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Abstract: The effect of resveratrol on the damage induced by methotrexate (MTX) in rat duodenum and jejunum tis-
sue was investigated and evaluated in comparison with famotidine. The rats were divided into four groups as healthy
group (HG), resveratrol+MTX (RMTX) group, famotidine+MTX (FMTX) group and the control group which received
MTX (MTXC). RMTX group was given resveratrol 25 mg/kg and FMTX group famotidin 25 mg/kg, while MTXC and HG
groups were orally administered distilled water once a day for 30 days. The rats in RMTX, FMTX and MTXC groups
were given MTX of 5 mg/kg dose by the same way for 30 days. At the end of this period, amount of MDA, 8-OH/
Gua and tGSH, and MPO gene expression were measured in the duodenal and jejunal tissues and the results were
histopathologically evaluated. Resveratrol and famotidine were found to significantly prevent elevation of the MDA,
8-OH/Gua and MPO parameters with MTX and decrease of the levels of tGSH in the duodenal and jejunal tissues.
Both drugs prevented severe damage to the villus and crypt epithelium in the duodenum and jejunum, congestion
and hemorrhage, inflammatory cell infiltration and necrosis in the mucosa and submucosa due to MTX administra-
tion. Resveratrol could be considered in the clinical practice for treatment of the tissue damage in the intestines due
to use of MTX, in comparison with famotidine. Resveratrol may be more advantageous than famotidine in long-term
use against MTX toxicity since it does not inhibit gastric acid secretion.
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Introduction

Methotrexate (MTX) which is known as a che-
motherapeutic agent is also widely used in
treatment of inflammatory diseases such as
psoriasis, dermatomyositis, sarcoidosis and
rheumatoid arthritis [1]. However, MTX may
cause severe damage to the hematopoietic
system, bone marrow and gastrointestinal sys-
tem (GIS), because its effect on the above men-
tioned pathologies is not selective [2]. One of
the major toxic effects related to MTX is GIS
injury [3]. The most obvious side effect of MTX

on GIS is seen in the small intestine. MTX has
been reported to produce mucositis in the
intestines [4]. It has also been shown that,
mucositis caused by MTX in the rodent model is
similar to the intestinal mucosa injury seen in
humans [5]. Oxidative stress and especially
neutrophil infiltration were found to be predomi-
nant in MTX-induced small intestinal injury [6].
Again, it has been reported that MTX decreases
the levels of glutathione (tGSH) in the intestinal
and gastric tissues, significantly increases the
activity of myeloperoxidase (MPO) which is indi-
cator of inflammatory response and increases
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amount of malondialdehyde (MDA) [7].
Demiryilmaz et al. reported that, MTX raises
the levels of MDA which is one of the end prod-
ucts of lipid peroxidation, decreases amount of
GSH which is an endogenous antioxidant and
increases amount of 8-OH/Gua which is a DNA
damage product [8]. It is understood from the
literature that, oxidative stress is an important
factor in the GIS toxicity caused by MTX.
Although there are numerous studies about the
prevention of toxicity in the GIS induced by
MTX, a definitive solution is yet to be found.
Therefore, scientific studies about the treat-
ment of GIS toxicity due to MTX are being con-
tinued. Resveratrol which we tested in our
study against the small intestinal toxicity
caused by MTX, is a biologically active phenol
and it is a natural stilbene (3,5,4-trihydroxy stil-
bene) [9]. Resveratrol is found in many fruits. It
is found more abundantly in grape skins [10].
Resveratrol is a potent in vivo antioxidant with a
high collector effect on the free oxygen radicals
and the other oxidants. Resveratrol has been
experimentally shown to decrease ischemia-
reperfusion induced oxidative stress in heart,
brain and kidney tissues [11, 12]. This informa-
tion obtained suggests that, resveratrol could
be helpful in prevention of GIS toxicity caused
by MTX. There was not any information found in
the literature screening regarding prevention of
methotrexate (MTX) induced damage to the
duodenum and jejunum with resveratrol.
Therefore, objective of this study was to investi-
gate the effect of resveratrol on the oxidative
damage to the duodenum and jejunum induced
by MTX in rats. Also we aimed to compare res-
veratrol with famotidine which is used in the
treatment of gastrointestinal ulcers.

