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The Effectiveness of Grape Extract in
Rats with Methotrexate Induced
Intestinal Mucositis

Metotreksat ile Ince Bagirsak Mukoziti
Olusturulan Sicanlarda
Uziim Ekstresinin Etkinligi

ABSTRACT Objective: To investigate histopathologically whether grape extract (Vitis Vinifera L),
a potent free radical scavenger and can ameliorate the methotrexate -induced intestinal mucositis.
Material and Methods: Wistar albino male rats were assigned to 3 groups: Group 1 (n=7) control
group: An equal volume of distilled water that used for grape extract was given throughout the 15
days and physiological saline was administered intraperitoneally on the 10th day. Group 2 (n=10)
methotrexate group: Rats received an equal volume of distilled water. A single dose of 20 mg/kg
methotrexate was given intraperitoneally on the 10th day. Group 3 (n=10) methotrexate-grape ex-
tract group: The same dose of methotrexate was applied intraperitoneally on the 10" day. For mil-
liliters grape extract solution was administered for 15 consecutive days. Complete blood counts
were analyzed from each rat. Results: The control group showed normal intestinal structure. Group
2 had villus shortening and fusion with variable degrees of epithelial atrophy (p=0.001). The num-
ber of crypt cells was decreased and crypt loss was prominent (p=0.007). Inflammatory infiltration
and decreased goblet cell number in both villi and crypts were distinctive (p<0.001). Villous and
crypt injury, and inflammatory infiltration was less in group 3. In addition, goblet cells were in-
creased. The difference was significant between group 2 and 3 for the jejunum damage (p=0.021).
Hemoglobin levels increased in group 3. Conclusion: Present study suggested that grape extract
could be useful in the ameliorating intestinal damage caused by methotrexate. Its effect could be at-
tributed to its antioxidant properties. Grape extract may have a clinical application in cancer
chemotherapy.
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OZET Amag: Potansiyel bir serbest radikal yok edici olan iiziim ekstresinin (Vitis Vinifera L) me-
totreksat ile olusturulmus ince bagirsak mukozitini histopatolojik olarak iyilestirip iyilestirmedigini
aragtirmak. Gereg ve Yontemler: Wistar albino erkek siganlar 3 gruba ayrildi. Grup 1 (n=7) kont-
rol grup: Uziim ekstresi ile ayn1 miktarda olan distile su 15 giin boyunca kullanildi ve 10. giinde
serum fizyolojik intraperitoneal olarak verildi. Grup 2 (n=10) metotreksat grubu: Siganlar ayn1 mik-
tar distile su aldilar. Tek doz 20 mg/kg metotreksat 10. giinde verildi. Grup 3 (n=10) Metotreksat-
tiztim ekstresi grubu: Ayni doz metotreksat 10. giinde intraperitoneal olarak uygulandi. Dort mili-
litre tiztim ekstresi soliisyonu 15 giin boyunca alindi. Tam kan sayimi her bir sigandan analiz edildi.
Bulgular: Kontrol grup normal ince bagirsak yapisim gosterdi. Grup 2 degisik derecelerde epitel at-
rofisi ile birlikte villiis kisalmas: ve fiizyonuna sahipti (p=0.001). Kript hiicrelerinin sayis: azalmig
ve kript kayb1 belirgindi (p=0.007). Hem villiis hem de kriptlerde inflamatuar infiltrasyon ve azalmig
goblet hiicreleri belirgindi (p<0.001). Grup 3’de villiis ve kript hasar1 ile inflamatuar infiltrasyon
azalmigt1. Ayni1 zamanda goblet hiicreleri artmigti. Grup 2 ve 3 arasindaki fark jejunum hasar agisin-
dan istatistiksel olarak anlamliydi (p=0.021). Uziim ekstresi alan sicanlarda hemoglobin degerleri
artmusti. Sonug: Bu ¢aligma gostermistir ki, tiziim ekstresi metotreksatin neden oldugu ince bagir-
sak hasarini iyilestirmede faydali olabilmektedir. Etkisi antioksidan &ézelligine atfedilebilir. Uziim
ekstresi kanser kemoterapisinde klinik uygulamaya sahip olabilir.

Anahtar Kelimeler: Metotreksat; mukozit; tiziim ¢ekirdegi ekstresi; intestinal hastaliklar
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ucositis is a histopathological formation of
Mmucosal damage caused by chemother-

apy.! Methotrexate (MTX) is an anti-
cancer drug that inhibits the de novo synthesis of
thymidine and purine which is resulted in the inhi-
bition of proliferation of rapidly dividing cells such
as cancer cells.? Since intestinal epithelial cells di-
vide rapidly, MTX often causes mucosal inflamma-
tion of the intestine.? Intestinal epithelium injury is
characterized by reduced mitoses in the crypts and
shortened villi.* In the clinical using of this agent is
often limited by its side effects such as severe nausea
and widespread gastrointestinal ulceration resulted
in diarrhea as a main clinical characteristic.

