MAKU |. Health Sci. Inst. 2022, 10(2): 123-133.
doi: 10.24998 | maensabed. 1136994

Research Article / Aragtirma Makalesi

http://detgipark.gov.tr/maecusabed

Nephroprotective Eftect of Resveratrol Against Methotrexate-Induced Renal Toxicity in
Female Rats

Disi Swanlarda Resveratrol'iin Metotreksat ile Indiiklenen Renal Toksisiteye Karst Nefroprotektif Etkisi
Siikriye YESILOT?*, Meltem OZGOCMEN?3
Burdur Mehmet Akif Ersoy University, Bucak School of Health, Department of Nursing, Burdur Turkey
2Burdur Mehmet Akif Ersoy University, Institute of Health Sciences, Department of Health and Biomedical

Sciences, Burdur, Turkey
3Sileyman Demirel University, Faculty of Medicine, Department of Histology and Embriology, Isparta, Turkey

Abstract: The study purposed to appraise the nephroprotective effects of resveratrol-(RES) in relation to
methotrexate-(MTX)-induced renal toxicity in female rats. The animals were allocated into three groups with six in
each group: control, MTX:(15 mg/kg, only a dose, i.p), MTX+RES group: (15 mg/kg MTX, only a dose, i.p + 20
mg/keg RES, only a dose daily, oral gavage, 7 days). The nephroprotective efficacy was interpreted by measuring
biochemical parameters such as serum renal function markers (uric acid, BUN and creatinine), total oxidant (TOS)
and antioxidant status (TAS) in renal homogenates. Moreover, the effect of RES on kidneys was appraised by
histopathological and immunohistochemical analyzes. In MTX-induced rats, RES treatment exhibited its
nephroprotective effects with a significant increase in renal TAS as well as a significant decrease in serum BUN and
renal TOS levels. In parallel with the biochemical data, it was observed that RES had a protective effect in the
histological staining findings. Immunohistochemically, it was determined that TNF-«, one of the indicators of
systemic inflammatory response, decreased with RES-treatment. The findings of the study show that RES
administration 1 hour before MTX injection to rats has a curative effect on renal damage.
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Oz: Reaktif oksijen titlerinin (ROS) gliclii bir temizleyicisi olan resveratrolin (RES), bébrek hastaliklart da dahil
olmak tizere gesitli metabolik bozukluklara karst koruyucu etkisi oldugu bildirilmektedir. Bu calisma, disi sicanlarda
metotreksat (MTX) ile indiklenen renal toksisitede resveratrolin nefroprotektif etkilerini degerlendirmeyi
amaglamaktadir. Caligma, her grupta alt adet rat olacak sekilde ti¢ gruba ayrildt: Kontrol, MTX: (15 mg/kg, tek doz,
ip), MTX + RES grubu: (15 mg/kg MTX, tek doz, i.p + 20 mg/ kg RES, giinde tek doz, oral gavaj, 7 giin). Serum
renal fonksiyon belirtegleri (irik asit, BUN ve kreatinin), renal homojenatlarda toplam oksidan (TOS) ve antioksidan
durumu (T'AS) gibi biyokimyasal parametreler Olgiilerek nefroprotektif etkinlik yorumlandi. Ayrica RES'in bébrekler
tzerindeki etkisi histopatolojik ve immunohistokimyasal analizlerle degerlendirildi. MTX ile indiiklenen ratlarda RES
tedavisi, serum BUN, kreatinin ve renal TOS diizeylerinde anlamli azalmanin yaninda renal TAS'ta anlamli bir artigla
nefro-koruyucu etkilerini gdsterdi. Histolojik boyama bulgularinda da biyokimyasal verilere paralel olarak, RES’in
koruyucu etkisinin oldugu gozlendi. Immiinhistokimyasal olarak sistemik inflamatuar yanitin géstergelerinden biri
olan TNF-a'nin RES tedavisi ile azaldigi belitlendi. Arastirmanin bulgulari, ratlara MTX enjeksiyonundan 1 saat
6nce RES uygulamasinin bébrek hasart tizerinde iyilestirici etkisi oldugunu gostermektedir.
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Introduction

The kidneys perform a significant role in

maintaining  homeostasis, metabolism  and
excretion of toxins and drugs/drug metabolites
(Perazella, 2009). Therefore, it is the most
important organ in terms of drug toxicity.
Excessive consumption of a wide variety of
therapeutic antibiotics,

agents,  including

nonsteroidal  anti-inflammatory  drugs, and

anticancer agents, causes kidney damage and
failure through tubular and glomerular damage

(Elmansy et al, 2021).  Drug-induced
nephrotoxicity depends on their molecular
properties, metabolites, and tendency to

crystallize and precipitate in tubular lumens
(Kwiatkowska et al., 2021).

Methotrexate  (4-amino-10-methylfolic  acid,
MTX), a folic acid antagonist, blocks purine and
pyrimidine synthesis by inhibiting several key
enzymes, which is responsible for some toxicities
as well as its efficacy in cancer therapy (Kremer,
2004; Braun and Rau, 2009). MTX is propetly
utilized in the treatment of various malignant and
non-malignant  diseases such as neoplastic
diseases, psoriasis, theumatoid arthritis and lupus
erythematosus (Chan and Cronstein, 2013;
Bedoui et al., 2019). The adverse effects of MTX
often limit its therapeutic applications (Khan et
al., 2012; Shah et al., 2016). MTX increases the
formation of reactive oxygen species (ROS) and
pro-inflammatory cytokines through various
mechanisms (Abdel-Raheem and Khedr, 2014;
Ju et al,, 2020; Kaundal et al., 2021; Hobl et al.,
2011). Based on MTX-induced nephrotoxicity
studies, renal damage is thought to occur either
through precipitation of MTX and its metabolites
or through the direct toxic effect of MTX on the
renal tubules (Widemann and Adamson, 20006).
MTX-induced nephrotoxicity can be reduced by
the use of ingredients with anti-oxidant and anti-
inflammatory potential (Abouelela et al., 2020;

Drishya et al., 2022).

