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Abstract. Methotrexate (MTX) is a commonly used folic acid antagonist for the treatment of neo-
plasia and some autoimmune diseases. Resveratrol has important anti-inflammatory, antioxidant 
and immunomodulatory properties. The aim of this study was to investigate the effects of resveratrol 
on MTX-induced ovary-damage and oxidative stress in rats. We hypothesized that supplement of 
resveratrol could counteract MTX-induced cytotoxicity in rat ovary. Albino Wistar female rats were 
randomly divided into three groups: Healthy control (HC), resveratrol + methotrexate (RMTX) 
and methotrexate (MTX) group. Their ovaries were removed. Biochemical and histopathological 
methods were utilized for evaluation of the oxidative ovary-damage. MDA was found to be higher 
but tGSH and SOD were lower in the ovarian tissue of the rat group administered MTX, but it is 
observed that these ratios are reversed in HC and in RMTX groups. MTX treatment induced ovary 
damage and especially pre-treatment with resveratrol provided protective effect against this MTX-
induced ovary-damaged.
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Introduction

Methotrexate (MTX) is a commonly used folic acid antago-
nist for the treatment of neoplasia and some autoimmune 
diseases. It inhibits deoxyribonucleic acid (DNA) synthesis 
and cell growth in actively proliferating cells, particularly 
malignant cells, trophoblasts and fetal cells (Boelens et al. 
2018). The use of MTX can be associated with various ad-
verse effects in the ovary in a wide range of severity; most 
risk of side effects is affected by the MTX dose and treat-
ment regimen. The maturation of oocytes can be severely 
impaired due to MTX-induced DNA breakage, disruption 
of the spindle assembly, depletion of anti-oxidation en-
zymes and mitochondrial dysfunction. All of this can lead 
to an elevation of the intracellular reactive oxygen species 
(ROS) level, which means that an anti-oxidant supplement 

can prevent the detrimental effect of MTX on oocytes. Res-
veratrol, a natural polyphenolic, non-flavonoid antioxidant 
(trans-3, 40, 5-trihydroxystylben), is a phytoalexin which 
has high levels of food products, especially red wine made 
from grapes (Sayin et al. 2017). The antioxidant properties 
of plant extracts containing phenol group have been shown 
in previous studies (Burri et al. 2017; Zhang et al. 2018). 
Resveratrol has important anti-inflammatory, antioxidant 
and immunomodulatory properties (Soufi et al. 2012). 
Resveratrol has been shown to inhibit the synthesis of ROS, 
cyclooxygenase-2 (COX-2) and prostaglandin (PG) in vari-
ous experimental models, and thus its anti-inflammatory 
effects have been demonstrated (Erbas et al. 2014). On the 
basis of this background, as measuring of the oxidative 
stress parameters by biochemical methods and histopatho-
logically, we aimed to investigate the effect of resveratrol 
on oxidative ovary damage induced by methotrexate in an 
experimental rat model. We investigated whether addition 
of resveratrol could prevent MTX-induced cytotoxicity in 
rat ovary.
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Materials and Methods

Animals

The recommendations of the Declaration of Helsinki (1964) 
for animal care were taken into consideration. The experi-
ments were performed in agreement with the ‘‘Principles 
of laboratory animal care’’ (NIH publication no. 86-23, re-
vised 1985). For the experiment, a total of 18 albino Wistar 
female rats weighing between 250–265 g were used. The 
rats were provided by the Medical Experimental Practice 
and Research Center of Ataturk University. The animals 
were kept in room temperature (22°C) in groups and were 
fed ad libitum. Animal experiments were performed in 
accordance with the National Guidelines for the Use and 
Care of Laboratory Animals and were approved by the local 
animal ethics committee of Ataturk University Erzurum, 
Turkey (Ethics Committee Number: 1800109500 Dated: 
04.04.2018).

Chemical substances

The thiopental sodium used in the experiment was provided 
by Ibrahim Etem Ulagay (Istanbul, Turkey); resveratrol was 
supplied from Sıgma, methotrexate was provided Med-
Drug-Turkey.

Experiment groups

The rats used in this study were divided into three groups: 
Healthy control (HC), Resveratrol + Methotrexate (RMTX) 
and Methotrexate (MTX) group.

Experiment procedure

All procedures followed were in accordance with the ethical 
standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki 
Declaration of 1975, as revised in 2008 Informed consent was 
obtained from all patients for being included in the study.

