Quercetin) Group, C. CYP (Cypermethrin) Group; Arrow: Mucosal Epithelial Shedding,
Star: Gastric Gland Damage, Arrowhead: inflaimmatory Cell infiltration, Curved Arrow: Vessel, D. CYP
+QUE 25 (Quercetin+ Cypermethrin 25) Group, E. CYP +QUE 50 (Quercetin+ Cypermethrin 50) Group

In a previous study by Ghorzi et al., it was
reported that CYP increases MDA level and
this marker can induce oxidative stress.?® In
this study, MDA, a product of lipid
peroxidation, increased significantly in rats
exposed to CYP and accelerated the
formation of oxidative damage in the gastric
tissue. The reason for the increase in lipid
peroxidation is thought to be due to the
lipophilic nature of CYP, which allows it to
easily pass through the double lipid layer in
the cell membrane and reduces membrane
fluidity. Additionally, in our study, it was

determined that lipid peroxidation decreased
with the application of QUE after CYP
application, and it was concluded that QUE
slowed down peroxidation by showing a
chain-breaking effect on lipid peroxidation.
The most important defence mechanism
against oxidative stress damage in the body is
the antioxidant system. This antioxidant
system includes enzymatic and non-
enzymatic structures. SOD, CAT, and GPx
are in the class of enzymatic antioxidants,
while GSH is a nonenzymatic antioxidant.
This antioxidant system, whose most
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important effect is to scavenge free radicals
or convert them into more harmless
compounds, is the most important defence
system in protecting organs and tissues
against various chemical agents.*® 3! In this
study, it was observed that CYP exposure
decreased the amount of SOD, CAT, GPx
enzymes and GSH levels. While SOD, the
first enzyme in the antioxidant defence
system, converts superoxide radicals to H.Og,
CAT catalyses the decomposition of H>O to
H,0.32 The decrease in the SOD activity is
manifested by its inability to scavenge
superoxide radicals. GSH, one of the non-
enzymatic antioxidants, plays a role in
cellular defence by scavenging ROS and
detoxifying xenobiotics. Additionally, GSH
acts as a substrate for glutathione peroxidase.
GPx is the peroxidase involved in the GSH-
dependent detoxification of hydroperoxide.’
In our study results, GPx decrease after CYP
can be attributed to GSH depletion. This
inference was also supported by previous
studies showing that the reduction of GSH in
rats exposed to pesticides would is related to
the reduction of GSH-dependent enzymes.”1°
In addition to these results, in the available
data, it was thought that the application of
QUE with CYP increased the antioxidant
enzyme level and GSH amount to a level
close to control, and this was due to the
antioxidant effect of QEU. Additionally, it
has been reported that the effect of QUE
increases the antioxidant defence system by
inhibiting the enzymes involved in the
formation of ROS.'® Ahmed et al. showed the
antioxidant property of QUE in a similar
study and reported that QUE protects the
tissue from damage due to its antioxidant,
anti-inflammatory and anti-apoptotic
effects.®

Another effect of pesticides is that they
trigger the inflammation process. Studies
have associated the toxic effects of pesticides
with activating proinflammatory pathways
and stress signals of ROS.1% % One of these
signals, the NF-kB transcription factor, takes
part in important physiological processes
such as inflammatory responses, cell
proliferation and cell death in the body.
Additionally, it is known that NF-«B

requlates  the  activation  of  pro-
inflammatories such as TNF-a, IL-1f and
INOS, and COX-2, which is involved in the
inflammatory response.'® 34 Therefore, NF-
kB examination is important in terms of
treatment. In our study, NF-kB, TNF-a, IL-
1B, iINOS and COX-2 mRNA transcript
levels increased because of CYP application.
In a previous study, it was revealed that CYP
application activates NF-kB. It showed this
effect by increasing proinflammatory
cytokines such as IL-1p and TNF-a through
the phosphorylation of IKKB.1% 3 In this
study, NF-kB signals and TNF-a, IL-1p,
INOS and COX-2 mRNA transcript levels
were decreased by the administration of QUE
after CYP. With these results, it is thought
that QUE functions as an immune regulator
and modulates inflammation by interrupting
the NF-kB pathway against inflammation
caused by CYP.