Reactive oxygen species (ROS) are responsible
for the pathogenesis of the MTX-induced gastroin-
testinal mucosal damage.> Despite the exact mech-
anism of intestinal mucositis is unclear, no
definitive prophylaxis or treatment were de-
scribed.® Various treatment regimens have been
tried to reduce MTX-induced intestinal damage.”
5 However, these treatments have only been re-
ported to partially prevent chemotherapy-induced
intestinal mucositis. Effective treatment strategies
are investigated.

Numerous experimental studies have now
been exhibiting direct antioxidant activity of grape
that protects cellular structures against peroxida-
tion reactions owing to their rich phenolic con-
tents. Grape seeds, grape skin and grape juice all are
rich sources of phenolic compounds included cat-
echin, epicatechin and dimeric, trimeric and
tetrameric proanthocyanidins (PAs).'® These mole-
cules have an antioxidant property, which has been
demonstrated to exert a novel spectrum of biolog-
ical, pharmacological, therapeutic, and chemopro-
tective effects against oxygen free radicals and

1721 one of the

oxidative stress. Resveratrol,
polyphenols identified in grape, also have chemo-
preventive and chemotherapeutic potential due to

its antioxidant property.*

To better understand the action of dietary an-
tioxidants on MTX-induced intestinal injury, pres-
ent study was carried out to explore the protective
effect of grape extracted from Kilis grape (Vitis
vinifera L.) via histopathologic examination.

Turkiye Klinikleri ] Med Sci 2012;32(6)

I MATERIAL AND METHODS
ANIMALS

Wistar albino male rats were obtained from the Ex-
perimental Animal Research Center, Cukurova
University Medical Faculty. The animals were kept
in a temperature (21 + 2 °C) and humidity (60 + 5%)
controlled room in which a 12-12 h light-dark
cycle was maintained. Animals were fed a standard
rat chow diet, had access to water ad libitum, and
were synchronized by the maintenance of con-
trolled environmental conditions (light, tempera-
ture, feeding time, etc.) The experiments were
performed in accordance with the guidelines for
Animal Research from the National Institute of
Health and were approved by the Committee on
Animal Research at Cukurova University, Turkey.

EXPERIMENTAL DESIGN

Wistar albino male rats, weighing 250-300 g, were
assigned to 3 groups: Group 1 (n=7) control group:
An equal volume of distilled water that used for
grape extract was given with gavage tube through-
out the 15 days and physiological saline (0.9% NaCl,
in a similar dose of MTX) was administered in-
traperitoneally instead of MTX on the 10th day.
Group 2 (n=10) MTX group: The rats received an
equal volume of distilled water that was used for
grape extract administration through the study. A
single dose of 20 mg/kg MTX (500 mg in 20 ml ve-
hicle, F.H. Faulding & Co. Ltd., Australia) was given
intraperitoneally on the 10th day. Group 3 (n=10)
MTX- grape extract (GE) group: The same MTX dose
was administered intraperitoneally on the 10th day.
GE solution was given for 15 consecutive days by a
curved 3-in.-long 16-gauge gavage tube inserted
after applying a proper restraint. Animals consumed
an average of 4 mL of aqueous GE daily. On the 16th
day all rats were sacrificed and three tissue samples
of jejunum (0.5 cm) were cut off at a distance of 5
cm from the proximal end for histopathological
evaluation. Blood samples were collected from each
rat and complete blood counts were analyzed.

PREPARATION OF THE GRAPE EXTRACT

Red grapes known as Kilis Karas (Vitis vinifera L),
the most popular winemaking grape cultivars, were
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obtained from the Kilis region in the south of
Turkey. The aqueous GE was prepared with using
of 16 kg of grape. Undamaged and disease-free
grapes snipped from their clusters were processed
with seeds and skin in a domestic blender. The ex-
tract with skin, seed and juice was filtered and than
boiled for evaporating the rest of their water. The
extract was then stored in a dark bottle. The dilu-
tion of the concentrated extract was made in the
proportion of 1:5 (extract/distilled water) for ani-
mal consumption. Elements of GE were analyzed
by Inductively Coupled Plasma-Mass Spectrome-
try (ICP-MS) as follows: Fe: 18 mg/dL, Mg: 229
mg/dL, Ca: 365 mg/dL, Zn: 1.3 mg/dL. 3790 mg/L of
polyphenol and 1.2 mg/L of resveratrol were meas-
ured by Gas Chromatography-Mass Spectrometry
(GC-MS).

