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Abstract
Methotrexate (MTX) had been used for many years and complications usually encountered during treatment
especially in cancer patients. The aim of the present study was to determine the preventive and early-stage anti
cytotoxic effects of green tea on the histology of the rats cheek mucosa treated by high single dose of methotrexate.
The study included 36 Albino rats. Twelve animals were used in the pilot study to find the maximum toxic dose,
and the other twenty four were divided into four groups: vehicle treated control group, green tea extract treated
control group (40 mg/kg/day), Methotrexate treated group (80 mg/kg), and methotrexate and green tea extract
treated group. Cheek mucosa excision was then performed. Histopathological examination was performed with
hematoxylin-eosin, PAS and Masson’s trichrome stains. Cell proliferation was examined using the Ki-67 antibody
and anti apoptotic effect was determined based on Bcl-2 staining.
The result showed that in the methotrexate and green tea extract treated group, a significant increase in
the thickness of the epithelium (p<0.01), a significant decrease in the number of congested blood vessels in the
connective tissue of rat cheek mucosa (p<0.01), a non significant different in the Ki-67 expression (p>0.01), and
a significant increase in Bcl- 2 expression (p<0.01) were seen in comparison with the methotrexate treated group.
In conclusion green tea extract at a concentration of (40 mg/kg/day) produced protection against methotrexate
induced oral mucositis by its antioxidant, antiangiogenic and anti apoptotic activity effects, and therefore can be
used as a protective natural product to oral mucosa against methotrexate induced cytotoxicity.

Keywords: Methotrexate; Oral mucosa; Chemotherapy; Green tea;
Cytotoxic drug; Oral mucositis

Introduction
Oral mucositis is an inherent complication of cancer therapy for
many patients and plays a significant role in the physical and psychosocial
aspects of patients undergoing cancer therapy. It is a larger problem than
is currently recognized, and represents a therapeutic challenge frequently
encountered in cancer patients because of significant number of
patients affected by this side effect. The drugs used in chemotherapy like
Methotrexate (MTX) destroy rapidly dividing cells in the body like the
gastrointestinal epithelium, including the buccal epithelium [1,2]. This
condition affects the quality of life and nutritional state of the patient who
may require hospitalization thus increasing health care costs [3].
The pathophysiology for oral mucositis consists of five phases. The
first phase is initiation (0–2 days), which occurs when chemotherapy
is delivered. Direct damage to the epithelial cells injures the DNA and
results in the death of a small portion of cells. Phase two is up regulation
and message generation (2–3 days). In this phase, inflammatory
cytokines are released that cause further tissue injury and cell death.
The mucosa starts to thin, and erythema may be present. The third
phase is signaling and amplification (2–10 days), which consists
of direct damage to cells and escalation of the process initiated by
proinflammatory cytokines. Phase four, ulceration (10–15 days), the
ulcers tend to be deep and have no regular shape. A pseudo membrane
frequently coats the lesions. In phase five, healing (14–21 days), the
epithelial cells that border the ulcer begin to migrate to the ulcer where
they proliferate into the wound bed [4].
Greater understanding of the pathobiology of mucositis has recently
led the advent of targeted treatments for specific patient populations;
however the treatment for oral mucositis remains palliative for most
patients [5].
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Tea, which is made from the leaves of the plant Camellia sinensis,
is the most popular beverage worldwide besides water; it is rich in
antioxidant polyphenolic flavonoids [6-8]. Epigallocatechin Gallate
(EGCG), a green tea polyphenol, possesses potent antioxidant, antiapoptotic, anti-inflammatory, and autoantigen-inhibitory properties
[9]. Oral mucositis has emerged as one of the most frequent causes
of treatment delay and dosage reductions in cancer therapy, green tea
may provide a mechanism to protect the oral mucosa in individuals
undergoing cancer chemotherapy, but these possibilities have not
been previously explored. For this reason the current study was
aimed to evaluate the effectiveness of green tea extract (40 mg/kg/
day) as a preventive treatment for the induced oral mucositis by a
high single toxic dose of MTX. As variables to evaluate the grade of
damage or protection, we used histological and immunohistochemical
investigations to clarify its effect on cell proliferation and cell apoptosis.