Materials & methods
Animals

Experimental animal were supplied from the
Recep Tayyip Erdogan University, Medical
Experimental and Research Center. Twenty-
four Wistar albino male rats with weights dif-
fered between 240 g and 255 g were randomly
selected to be used in the experiment. Four
groups were created with six in each group
before the experiment and the rats were
housed and fed in the laboratory at the room
temperature (22°C). Animal experiments were
performed in accordance with the National
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Guidelines for the Use and Care of Laboratory
Animals and were approved by the local animal
ethics committee of Recep Tayyip Erdogan
University, Rize, Turkey (Ethics Committee
Number: 2014/64, Dated: 30.10.2014).

Chemical agents

Of the agents used in the experiment; resvera-
trol was supplied from SIGMA, thiopental sodi-
um from L.E. Ulagay-Turkey, Methotrexate from
Med-Drug-Turkey and famotidine from Fako
Drugs-Istanbul.

Experimental groups

Experimental animals were divided into four
groups as healthy (HG), resveratrol+MTX
(RMTX), famotidine+MTX (FMTX) and the con-
trols which received MTX (MTXC).

Performing of the test

RMTX group was given resveratrol 25 mg/kg
(n=6) and FMTX group was given famotidin 25
mg/kg (n=6), while MTXC and HG groups were
orally administered distilled water as the sol-
vent by gavage. The rats in RMTX, FMTX and
MTXC groups were given MTX of 5 mg/kg dose
by the same way after one hour of the drugs
and distilled water administration. This dose of
MTX may cause gastric damage [8]. This proce-
dure was repeated for 30 days. At the end of
this period, all animals were sacrified with high
doses of anesthesia. Then, amount of MDA,
8-OH/Gua and tGSH, and MPO gene expres-
sion were measured in the removed duodenal
and jejunal tissues and the results were histo-
pathologically evaluated. The results obtained
from the RMTX and FMTX groups were com-
pared with those obtained from the HG and
MTCX groups.

Preparing the samples

The 25 mg of the tissue was homogenized
using a solution of 1.15% KCI (Merck, Germany).
The homogenate were centrifuged at 4000 rpm
for 30 minutes at +4°C. Supernatants were
then used for NO and MDA measurements.
Tissues (25 mg) taken for tGSH analysis were
washed with isotonic sodium chloride (i.E.
ULAGAY, Turkey) and subsequently brought to 2
mL total volume with phosphate buffer solution
[0.213 gr NaH,PO,.2H,0 (Merck, Germany) +
1.563 gr Na,HPO,.2H,0 (Merck, Germany) +
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0.038 gr EDTA (Sigma-Aldrich, Germany) + 100
mL dH,0, pH=7,4] and then were homogenized
in an icy environment. After that, the tissues
were centrifuged at 1000 rpm for 15 minutes
at a temperature of +4°C. The supernatant was
used as the sample for analysis. The protein
concentration of the supernatant was meas-
ured using the method described by Bradford
[13].

MDA analysis

According to the method defined by Ohkawa H
et al., MDA forms a pink complex with thiobarbi-
turic acid (TBA) at 95°C, which can be meas-
ured using spectrophotometry at a wavelength
of 532 nm [14]. The 0.1 mL homogenat was
added to a solution containing 0.1 mL of 8.1%
sodium dodesil sulphate (SDS), 1.5 mL of 20%
acetic acid (Merck, Germany) 1.5 mL of 0.9%
TBA (Sigma-Aldrich, Germany), and 0.3 mL
dH,0. The mixture was incubated at 95°C for 1
h. Upon cooling, 5 mL of n-butanol: pyridine
(v/v, 15:1, Merck, Germany) was added. The
mixture was vortexed for 1 min and centrifuged
for 30 min at 4000 rpm. The absorbance of the
0.15 mL supernatant was measured at 532 nm
by spectrophotometry. The Standard curve was
obtained by using 1,1,3,3-tetramethoxypro-
pane (Sigma-Aldrich, Germany).

tGSH analysis

According to the method defined by Sedlak J et
al.,, DTNB [5,5'-dithiobis (2-nitrobenzoic acid)]
disulfite is chromogenic in the medium, and
DTNB is reduced easily by sulfhydryl groups.
The yellow colour produced during the reduc-
tion is measured by spectrophotometry at 412
nm [15]. For measurement, cocktail solution
(5.85 mL 100 mM Na-Fosfat buffer, 2.8 mL 1
mM DTNB (Sigma-Aldrich, Germany), 3.75 mL 1
mM NADPH (Sigma-Aldrich, Germany) and 80
uL 625 U/L Glutatyon reduktaz (Sigma-Aldrich,
Germany)) was prepared. Before measurement,
0.1 mL meta-phosphoric acid (Sigma-Aldrich,
Germany) was added onto 0.1 mL homogenate
and centrifuged for 2 min at 2000 rpm for
deproteinization. 0.15 mL cocktail solution was
added onto 50 L of supernatant. The Standard
curve was obtained by using GSSG (Sigma-
Aldrich, Germany).