LIGHT MICROSCOPIC EXAMINATION

The tissue samples of the jejunum were fixed by
10% neutral formalin, embedded in paraffin and
cut with a microtome set at 5 pm thickness. The
tissue sections were stained with hematoxylin and
eosin (HE) and examined under the light micro-
scope. The sections were stained for mucin by the
periodic acid-Schiff and Alcian blue (PAS-AB)
technique at pH 2.5 to highlight the goblet cells.
An overall score of tissue damage severity was
semiquantitatively estimated as follows:'” Villus
damage, crypt damage, inflammatory cellular infil-
tration and goblet cell number. The histopatholog-
ical appearance of each tissue was scored by a single
observer (blinded to treatment) as the scores given
to each criterion. Scores were given as no lesion =
0; mild damage = 1; moderate damage = 2, and se-
vere damage = 3. The PAS-AB-stained goblet cells
were counted under a x20 objective in both villi
and crypts. For each specimen, a total of 10 micro-
scopic fields of crypts and 10 fields of villi were
measured per animal. Goblet cell numbers were
scored as 0—49 cells = 3; 50-99 cells = 2; 100-149
cells = 1, and 150 cells = 0.

STATISTICAL ANALYSIS

The histopathologic scores were presented as the
median (minimum-maximum). For the comparison
of the histopathological results obtained from the
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three groups, Mann Whitney-U test was used;
p<0.05 was considered to be statistically significant.

I RESULTS

All rats in three groups had no significant changes
in clinical observation such as body weight loss, di-
arrhea or bloody stools. The histopathological
changes included villus damage, crypt damage, in-
flammatory cellular infiltration and goblet cell
number in the jejunum tissue samples from the
control and experimental groups are presented as
the total score of intestinal damage in Table 1.
Group 1 (control group) showed normal intestinal
structure (Figure 1).

Group 2 (treated with MTX) compared to the
control group: The jejunum tissue damage in MTX
group was more severe than the control group (Fig-
ure 2). The tissue sections of the rats treated with
MTX on day 16 had villus shortening and fusion
with variable degrees of epithelial atrophy. The dif-
ference was significant statistically while compar-
ing with MTX and control group (p=0.001). The
light microscopic examination revealed that the
number of crypt cells decreased and crypt loss was
prominent. The difference between MTX and con-
trol group was statistically distinctive (p=0.007).
Rats treated with MTX had increased leukocyte in-
filtration in the lamina propria and decreased gob-
let cell number in both villi and crypts compared to
the rats that received saline solution. The differ-
ence was significant (p<0.001).

Group 3 (treated with MTX plus GE) com-
pared to the rats treated with MTX group: Villus
injury was less and the difference was significant
statistically (p<0.001). Both the damage to crypts
and inflammatory infiltration in the lamina propria
continued to decrease in rats with treated MTX
plus GE after 15 days (Table 1). There was a statis-
tically significant difference between groups
treated with MTX plus GE and only treated with
MTX according to the cript damage (p=0.002) and
cellular infiltration (p=0.007). Despite epithelial
cell degeneration, an increased regeneration and
goblet cell number were also depicted by light mi-
croscopic examination in rats given MTX plus GE.

Turkiye Klinikleri ] Med Sci 2012;32(6)
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FIGURE 1: Control group: Jejunal morphology of rats on day 16. Villus (thick
white arrows), crypt (thick black arrows), goblet cells (thin black arrows) are
normal (HE, x200).

(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

A significant difference was found (p=0.011) (Fig-
ure 3).

In the evaluation of hematologic parameters,
red blood cell counts and hemoglobin values were
decreased in rats given only MTX (Table 2). Rats

administered MTX plus GE presented high red
blood cell counts (p=0.011) and hemoglobin
(p=0.005) levels compared to rats only treated with
MTX. Mean corpuscular volume (MCV) decreased
in MTX plus GE group compared to group only
treated with MTX. The difference was significant
(p=0.005).

