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The role of resveratrol in hepatotoxicity caused by methotrexate 
Meltem Özgöçmen1, Şükriye Yeşilot2

ABSTRACT
Methotrexate is an immunosuppressive and antineoplastic drug that may induce hepatotoxicity. Resveratrol 
is a compound that has a protective effect thanks to its antioxidant role. In present study was aimed to 
investigate posibble protective effects of  resveratrol in methotrexate induced hepatotoxicity. Eighteen 
Wistar Albino rats were equally divided into three groups: Control, Methotrexate, Methotrexate + 
Resveratrol. After a single dose of  methotrexate (15 mg/kg, i.p.), resveratrol (10 mg/kg, orally) was applied 
for 7 days. Fallowing 7 days, rats were sacrificed. Histopathological (H-E staining), immunohistochemical 
(Tumor Necrosis Factor Alpha, inducible Nitric Oxide Synthases, Nuclear Factor Kappa) and biochemical 
(Total Oxidant Status, Total antioxidants Status and Oxidative Stress Index) analyses were assayed in liver 
tissue samples. Additionally, Aspartate Aminotransferase, Alanine Aminotransferase, Gamma Glutamyl 
Transferase and Total Biluribin activities were assayed in serum samples for biochemical analyses. Normal 
liver tissues were observed in control groups. Histopatholocigal changes, high staining of  Tumor Necrosis 
Factor Alpha, inducible Nitric Oxide Synthases, Nuclear Factor Kappa, increasing levels of  tissue Total 
Oxidant Status, Oxidative Stress Index and decreasing levels of  tissue Total antioxidants Status were 
observed in methotrexate groups. Moreover, Aspartate Aminotransferase, Alanine Aminotransferase, 
Gamma Glutamyl Transferase and Total Biluribin levels increased in methotrexate groups too (p<0.05). 
However, these findings were lower in the Methotrexate + Resveratrol groups (p<0.05). In this study were 
observed that oxidant levels could increase after methotrexate applied in the liver, whereas resveratrol 
alleviated effects of  hepatotoxicity by histopathological, immunohistochemical and biochemical analyses. 
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INTRODUCTION
Methotrexate (Mtx), a folic acid antagonist, is one of  an-

tiinflammatory, immunosuppressive, antiproliferative, anti-
oxidant and cytotoxic agent that effectively reduces cellular 
growth and is widely used in the treatment of  several diseases, 
including: ectopic pregnancy, rheumatoid arthritis, leukemia, 
systemic lupuserythematosus, psoriasis neoplastic diseases (1-
4). 

Methotrexate is typically well tolerated by patients and still 
the first choice as the cost effective and well-experienced treat-
ment option (5). It has many application fields as a therapeutic 
agent at low doses in autoimmune diseases and at high doses 
in many malignancies. Despite of  wide usage, Mtx has a range 
of  side effects such as hepatotoxicity – nephrotoxicity (4, 6-9). 
Therefore, it has been advised to prevent Mtx induced hepato-
toxicity, it is using concomitant with antioxidants (10).

The exact molecular mechanisms underlying Mtx hepato-
toxicity are not clearly understood.  Recent studies have indi-
cated that Mtx induced hepatic injury may be due to increasing 
levels of  reactive oxygen species (ROS), hydroxyl radicals and 
hydrogen peroxide as a result of  oxidative injury of  the DNA 
and triggers lipid peroxidation along with decreased levels of  
antioxidant defense molecules (8, 11-14).

Resveratrol (Rsv) (3,4´,5-trihydroxystilbene) is well-known 

as an important phytoalexin and bioactive compounds, found 
in a large variety of  plants including, plums, grapes blueberries 
and peanuts (1, 15). Rsv has been studied for a several deca-
des in different therapeutic research areas and epidemiological 
studies have observed the relationship between consumption 
of  Rsv and healthy (16, 17). Laboratory animals are used in 
many experimental studies(18-21). In numerous experimental 
studies reported that resveratrol possesses many bioactivities 
and has beneficial for healthy like antioxidant, anti-inflamma-
tory, improving diseases and also has a hepatoprotective effect 
(22, 23). 