Materials and Methods
Preparation of the extract
Daily method of tea making (household preparation) from green
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tea (Alwazah Swan Brand 100% pure Nett 225 g) was used to prepare
aqueous extracts. The aqueous extract was prepared in ratio 1:10 with
the consideration of the absorption coefficient of green tea leaves
(which is 2). Five grams of dried green tea leaves were grinded to pieces
of diameter lower than one mm were poured with 60 ml of boiling
distilled water [10], and time was given for the extraction to cool down
and the mixture was filtered first with a fine muslin cloth under pressure
and the clear filtrate was dried in a water bath at 40°C until a paste was
obtained, dissolved in distal water and used at a concentration of 40
mg/kg/day [11].

research project was approved by the Research Ethics Committee at
College of Dentistry, Hawler Medical University under protocol.
In the pilot study, twelve animals were used to find the effect of
different doses of MTX (Ebewe Pharma Ges, Austria- 50 mg/5ml) on
the rat buccal mucosa. The animals received intraperitoneal injection of
MTX (three animals each): 10 mg/kg, 20 mg/kg, 40 mg/kg, and 80 mg/
kg body weight respectively. In the second day of the experiment, all the
animals were sacrificed by overdose of anesthesia, and biopsies from the
buccal mucosa of the animals were taken, fixed and processed for H&E.

The results of the pilot study

Animals and study design

Results showed that when there was increase in the dose of MTX
there was increase in the cytotoxic effect. After 48 hours, the MTX
showed acute effect on rat buccal mucosa. In the MTX treated group
that received 10 mg/kg, 20 mg/kg, and 40 mg/kg, there were increase
in the thickness of the epithelium, and the number of sub epithelial
inflammatory cells and congested blood vessels (Figure 1).

Thirty six healthy Albino rats of 250 ± 25 mg weight obtained from
the animal house, College of Medicine, Hawler Medical University, were
used for the study and kept under laboratory conditions and housed in
a temperature-controlled environment (21-24°C), maintained on a 12
hr light/12 hr dark cycle and given free access to food and water. The
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Figure 1: A photomicrograph of the buccal mucosa of rat treated by 10 mg/kg methotrexate (A1,H& E x100; A2,H&E x400) showing increase in the thickness of the
epithelium, 20 mg/kg methotrexate (B1,H&E x100; B2,H&E x 400) showing increase in the thickness of the epithelium and the number of subepithelial inflammatory
cells and blood vessels, 40 mg/kg methotrexate (C1,H&E x 100; C2, H&E x 400), showing increase in the thickness of the epithelium and the number of subepithelial
inflammatory cells and congested blood vessels (arrows).
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Figure 2: (A) Alwazah green tea used in the study. (B) Oral administration of green tea extract by intragastric gavage needle.
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The result of pilot study also showed that the maximum toxic effects
of the drug were seen in the buccal mucosa of rats treated by 80 mg/
kg of MTX, as seen in Figure 2. For this reason the other twenty four
animals were randomly divided into four groups (six animals/cage):
Group 1: Vehicle treated control group: A volume of distilled water
equal to green tea extract was administered orally two times daily by
intragastric gavage needle for five days, and physiological saline (0.9%
NaCl) was administered intraperitoneally in similar dose of MTX after
72 hour from the beginning of the experiment.
Group 2: Green tea extract treated control group: The extract of
green tea (20 mg/kg) was administered orally two times daily (total 40
mg/kg/day) by intragastric gavage needle for five days, and physiological
saline (0.9% NaCl) was administered intraperitoneally in a similar dose
of MTX after 72 hour from the beginning of the experiment.
Group 3: MTX (80 mg/kg) -non green tea extract, treated group:
The distilled water was administered orally two times daily for five days,
and the animals received intraperitoneal injection of MTX after 72 hour
from the beginning of the experiment.
Group 4: MTX (80 mg/kg) and green tea extract, treated group:
The green tea extract (20 mg/kg) was administered orally two times
daily throughout the five days of the experiment, but the intraperitoneal
injection of MTX was done after 72 hour from the beginning of the
experiment.

In the fifth day of the experiment, the animals were sacrificed by
overdose of anesthesia, and biopsies from the buccal mucosa were taken.
Samples were then fixed in neutral buffered 10% formalin, processed for
H&E, Masson’s trichrome [12], PAS [12] and for immunohistochemical
analysis using Ki-67 and Bcl-2 immunolabeling. For histological analyses,
the picture captured at 400x magnification, and three microscopic fields
from each cheek mucosal epithelium section were registered between
the external epithelial surface and the epithelial crista (major epithelial
thickness) and performed in each of the three photograph fields. At
every 10 measurements of epithelial thickness, one was repeated to assess
intra-examiner reproducibility. All analysis was blind to the type of the
sample. The presence of inflammatory infiltration was also evaluated at
400x magnification, and each microscopical field was labeled 0 (absence
of inflammatory cells) or 1 (presence of inflammatory cells) respectively.
For assessment of the number of blood vessels in each field, structures
with endothelial lining and with red blood cells in their interior were
counted at 20x magnification. At every 10 fields, a count was repeated to
assess intra examiner reproducibility. All analysis was blind to the origin
of the sample.