DISCUSSION

The use of chemotherapeutic drugs is limited due
to their toxicity for normal proliferating cells, es-
pecially the rapidly-dividing cells of the intestinal
crypt.2* MTX has been shown to induce shortening
or fusion of villi, and both atrophy and desquama-
tion of the surface epithelium in various studies.?®"
28 In the present study, the tissue sections of the rats
showed normal intestinal structures in the saline-
treated group. The barrier of intestinal mucosa in-
tegrity was changed and villus atrophy was
remarkable in rats treated with MTX. Additionally,
considerable morphological intestinal changes in-
cluding crypt loss and polymorphonuclear leuko-
cyte infiltration in the lamina propria were
observed in the jejunum with the administration of
only one single dose of MTX in our study. The
MTX-induced damage to the small intestine has
been attributed to the depressed generation of vil-

FIGURE 2: Methotrexate-treated group: Severe histopathological damage. A (HE, x100) and B (HE, x200). Villus shortening and fusion, crypt loss, inflamma-

tory infiltration and goblet cell depletion.
(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

Turkiye Klinikleri ] Med Sci 2012;32(6)
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FIGURE 3: Methotrexate plus grape extract-treated group: A. The repair-
ment of villus damage are seen (HE, x100). B. Increased crypt (black arrows)
and goblet cells (HE, x200).

(See for colored form http://tipbilimleri.turkiyeklinikleri.com/)

lus epithelial cells, probably due to the damage of
the crypt cells.” In the present study, the findings
confirmed MTX-induced shortening and fusion of
villi, epithelial atrophy and crypt loss. Addition-

ally, other findings accompanied by polymor-
phonuclear leukocyte infiltration and goblet cell
depletion were noticed by light microscopy in the
damaged mucosa. Therefore injured intestinal mu-
cosa had the same histopathological appearance in
our rats treated with MTX, as reported in former
investigations.

MTX treatment triggered a marked decrease of
glutathione content as previously reported’. Glu-
tathione depletion and resulting in oxidative stress
also contribute to inflammatory pathway activation
and intestinal inflammation enhancement. In order
to minimize side-effects of MTX in patients, the
studies focused on antioxidants.?®3! One of them,
GE, was mostly emphasized on its antioxidant
properties in a number of in vitro and in vivo stud-
ies.!73233 Various studies also presented that GE has
been tried in the repair of MTX-induced intestinal
injury. In the present study, the dilution of the
concentrated GE which included skin, seed and
juice was tried after inducing intestinal damage
with MTX. One important finding of our study was
that the reduced intensity of villi atrophy was
observed by using of GE in histopathologic ex-
amination. Erlejman et al. demonstrated that
proanthrocyanidines in GE were most effective in
the preventing of oxidative damage in colonic
cells.?* It was stated that GE could prevent ulcera-
tive damage in rat stomach.*® We observed much
crypt cell proliferation in MTX-GE treated rats
compared to only MTX treated group. Although
the exact mechanism of restoration of cell prolifer-
ative activity by GE remains unclear, it is likely

TABLE 1: Median (minimum-maximum) scores in the small intestine of rats on day 16 following the treatment with
methotrexate alone and methotrexate plus grape extract. The severity of intestinal tissue damage in methotrexate plus
grape extract-treated rats was less than that in methotrexate-treated rats.

Control group MTX-treated group
n=7 n=10
median median

Parameter Day 16 (minimum-maximum)  (minimum-maximum)

Villus damage 0.00 (0.00-1.00) 1.00 (1.00-3.00)
Crypt damage 0.00 (0.00-0.00) 1.00 (0.00-3.00)
Cellular infiltration 0.00 (0.00-1.00) 2.00 (2.00-3.00)
Goblet cell depletion 0.00 (0.00-0.00) 1.00 (1.00-2.00)

MTX+GE-treated group
n=10 Control group MTX-treated group/
median MTX-treated group ~ MTX+GE-treated group

(minimum-maximum) p value p value

0.00 (0.00-1.00) 0.001 <0.001

0.00 (0.00-0.00) 0.007 0.002

1.00 (1.00-3.00) <0.001 0.007

0.00 (0.00-2.00) <0.001 0.011

MTX: Methotrexate; GE: Grape extract.
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TABLE 2: Hematologic evaluation of study groups. Red blood cell count and hemoglobin values were
higher in methotrexate plus grape extract group.