Although many studies of  the metabolism of  Rsv in both 
humans and animals, it is still unclear. In addition, the protec-
tive effect of  bioactive compounds has been attributed to their 
antioxidant roles. In liver studies, it is known that the prolife-
ration of  stellate cells, which has important role in liver dama-
ge, is enhanced via oxidative stress. For this reason, bioactive 
compounds, which can reduce role of  this cells, may prevent 
the hepatic damage (23, 24). 

In prensent study, a rat model was planed to investigate pro-
tective effects of  Rsv on liver damage by acute Mtx-induced. 
For this aim, histopathological -  immünohistochemical chan-
ges and levels of  tissue antioxidants - oxidants were measured 
in Mtx by resveratrol treatment. We believe that this study will 
useful for other studies with Mtx + Rsv especially TNF-α-
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iNOS - NF-kB staining. In addition, we are contining to work 
with other antibodies to understand the molecular pathway of  
Rsv more clearly.

MATERIAL and METHODS

Experimental Desing

Eighteen female Wistar Albino rats weighting 250 – 300 g 
were used and were kept in cages under standard humidity, 
12h light/12h darkness and 22 ± 2°C conditions during the 7 
days. The animals were provided unlimited access to water and 
food. Study was approved by the Local Ethical Committee of  
Experimental Animal Ethics of  Mehmet akif  Ersoy University 
(MAKÜ, Ethical number: 17.03.2021-87/742) and was perfor-
med entirely according to ethical rules. 

Experimental Protocol

Rats were randomly divided into three groups with 6 rats in 
each groups. 

Control group: 0.9% saline (1 mL/kg- single dose, i.p)

Mtx group: 15 mg/kg Mtx (single dose, i.p)

Mtx + Rsv group: 15 mg/kg Mtx (single dose, i.p) + 20 mg/
kg Rsv, (oral gavage, 7 days)

Group I served as the control group and treated with a 
single intraperitoneal injection (IP) of  0.9% saline (1 mL/kg) 
on the day 1st. Group II (Mtx) was treated with a single IP 
of  methotrexate (Koçak Farma, Tekirdag, Turkey) (15mg/
kg) on 1st day of  the experiment(25). Group III (Mtx + Rsv) 
was treated with Resveratrol (Solgar, ABD) at 20 mg/kg daily 
(suspended in distilled water)(26) 1 h before Mtx admistration, 
orally for 7 consecutive days and treated with methotrexate (15 
mg/kg, 1th day, IP). 

Sample collection and preparation 

Fallowing experimental procedure, anaesthesia was apllied 
by xylazine (10 mg/kg) and ketamine (90 mg/kg) intraperi-
tonea and rats were sacrificed on day 8. Fallowing that liver 
tissue samples were obtained and were placed in 10% neutral 
formalin. 

Histochemical procedure

Liver tissue samples were washed in water over night then 
were dehydrated in ethanol (50-60-70-80-90-100%),  were 
made transparent in xylol and at last were embedded into pa-
raffin. Fallowing that samples were cut with a thickness of  4 
µm by microtome (Leica SM2000R, Germany) and were stai-
ned by Hematoxylin–Eosin (H–E) than covered with entellan. 
Histopathological findings were graded and evaluated with 
photomicroscope by using the semi-quantitative method ac-
cording to as following. 

Structural changes were graded by using the semi-quanitati-
ve method. Acording to this; 

( - ) (negative score): No structural changes

( + ) (1 positive score): Light structural changes

( ++ ) (2 positive score): Middle structural changes

( +++ ) (3 positive score): Serious structural changes.