Immuohistochemical staining
The immune staining for Ki-67 and Bcl-2 was performed using
monoclonal Mouse Anti-Human Ki-67 Antigen, Clone MIB-1, Code
No. M 7240 staining system, and a monoclonal Mouse Anti-Human
BcL-2 Oncoprotien Clone 124 Code No 1587 ready to use N-series
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Figure 3: A photomicrograph of buccal mucosa of rat in the control groups, revealed normal keratinized squamous epithelium with columinar basal cell layer and normal
connective tissue (Al, H&E, x100; A2, H&E, x400), the muscles appear red (A3, PAS x100), ), and the collagen fibers appear blue in color in the connective tissue (A4,
Trichrome x 400). Moderate Ki-67 immuno reactivity in nuclei of cells of basal and suprabasal cells layers in the first and second group respectively (AS, A6,
immunohistochemistry x400), and mild cytoplasmic reaction to Bc1-2 in epithelial cells of the first and second group respectively (A7, A8, immunohistochemistry x 400).
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primary antibody, for use with Dako EnVision TM , EnVision TM double
staining and LASAB TM 2 systems. The staining procedure sections of
the instructions included with each detection system were followed.
Positive and negative controls were run simultaneously with biopsy
specimen.
Positive cells expressing Ki-67 were identified by a brown precipitate
in the nucleus except in mitotic cells, where the chromosomes and the
cytoplasm are labeled, while Bcl-2 was demonstrated brown cytoplasmic
staining. To ensure the objectivity of the analysis, the evaluation was
carried out by 2 independent observers. Five sections were randomly
chosen for each animal. Approximately 1000 cells from cell population
were counted by two observers at a magnification of 400x (Olympus,
Japan) and the percentages of ki-67 and Bcl-2 positive cells were
calculated. The level of Ki-67 and Bcl-2 expression was evaluated
according to the scoring system of Seleit et al. [13]. The application
of this system gives a score ranging from 0 to 3 for both degree of
positivity: percentage of positively stained cells [(absent: <1%), (mild:
1-10%), (moderate: 10-50%), (strong: >50%)]. For statistical analysis
ANOVA test was used to compare the results. Level of significance was
set as p ≤ 0.01.

Results
The rat buccal mucosa of the control groups demonstrated structural
integrity of rat stratified squamous keratinized buccal mucosa with
normal underlying lamina propria, no inflammatory cells infiltration
was seen, and the basement membrane showed mild or short folding
(Figure 3).