Resveratrol (trans-3,4', 5-trihydroxystilbene;

(RES)), a polyphenolic compound and natural

non-flavonoid antioxidant, is a phytoalexin
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produced in response to stress in certain plants
such as grapes, peanuts, and cranberries
(Fremont 2000; Yu et al., 2002). Studies have
found that RES is well tolerated at therapeutic
doses up to 5 g/day, by evaluating safety and
potential mechanisms of activity following
multiple dose administration (Nunes et al., 2009;
Brown et al, 2010; Calamini et al, 2010).
Published studies have shown that RES as a
natural phenolic compound and a phytoestrogen
is beneficial in the prevention and treatment of
cardiovascular diseases, liver disorders, diabetes,
obesity, inflammation,
damage, and neurodegeneration. (Baur and
Sinclair, 2006; Yeung et al, 2019). It has been

shown in animal models that resveratrol can

cancer, pain, tissue

ameliorate various kidney injuries such as diabetic
nephropathy, drug-induced injury, and ischemia-
reperfusion injury through its antioxidant effect
(Kitada and Koya, 2013; Wang et al, 2017).
Different

Tumor necrosis factor-a (TNF-a), one of the

inflammatory molecules, especially
proinflammatory cytokines, play a specific role in
the development of nephropathy (Navarro and
Mora-Fernandez, 2006). This study is intended to
biochemically and histopathologically examine
the potential protective effects of RES on blood
and renal tissue against oxidative damage induced
by acute MTX exposure.

Materials and Methods
Experimental protocol

Female Wistar Albino rats (weighing between
240-360 g) were purchased from Burdur Mehmet
Akif Ersoy University Experimental Animal
Production and Experimental Research Center,
used in the experiment. The animals were
maintained in climate-controlled rooms (25 °C;
55% humidity) with diurnal lighting (12:12-h
light:dark photoperiod). The rats had access to
standard rodent chow and tap water ad libitum
throughout the whole study. All animal use and
accompanying procedures were in accordance
with the animal research guidelines of the
National Institutes of Health and were Burdur
Mehmet — Akif

Ersoy  University  Animal
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Experiments Local Ethics Committee-approved
(Ethical approval number: 17.03.2021-742).

In our study, 3 different experimental groups,
each consisting of 6 female rats, were formed.
Group-1, named as the control group, was
treated with a single dose of 0.9% saline (1
ml./kg) intraperitoneal injection (i.p) on the 1st
day. Group-2 was given only a single dose of 15
mg/kg i.p MTX (Kocaman and Colakoglu, 2013);
Group-3 was given RES (Yulug et al., 2013) at a
dose of 20 mg/kg 1 h before MTX (a single dose
of 15 mg/kg i.p) administration by oral gavage.
Group-3 was administered RES at the same time
for 7 days. 24 hours after the last administration,
on the 8th experimental day, the animals were
cuthanized by surgical anesthesia of 10%
ketamine HCl (Ketalar® FEczacibasi, Istanbul)
and 2% xylazine (Alfazin amp) administered
intraperitonealy in groups. Until the end of the
experiment, 2 rats from group-3 died, and the
data of the study were evaluated accordingly.
After anesthesia, blood and kidney tissue samples
were taken. The blood samples were centrifuged
at 5000 rpm for 10 minutes and serum samples
were obtained to analyze the kidney function
tests. One of the kidney tissues of each sample
was taken to be homogenized for biochemical
analysis, while the other kidney was placed in
10% formaldehyde solution for histopathological
studies.

Preparation of renal tissue samples

Renal tissues of each group stored at -20 °C were
weighed separately after being brought to room
temperature and diluted 10 times with 50 mM
phosphate buffer (pH 7.4). The homogenization
was completed by treatment with tissue shredder
(Janke & Kuntel Ultraturrax T-25, Germany) and
then sonicator (UW-2070 Bandeun Electronic,
Germany). The samples were centrifuged at
10.000 rpm, 10 min. The renal supernatants were
transferred to eppendorf tubes and used in
further studies to determine the
oxidant/antioxidant status.

Biochemical anaylsis

The biochemical parameters, a sign of kidney
function such as uric acid, blood urea nitrogen
(BUN) and creatinine (Cr) in serum wete
measured on an automatic clinical chemistry
analyzer (Gesan chem 200, Italy) device in
Veterinary Training Hospital of Burdur Mehmet
Akif Ersoy University.