The ER is an organelle that is critical to
the biosynthesis and folding of proteins and
in the balance of ca. Oxidative stress
triggered by pesticides, inflammatory
stimulation and mitochondrial dysfunction
can cause ER stress. To detect ER stress,
RNA-activated protein kinase (PKR)-like ER
kinase (PERK) and activating transcription
factor-6 (ATF-6) found in the ER membranes
are special stress sensors.® 3 According to
the results of our study, it was observed that
oral administration of CYP in gastric tissue
up-regulated ATF-6 and PERK genes and
triggered ER  stress. However, the
administration of QUE suppressed the
expression of these genes. Yardim et al. in
their study, they found that QUE reduced Er
stress, similar to our studies.®’

Apoptotic factors activate the caspase
cascade. One of the most important
consequences of increased oxidative stress
and prolonged ER stress conditions after
CYP is cell apoptosis. Apoptosis is a
common form of death in the cell, triggered
by wvarious stimuli such as cytokines,
hormones, toxic attacks and viruses. The
stimuli effective in the apoptosis process
cause mitochondrial membrane
deporilization and membrane permeability
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deterioration. Apoptotic factors activate the
caspase cascade.’® 3% 3° Kandemir et al.
reported that Caspase-3 is critical to the
development of the apoptosis process and is a
key step in this process.®® In the presented
study, it was determined that oral
administration of CYP increased Caspase-3
activity, and administration of QUE together
with CYP decreased the expression of these
genes and reduced apoptosis. An in vitro
study by lleriturk et al. revealed that QUE
reduces cell death and thus has a protective
effect on  mitochondrial  membrane
permeability and stability.°

Autophagy is the catabolic process
involved in the lysosomal elimination of
impaired organelles and misfolded proteins
in the cell. autophagy; oxidative stress can
increase significantly in conditions such as
inflammation. Beclin 1, one of the important
markers showing autophagy, has been
studied in CYP studies before.l%% In this
study, it was determined that CYP increased
Beclin 1, and it was thought that autophagy
caused this situation. We observed that the
Beclin 1 level decreased with the
administration of QUE after CYP. This
proves that QUE can have an antiautophagic
effect. In a previous study, it was reported

that natural compounds reduce autophagy
after CYP.10

Important organs in the body, such as the
nervous and reproductive system, liver and
kidney, are sensitive to pesticides. 7% In the
gastrointestinal tract, it is among the organs
sensitive to pesticides in the body. In this
study, it was seen that our histopathological
findings were compatible with  our
biochemical findings. According to your
data, degenerative changes were detected in
the gastric tissue after CYP administration.
Particularly epithelial cells were lost in
places.  Additionally, dilatations  were
detected in the gastric glands. Hemorrhagic
areas and lymphocyte infiltration were
observed in the submucosa layer of the
gastric. Similar findings were found in
previous in vitro pesticide study models.3 40

These results suggested that there may be
tissue damage due to ROS accumulation
under the pathological findings in the gastric
tissue. When we examined the gastric tissue
in the groups given CYP and QUE, surface
epithelial cells and gastric glands were seen
in normal morphology. Additionally, it was
observed that lymphocyte infiltration in the
submucosal area was decreased.

CONCLUSION AND RECOMENDATION

As a result, a negative effect of CYP
administration on the gastric tissue was
observed. This effect; evidenced by increased
lipid peroxidation and proinflammatory
cytokines, decreased antioxidants, ER stress
and resulting cell death and degenerative
changes in tissue. This study revealed that
QUE has a ameliorate effect by reducing
oxidative damage, inflammation, ER stress,

and degenerative changes in the damaged
gastric tissue. Our study is important in terms
of providing a new perspective on protection
from the toxic effects of pesticides, as well as
supporting the use of QUE, which has
antioxidant, anti-inflammatory and anti-
apoptotic effects, as a support for treatments,
it will probably be used in the clinic in the
future

REFERENCES

1.  Zhou, L, Zhou, M, Tan, H. and Xiao, M. (2020).
Cypermethrin-induced Cortical Neurons Apoptosis Via
The Nrf2/ARE  Signaling Pathway’’. Pesticide
Biochemistry and Physiology, 165, 104547.

2. Cunha, E.O, Reis, A.D, Macedo, M.B, Machado, M.S.
and Dallegrave, E. (2020). <’Ototoxicity of Cypermethrin
in Wistar Rats’. Brazilian Journal of
Otorhinolaryngology, 86, 587-592.