Immunohistochemical procedure

Samples were stained with TNF-α primery ab (rabbit an-
ti-TNF-α antibody, Abcam, Cambridge, USA), iNOS primary 
ab (rabbit anti-iNOS antibody, Abcam, Cambridge, USA), NF-
kB primary ab (rabbit anti- NF-kB antibody, Abcam, Camb-
ridge, USA) and were covered with entellan. Fallowing that, 
samples receptor densities were graded by the semi-quantitati-
ve evaluation method (27). 

( - ) (negative score): No staining

( + ) (1 positive score): Light staining

( ++ ) (2 positive score): Middle staining

( +++ ) (3 positive score): Serious staining

Biochemical Analysis

Blood Biochemical Markers Assay

The biochemical parameters (Activities of  aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), gamma 
glutamyl transferase (GGT) and Total Biluribin (T. bilirubin) 
in serum were measured on an automatic clinical chemistry 
analyzer  (Gesan chem 200, Italy) device in Veterinary Training 
Hospital of  Mehmet Akif  Ersoy University.

Measurement of  Total Antioxidant Statuus

Total Antioxidant Status (TAS)  kits (Rel Assay Diagnostics 
kit, Mega Tip, Gaziantep, Turkey) using the spectrophotomet-
ric protocol developed by Erel (28) were applied to the tissue 
homogenates obtained from all experimental groups. Antioxi-
dants in the sample cause the reduction of  ABTS (2,2’-azi-
no-bis (3-ethylbenzothiazoline-6-sulphonic acid)) radicals in 
the kit and cause the disappearance of  the dark blue-green 
color of  ABTS. For this purpose, the total antioxidant amount 
is determined by reading the absorbance of  660 nm in the 
spectrophotometer. This analysis is calibrated with Trolox (Vit 
E analogue), a stable antioxidant solution, and expressed as 
Trolox equivalent (mmol Trolox Equiv/L).

Measurement of  Total Oxidant Status

The total oxidant status (TOS) of  the tissue homogenates 
obtained from all experimental groups were measured using 
Rel Assay Kit which spectrophotometric protocol developed 
by Erel (29). This test is a colorimetric method that is measu-
red spectrophotometrically at 530 nm. Oxidants in the samp-
le oxidize the iron ion chelating complex. Ferric ion forms a 
chromogenic colored complex in an acidic environment. The 
intensity of  the color is directly proportional to the amount of  
oxidant in the sample. This assay is calibrated with H2O2 and 
the results are shown as H2O2 equivalent (μmol H2O2 Equi-
v/L).

Measurement of  Oxidative Stress Index  

The TOS to TAS ratio was regarded as the oxidative stress 
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index (OSI) which is an indicator parameter of  the degree of  
oxidative stress. The OSI value was calculated as follows:  

OSI (AU) = [(TOS, micromoles H2O2 equivalent per L)/
(TAS, micromoles Trolox equivalent per liter)](30).

Statistical Analysis 

Oneway ANOVA (SPSS 18 software) analysis of  variance 
and Dunnett’s two-tailed post hoc t test were used for analyzed 
statistical significance of  differences between the all groups. 
Data were presented as mean + standard error of  mean or 
standard deviation. All findings were considered significant at 
p<0.05.

RESULTS

Histochemical Results

Normal histological structures were observed in the control 
group (group I), (Fig. 1a). When control groups were compa-
red the Mtx groups (group II) and Mtx+Rsv groups (group 
III), significantly changes such as; picnotic nucleus, mononuc-
lear cell infiltration, sinusodal dilatation, vacuolar - granular 
degeneration in hepatocytes were observed in group II and 
III. But, histological structural changes were lower in group III 
compared to group II, (Fig. 1b-1c)
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Figure 1. Histopathological findings in liver tissue belonging to control and experimental groups: a, control group, (group I); 
no histopathological findings were found. b – MTX group (group II), c – MTX + RSV group, (group III). Red arrows; vacuolar 
- granular degeneration in hepatocytes, blue arrows; picnotic nucleus, black arrows; mononuclear cell infiltration, yellow arrows; 
sinusodal dilatation, H-E x20.