Total Oxidants and Antioxidants Status

TOS (Total Oxidant Status) and TAS (Total
Antioxidant Status) parameters were studied by
spectrophotometric method using Rel Assay
Diagnostic kits (Mega Tip, Gaziantep, Turkey)
and  Biotek®  (Epoch 2

Spectrophotometer) microplate reader in the

Microplate

renal supernatants obtained. TOS results were
expressed in umoL H>O, equivalent/L (umol
H>O: eq/L). TAS results of the samples were
clarified as mmol Trolox equivalent/L (mmol
Trolox eq/L). Establishing of OSI, which is an
determinative parameter of oxidative stress level,
the ratio of TOS to TAS was calculated using the
following formula:

OSI (arbitrary unit)
= [((TOS, umol/L))
/ (TAS, umol Trolox equivalent/L)X 100]

Histopathological procedure

Renal tissues were removed from each rat and
after cleaning they were washed in aqua over
night. Than tissues were fixed in 10% neutral
buffered formalin and dehydrated in 50-100%
cthanol, made transparentin xylol. After all tissues
buried in paraffin and were cut to 35 p. At last
they were stained with hematoxylin and eosin (H-
E). The slides were examined using a light
microscope  (LeicaSM2000R, Germany) and
photographed. Degeneration evelations were
made acording to method of by Refaiy et al.,
(2011).
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Immunohistochemical procedure

The samples were stained with TNF-a primary ab
(rabbit-anti-TNF-« antibody, Abcam, Cambridge-
USA). Semi-quantitative evaluation method was

used by Refaiy et al. (2011) to describe the
obsetrved staining intensities.

The staining score for H&E and IHC was
evaluated as;

(-),0; none staining

(+), 1 mild staining

(++), 2 moderate staining

(+++), 3 intense staining.

Statistical Analysis

Statistical analyzes of the study were made using
the IBM SPSS 20.0 program. All results are

Table 1. Biochemical parameters in the serum.

—+

In
histological analysis, Kruskal-Wallis test was used

expressed as mean standard error.

for semi-qualitative evaluation and non-
parametric Mann-Whitney U test was used for
pairwise comparisons. One-way ANOVA was
used for intergroup comparison in biochemical
analyses. The valuation of p below 0.05 were

considered significant.
Results

Biochemical markers of renal function

The serum levels of uric acid was not significantly
affected, but the BUN and Cr values in the
MTX-induced female
significant increase in comparison with the

rats demostrated a

control. RES admistration significantly decreased
BUN parameter (Table 1), (p<0.05).

Uric acid (mmol/dL) BUN (mg/dL) Creatinine (mg/dL)
Groups Mean £SD P Mean +SD P Mean £SD P
Control 0.58%0.64 17.13£2.48 *p<0.000 0.27£0.04
MTX 0.80%0.44 22.11%0.63 *p<0.000 0.33£0.02 *p=0.021
MTX+RES 1.28%0.60 20.09£0.66 *p=0.036 0.30£0.03
**p=0.008

MTX - Methotrexate; RES - Resveratrol. Values are presented as means+SD. The relationships between groups and
results of biochemical markers are assessed by one-way ANOVA. *p: Comparison with the control, **p:

Comparison with the MTX.

Table 2. TOS, TAS and OSI values of renal tissues.

TOS (pmol H202 eq/L)  TAS (mmol Trolox eq/L) OSI (AU)
Groups Mean £SD p Mean +SD P Mean £SD P
Control 43431410  **p=0.001  0.9710.04 **p=0.015 4.47£0.40 ** p=0.005
MTX 98.35111.94  * p=0.001 0.7710.09 *p=0.015 12.94£2.58 *p=0.005
O - *
p=0.004 p=0.005 p<0.001

MTX+RE 28.5310. 1.17%0. 2.4410.1

S 8.53+0.00 ¢ p=0,001 710.07 o 50,001 44£0.15 rp=0,002

MTX - Methotrexate; RES - Resveratrol. Data ate presented as meanstSD. One way ANOVA was used for

comparison between groups.
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Table 3. Grading histological structural changes according to groups.

Group 1 Group 2 Group 3
Control (n=6) MTX (n= 6) MTX + RES (n= 4)
Glomerules Degeneration and ++ +
Vacuolization
Tubular Dilatation and -/+ ++ +/-
Degeneration
Enlargements in Bowman -/+ ++ +/-
Capsules
Mononuclear Cell Infiltration +++ +++/++

Oxidative stress parameters in the renal
homogenates

TOS, an indicator of the formation of ROS,
increased significantly in group-2 compared to
control, but decreased in group-3 (p=0.001 and
0.004, respectively). It was observed that RES
therapy significantly decreased the TOS level
compare with group-2 (Table 2), (p=0.001). TAS,
indicator capacity,
significantly decreased in group-2 and increased

an of antioxidant was

CONTROL

CORTEX

MEDULLA

in the group-3 compared to the control (p=0.015,
and 0.005, respectively). It was observed that
RES therapy significantly increased the TAS level
compare with group-2 (Table 2), (p<0.001). It
that the OSI
significantly in the group-2 compared to the

was clearly seen increased
control (p=0.005), and decreased significantly in
the RES-treated group (p<0.001). It is seen that
RES treatment significantly reduces the OSI level
when compared to group-2. (p=0.002 ), (Table

2).

MTX + RES

Figure 1. Control group: Kidney tissues were normal in control and there was very little tubular dilatation,

too. MTX and MTX+RES group: Glomerules vacuolization (yellow arrow), glomerules degeneration

(blue arrow), tubular dilatations and degeneration (black arrow), mononuclear cell infiltrations (red arrow),

(a,b,c; kortexs - al,bl,cl; medulla, H-E x400).
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Histopathological findings of kidney

The findings
microscope are given in Table 3. Histopathology

observed under the light

of renal tissues were normal appearance in group-
1, but also there was very little tubular dilatation,
too (Table 3, Figl; a-al), (p>0.05). The
histopathological ~ changes  were  observed
significantly in group-2, which were remarkabled;
degeneration of glomerules and vacuolization,
tubular degeneration, tubular dilatation in the
tubules,

most of distal and proximal

enlargements in  Bowman  capsules and

mononuclear cell infiltration in the intertubular
and perivascular fields (Table 3, Fig.1; b-bl).
These histopathological findings were mostly
observed in group-2 compared to group-3 (Table
3, Fig.1; c-cl), (p<0.05).