3. Copplestone, J.F. (1988). “’The Development of the
WHO Recommended Classification of Pesticides by
Hazard”’. Bulletin of the World Health Organization, 66
(5), 545.

4. Liu, L, Hu, J.X, Wang, H, Chen, B.J, He, Z. and Xu,
L.C. (2010). ’Effects of Beta-Cypermethrin on Male Rat
Reproductive System”’. Environmental Toxicology and
Pharmacology, 30 (3), 251-256.

5. Yadav, A, Tandon, A, Seth, B, Goyal, S, Singh, S.J,
Tiwari, S.K. and Chaturvedi, R.K. (2021).
“’Cypermethrin Impairs Hippocampal Neurogenesis and
Cognitive Functions by Altering Neural Fate Decisions
in the Rat Brain’’. Molecular Neurobiology, 58 (1), 263-
280.

6. Soliman, M.M, Attia, H.F. and El-Ella, G.A. (2015).
Genetic and Histopathological Alterations Induced by

564



GUSBD 2023; 12(2): 556 - 566
GUIJHS 2023; 12(2): 556 - 566

Giimiishane Universitesi Saghk Bilimleri Dergisi
Giimiishane University Journal of Health Sciences

Arastirma Makalesi
Original Article

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Cypermethrin in Rat Kidney and Liver: Protection by
Sesame Oil. International Journal of Immunopathology
and Pharmacology, 28 (4), 508-520.

Sharma, P, Hug, A.U. and Singh, R. (2014).
“’Cypermethrin-Induced Reproductive Toxicity in the
Rat is Prevented by Resveratrol’’. Journal of Human
Reproductive Sciences, 7 (2), 99.

Taha, M.A, Badawy, M.E, Abdel-Razik, R.K, Younis, H
M. and Abo-El-Saad, M.M. (2021). ‘’Mitochondrial
Dysfunction and Oxidative Stress in Liver of Male
Albino Rats After Exposing to Sub-Chronic Intoxication
of Chlorpyrifos, Cypermethrin, and Imidacloprid”’.
Pesticide Biochemistry and Physiology, 178, 104938.
Agrawal, S, Singh, A, Tripathi, P, Mishra, M, Singh, P.
K. and Singh, M.P. (2015). ‘’Cypermethrin-Induced
Nigrostriatal Dopaminergic Neurodegeneration Alters
the Mitochondrial Function: A Proteomics Study’’.
Molecular Neurobiology, 51 (2), 448-465.

lleriturk, M, Kandemir, O. and Kandemir, F.M. (2022).
“’Evaluation of Protective Effects of Quercetin Against
Cypermethrin-Induced Lung Toxicity in Rats via
Oxidative Stress, Inflammation, Apoptosis, Autophagy,
and Endoplasmic Reticulum Stress Pathway’’.
Environmental Toxicology, 37 (11), 2639-2650.

Ali, H.F, El-Sayed, N.M, Ahmed, A.A, Hanna, P.A. and
Moustafa, Y.M. (2020). ’Nano Selenium Ameliorates
Oxidative Stress and Inflammatory Response Associated
with Cypermethrin-Induced Neurotoxicity in Rats’.
Ecotoxicology and Environmental Safety, 195, 110479.
Nakhaee, S, Farrokhfall, K, Miri-Moghaddam, E,
Foadoddini, M, Askari, M. and Mehrpour, O. (2021).
“The Effects of Quercetin on Seizure, Inflammation
Parameters and Oxidative Stress in Acute on Chronic
Tramadol Intoxication’’. BMC Pharmacology and
Toxicology, 22 (1), 1-11.

Roslan, J, Giribabu, N, Karim, K. and Salleh, N. (2017).
“’Quercetin Ameliorates Oxidative Stress, Inflammation
and Apoptosis in the Heart of Streptozotocin-
Nicotinamide-Induced Adult Male Diabetic Rats”’.
Biomedicine & Pharmacotherapy, 86, 570-582.

Semis, H.S, Gur, C, lleriturk, M, Kandemir, F.M. and
Kaynar, O. (2022) ¢’Evaluation of Therapeutic Effects of
Quercetin Against Achilles Tendinopathy in Rats via
Oxidative Stress, Inflammation, Apoptosis, Autophagy,
and Metalloproteinases. Am J Sports Med, 50 (2), 486-
498.