Figure 2. TNF-α, iNOS and NF-κB immune stainings in liver tissue in control and experimental groups, respectively. a1-b1-c1, 
control group, (group I); no positive staining, a2-b2-c2,  MTX group, (group II); intensive positive staining, a3-b3-c3, MTX + RSV 
group, (group III); mild positive stainings, x40.



 Immnunohistochemical Results

In ımmnunohistochemical results were observed that the 
TNF-α, iNOS and Nf-kB staining were very light in the group 
I (Fig. 2a1-b1-c1), but were more intense in the group II and 
group III. When compared group II and group III; staining 
intensity of  the receptors is highest in group II, while less in 
group III (Fig. 2a2-b2-c2, a3-b3-c3).  

In the comparison of  TNF-α, iNOS and NF-kB receptor 
staining in all groups, the highest positive staining was found 
as TNF-α, iNOS and NF-kB, respectively.

Biochemical Results

Changes in serum levels of  liver function markers are 
shown in Table 1. AST, ALT, GGT and Total biluribin levels 
significantly increased in group II compared to control group 
(p<0.05), while Rsv admistration significantly decreased all 
this parameters (p<0.05). TOS, which is an indicator of  oxi-
dation products, significantly increased in group II and dec-
reased in group III compared to the control group (p=0.000 
and 0.019, respectively). When we compared the group II with 
the group III, found that the TOS level decreased significant-
ly (p=0.000). TAS, the measure of  antioxidant capacity, sig-
nificantly decreased in group II and group III compared to 

the control group (p=0.000 and 0.001,respectively). However, 
TAS level increased significantly in the Rsv+MTX group com-
pared with the MTX group (p= 0.000), (Table 2).

DISCUSSION

In this study, the possible protective effects of  Rsv in Mtx 
induced hepatotoxicity were investigated. Mtx, is widely used 
in the treatment of  many diseases and has antiinflammatory, 
immunosuppressive, antiproliferative, antioxidant and cyto-
toxic effects (1-3). At the same time widely use of  Mtx, it has 
many important side effects, mainly hepatatoxicity (6-8).  Stu-
dies shows that Mtx leads to oxidative tissue damage via incre-
asing lipid peroxidation in the liver and decreasing the level of  
antioxidant levels (8, 12-14).

Methotrexate induced mitochondrial damage and following 
that increased ROS activate. ROS starts lipid peroxidation 
(LPO) and the release of  inflammatory mediators such as 
TNF-α, NF-ĸB, and iNOS (31). At the end of  these cases, 
proinflammatory cytokines are formed and inflammation inc-
reases in important organs such as liver and kidney. (31, 32). 

Iyer et al reported that expression of  TNF-α incresead in 
Mtx induced hepatic injury (31, 33). The effect of  TNF-α, 
which is important proinflammatory, is mediated by means of  
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Groups AST (U/l) ALT (U/l) GGT(U/l) T. Bil.(mg/dl)
Control 116.03±10.83 24.51±2.59 8.33±0.81 0.13±0.02

Mtx 249.23±11.08a 73.61±3.41a 13.83±3.43a 0.52±0.03a 
Mtx + Rsv 126.62±12.49b 36.37±2.16a,b 8.75±0.95b 0.23±0.12 a,b

Table 1. Biochemical parameters in the serum

Mtx- Methotrexate; Rsv - Resveratrol. Values are presented as means±SD. The relationships between groups and results of  biochemical 
markers are assessed by one-way ANOVA. a: p<0.05 vs control, b: p<0.05 vs Mtx.