Immunohistochemical findings of kidney

A semi-quantitative assessment determined that
the renal tissues of rats in group-1 had either very
mild or no TNF-« staining. (Table 4, Fig.2; a),
(p<0.05). However, an intense level of staining
was seen in group-2 (Table 4, Fig. 2; b), while it
was mild in group-3 (Table 4, Fig. 2; ¢).

Table 4. TNF-« staining.

Control MTX MTX+RES
Group1 Group 2 Group 3
(0=6)  (n=6) (n=4)
TNF-« - +/++ +/-

MTX + RES

Figure 2. Control group a; staining was ecither very mild or nonexistent. MTX group b; showed

mild/intense staining intensity compared with other groups. Immunohistological sections from
MTX+RES group c; showed less staining intensity than group MTX b, (INF- « immunstaining, X400).

Discussion

The current study was conducted to evaluate
whether RES can prevent or reduce MTX-
induced renal injury by examining different
biochemical and histopathological parameters
related to renal function of female rats.
Biochemical and histopathological findings
clearly showed significant changes in renal
function due to increased renal oxidative stress
after MTX exposure. Available data suggest that
RES can ameliorate MTX-induced renal damage
by altering the levels of endogenous antioxidants.

Since the kidneys are responsible for the
biotransformation and elimination of various
toxins and drugs, they tend to generate free
radicals that are involved in the pathogenesis of
renal injury (Singh et al., 2003; Perazella, 2009).
MTX administration is routinely applied in the
treatment of malignant and non-malignant
ailments and various systemic adverse effects are
seen  (Green and  Chamberlain,  2009;
Sotoudehmanesh et al., 2010; Gaies et al., 2012).
Studies indicate that the administration of MTX
produces functional and morphological changes
in the kidney due to the direct toxic effects of the
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drug. MTX cytotoxicity and damage to the renal
tubules are associated with the formation of free
radicals and oxidative stress (Savran et al., 2017;
Heidari et al., 2018).

The current study showed that while MTX
caused an increment in serum BUN and Cr
values, it did not cause a significant increment in
uric acid values (Table 1). The findings are in line
with the results of the investigation by Asci et al.
(2017) reporting that MTX has a major role in the
pathogenesis of renal dysfunction. Armagan et al.
(2015) also detected biochemical results parallel
to our study on MTX-induced renal dysfunction.
Increased concentrations of serum urea, BUN,
and Cr may be an indication of ROS generation
via. MTX in the kidney, resulting in kidney
damage/deficiency (Abdel-Raheem and Khedr,
2014; Ahmed et al., 2015).

Oxidative stress induces damage to DNA and
cellular biomolecules, resulting in degradation of
cellular redox homeostasis, cellular apoptosis, and
abnormal activation of signaling pathways (Sesti
et al, 2012). TOS, which is an indicator of
oxidation capacity, increased in support of the
oxidative damage caused by MTX admistration.
TAS, which is
capacity, increased, indicating that RES teratment

an indicator of antioxidant
creates an antioxidant effect. It has been shown
that MTX can modify the activity and levels of
some ingredient of the tissue antioxidant defense
system, increment the production of free radicals,
especially ROS, and the formation of lipid
peroxidation (Abdel-Raheem and Khedr, 2014;
Armagan et al., 2015; Kandemir et al., 2017; Asci
et al.,, 2017). It is known that while RES is a weak
antioxidant in vitro, it is a strong antioxidant in
vivo due to nitric oxide synthesis and free radical
scavenging effect (Bay Karabulut, 2008). The
findings of the that RES
ameliorates the adverse effects of MTX on TAS
and TOS. Many previous studies are in line with

study suggest

present findings, as they indicate that RES can
directly scavenge reactive oxygen species such as
toxic hydroxyl and superoxide radicals in the
kidneys (Yu et al, 2013; Zhang et al, 2014;
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Shahbazi et al., 2020). Although it has been
shown in different studies that RES improves
renal damage with its antioxidant properties,
there are not enough studies on oxidative stress
and antioxidant markers TOS, TAS and OSI in
MTX-induced nephrotoxicity. TAS and TOS
levels were evaluated in MTX-induced organ
damage studies performed with antioxidant
agents in different tissues (Gunyeli et al., 2021;
Soylu Karapinar et al, 2017; Ozgée¢men and
Yesilot, 2021). In addition, agents with different
antioxidant properties such vitamin E
(Taghizadieh et al., 2014), quercetin (Erboga et
al., 2015; Yuksel et al, 2017), silymarin and
naringin (Kandemir et al., 2017), gallic acid (Asci
et al., 2017) vitamin C (Savran et al., 2017), rutin
(Tambag et al., 2021) have been shown to have
protective effects in renal damage caused by

MTX.

