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ABSTRACT

Rebamipide is an antiulcer drug that found to be effective in treatment of chemotherapy induced
oral mucositis. This study investigates possible role of keratinocyte growth factor (KGF) and
interleukin 10 (IL-10) in rebamipide healing activity. Mucositis was induced by single IP
injection of 5- fluorouracil (5-FU) (150 mg/kg). A subsets of 5-FU treated rats were treated
with rebamipide suspension (30 mg/kg/ two times a day). Mucositis was assessed according to
WHO grading system. Malondialdhyde (MDA), superoxide dismutase (SOD), expression of IL-
10, myeloperoxidase (MPO) and KGF was also assessed. Oral mucositis incidence was
decreased in Rebamipide treated rats compared to 5-FU. Rebamipide induced a significant (p<
0.001) decrease in oxidative markers induced by 5-FU. Rebamipide significantly inhibited
expression of MPO (p< 0.001) as well as upregulated I1L-10 (p< 0.01) and KGF (p< 0.001)
compared to 5-FU. In conclusion, Rebamipide ameliorated 5-FU induced oral mucositis. The
healing effect of rebamipide may be due to IL-10 and KGF upregulation.
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INTRODUCTION

Oral mucositis is a mucosal inflammation expressed as thinning of oral tissues, erythema and

ulceration *. This type of mucosal injury is a common side effect of cancer therapy 2. Incidence
of mucositis in chemotherapy treated patients is approximately 40%, raised to more than 50% in
high-dose chemotherapy protocols *. 5-fluorouracil (5-FU) is a pyrimidine analogue used as
chemotherapeutic agent for different types of tumors *. Incorporation of 5-FU in chemotherapy
protocols increase incidence of oral mucositis as high as 25- 40% of treated patients °. 5-FU-
treatment is associated with upregulation of pro-inflammatory cytokines such as interleukin-1p
(IL-1B) and tumor necrosis factor —o (TNF-ar) .

Chemotherapy induces direct epithelial cell injury starting with DNA strand breaks concurrently
with production of reactive oxygen species (ROS) ’. ROS initiate different apoptotic pathways
through nuclear factor kappa B (NF-«xB) which enhances release of IL-1p and TNF-a and
interleukin 6 (IL-6) as a result macrophages are activated stimulating Matrix metalloproteinase

(MMPs) leading to primary tissues damage ® °

. Mucosal tissues at this stage become ulcerated.
The mouth flora can then easily invading to submucosa reaching to systemic circulation causing
life-threatening sepsis. Invading microorganism to sub mucosa stimulate inflammatory cell
infiltration within injured tissue which in turn release more proinflammatory cytokines such as
TNF-a and IL-1p ** 1. Decreasing levels of anti-inflammatory cytokines such as IL-10 may also
augment mucositis induced by radiotherapy or chemotherapy ** .

This stage of mucositis is painful and impairs patient's quality of life. Moreover, mucositis
delays the subsequent chemotherapy cycles until healing of mucosa **. Healing process is
initiated by signaling pathways that target epithelial cells proliferation and differentiation ®.
Keratinocyte growth factor (KGF) is one of the most important paracrine factors that stimulate
epithelial cells growth **. The recombinant form of KGF has been approved by FDA for healing
induction of oral mucositis induced by chemotherapy and radiotherapy °. The proposed
mechanism of KGF may be due to upregulation of anti-inflammatory cytokines *" and down
regulation of proinflammatory cytokines *°.

Rebamipide is an anti-ulcer drug that acts via induction of endogenous prostaglandins *°.
Rebamipide also processes an anti-inflammatory activity that may be related to its ability to
inhibit NF- «B signaling 2* suppression of release of interleukin-8(IL-8), IL-1, IL-6 and TNF-o,

21,22,23

dawnregulation of inflammatory cell infiltration ( assayed as myeloperoxidase) , as well as

induction of expression of 1L-10 ?*. Moreover, Rebamipide has a potential role in decreasing
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oxidative stress %, In addition, PGE, (one of the prostaglandin that induced by rebamipide)
stimulated KGF production by gingival fibroblasts .

Accordingly, Rebamipide with a potential antioxidant and anti-inflammatory activity represents
promising molecule for ameliorating oral mucositis. Moreover , some studies refer to the ability
of rebamipide to retard incidence of oral mucositis induced by redio or chemotherapy 2"%% .
We suggest that possible efficacy of rebamipide in promoting healing may be associated with
induction KGF expression and upregulation of the anti-inflmmatoy cytokines such as I1L-10. This
study investigates the possible role of rebamipide in retarding oral mucositis incidence and
potential molecular targets that may explain rebamipide healing activity (if any) such as
scavenging ROS, expression of KGF and IL-10

MATERIALS AND METHOD

Animals:

Adult male wistar rats weighing 100-150 gm were obtained from animal house of National
Research Center (Dokki, Giza, Egypt) and housed in a pathogen-free facility in 6 wire mesh
plastic cages with Sawdust bedding. All animal were housed under standard laboratory
condition, at 25 +2 ° C, relative humidity of approximately 50% and a 12-hr light: dark cycle.
Rats were fed standard diet and filtered water ad libitum.