Comakli, S, Ozdemir, S, Kiiciikler, S. and Kandemir,
F.M. (2023). “Beneficial Effects of Quercetin on
Vincristine-Induced Liver Injury in Rats: Modulating the
Levels of Nrf2/HO-1, NF-kB/STAT3, and SIRT1/PGC-
la>.  J Biochem Mol  Toxicol,  €23326.
doi:10.1002/jbt.23326.

Zheng, S, Ma, M, Chen, Y. and Li, M. (2022). ’Effects
of Quercetin on Ovarian Function and Regulation of the
Ovarian PI3K/Akt/Foxo3a Signalling Pathway and
Oxidative ~ Stress in A Rat Model of
Cyclophosphamide-Induced Premature Ovarian
Failure”’. Basic & Clinical Pharmacology & Toxicology,
130 (2), 240-253.

Placer, Z.A, Cushman, L.L. and Johnson, B.C. (1966).
“Estimation of Product of Lipid Peroxidation (Malonyl
dialdehyde) in Biochemical Systems”. Analytical
biochemistry, 16 (2), 359-364.

Sun, Y.l, Oberley, L.W. and Li, Y. (1988). “’A Simple
Method for Clinical Assay of Superoxide Dismutase’’.
Clinical Chemistry, 34 (3), 497-500.

Aebi, H. (1984). “’Catalase In Vitro. In Methods in
Enzymology’’. Academic Press, 105, 121-126.

Sedlak, J. and Lindsay, R.H. (1968). “’Estimation of
Total, Protein-Bound and Nonprotein Sulfhydryl Groups
in  Tissue with Ellman's Reagent’”. Analytical
Biochemistry, 25, 192-205.

Lawrence, R.A. and Burk, R.F. (1976). “’Glutathione
Peroxidase Activity In Selenium-Deficient Rat Liver’.
Biochemical and Biophysical Research
Communications, 71(4), 952-958.

22.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Lowry O.H, Rosebrough N.J, Farr A.L. and Randall R.J.
(1951). “’Protein Measurement with the Folin Phenol
Reagent”’. J Biol Chem, 193 (1), 265-275.

Livak, K.J. and Schmittgen, T.D. (2001). “’Analysis of
Relative Gene Expression Data Using Real-Time
Quantitative PCR and the 2— AACT Method”’. Methods,
25 (4), 402-8.

Wang, H, X, Zhang, R, Li, Z, Wang, L.S, Yu, Y, Wang,
Q. and Xu, L.C. (2021). ’Cypermethrin Induces Sertoli
Cell Apoptosis Through Mitochondrial ~Pathway
Associated with Calcium”’. Toxicology Research, 10 (4),
742-750.

Behnami, F, Yousefinejad, S, Jafari, S, Neghab, M. and
Soleimani, E. (2021). “’Assessment of Respiratory
Exposure to Cypermethrin among Farmers and Farm
Workers of Shiraz, Iran’’. Environmental Monitoring
and Assessment, 193 (4), 1-10.

Li, B, Wang, Y, Zhao, H, Yin, K, Liu, Y, Wang, D. and
Xing, M. (2022). “’Oxidative Stress is Involved in the
Activation of NF-Kb Signal Pathway and Immune
Inflammatory Response in Grass Carp Gill Induced by
Cypermethrin and/or Sulfamethoxazole’’. Environmental
Science and Pollution Research, 29 (13), 19594-19607.
Li, J, Sun, B.X, Wang, D.L, Liu, Y, Qi, J.J, Nie, X.W.
and Liang, S. (2021). <¢Melatonin Ameliorates
Cypermethrin-Induced Impairments by Regulating
Oxidative Stress, DNA Damage and Apoptosis in
Porcine Sertoli Cells”’. Theriogenology, 167, 67-76.
Mezni, A, Mhadhbi, L, Khazri, A, Sellami, B, Dellali, M,
Mahmoudi, E. and Beyrem, H. (2020). <The Protective
Effect of Hibiscus Sabdariffa Calyxes Extract Against
Cypermethrin  Induced Oxidative Stress in Mice”.
Pesticide Biochemistry and Physiology, 165, 104463.
Ghorzi, H, Merzouk, H, Hocine, L. and Merzouk, S.A.
(2017). “’Long Term Biochemical Changes in Offspring
of Rats Fed Diet Containing Alpha-Cypermethrin®’.
Pesticide Biochemistry and Physiology, 142, 133-140.
Akaras, N, Abuc, 0.0, Koc, K, Bal, T, Geyikoglu, F,
Atilay, H. and Gul, M. (2020). ’(1— 3)-B-d-Glucan
Enhances the Toxicity Induced by Bortezomib in Rat
Testis’’. Journal of Food Biochemistry, 44 (3), E13155.
Gur, C, Kandemir, F.M, Caglayan. and C, Satict E.
(2022). ““‘Chemopreventive Effects of Hesperidin
Against  Paclitaxel-induced ~ Hepatotoxicity ~ and
Nephrotoxicity via Amendment of Nrf2/HO-1 and
Caspase-3/Bax/Bcl-2 Signaling Pathways’’. Chem Biol
Interact, 365, 110073.