as

In the present study, the preventive effect of RES
towards MTX-induced oxidative stress-mediated
renal the
histopathological level. In the study by El-Sheikh

et al, while significant glomerular damage,

disfunction was evaluated at

enlarged Bowman's space, tubular necrosis,
leukocytic infiltration and hyaline eruptions and
deterioration in kidney structure were observed in
the histopathology of the kidney of the MTX-
treated rats, normal findings similar to the control
group were observed in the RES-treated group
(El-Sheikh et al., 2016). Silan et al. showed that
RES has a protective effect against gentamicin-
induced nephrotoxicity histopathologically, lipid
the

histopathology slides of the same study, less

peroxidation and cellular damage. In
parietal cell hyperplasia, tubular vacuolization,
and tubular necrosis were detected in resveratrol-
treated rats compared to the gentamicin-treated
group (Silan et al., 2007). Consistent with our
RES  has

previously reported to have nephroprotective

patho-histological  results, been
efficacy in other models of induced kidney injury
in which it was involved (Yu et al., 2013; Akbel et
al., 2018; Shahbazi et al., 2020). The authors of
that the free radical

scavenging property of resveratrol may be

the studies concluded
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responsible for its nephroprotective effects
against induced nephrotoxicity.

The primary pathological mechanism linking
oxidative stress, inflammation, and progression of
kidney disease is the initiation of kidney damage
due to the inflammatory response resulting from
the activities of intracellular and extracellular
oxygen-derived radicals (Elmarakby and Sullivan,
2012; Tucker et al, 2015; Ker et al, 2020).
Activation of proinflammatory cytokines and
generation of inflammatory response are
associated with MTX-induced renal toxicity
(Cakar et al., 2015). It is known that TNF-« is an
important proinflammatory cytokine and a
pathogenic factor in renal damage (Baud and
Ardaillou, 1995; Navarro and Mora-Fernindez,
2006). In the current study, it was detected
immunohistochemically that TNF-a, one of the
systemic  inflaimmatory response indicators,
increased in the MTX group and decreased in the
RES treatment group (Table 4, Fig.2). The
nephroprotective effects of RES are not limited
to amelioration of pathological renal fibrosis, but
also include renal morbidities. RES shows
protective effects mostly against various renal
damage due to its antioxidant properties
(Malhotra et al., 2015). The findings of Jang et al
show that resveratrol exerts protective effects on
aging kidneys by reducing oxidative stress,
inflaimmation and fibrosis through Ang II
suppression and MasR activation (Jang et al,
2018). In the study by Kandemir et al., (2017) it
was declared that TNF-a expression in kidney
tissue increased with MTX application. Studies
showing that RES reduces kidney damage
through modulation of oxidative stress and TNF-
o-induced inflaimmation in rats are consistent
with current study (Saldanha et al, 2013; El-
Sheikh et al.,, 2017; Wang et al., 2020). These
results are associated with the nephroprotective
antioxidant effects of RES on MTX-induced
nephrotoxicity.

Conclusion

The indications suggest that oxidative stress
reasoned by aberrant ROS formation is

responsible for the pathophysiology of MTX-

induced  nephrotoxicity. ~ RES  treatment

ameliorates MTX nephrotoxicity in female rats by
restoring kidney functions and inhibiting TNF- «
with its free radical scavenging and natural
antioxidant effects. As a dietary supplement, RES
can be used with MTX therapy as it reduces
nephrotoxic side effects. Therefore, RES
supplementation as adjuvant therapy may be
promising in alleviating the systemic adverse
effects of drugs.

References

Abdel-Raheem, I.T., Khedr, N.F., 2014.
Renoprotective effects of montelukast, a cysteinyl
leukotriene receptor antagonist, against methotrexate-
induced  kidney damage in  rats, Naunyn-
Schmiedeberg's Archives of Pharmacology 387, 341—
353.

Abouelela, M.E., Orabi, M.A.A., Abdelhamid,
R.A., Abdelkader, M.S., Madkor, H.R., Darwish,
F.M.M., Hatano, T., Elsadek, B.E.M., 2020. Ethyl
acetate extract of Ceiba pentandra (L.) Gaertn. reduces
methotrexate-induced renal damage in rats via
antioxidant, anti-inflaimmatory, and antiapoptotic
actions. Journal of Traditional and Complementary
Medicine 10(5),478-486.

Ahmed, W., Zaki, A.M.R. and Nabil, T., 2015.
Prevention of methotrexate-induced nephrotoxicity by
concomitantadministration of garlic aqueous extract in
rat. Turkish Journal of Medical Sciences 45(3),1408-
1421.

Akbel, E., Arslan-Acaroz, D., Demirel, H.H.,
Kucukkurt, I., Ince, S., 2018. The subchronic
exposure to malathion, an organophosphate pesticide,
causes lipid peroxidation, oxidative stress, and tissue
damage in rats: the protective role of resveratrol,
Toxicology Research 7(3),503-512.

Armagan, 1., Bayram, D., Candan, I.A., Yigit, A.,
Celik, E., Armagan, H.H. et al., 2015. Effects of
pentoxifylline and alpha lipoic acid on methotrexate-
induced damage in liver and kidney of rats.
Environmental Toxicology and Pharmacology 39(3),
1122-1131.

Asci, H., Ozmen, O., Ellidag, H.Y., Aydin, B.,
Bas, E., Yilmaz, N., 2017. The impact of gallic acid
on the methotrexate-induced kidney damage in rats.
Journal of Food and Drug Analysis 25, 890-897.

To cite this article: YESILOT S, OZGOCMEM M. (2022). Nephroprotective Effect of Resveratrol Against Methotrexate-Induced Renal Toxcicity in Female Rats.