TOS (µmol/L) TAS (mmol/L) OSI (AU)
Groups Mean ±SD P Mean ±SD P Mean ±SD P
Control

23.68±0.69
**p=0.000

1.35±0.02
**p=0.000

1.75±0.07
**p=0.000

Mtx
73.40±1.76

*p=0.000
1.00±0.04

*p=0.000
7.29±0.36

*p=0.000

Mtx + Rsv
27.32±2.47

*p=0.019

**p=0.000
1.24±0.02

*p=0.001

**p=0.000
2.20±0.24

*p=0.037

**p=0.000

Table 2. TOS, TAS and OSI markers of  liver tissues

Mtx - Methotrexate; Rsv - Resveratrol. Data are presented as means±SD. One way ANOVA (post hoc Tukey test) was used for 
comparison between groups. *p: Comparison with the control group, **p: Comparison with the Mtx group. 



NF-kB-regulated proteins, such as iNOS and iNOS has a role 
in the pathogenesis of  Mtx induced toxicity (24, 34).  This 
study was insvestigated expressions of  TNF-α, NF-kB, and 
iNOS by immunohistochemically staining and observed that 
TNF-α, NF-kB, and iNOS incresead in Mtx induced hepato-
toxicity. 

Resveratrol provides antioxidant activities via inhibiting li-
pid peroxidation, NF-kB, TNF-α and iNOS production and 
by preventing the inhibition of  Glutathione (GSH) levels. Res-
veratrol has protective effect on oxidative stress by means of  
several redox associated molecular pathways such as blocking 
TNF inducing NF-kB-mediated gene transcriptionans (31, 35-
37). Resveratrol has been widely reported to interfere with NF-
kB activity and enhance energy expenditure by increasing lipid 
oxidation and mitochondrial respiration. Accordingly, Rsv tre-
atment causes large increasing in mitochondrial ingredients in 
important metabolic tissues like liver and kidney (17, 37). 

In studies observed that Rsv reduces proinflammatory sti-
muli, like TNF-α, lipopolysaccharide (LPS) and prevents NF-
kB translocation due to degradation (36, 38). Understanding 
of  the mechanism underlying such actions and how Rsv blo-
cks NF-kB activation by TNF is still unclear. Its suppression 
of  NF-kB activation by a wide various of  agents suggests that 
Rsv must act at a stage common for inflammatory mediators. 
Many inhibitors of  Nf-kB activation, like silymarin and curcu-
min, mediate their effects by means of  degradation of  IkBa 
and suppression of  phosphorylation (36). In fact,  evidences 
for effect of  Rsv on NF-kB and TNF are still insufficient. So, 
this study aimed to investigate the effect of  Rsv on Mtx indu-
ced hepatotoxicity in rats model by histopathologically, immu-
nohistochemically and biochemically analyses.

Studies reported that Rsv has restorative effect on serum 
T. Biluribin, GGT, AST and ALT levels in the liver tissues. 
Similar to present study’s results, studies showed that these le-
vels increase in Mtx induced hepatotoxicity, but were signifi-
cantly decrease in treatment of  Rsv (1, 14). 

Kawada et al observed that Rsv has inhibiting effect on 
nitric oxide (NO) and TNF-a via lipopolysaccharide stimula-
tes Kupffer cells (23, 39).  Additionally, Rsv induced hepatic 
fibrosis owing to its antioxidative activities and suppressed he-
patic stellate cell activation (35, 40). Manna et al investigated 
that effect of  Rsv on NF-kB activation induced by various 
inflammatory mediators and observed that Rsv blocked TNF 
induced activation of  NF-kB (36). Meng et al reported that 
Rsv protected from inflammation not only by inhibiting the 
production of  inflammatory mediators like TNF-α, but also 
by inducing antiinflammatory heme oxygenase-1 (HO-1) in 
RAW264.7 macrophages (35). Recently, studies showed that 
Rsv decreases oxidative damage owing to the induces autop-
hagy via the AMPK by means of  prevention of  mammalian 
target of  rapamycin (mTOR) pathway or via the activation of  
transcription factor EB (TFEB) (35, 41). Although, many stu-
dies of  resveratrol’s pathways are ongoing, but still different 
analyses are insufficient for evidence. In present study was ob-
served that TNF-α, NF-kB, and iNOS decresead in Rsv treat-
ment groups in Mtx induced hepatotoxicity. Moreover, TOS, 
TAS and OSI values, oxidant - antioxidant levels and histopat-

hological findings supported this results. 