Control group MTX-treated group
n=7 n=10
median median

Variables
WBC {(cells/L)
LYM (cells/uL)

(minimum-maximum)
4400 (2800-11800)
2200 (1600-7600)

(minimum-maximum)
5450 (1700-12900)
3250 (1260-10200)

RBC (x106cells/pL) 8.06 (7.08-9.86) 5.65 (4.70-6.60)
HGB (g/100 mL) 14.0 (13.0-17.0) 14.7 (14.0-16.8)
HCT (%) 39.8 (36.0-49.6) 28.5 (24.3-35.2)
MCV (fL) 48.1 (46.5-50.8) 52.0 (48.3-53.4)
MCH (pg) 17.4(17.1-19.2) 255 (21-30.0)

MCHC (g/dL) 36.4 (35.2-37.8) 50.1 (41.9-61.0)
RDW (%) 13.8(13.3-15.4) 14.9 (13.7-17.1)

PLT (x10°cells/l) 902000 (480000-1372000) 293500 (230000-420000)

MTX+GE treated group
n=10 Control group/ MTX-treated group/
median MTX-treated group MTX+GE-treated group
(minimum-maximum) P value P value
6300 (1190-11800) 0.883 1.000
2345 (483-9440) 0.558 0.364
6.85 (5.70-8.80) 0.001 0.011
17.1(14.1-20.6) 0.525 0.005
33.7 (27.9-43.0) 0.001 0.082
49.0 (46.9-51.5) 0.002 0.005
24.45 (19.6-34.0) 0.001 0.496
50.0 (39.7-73.0) 0.001 0.970
17.7 (15.2-22.9) 0.025 0.002
337000 (50000-480000) 0.001 0.174

WBC: White blood cell count; LYM: Lymphocyte; RBC: Red blood cell count; HGB:Hemoglobin; HCT: Hematocrit; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemog-
lobin; MCHC: Mean corpuscular hemoglobin concentration; RDW: Red cell distribution width; PLT: Platelet; MTX: Methotrexate; GE: Grape extract.

that it is related to antioxidative effects of proantro-
cyanidines. It was shown that PAs increased glu-
tathione peroxidase levels and decreased the jejunal
damage caused by MTX treatment.*® A similar re-
sult was proven by Yiincii et al. in an experimental
study performed with the supplementation of vi-
tamin A which had antioxidant properties.*” In our
animal model, the attenuating of villi damaged was
noteworthy in the intestinal mucosa after the use
of GE. Furthermore, increased crypt proliferation
was noticeable in our study. It could be attributed
that GE might have an effective role on oxidative
damage and on antioxidant defense of intestinal
mucosa which was exposed to MTX-induced ox-
idative stress. Taken together, previous published
reports supported our current findings that GE
treatment with MTX-administration led to signifi-
cantly reversal of the shortening and fusion of villi
and atrophy towards near normal.

Resveratrol, a polyphenol present in several
plants including grapes, has been shown to have a
number of physiological properties that could be
useful in human medicine. A large range of resver-
atrol concentrations (0.05 to 10 mg/L) was found
in grape juices.*® We measured the value of resver-
atrol as 1.2 mg/L within the GE. Extensive study

Turkiye Klinikleri ] Med Sci 2012;32(6)

over the past decade has shown both the chemo-
preventive and chemotherapeutic potentials of
resveratrol.”** In addition it was shown that
resveratrol might prevent the death of erythrocytes
which means eryptosis.*’ Rodrigue et al. reported
that resveratrol induced a higher hemoglobin pro-
duction in cell line.*" In the present experimental
study, hemoglobin level increased in MTX-GE
treated rats compared to MTX treated group.
Therefore, GE could have an advantage in increas-
ing the hemoglobin level in clinical practice.

Small intestine injuries may contribute to in-
creased morbidity and mortality in cancer patients
and limitation of an effective chemotherapy treat-
ment. Rapidly proliferative cells of the gastroin-
testinal system are vulnarable to the methotrexate
toxicity.?* In this context, we thought that natu-
rally occurring dietary supplements could be used
in combination with chemotherapy to ameliorate
the mucosal damage and stimulate the tissue re-
pairing of intestine. The major objectives of the
current study were to assess the preventive effect of
GE histopathologically on MTX-induced villus
damage, epithelial atrophy, crypt loss, neutrophil
accumulation in the lamina propria and goblet cell
depletion in the small intestine of rats.
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I CONCLUSION

The histopathological changes of present experi-
mental study confirmed that the intake of whole
GE should be recommended in dietary habits as a
potential source of antioxidant supplement to pre-
vent or limit intestinal mucositis caused by MTX.
Our results showed that GE should be tried to de-
crease the MTX-induced intestinal damage in sev-

modulate the treatment of intestinal mucositis and
hemoglobin level in clinical settings. GE not only
could have a beneficial role in the ameliorating of
intestinal mucositis during cancer chemotherapy,
but also might be a therapeutic bridge in case of al-
lowing time for other therapies to become effective
in cancer patients. However, further in vivo stud-
ies should be performed to identify the exact bio-
logical mechanism and antioxidant properties of

eral days prior to and after treatment with MTX. GE in human body.
The regular consumption of a GE could positively
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