MAKU ]. Health Sci. Inst., 10(2), 123-133.

ISSN: 2148-2837/ MAKU J. Health Sci. Inst.



MAKU J. Health Sci. Inst. 2022, 10(2): 123-133.
doi: 10.24998 | maeusabed. 1136994

Baur, J., Sinclair, D., 2006. Therapeutic potential of
resveratrol: the in vivo evidence. Nature Reviews Drug
Discovery 5, 493-5006.

Bay Karabulut A., 2008. Resveratrol and it's effects.
Turkiye Klinikleri Journal of Medical
28(Suppl), 166-169.

Sciences

Bedoui, Y., Guillot, X., Sélambarom, J., Guiraud,
P., Giry, C., Jaffar-Bandjee, M.C., Ralandison, S.,
Gasque, P., 2019. Methotrexate an Old Drug with
New Tricks. International Journal of Molecular
Sciences 20(20), 5023.

Baud, L., Ardaillou, R., 1995. Tumor necrosis factor
in renal injury. Mineral and Electrolyte Metabolism 21,
336-341.

Braun, J., Rau, R., 2009. An update on
methotrexate. Current Opinion in Rheumatology

21(3), 216-223.

Brown, V., K. Patel, M. Viskaduraki, et al . 2010.
Repeat dose study of the cancer chemopreventive
agent resveratrol in healthy volunteers: safety,
pharmacokinetics and effect on the insulin-like growth
factor axis. Cancer Research, 70: doi. 10.1158/0008-
5472.CAN-10-2364.

Calamini, B., K. Ratia, M.G. Malkowski, et al .
2010. Pleiotropic mechanisms facilitated by resveratrol
and its metabolites. Biochemical Journal 429, 273—
282.

Chan, E.S.L., Cronstein, B.N., 2013. Mechanisms
of action of methotrexate. Bulletin of the NYU
Hospital for Joint Diseases, 71, 5-8.

Cakur, T., Polat, C., Bagtiirk, A., Giil, M., Aslaner,
A., Durgut, H., Sehirli, A.O., Aykag, A., Bahar,
Lg, Sabuncuoglu, M.Z., 2015. The effect of alpha
lipoic acid on rat kidneys in methotrexate induced
oxidative injury. European Review for Medical and
Pharmacological Sciences, 19(11) 2132-2139.

Drishya, S., Dhanisha, S. S., & Guruvayoorappan,
C., 2022. Antioxidant-rich fraction of Amomum
subulatum fruits mitigates experimental methotrexate-
induced oxidative stress by regulating TNF-o, IL-18,
and IL-6 proinflammatory cytokines. Journal of Food
Biochemistry 46, e13855.

Elmarakby, A.A. and Sullivan, J.C., 2012.
Relationship ~ between  Oxidative ~ Stress  and
Inflaimmatory Cytokines in Diabetic Nephropathy.
Cardiovascular Therapeutics 30, 49-59.

Elmansy, R.A., Seleem, H.S., Mahmoud, A.R.,
Hassanein, E.H., Ali, F.E., 2021. Rebamipide
potentially mitigates methotrexate-induced

131

nephrotoxicity via inhibition of oxidative stress and
inflammation: a molecular and histochemical study.
The Anatomical Record 304, 647-661.

El-Sheikh, A.A.K., Morsy, M.A. and Al-Taher,
AY., 2016. Protective mechanisms of resveratrol
against methotrexate-induced renal damage may
involve BCRP/ABCG2. Fundamental & Clinical
Pharmacology 30, 406-418.

El-Sheikh, A.A., Morsy, M.A., Okasha, A.M,,
2017. Inhibition of NF-kappaB/TNF-alpha pathway
may be involved in the protective effect of resveratrol
against  cyclophosphamide-induced ~ multi-organ
toxicity. Immunopharmacology and
Immunotoxicology 39 (4), 180-187.

Erboga, M., Aktas, C., Fidanol Erboga, Z.,
Bozdemir Donmez, Y. & Gurel, A., 2015. Quercetin
ameliorates methotrexate-induced  renal damage,
apoptosis and oxidative stress in rats. Renal Failure
37:9, 1492-1497.

Fremont, L., 2000. Biological effects of resveratrol.
Life Sciences 66, 663— 673

Gaies, E., Jebabli, N., Trabelsi, S., Salouage, I.,
Charfi, R. et al., 2012. Methotrexate Side Effects:
Review Article. Journal of Drug Metabolism &
Toxicology 3, 125.

Green, M.R., Chamberlain, M.C., 2009. Renal
dysfunction during and after high-dose methotrexate.
Cancer Chemotherapy and Pharmacology 63, 599.

Gunyeli, I., Saygin, M. & Ozmen, O0.,2021.
Methotrexate-induced  toxic  effects and  the
ameliorating effects of astaxanthin on genitourinary
tissues in a female rat model. Archives of Gynecology
and Obstetrics 304, 985-997.

Heidari, R., Ahmadi, A., Mohammadi, H.,
Ommati, M.M., Azarpira, N., Niknahad, H., 2018.
Mitochondrial dysfunction and oxidative stress are
involved in the mechanism of methotrexate-induced
renal injury and electrolytes imbalance, Biomedicine &
Pharmacotherapy 107, 834-840.

Hobl, E-L., Mader, R.M., Erlacher, L., Duhm, B.,
Mustak, M., Bréll, H., et al.; 2011. The influence of
methotrexate on the gene expression of the pro-
inflammatory cytokine IL-12A in the therapy of
rheumatoid arthritis. Clinical and Experimental
Rheumatology 29, 963-969.