Microscopical features of rat’s cheek mucosa in the MTX (80 mg/
kg) – non green tea extract treated group showed a decrease in the
thickness of the epithelium, vacuolar degeneration of some epithelial
cells, flattening or shortening of rete ridge, and destruction of some
basal cells was also seen. Increase in the number of congested blood
vessels in the connective tissue can be seen in this group only
(Figure 4).
Microscopical features of rat’s cheek mucosa in the MTX (80 mg/
kg) – green tea extract treated group (40 mg/kg/day) showed increase
in the thickness of the epithelium, the epithelium restores its integrity
and revealed marked improvement (Figure 5). Inflammatory infiltrates
were observed in the study groups samples. Histopathological
examination of the cheeks mucosa that was excised from the rats in
all groups showed no evidence of collagen fiber breakdown or fibrosis.
There was a statistically significant difference (P<0.01) present
between group 3 (16.3 ± 2.264) and the other three groups regarding the
thickness of the epithelium, but a statistically no significant difference
(P>0.01) was observed between group 1 (42 ± 2.655) and 2 (43.2 ±
2.513), 1 and 4 (45.4 ± 4.066) or between group 2 and 4.
In addition to that, there was a statistically significant difference
(P<0.01) present between group 3 (9.138 ± 0.798) and the other
three groups regarding the number of congested blood vessels, but a
statistically no significant difference (P>0.01) was observed between
group 1(3.416 ± 0.487) and 2 (2. 344 ± 0.622), or between 1 and 4 (2.783
± 0.343), or between 2 and 4.
The Ki-67 immune staining results in the MTX and green tea extract
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Figure 4: A photomicrograph of buccal mucosa of rat treated by 80 mg/kg methotrexate showing a decrease in the thickness of the epithelium and keratin layer, flattening
of rete ridges (Al, H&E x100), extensive cytoplasmic vacuolation of epithelial cells with hyperchromatic nuclei (A2, H&E,x400), cytoplasmic vaculation most commonly
seen at the tip of rete ridges (A3, PAS x100), with vascular hyperemia in the connective tissue (A4, Trichrome,x100). Immunohistochemical expression of ki-67 in the
buccal mucosa of rat showing mild positive immunoreaction in some nuclei of basal epithelial cells (A5,immunohistochemistry x400). Negative immunohistochemical
expression of Bc1-2 in the epithelial cells cytoplasm of the buccal mucosa of rats (A6, immunohistochemistry x100).
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Figure 5: A photomicrograph of buccal mucosa of rat in the methotrexate and green tea extract treated group, showing that the epithelium restores its
integrity and thickness but it cover by irregular keratine laver, no congested blood vessels can be seen in the connective tissue (Al, H&E,x200; A2, PAS,x400).
The collagen fibers stained blue and the cross sections of muscles appear nearly similar to that of the control group and stained deep red ( A3, Trichrome
x400). Immunohistochemical expression of ki-67 in the buccal mucosa of rat showing mild positive immunoreaction in the nuclei of basal and sunrabasal epithelial
cells (A4, A5, Immunohistochemistry x 400). Mild positive immunohistochemical expression of Bc1-2 in the epithelial cells cytoplasm of the buccal mucosa of rats (A6,
immunohistochemistrv x 400).

treated group showed mild positive Ki-67 immunoreactions. There was
a statistically significant difference (P<0.01) present betweengroup 1
(21.633± 1.479) or group 2 (22.786±1. 223) and the other two groups
in terms of the rate of proliferation, but a statistically no significant
difference (P>0.01) was observed between group 3 (1.216 ± 0.254) and
4 (2.07 ± 0.401).
The Bcl-2 immune staining results in the MTX and green tea
extract treated group showed mild positive Bcl-2 immunoreaction in
the cytoplasm of some epithelial cells, but it was negative in the MTX
treated group. There was a statistically significant difference (P<0.01)
present between group 3(zero) and the other three groups in terms of
the rate of anti apoptosis, but a statistically no significant difference
(P>0.01) was observed between group 1 (2.231 ± 0.417) and 2 (2.951 ±
0.645), 1 and 4 (2.795 ± 0.774) or between group 2 and 4.