DNA oxidation analysis

Tissue preparation: The 50 mg tissue was ho-
mogenized at +4°C using 1 mL of homogeniza-
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tion buffer solution [30 mM Tris pH 8, 10 mM
EDTA, 10 mM 2-mercapto ethanol and 0.5%
(v/v) Triton X-100 (Sigma-Aldrich, Germany)].
The mixture was centrifuged for 10 minutes at
1000 g and the supernatant was discarded.
The pellet was resuspended using 1 mL of ex-
traction buffer (0.1 M Tris pH 8, 0.1 M NaCl, 20
mM EDTA) and was then homogenized using a
vortex for 30 seconds. After that, it was centri-
fuged at 1000 g for 2 minutes. The pellet was
again resuspended using the extraction buffer
solution. The suspension was mixed well using
the vortex. 400 pL of phenol (Sigma-Aldrich,
Germany) was added to the mixture and it was
mixed thoroughly for 1 minute using the vor-
tex. After 10 minutes of waiting for the phas-
es to separate, we removed the upper phase
and transferred it to a clean tube. Then, 400
puL of chloroform-isopropanol (Sigma-Aldrich,
Germany) was added to the clean tube (24:1)
and it was centrifuged at 10000x% g for 10 min-
utes. The upper phase was again transferred
into a new tube. Next, 40 uL of 3 M sodium ac-
etate (Merck, Germany), pH=5 and 800 puL of
ice-cold ethanol (Merck, Germany), were added
to the mixture obtained from the last centrifuge
and it was shaken to ensure the mixing of the
fluids. The mixture was centrifuged at 10000x
g for 15 minutes and the upper part was re-
moved completely. 1 mL of 70% ethanol was
added to the lower part [16]. Then, 0.5 mL of
60% formic acid (Sigma-Aldrich, Germany) was
added to 1 mL of the mixture obtained and it
was left for 60 minutes at 150°C. The tubes
were held at room temperature in order to elimi-
nate the formic acid and approximately 1 mL of
the mixture was stored at -20 ° C until the day of
the analysis [17].

HPLC analysis of 8-hydroxiguanin: The levels of
8-OHdG and deoxyguanine (dG) were measured
using different wavelengths and using HPLC-
UV and HPLC-ECD electrochemical detectors.
Before HPLC analysis, hydrolysed DNA samples
were dissolved again using HPLC eluent. The fi-
nal volume was 1 mL. Then, 20 uL of the final
hydrolysate was injected into the HPLC-ECD (HP,
HP 1049A ECD detector, Agilent 1100 modular
systems, HP 1049A ECD detector, Germany). A
reverse phase C18 (RP-C18) analytical column
(250 mm x 4.6 mm x 4.0 ym, Phenomenex,
CA) was used. The mobile phase consisted of
acetonitrile (Merck, Germany) (97:3, v/v) con-
taining 0.05 M potassium phosphate (Merck,
Germany), (pH 5.5) buffer solution with a flow
rate of 1 mL per minute. The absorbance of
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vice (Maestro, Nano). 50 pl
of RNA samples were stored
at-80°C.
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cDNA synthesis: cDNA was
synthesized from the isolat-
ed RNA samples using the
Transcriptor  First  Strand
cDNA synthesis kit (Roche
Diagnostics). For each sub-
ject, 1 yl ddH20, 10 uL RNA
and 2 pl Random Primer
were combined and incubat-
ed in Thermal Cycler for 10
& min at 65°C. After incuba-
tion, 4 pl Reaction Buff-

80HGua (pmol/L)

Figure 1. The effects of Resveratrol and Famotidin on MDA, tGSH and 8-OH/ er, 0.5 uyl RNAase, 2 ul

Gua levels in the duodenal tissues of rats given methotrexate. Bars are mean *
SEM. RMTX, FMTX and HG groups are compared with MTXC group. **: P<0.001.
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Figure 2. The effects of Resveratrol and Famotidin on MDA, tGSH and 8-OH/Gua
levels in the jejunal tissue of rats given methotrexate. Bars are mean + SEM.
RMTX, FMTX and HG groups are compared with MTXC group. **: P<0.001.

the dG concentrate was measured at 245 nm
and 8-OHdG was read electrochemically (600
mV). The amounts of dG and 8-OHdG were de-
termined using dG and 8-OHdG (Sigma-Aldrich,
Germany) standards. 8-OHdG7 dG106 was in-
terpreted as a sign of DNA damage [16, 18, 19].