Jang, I-A., Kim, E.N., Lim, J.H., Kim, M.Y., Ban,
T.H., Yoon, H.E., Park, C.W., Chang, Y.S., Choi,
B.S., 2018. Effects of Resveratrol on the Renin-
Angiotensin System in the Aging Kidney. Nutrients
10(11), 1741.

To cite this article: YESILOT S, OZGOCMEM M. (2022). Nephroprotective Effect of Resveratrol Against Methotrexate-Induced Renal Toxcicity in Female Rats.

MAKU ]. Health Sci. Inst., 10(2), 123-133.

ISSN: 2148-2837/ MAKU J. Health Sci. Inst.



MAKU J. Health Sci. Inst. 2022, 10(2): 123-133.
doi: 10.24998 | maeusabed. 1136994

Ju, HQ., Lin, JF., Tian, T. et al., 2020. NADPH
homeostasis in cancer: functions, mechanisms and
therapeutic implications. Signal Transduction and
Targeted Therapy 5, 231.

Kandemir, F.M., Kucukler, S., Caglayan, C., Gur,
C., Batil, A.A., Giilgin, I., 2017. Therapeutic effects
of silymarin and naringin on methotrexate-induced
nephrotoxicity in rats: Biochemical evaluation of anti-
inflaimmatory, antiapoptotic, and antiautophagic
properties. Journal of Food Biochemistry 41, ¢12398.

Kar, F., Hacioglu, C., Senturk, H. et al., 2020. The
Role of Oxidative Stress, Renal Inflammation, and
Apoptosis in Post Ischemic Reperfusion Injury of
Kidney Tissue: the Protective Effect of Dose-
Dependent Boric Acid Administration. Biological
Trace Element Research 195, 150—158.

Kaundal, U., Khullar, A., Leishangthem, B., et

al., 2021. ‘The effect of methotrexate on
neutrophil reactive oxygen species and CD177
expression in rheumatoid arthritis. Clinical and

Experimental Rheumatology 39(3), 479-486.

Khan, Z.A., Tripathi, R., Mishra, B., 2012.
Methotrexate: a detailed review on drug delivery and
clinical aspects, Expert Opinion on Drug Delivery,
9(2), 151-169.

Kitada, M., Koya, D., 2013. Renal protective effects
of resveratrol. Oxidative Medicine and Cellular
Longevity 2013, 568093.

Kocaman, N., Colakoglu, N., 2013. Effects of
Repeated Doses Administration of Methotrexate on
Rat Kidney Tissue. Firat Medical Journal 18(4), 198—
202

Kremer, J.M., 2004. Toward a Better Understanding
of Methotrexate. Arthritis & Rheumatology 50, 1370-
1382.

Kwiatkowska, E., Domanski, L., Dziedziejko, V.,
Kajdy, A., Stefanska, K., Kwiatkowski, S., 2021.
The Mechanism of Drug Nephrotoxicity and the
Methods ~ for  Preventing  Kidney = Damage.
International Journal of Molecular Sciences 22, 6109.

Malhotra, A., Bath, S., Elbarbry, F., 2015. An
Organ System Approach to Explore the Antioxidative,
Anti-Inflammatory, and Cytoprotective Actions of
Resveratrol.  Oxidative  Medicine and  Cellular
Longevity, vol. 2015, Article ID 803971, 15 pages.

Navarro, J.F., Mora-Fernandez, C., 2006. The role
of TNF-u in diabetic nephropathy: Pathogenic and
therapeutic implications, Cytokine & Growth Factor
Reviews 17(6),441-450.

132

Nunes, T., L. Almeida, J.F. Rocha, et al . 2009.
Pharmacokinetics  of  trans-resveratrol  following
repeated administration in healthy elderly and young
subjects. The Journal of Clinical Pharmacology 49,
1477— 1482.

Ozgocmen, M. & Yesilot, S., 2021. The role of
resveratrol in hepatotoxicity caused by methotrexate.
Veterinary Journal of Mehmet Akif Ersoy University 6
(2),57-63.

Perazella, M.A., 2009. Renal Vulnerability to Drug
Toxicity. Clinical Journal of the American Society of
Nephrology 4, 1275-1283.

Refaiy, A., Muhammad, E., ElGanainy, E.O.,
2011. Semiquantitative expression in
detection of muscle invasion in transurethral resection

smoothelin

and cystectomy specimens in cases of urinary bladder
carcinoma. African Journal of Urology 17(1), 6-10.

Saldanha, J. F., Leal Vde, O., Stenvinkel, P.,
Carraro-Eduardo, J. C., & Mafra, D., 2013.
Resveratrol: Why is it a promising therapy for chronic
kidney disease patients? Oxidative Medicine and
Cellular Longevity, 2013, 963217.

Savran, M., Cicek, E., Doguc, D.K. et al., 2017.
Vitamin C attenuates methotrexate-induced oxidative
stress in kidney and liver of rats. Physiology
International 104 (2), 139-149.

Sesti, F., Tsitsilonis, O.E., Kotsinas, A.,
Trougakos ILP., 2012. Oxidative stress-mediated
biomolecular ~ damage and inflimmation  in
tumorigenesis. In Vivo, 26, 395-402.