Discussion
MTX, a folic acid antagonist, is widely preferred as a cytotoxic
chemotherapeutic agent but the efficacy is limited due to its side effects
[14].
The results of pilot study showed that the animals that received 10 mg/
kg, 20 mg/kg, and 40 mg/k of MTX, there were increase in the thickness
of the epithelium and the number of sub epithelial inflammatory cells
and congested blood vessels. In the initial inflammatory/vascular
phase of mucositis, the epithelial, endothelial, and connective tissue
cells in the buccal mucosa release free radicals, modified proteins, and
J Cytol Histol
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proinflammatory cytokines, including interleukin-1B, prostaglandins,
and Tumor Necrosis Factor (TNF). These inflammatory mediators
cause further damage either directly or indirectly by increasing vascular
permeability and angiogenesis, thereby enhancing cytotoxic drug
uptake into the oral mucosa [1].
The result also showed that, when there was increase in the dose
of MTX the cytotoxic effect increased. A photomicrograph of buccal
mucosa of rat treated by 80 mg/kg MTX showed a significant decrease
in the thickness of the epithelium. The direct inhibitory effects of
chemotherapy on DNA replication and mucosal cellular proliferation
result in reduction in the renewal capacity of the basal epithelium [15].
In addition to that, there was increase in the number of connective
tissue congested blood vessels. In the initial phase, the chemotherapy
causes the release of cytokines from the epithelium and the connective
tissues which incite an inflammatory response that may result in
increased sub epithelial vascularity. This phase is considered to be
relatively acute [16].
Munaretto et al. [2] immune suppressed the mice with the
subcutaneous injections of 2.5 mg/kg MTX for three consecutive days,
the epithelial thickness of the ventral surface of the tongue was increased
significantly in the second day of the experiment, but it decrease
gradually later on. The number of blood vessels and inflammatory cells
per field in the connective tissue was similar in control and experimental
samples. The differences between the present result and other results in
the methodology used prevent a direct comparison between them.
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In the MTX and green tea extract treated group the epithelium was
significantly increased in thickness in relation with the methotrexate
treated group. Green tea polyphenol, possesses potent antioxidant
property and can protect against oxidative stress and prevent damage to
cells [17]. In addition to that, the connective tissue showed significant
decrease in the number of dilated and congested blood vessels in relation
with the MTX treated group, thus the blood flow to the oral mucosa
were reduced, thus reducing the availability of chemotherapeutic agents
to the oral mucosa. This could be due to the anti angiogeneic property
of green tea [18-20].
Despite the availability of many therapeutic agents that claim to
prevent or reduce the severity of oral mucositis, no intervention that is
completely successful at preventing oral mucositis exists. In the present
study the combined treatment of MTX and green tea extract ameliorated
the histological changes in the buccal mucosa induced by MTX alone.
In addition to the antioxidant action and anti angiogeneic property of
green tea, it also contains carotenoids, tocopherols, vitamin C, vitamin
E, minerals such as Cr, Mn, Zn, and certain phytochemical compounds,
which can decrease the severity of oral mucositis. The essential nutrient
vitamin E in green tea acts as an antioxidant, its role is to protect against
damage by free radicals and could increase green tea antioxidant potential
[21]. Vitamin E in combination with vitamin C both act on a cellular
level by protecting the cell membrane and preventing peroxidation [22].
Khurana et al. [23] also found that vitamin E can be used for treatment
of oral mucositis. Furthermore green tea has antibacterial, antiviral and
antifungal activity against Candida albicans and can also decrease the
severity of oral mucositis [24].
Ki-67 is a nuclear proliferation-associated antigen expressed in
the growth and synthesis phases of the cell cycle but not in the resting
phase. This antigen provides information about the proportion of
active cells in the cell cycle [25]. In the controlled groups, the Ki-67
expression was mostly seen in the basal and supra basal epithelial cells,
this suggests that the epithelial basal and supra basal compartments
have controlled proliferation rate but with a continuous proliferative
capacity. In the MTX treated group a significant reduction in the Ki-67
immune expression labeling index was noticed. But in the MTX and
green tea extract treated group, the epithelium restores its integrity and
revealed marked improvement with a non significant increase in the
labeling index of Ki-67. The green tea strengthens the immune system
action, prevents immune suppression and decreased the levels of
8-oxo-deoxyguanosine (8-oxodG), a marker of oxidative DNA damage
[26]. Poly phenols or EGCG can be used in conditions characterized by
altered metabolism or cellular activity and elicit cell differentiation. Hsu
et al. [27] found that keratinocytes which exhibited low basal cellular
activity showed renewed DNA synthesis up to 37 fold upon exposure to
polyphenol or EGCG.
The bcl-2 gene encodes a protein located in the nuclear membrane,
on the inner surface of mitochondria, and the endoplasmic reticulum.
It is the most important gene of the bcl-2 family and has been reported
to prolong the survival of cells by specifically inhibiting apoptosis. The
balance between mitotic activity and apoptosis is thought to regulate
normal development [28]. Results from the present study showed that
bcl-2 protein does not seem to be involved in the control groups, since
mild immunoreactivity was seen; these results suggest that loss of the
bcl-2 anti-apoptotic control may be associated with a concomitant
loss of other pro-survival molecule or an increase in the pro-apoptotic
molecules in oral epithelium [29]. In the MTX-non green tea extract
treated group, no immunoreactivity for Bcl- 2 was seen. But mild Bcl-2
expression in the MTX and green tea extract treated group was seen.
J Cytol Histol
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The epithelial cells may respond more frequently with arrest or senesce
than with apoptosis.
In conclusion, the results showed that with the administration of
green tea extract at a concentration of 40 mg/kg/day, it protects the
oral mucosa by increase the thickness of oral epithelium, decrease the
number of congested blood vessels, and increasing significantly the anti
apoptotic activity, it can be used as a criterion and can be used as a
novel approach to decrease the cytotoxicity of MTX on oral mucous
membrane, therefore can be used as a protective natural product to
prevent oral mucositis in individuals undergoing cancer therapy.
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