Gene expression of MPO: RNA isolation: RNA
was isolated from the homogenizated tissue
samples using the Roche Magna Pure Compact
LC device (Meinheim-Germany) with MagNA
MagNA Pure LC RNA Kit (Roche Diagnostics).
The quantity and quality of the isolated RNA was
assessed with a nucleic acid measurement de-
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Deoxynucleotide Mix, and
0.5 ul Reverse Transciptase
were added and the reac-
tions were incubated at 10
min at 25°C, 30 min at 55°C,
5 min at 85°C, then held at
4°C.

&3 MDA (umoligr)
tGSH (nmol/gr)

80HGua (pmol/L)

Quantitative gene expres-
sion evaluation by real-time
polymerase chain reaction
(RT-gPCR): For each cDNA
sample, gene expression of
MPO and the reference gene
(G6PD) was analyzed using
the Roche LightCycler 480 II
. Real-Time PCR instrument
A (Meinheim-Germany). PCR
reactions in a final volume of
20 pl: 5 pul cDNA, 3 pl distiled
water, 10 pl LightCycler
480 Probes Master (Roche
Diagnostics) and 2 ul primer-
probe set (Real-Time Ready single assay-
Roche). Cycle conditions of the relative quanti-
tative PCR (qPCR) were preincubation at 95°C
for 10 min, followed by 45 amplification cycles
of 95°Cfor 10 s, 6°Cfor 30 s, 72°C for 1 s, fol-
lowed by cooling at 40°C for 30 s. gPCR analy-
sis and calculation of quantification cycle (Cq)
values for Relative Quantification were per-
formed with by the LightCycler 480 Software,
Version 1.5 (Roche Diagnostics). Relative quan-
titative amounts were calculated by dividing the
target genes by the expression level of the ref-
erence gene. Reference gene was used for nor-
malization of target gene expression.

Int J Clin Exp Med 2015;8(7):10491-10500
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Gene expression level

prevented elevation of
the amount of MDA and
decrease of tGSH with MTX
significantly compared to
famotidine. However, res-
veratrol and famotidine
decreased the amount of
increase of 8-OH/Gua with
MTX almost by the same
rate. That is the difference
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Figure 3. The effects of Resveratrol and Famotidin on MPO gene expression in
the duodenal and jejunal tissues of rats given MTX. RMTX, FMTX and HG groups

are compared with MTXC group. **: P<0.001.

Histopathological examination: Duodenal and
jejunal tissues removed from the rats were fixed
in 10% formalin solution for 24 hours. Sections
of 4 micron thickness were obtained from the
paraffin blocks that were obtained following the
routine tissue monitoring and stained with he-
matoxylin & eosin. All sections were evaluated
under light microscopy (Olympus BX 52, Tokyo,
Japan) by a pathologist who was not aware of
the treatment protocols.

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 variable 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 differenc-
es between the groups was determined using
one-way ANOVA test followed by Fisher’s post-
hoc LSD (least significant differences) analysis.
A P value less than 0.05 was considered
significant.

Results
Biochemical results

As is seen in the Figure 1, amount of MDA was
found to be higher and tGSH lower in the duo-
denal tissue of the rat group administered MTX.
Again, it is seen in this chart that, resveratrol
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8-0OH/Gua was not statisti-
cally significant. Likewise,
MTX caused an increase in
the amounts of MDA ve
8-OH/Gua and decrease in
the amount of tGSH in the
jejunum tissue (Figure 2).

It was found that resveratrol and famotidine
affected the levels of these oxidant and antioxi-
dant parameters in the jejunum almost by the
same rate. That is the difference between the
RMTX, FMTX and HG in terms of the amount of
tGSH was not statistically significant.

Results of the MPO gene expression

MPO gene expression in the duodenal and jeju-
nal tissues of the groups which were given MTX
significantly increased compared to the RMTX,
FMTX and HG groups. Inhibitory effects of the
MPO gene expression on the resveratrol and
famotidine were found rather close (Figure 3).