RMTX group was given resveratrol 25 mg/kg (n  =  6) 
while MTX and HC groups were orally administered dis-
tilled water as the solvent by gavage because resveratrol 
has been shown to be effective in animals at doses ranging 
from 10 to 25 mg/kg in published literatüre (Arslan et al. 
2015). One hour after resveratrol and distilled water was 
administered, RMTX and MTX rat groups were injected 
with 2  mg/kg methotrexate intraperitoneally (i.p.). The 
average dose of methotrexate to produce oxidative stress 
in rats is 10–50 mg/kg (Omer et al 2014; Yucel et al. 2017). 
This procedure was repeated once a day for 30 days. At the 
end of the period, six rats from each group were sacrificed 
using high-dose anesthetic (50 mg/kg of thiopental i.p.).

Their ovaries were removed, and the levels of malon-
dialdehyde (MDA), total gluthatione (tGSH), superoxide 
dismutase (SOD) were measured. The tissues were also 
histopathologically researched. The results obtained from 
the RMTX group were compared with the results obtained 
from the HC and MTX groups.

Preparing the sample

Rat ovaries were kept in –80°C for 3 days to determine 
tissue SOD enzyme activity and tGSH and MDA levels. To 
prepare the tissue homogenates, the ovaries tissues were 
ground with liquid nitrogen in a mortar; 0.1 g was weighed 
and then treated with 4.5 ml of an appropriate buffer. The 
tissues were treated with HEPES buffer for SOD and RIPA 
buffer for MDA measurement and then homogenized on ice 
by an Ultra-Turrax homogenizer at 9500 rpm. Homogen-
ates were filtered and centrifuged by using a refrigerator 
centrifuge at 4°C. These supernatants were then used to 
determine SOD and MDA levels with highly sensitive 
ELISA kits (Cayman Chemical, Cell Biolabs Oxi Select™ 
TBARS Assay STA-330 Kit, respectively). Kits were specifi-
cally designed for rat cytokines, and all measurements were 
performed according to the manufacturers’ instructions. 
Cytokine assays for each animal and its correlated control 
were run in the same lot. All assays were carried out at 
room temperature in dublicate. 

Superoxide dismutase (SOD) analysis

Measurements were performed according to the method of 
Sun et al. (1988). When xanthine is converted into uric acid 
by xanthine oxidase, SOD forms. If nitro blue tetrazolium 
(NBT) is added to this reaction, SOD reacts with NBT and 
a  purple-colored formazan dye occurs. The sample was 
weighed and homogenized in 2 ml of 20 mmol/l phosphate 
buffer containing 10 mmol/l EDTA at pH 7.8. 

The sample was centrifuged at 6000 rpm for 10 minutes 
and than the brilliant supernatant was used as assay sample. 
The measurement mixture containing 2450 μl measurement 
mixture (0.3 mmol/l xanthine, 0.6 mmol/l EDTA, 150 μmol/l 
NBT, 0.4 mol/l Na2CO3, 1  g/l bovine serum albumin), 
500  μl supernatant and 50 μl xanthine oxidase (167 U/l) 
was vortexed. Then it was incubated for 10 min. At the end 
of the reaction, formazan occured. The absorbance of the 
purple-colored formazan was measured at 560 nm. As more 
of the enzyme exists, the least O2-

 radical that reacts with 
NBT occurs. 

Malondialdehyde (MDA) analysis

The concentrations of ovarian mucosal lipid peroxidation 
were determined by estimating MDA using the thiobar-
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bituric acid test (Ohkawa et al. 1979). 0.5 ml homogenate 
was added to a solution containing 0.2 ml of 80 g/l sodium 
lauryl sulfate, 1.5 ml of 200 g/l acetic acid, 1.5 ml of 8 g/l 
of 2-thiobarbiturate, and 0.3 ml of distilled water. The 
mixture was incubated at 98°C for 1 h. Upon cooling, 5 ml 
of n-butanol: pyridine (15:l) was added. The mixture was 
vortexed for 1 min and centrifuged for 30 min at 4000 rpm. 
The absorbance of the supernatant was measured at 532 
nm. The standard curve was obtained by using 1,1,3,3-te-
tramethoxypropane.

Total glutathione (tGSH) analysis

The amount of GSH in the total homogenate was measured 
according to the method of Sedlak and Lindsay (1968) with 
some modifications. The sample was weighed and homog-
enized in 2 ml of 50 mmol/l Tris-HCl buffer containing 
20 mmol/l EDTA and 0.2 mmol/l sucrose at pH 7.5. The 
homogenate was immediately precipitated with 0.1 ml of 
25% trichloroacetic acid, and the precipitate was removed 
after centrifugation at 4200 rpm for 40 min at 4°C and the 
supernatant was used to determine GSH level.