Shah, V.V,, Lin, E.]J., Reddy, S.P., Wu, ].J., 2016.
Chapter 4 - Methotrexate. In: Wu JJ, Feldman SR,
Lebwohl MG (eds) Therapy for severe psoriasis.
Elsevier, Philadelphia, pp 37—48.

Shahbazi, F., Farvadi, F., Dashti-Khavidaki, S. et
al.,, 2020. Potential nephroprotective effects of
resveratrol in drug induced nephrotoxicity: a narrative
review of safety and efficacy data. Advances in
Traditional Medicine (ADTM) 20, 529—-544.

Silan, C., Uzun, O., Comunoglu, N.U., Gokcen,
S., Bedirhan, S., Cengiz, M., 2007. Gentamicin-
induced nephrotoxicity in rats ameliorated and healing
effects of resveratrol. Biological and Pharmaceutical
Bulletin 30, 79-83.

Singh, N.P., Ganguli, A., Prakash, A., 2003. Drug-
induced kidney diseases. Journal of the Association of
Physicians of India 51, 970-979.

Sotoudehmanesh, R., Anvari, B., Akhlaghi, M.,
Shahraeeni, S., & Kolahdoozan, S., 2010.

To cite this article: YESILOT S, OZGOCMEM M. (2022). Nephroprotective Effect of Resveratrol Against Methotrexate-Induced Renal Toxcicity in Female Rats.

MAKU ]. Health Sci. Inst., 10(2), 123-133.

ISSN: 2148-2837/ MAKU J. Health Sci. Inst.



MAKRU |. Health Sei. Inst. 2022, 10(2): 123-133.
doi: 10.24998 | maeusabed. 1136994

Methotrexate  hepatotoxicity in  patients  with
rheumatoid arthritis. Middle East Journal of Digestive
Diseases 2(2), 104-109.

Soylu Karapinar, O., Pinar, N., Ozcan, O, Ozgﬁr,
T. & Dolapgioglu, K., 2017. Protective effect of
alpha-lipoic acid in methotrexate-induced ovarian
oxidative injury and decreased ovarian reserve in rats,
Gynecological Endocrinology 33:8, 653-659.

Taghizadieh, M., Afshari, F., Shokri, N., &
Hajipour, B., 2014. Protective Role of Vitamin E on
Methotrexate Induced Renal Injury in Rabbits. Galen
Medical Journal 3(3), 194-199.

Tambag, A.K., Kazak, F., Peker Akalin, P., Kutlu,
T., 2021. The protective effect of rutin against
methotrexate-induced nephrotoxicity in rats. Turkish
Journal of Nephrology 30(3), 218-223.

Tucker, P.S., Scanlan, A.T., Dalbo, V.]J., 2015.
Chronic Kidney Disease Influences Multiple Systems:
Describing the Relationship between Oxidative Stress,
Inflammation, Kidney Damage, and Concomitant
Disease. Oxidative Medicine and Cellular Longevity,
vol. 2015, Article ID 806358, 8 pages.
https://doi.org/10.1155/2015/806358

Wang, M., Weng, X., Chen, H., Chen, Z., Liu X.,
2020. Resveratrol inhibits tnf-a-induced inflammation
to protect against renal ischemia/reperfusion injury in
diabetic rats. Acta Cirargica Brasileira 35(5),1-8.

Wang, X., Meng, L., Zhao, L., et al., 2017.
Resveratrol ameliorates hyperglycemia-induced renal
tubular oxidative stress damage via modulating the
SIRT1/FOXO3a pathway. Diabetes Research and
Clinical Practice 126, 172- 181.

Widemann, B.C., Adamson, P.C., 2006.
Understanding and managing methotrexate
nephrotoxicity. Oncologist 11(6), 694-703.

Yeung, A.W.K,, Aggarwal B.B. et al, 2019.
Resveratrol, a popular dietary supplement for human
and animal health: Quantitative research literature
analysis - a review. Animal Science Papers and Reports
37(2), 103-118.

Yu, C., Shin, Y.G., Chow, A. et al., 2002. Human,
Rat, and Mouse Metabolism of Resveratrol.
Pharmaceutical Research 19, 1907-1914.

Yu, M,, Xu, J.,, Li, Y. et al.,, 2013. Resveratrol
protects against arsenic trioxide-induced
nephrotoxicity by facilitating arsenic metabolism and
decreasing oxidative stress. Archives of Toxicology 87,

1025-1035.

Yuksel, Y., Yuksel, R., Yagmurca, M., et al., 2017.
Effects  ofquercetin  on  methotrexate-induced
nephrotoxicity in rats. Human & Experimental
Toxicology 51-61.

Yulug, E., Turedi, S., Alver, A., Tiredi, S.,
Kahraman, C., 2013. Effects of Resveratrol on
Methotrexate-Induced Testicular Damage in Rats. The
Scientific World Journal, vol. 2013, Article ID 489659,
6 pages, https://doi.org/10.1155/2013/489659.

Zhang, W., Liu, Y., Ge, M., Jing, J., Chen, Y.,
Jiang, H., Yu, H., Li, N., Zhang Z., 2014.
Protective effect of resveratrol on arsenic trioxide-
induced nephrotoxicity in rats. Nutrition Research and
Practice 8, 220.

To cite this article: YESILOT S, OZGOCMEM M. (2022). Nephroprotective Effect of Resveratrol Against Methotrexate-Induced Renal Toxcicity in Female Rats.

MAKU ]. Health Sci. Inst., 10(2), 123-133.

ISSN: 2148-2837/ MAKU J. Health Sci. Inst.