Histopathological results

Duodenal tissue: As is seen from Figure 4A,
normal mucosa and structures are monitored
on the full-thickness histopathological sections
of duodenal tissue of the HG rats. Whereas on
the superficial histopathological sections of
duodenal tissue of the MTXC group; we
observed villus epithelial damage in the muco-
sa (red arrow), congestion and hemorrhage
(yellow arrow) in the lamina propria and mixed
inflammatory cells infiltration (blue arrow) con-
taining PMNL and eosinophil leukocytes (Figure
5A). In addition to the mixed inflammatory cells
infiltration exceeding the muscularis propria
and reaching to the serosa (blue arrow, Figure
5B), full thickness necrosis in the mucosa and
submucosa (Figure 5C) and crypt epithelial
damage is monitored in the MTXC group (Figure
5D). Mild villus superfacial epithelial damage
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Figure 4. A. The histo-pathological examination of the duodenum tissue of healthy group (HG), (H&E x100), B. The
histo-pathological examination of the jejunum tissue of healthy group (HG), (H&E x100).

Figure 5. A. Section of the duodenum tissue of MTXC group (H&E x400), B. Section of the duodenum tissue of MTXC
group (H&E x200), C. Section of the duodenum tissue of MTXC group (H&E x400), D. Section of the duodenum
tissue of MTXC group (H&E x100), E. Section of the duodenum tissue of RMTX group (H&E x100), F. Section of the
duodenum tissue of FMTX group (H&E x100).

(red arrow), mixed inflammatory cells infiltration
and mostly protected crypt structures (blue
arrow) are seen in the duodenal tissue of the
RMTX group (Figure 5E). Again, we observed
mild villus epithelial damage (red arrow), mixed
inflammatory cells infiltration and mostly pro-
tected crypt structures (blue arrow) in the FMTX
group rats (Figure 5F)

10496

Jejunal tissue: Normal jejunal tissue is seen on
Figure 4B in the histopathological sections of
HG group rats. Whereaes, villus epithelial (red
arrow) and diffuse crypt epithelial damage are
seen in the jejunal tissue of the MTXC group
(blue arrow, Figure 6A). In addition, diffuse
necrosis is observed in the mucosa and sub-
mucosa of this group (Figure 6B). Mild mixed

Int J Clin Exp Med 2015;8(7):10491-10500
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Figure 6. A. Section of the jejunum tissue of MTXC group (H&E x400), B. Section of the jejunum tissue of MTXC
group (H&E x400), C. Section of the jejunum tissue of RMTX group (H&E x100), D. Section of the jejunum tissue of
FMTX group (H&E x100).

inflammatory cells infiltration (yellow), mostly
protected villus superficial epithelial and crypt
epithelial damage are monitored in the jejunal
tissue of the RMTX group which received resve-
ratrol (Figure 6C). Almost all protected villus
superficial and crypt epithelia are monitored in
the FMTX group (Figure 6D).

Discussion

In this study, effect of resveratrol on the oxida-
tive duodenal and jejunal damage developing
due to the MTX administration was investigated
and evaluated in comparison with famotidine.
As is known, MTX leads to biochemical and
morphological abnormalities in the intestinal
mucosa [20, 21]. It is reported that, levels of
MDA which is an indicator of lipid peroxidation
increase and levels of GSH decrease in the
intestinal tissues of rats administered MTX
[22]. It has been reported that DNA damage
due to purine and pyrimidine synthesis plays a
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role in the pathogenesis of MTX toxicity [23]. It
has been shown that, neutrophil infiltration
which is an indicator of the inflammatory
response plays a role in the intestinal oxidative
damage caused by MTX [6]. MTX is known to
activates the neutrophils in the intestinal tis-
sue, increasing MPO production, while exces-
sive production of MPO plays a crucial role in
the production of oxidative agents [8, 24]. This
information from the literature is consistent
with biochemical results obtained in our study
from the duodenal and jejunal tissues of rats
administered MTX. This in turn demonstrates
that antioxidant therapy is of importance in the
prevention of tissue damage due to MTX.
Likewise, it is argued in numerous studies that
antioxidants have been used against tissue
damage due to MTX, with successful results [8,
25, 26]. In our study, resveratrol and famoti-
dine prevented increase of MDA and decrease
of tGSH in the duodenum and jejunum with
MTX administration almost at the same level.