A total of 1500 μl of measurement buffer (200 mmol/l 
Tris-HCl buffer containing 0.2 mmol/l EDTA at pH 7.5), 
500 μl supernatant, 100 μl DTNB (10 mmol/l) and 7900 μl 
methanol were added to a tube and vortexed and incubated 
for 30 min in 37°C. 5,5-Dithiobis (2-nitrobenzoic acid) 
(DTNB) was used as an chromogen and it formed a yellow-
colored complex with sulfhydry groups. The absorbance was 
measured at 412 nm using a spectrophotometer (Beckman 
DU 500, USA). The standard curve was obtained by using 
reduced glutathione.

Histological examination

Histological examination was performed at the pathology 
department of University Hospital. Following dehydration 
of the excised ovaries and embedment in paraffin blocks, 
4–6 mm slices were prepared and stained with hematoxylin 
and eosin. The specimens were evaluated under light micros-
copy simultaneously by two experienced histopathologists. 
Ovarian damage; including follicular cell degeneration, vas-
cular congestion, hemorrhage, and inflammation (neutrophil 
infiltration), was evaluated histologically 

Statistical analysis

Statistical analyses were carried out using the Statistical 
Package for Social Sciences, Windows version 18.0 (SPSS, 
Chicago, IL, USA). Descriptive statistics for each vari-
able were determined. Normality of the data distribution 
was assessed with the Kolmogorov-Smirnov test. Results 
for continuous variables were demonstrated as mean ± 

standard error of the mean (mean ± SEM). Significance of 
differences between the groups was determined using one-
way ANOVA test followed by Fisher’s post-hoc LSD (least 
significant differences) analysis. p value less than 0.05 was 
considered significant.

Results

Biochemical results

MDA was found to be higher in the ovarian tissue of the 
MTX-treated rat group, whereas tGSH and SOD were found 
to be lower. As is seen in the Figure 1, resveratrol prevented 
the increasing of MDA, on the other hand, it also prevented 
the decreasing of tGSH and SOD levels. Resveratrol and 
MTX have been found to affect the levels of these oxidants 
and antioxidants in ovary Table 1. There are the differences 
between the MTX, RMTX and HC group in terms of the 
amount of tGSH, SOD and MDA that were statistically 
significant (Table 1).

Histopathological results

The normal histopathological sections of the ovarian tissue 
of HC rats are shown in Figure 2A. Histopathological sec-

Figure 1. Superoxide dismutase (SOD), total glutathione (tGSH) 
and malondialdehyde (MDA) levels between groups. Data are mean 
± SD. a p = 0.032, b p = 0.001, c p = 0.464 vs. corresponding value 
of HC group. HC, healthy control; MTX, methotrexate; RMTX, 
resveratrol + methotrexate.
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Table 1. Effect of MTX or its combination with resveratrol on levels 
of ovary MDA, tGSH and SOD activities in rats

Group SOD tGSH MDA
(U/g) (nmol/g) (µmol/g)

HC 13.5 ± 1.8708 5.117 ± 0.2927 1.750 ± 0.3619
MTX 5.3 ± 0.5514a 1.733 ± 0.4320b 3.950 ± 0.5891c

RMTX 11 ± 1.7889 4.150 ± 0.3271 2.083 ± 0.4491
Data are mean ± SD. a p = 0.032, b p =0.001, c p = 0.464 vs. corre-
sponding value of HC group. HC, healthy control; MTX, methotrex-
ate; RMTX, resveratrol + methotrexate; SOD, superoxide dismutase; 
tGSH, total glutathione; MDA, malondialdehyde.

Figure 2. A. Normal histopathologic appearance is observed in 
overgrowth of HC group (H&E, ×200). B. In MTX group (given 
methotrexate alone), significant degenerative secondary follicles 
(double-sided arrow), severe hemorrhage (striated arrow), marked 
edema (smooth arrow) and marked dilate conjunctival blood ves-
sels are seen (H&E, ×400). C. In the RMTX group (treated with 
resveratrol and methotrexate), no pathologic findings were found 
except histopathologically dilated conjunctival blood vessels (plain 
arrow) (H&E, ×200). (For abbreviations, see Fig. 1).

tions of ovarian tissue of MTX group are shown in Figure 2B. 
We a marked degenerative secondary follicle (double sided 
arrow), severe hemorrhage (striated arrow), marked edema 
(straight arrow) and marked dilate conjunctival blood vessels 

(round arrow) (Figure 2B). On the other hand, in RMTX 
ovarian tissues, no pathological findings were found except 
histopathologically dilated conjunctival blood vessels (plain 
arrow) (Figure 2C).