Jin, Y, Zheng, S, Pu, Y, Shu, L, Sun, L, Liu, W. and Fu,
Z. (2011). ‘“Cypermethrin has the Potential to Induce
Hepatic Oxidative Stress, DNA Damage and Apoptosis
in Adult Zebrafish (Danio Rerio)’”. Chemosphere, 82
(3), 398-404.

Ahmed, O.M, Elkomy, M.H, Fahim, H.1, Ashour, M.B,
Naguib, I.A, Alghamdi, B.S. and Ahmed, N.A. (2022).
““‘Rutin and Quercetin Counter Doxorubicin-Induced
Liver Toxicity in Wistar Rats via Their Modulatory
Effects on Inflammation, Oxidative Stress, Apoptosis,
and Nrf2”’. Oxidative Medicine and Cellular Longevity,
doi: 10.1155/2022/2710607.

Kandemir, F.M, Yildirim, S, Kucukler, S, Caglayan, C,
Darendelioglu, E. and Dortbudak M.B. (2020).
“Protective Effects of Morin Against Acrylamide-
induced Hepatotoxicity and Nephrotoxicity: A Multi-
Biomarker Approach’’. Food Chem Toxicol, 138,
111190.

Arafa, M.H, Mohamed, D.A. and Atteia, H.H. (2015).
““‘Ameliorative Effect of N-Acetyl Cysteine on
Alpha-Cypermethrin-induced Pulmonary Toxicity in
Male Rats’’. Environmental Toxicology, 30 (1), 26-43.
Kandemir, F.M, lleriturk, M. and Gur, C. (2022). “‘Rutin
Protects Rat Liver and Kidney from Sodium Valproate-
Induce Damage by Attenuating Oxidative Stress, ER
Stress, Inflammation, Apoptosis and Autophagy’’.
Molecular Biology Reports, 1-12.

Yardim, A, Kandemir, F.M, Ozdemir, S, Kucukler, S,
Comakli, S, Gur, C. and Celik, H. (2020). ‘‘Quercetin
Provides Protection Against the Peripheral Nerve

565



GUSBD 2023; 12(2): 556 - 566
GUIJHS 2023; 12(2): 556 - 566

Giimiishane Universitesi Saghk Bilimleri Dergisi
Giimiishane University Journal of Health Sciences

Arastirma Makalesi
Original Article

38.

39.

40.

Damage Caused by Vincristine in Rats by Suppressing
Caspase 3, NF-Kb, ATF-6 Pathways and Activating
Nrf2, Akt Pathways”’. Neurotoxicology, 81, 137-146.
Gur, C. and Kandemir, F.M. (2023). ‘“Molecular and
Biochemical Investigation of the Protective Effects of
Rutin against Liver and Kidney Toxicity Caused by
Malathion Administration in A Rat Model”’. Environ
Toxicol, (3), 555-565. doi:10.1002/tox.23700.

Akaras, N, Gur, C, Kucukler, S. and Kandemir F.M.
(2023). ““Zingerone Reduces Sodium Arsenite-Induced
Nephrotoxicity by Regulating Oxidative  Stress,
Inflammation,  Apoptosis and  Histopathological
Changes’>. Chem Biol Interact, 374, 110410.
doi:10.1016/j.chi.2023.110410

Kiigiikler, S, Kandemir, F.M, Ozdemir, S, Comakli, S.
and Caglayan, C. (2021). ‘‘Protective Effects of Rutin
against  Deltamethrin-Induced  Hepatotoxicity —and
Nephrotoxicity in Rats via Regulation of Oxidative
Stress, Inflammation, and Apoptosis’’. Environ Sci
Pollut Res Int, 28 (44), 62975-62990.

566