Int J Clin Exp Med 2015;8(7):10491-10500
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That is resveratrol and famotidine reversed
change of the oxidant/antioxidant balance by
MTX in favor of oxidants in the intestinal tissue.
Resveratrol and famotidine are known to have
antioxidant features [11, 27]. There was not
any information found in the literature screen-
ing regarding the protective effect of resvera-
trol on the methotrexate (MTX) induced dam-
age to the duodenum and jejunum, but there
were several studies in the literature demon-
strating that resveratrol suppresses oxidative
stress in the various tissues caused by MTX
[28]. Again, it has been reported that, resvera-
trol prevents increase of the amount of MDA
and decrease the levels of GSH in the intestinal
(ileum) tissue in which ischemia-reperfusion is
administered [29]. Also there was not any study
in the literature regarding effects of famotidine
against MTX-induced damage, but famotidine
has been reported to decrease the amount of
damaged gastric tissue, creating protective
effect by raising the levels of GSH [30].

Amount of 8-OH/Gua in the duodenal and jeju-
nal tissues of the groups which received resve-
ratroland famotidine was found to be decreased
compared to the MTXC group, which indicates
that resveratrol and famotidine protect the
intestinal tissue against harmful effects of the
free radicals. As is known, free oxygen radicals
can react with macromolecules in the cells,
leading to significant cellular damage such as
DNA oxidation [31]. Following the free radical
reactions, base changes occur in nucleic acids
and chain breaks occur in DNA. If this change is
not restored, DNA becomes mutated. 8-OH/
Gua has been accepted as a mutagenic form of
DNA [32]. Resveratrol has been reported to
reduce DNA breaking with hydroxyl radical
scavenging effect [33]. In a study by Alturfan
AA et al. on rats, resveratrol was reported to
reduce the amount of 8-OH/d Gua which
increases during the renal damage [34]. Kurt A
et. al. demonstrated that, famotidine has pro-
tective effect on DNA and suppresses the for-
mation of 8-OH/d in the damaged tissues [35].
This information from the literature supports
the protective effect of resveratrol and famoti-
dine on DNA.

As it was mentioned above, MTX increased
MPO gene expression in the duodenal and jeju-
nal tissues. The levels of gene expression in the
intestinal tissues of the groups administered
resveratrol and famotidine was closer to that of
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the healthy group. It is known that, MPO which
is secreted by the neutrophil infiltration and
activated neutrophil in MTX-induced intestinal
damage plays a role in the oxidant production
[24], suggesting that resveratrol and famoti-
dine prevent neutrophil activation and increase
of the MPO production. Evidence from the liter-
ature supports our this opinion [27, 36, 37].

In addition, in this study we encountered seri-
ous pathological findings in the duodenal and
jejunal tissues of the MTXC group, in which oxi-
dant parameters was elevated. Excessive pro-
duction of the reactive oxidant products are
accused in the pathogenesis of MTX-induced
intestinal pathology [6, 38]. As it is understood
from the experimental outcomes; severe villus
and crypt damage, congestion and hemor-
rhage, PMNL and mixed inflammatory cells infil-
tration and, full thickness necrosis in the muco-
sa and submucosa are seen in the MTXC group
in which the amounts of MDA, 8-OH/Gua and
MPO were higher and tGSH was lower than the
other groups. In a study conducted long before
by Taminiau JA et al.,, MTX was reported to
cause Vvillus and crypt epithelial cellular dam-
age [5]. Again Kesik V et al. reported that,
besides villus and crypt epithelial cellular loss,
MTX creates congestion and hemorrhage in the
mucosa [39]. It has been argued in that study
as well as the other similar studies that, MTX
induced damage in the intestine might be
resulted from PNL infiltration and marked
inflammation [40]. Because increased PNL infil-
tration leads to increase of reactive oxygen
radicals which cause oxidative stress [41].
These pathological changes in the intestinal
tissue may leads epithelial cells until necrosis
[42]. Information from the literature is in line
with our results. Protective effects of resvera-
trol and famotidine on the duodenal and jejunal
mucosa as well as villus and crypt are seen to
be almost the same. In a study by Southcott E
etal.,, MTX was reported to cause more damage
in the jejenum than in the duodenum [43].
However, in our study there was not a histologi-
cally significant difference between the duode-
nal and jejunal tissues.

MTX produced a significant damage in the duo-
denal and jejunal tissues. Resveratrol and
famotidine prevented this damage caused by
MTX. Resveratrol could be considered in the
clinical practice for treatment of the tissue
damage in the intestines due to use of MTX, in

Int J Clin Exp Med 2015;8(7):10491-10500
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comparison with famotidine. Resveratrol may
be more advantageous than famotidine in long-
term use against MTX toxicity since it does not
inhibit gastric acid secretion.
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