Discussion

Resveratrol is a  molecule with antioxidant properties 
(Firouzi et al. 2015). Although there is no information 
about the protective effect of resveratrol on MTX-induced 
damage in the literature search, there are a few studies in 
the literature showing that resveratrol suppresses oxidative 
stress caused by MTX in various tissues (Dalaklioglu et al. 
2013). In this study, we have carried out various biologi-
cal experiments on oxidative damage and determined that 
antioxidant resveratrol may protect the ovary from the 
damage effect of MTX. 

A B

C
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Oxidative stress is the deterioration of the balance be-
tween oxidants and antioxidants. In vivo, MDA acts as an 
oxidant, tGSH and SOD as antioxidant. In our study, MDA 
levels were found to be higher in the ovarian tissues of the 
rats given MDA and the levels of TGSH and SOD were lower. 
On the other hand; lower MDA, but higher tGSH and SOD 
levels were observed in ovaries of rats treated with resveratrol 
compared to MTX group.

ROS have important roles in ovulation physiology 
(Agarwal and Allamaneni 2004). However, excessive ROS 
in pathological conditions may cause oxidative stress. Sci-
entific efforts focus on ROS as an important role in linking 
diabetes, aging and other diseases with weak oocytes. MTX 
can produce autoxidation-induced ROS, and may further 
modify some enzymes, such as SODs, glutathione per-
oxidases, and glutathione transferases, leading to reduced 
antioxidant defense pathways (Howard et al. 2016). In 
recent days, studies have been conducted to investigate the 
protective antioxidant effect of resveratrol on female repro-
ductive system. Previous studies have shown that resveratrol 
treatment during in vitro oocyte maturation has beneficial 
effects (Kwak et al. 2012; Ozgur et al. 2018). Furthermore, 
resveratrol is protected against aging by decreasing fertil-
ity of mice (Liu et al. 2013). All of these protective effects 
relate to the capabilities of resveratrol to eliminate cellular 
excess ROS. In our study, resveratrol reduced MTX-induced 
ROS (Fig. 1 and Table 1). We evaluated resveratrol as the 
essence of its protective effect against damage caused by 
MTX-induced ovary.

In this study, we observed MTX-induced ROS accumula-
tions consistent with observed MDA increase and decreased 
SOD and tGSH in rat ovaries. These findings showed that 
MTX increased oxidative stress in rat ovary. ROS accumula-
tion is known to inhibit nuclear and cytoplasmic maturation 
and lead to cell death (Tatemoto et al. 2000). 

Resveratrol developed the previously proposed mouse 
oocyte antioxidant system (Liu et al. 2013). As a polyphe-
nol, resveratrol can clean ROS in oocytes with a phenolic 
hydroxyl group. In addition, resveratrol may also protect 
the embryo against nicotine-induced oxidative stress (Lin et 
al. 2012). In this study, resveratrol was found to protect the 
ovary from damage caused by MTX; this has been demon-
strated by decreased MDA and increased SOD, tGSH levels 
(Fig. 1, Table 1).

The short length of the estrous cycle of rats makes them 
ideal for investigation of changes occurring during the repro-
ductive cycle. The estrous cycle lasts four days and is charac-
terized as: proestrus, estrus, metestrus and diestrus, which 
may be determined according to the cell types observed in 
the vaginal smear (Long and Evans 1922; Freeman 1988). 
In our study, the relationship between follicle histology and 
cycle phases could not be evaluated because vaginal smear 
was not taken. this is one of the limitations of our study.

Our work has some limitations. First, the results of 
experimental studies on laboratory animals may not be as-
signed to humans. Therefore, our study needs to be verified 
in humans in future studies. In addition, our results could 
be confirmed by using of agents that are more toxic to the 
ovary, for example, cyclophosphamide, which is more toxic, 
may be chosen instead of MTX.

Conclusion

It has been shown that MTX treatment induces ovarian dam-
age and, in particular, pretreatment with resveratrol provides 
a protective effect against this MTX-induced ovarian dam-
age. However, there is a need for further studies, including 
human trials, before making a definitive statement about the 
potential benefit of resveratrol in addition to MTX treatment.
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