Several studies results supports that Rsv reduces lots of  ch-
ronic diseases and side effects of  many drugs such as Mtx. 
In present study were investigated Rsv role on hepatotoxicity 
casued by Mtx and were observed that oxidant levels could 
increase after methotrexate applied in the liver, whereas res-
veratrol alleviated effects of  hepatotoxicity by histopathologi-
cal, immunohistochemical and biochemical analyses. Althouh 
stdies about Rsv is still ongoing, understanding of  the mole-
culer mechanism underlying Rsv is still unclear.  Performing 
different analyzes on Rsv pathways, especially in Mtx induced 
hepatotoxicity, will make the results more reliable. Thanks to 
the studies conducted in this way, the importance of  bioactive 
componounds will increase and these componounds will be 
used as the first solution for even in diseases that are very dif-
ficult to treat. 

DISCUSSION
The obtained data present the macrometric anatomical 

parameters of  the rabbit adrenal glands. Thus we assume that 
the results could be used for contemporary investigations in 
the Human Medicine, because the rabbits are used as animal 
models (1).

We have conducted the present study in order to obtain 
objective anatomical data for the macrometric parameter of  
the rabbit adrenal glands. Our theory deepens the knowledge, 
because it gives objective information for the variation of  
LM, CR, CC and DV diameters of  the studied organs. This 
information could be used as model for laboratory experiments 
to investigate the function of  the adrenal gland in humans (2).

Our data will be applicable as anatomical base to study 
the LM diameter, CR, CC diameter and DV diameter of  the 
rabbit adrenal glands, because this animal species is considered 
as a pet wand at the same time is predisposed for adrenal 
glands diseases. Our attitude correspond to the data for the 
importance of  the knowledge for the normal measurements 
of  the glands (3,4).

In our investigation, we used the published data (5, 6) for the 
anatomical peculiarities and topography of  the studied organs 
in the rabbit for better orientation. This study is a continuation 
of  the previous study for the rabbit glands (6) and deepens 
the knowledge for these glands, because it is focused on the 
macrometric parameters.

Our algorithm is anatomical and includes the only dissection. 
We obtained values for the LM diameter of  the right and left 
adrenal glands in sexually mature and clinically healthy animals, 
separated in two equal groups, regarding the gender. We 
resume that these anatomical data could be used as a base to 
study the imaging anatomical specifics of  these glands. 

Our approach differs from that applied in the cats (7) and 
dogs (9) to study the adrenal glands, because we include as a 
method only the dissection. In the same time, we claim that 
there is a correlation between adrenal gland DV diameter and 
the values of  the body weight. Our theory corresponds to the 
thesis for this index of  the adrenal glands in the dog (9). 

The LM and DV diameters of  the rabbit of  the right and 
left adrenal glands were with close values. On the other side 
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CR, CC diameter in the both glands are with greater values 
than LM and DV diameters. The studied parameters of  the 
left gland were with higher values compared to the right gland. 
According to us, there is a correlation between the values of  the 
adrenal glands’ diameters and the values of  the body weight. 
Our attitude corresponds to the theory of  some authors (8) 
for the adrenal glands in the small dog breeds.

CONCLUSION
The present study was tested that the antioxidant and anti-

inflammatory effects of  Rsv and showed its hepatoprotective 
effect in Mtx induced hepatotoxicity. Results suggests that the 
combined effects of  bioactive componounds would be bene-
ficial in the protection from Mtx induced hepatotoxicity. In 
the future, more bioactive componounds and health benefits 
of  Rsv should be investigated, and molecular mechanisms of  
action need to be studied in more detail. In this sense, our 
studies continue with different analyzes for clearly understand 
mechanism of  Rsv.
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