The experiment was performed in accordance with ethical guidelines of internationally accepted
principals for laboratory use and care in animal research (Health research extension act of 1985).
Also the study protocol followed the Damanhour University (Egypt) guideline for the use and
care of animals.

Preparation of rebamipide:

Rebamipide powder was purchased from Sigma (St.Louis, MO). The drug was suspended in
0.2% methylcellulose dissolved in saline *. The resulting solution contains 20 mg/ ml. The
suspension was then given by oral gavage at a dose of (30 mg/kg/ two times a day) .

Induction of experimental oral Mucositis and experimental groups

Thirty male wistar rats were used during the study. Rats were divided into 3 groups (10 rats
each) and treated as follow: The first group (rebamipide group): Rats were treated with
rebamipide suspension via oral gavage at a dose of (30 mg/kg/ two times a day) from day 1 to
day 8 of the experiment. On the 5" day rats of this group were injected with single I.P injection
of 5-FU (150 mg/kg) (EMC united pharmaceutical, Cairo, Egypt) then right cheek pouch was

scratched with a wire brush to induce mucositis ** . The second group (5-FU group): Rats were
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injected orally with 0.2% methylcellulose dissolved in saline from day 1 to day 8 , at the 5™ day
rats were injected with single I.P injection of 5-FU (150 mg/kg)®** then right cheek pouch was
scratched with a wire brush to induce mucositis. The third group (Control group): Rats were
gavaged with 2% methycellulose in saline solution day 1 to day 8 and single I.P injection of
saline on the 5™ day.

All animals were scarified at the 9™ day and blood samples immediately obtained via cardiac
puncture and collected into uncoated tubes and allowed to clot at room temperature for 60 min.
The samples were then centrifuged (3000 x g, 10 min, 4°C), and the resultant serum in each
supernatant was collected and stored at -20°C until analysis.

Preparation of mucosa homogenates:

Mucosal tissues of the left pouch were desiccated, weighed and kept frozen under -80°C. 0.25
gm of tissues was used to prepare 10% (W/V) homogenate in phosphate saline buffer centrifuged
at 3000 rpm for 10 min at 4°C. The obtained supernatant was used for biochemical analysis.
Aliquots of the derived supernatant then used for measures of protein content using a standard kit
(Wokea Medical Supplies, Changchun, China)

Macroscopic analysis of cheek pouch :

Mucositis was graded at the end of treatment by an three independent pharmacologist who was
blinded to the treatments according to World Health Organization (WHO) grading system * for

mucositis as follow:

Grade Description

0 (none) None

I (mild) Oral soreness, erythema

I (moderate) Oral erythema, ulcers, solid diet tolerated
I11 (severe) Oral ulcers, liquid diet only

IV (life-threatening) Oral alimentation impossible

Assay of oxidative stress in mucosa tissue:

Two markers of oxidative stress were used in this experiment, malondialdehyde (MDA) and
Superoxide dismutase SOD. MDA, the end product of lipid peroxidation, was determined in
mucosal homogenate via measurement of thiobarbituric acid (TBA) reaction according to
method of Satoh (1978) ** and kits instructions (Biodiagnostic, Giza, Egypt -CAT No.MD2529).
SOD is an important molecule to detoxify superoxide radical into hydrogen peroxide and
molecular oxygen. SOD activity in mucosa tissues was measured based in reaction with reduced
phenazine methosulfate and molecular oxygen according to the method of Nishikimi et al.
(1972) ** and instruction of kits (Biodiagnostic, Giza , Egypt -CAT No.SD 2521).
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Assessment of MPO, KGF and IL-10:

MPO, KGF and IL-10 in tissue homogenates were determined using ELISA kits (wekea medical
supplies, china). The detection limit was (0.7-20 ng/ml) for MPO, (20-800 ng/L) for KGF and
2.5-50 ng/L for IL-10. To present results in terms of per-gram tissue protein, protein content in
the homogenate was assayed as noted above.

Histopathlogical analysis:

Mucosal tissues of right pouch were removed for histopathological examination. Tissues were
fixed in 10% formol saline for twenty four hours. The samples were embedded in Paraffin then
4um sections were stained by hematoxylin & eosin * and examined blindly by histopathologist.
Statistical analysis:

Data analysis was performed using the Graphpad Prism version 6 (Graphpad softwere, San
Diego, CA, USA). Results were expressed as mean + standard deviation (SD). Statistical
significant difference between groups were done using one-way analysis of variance (ANOVA)
and Bonferroni's Multiple Comparison Test as a post hoc test. Categorical variable were
compared using Fisher’s exact test (two-sided). A probability value of P < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Rebamipide decreases incidence of mucositis:

Treating rats with 5-FU results in sever mucositis (grade 3 WHO grading system) as evident
from erythema and ulceration in 67% of rats (fig 1, fig 2A). Clinical data was confirmed with
histopathologic examination which revealed hyperkeratosis and acanthosis of the vacuolized
cellular epithelial mucosal layer with finger like projections (Fig 2B and C). Rats treated with
rebamipide showed moderate mucositis ( grade 1 in 23% and grade 2 in 77% of rats, WHO
grading system) with much less erythrema compared to 5-FU treated rats with no evidences of
ulcers which was confirmed histopathologically while mucosa of Reb treated rats showed mild
acanthosis in the prickle cell of the mucosal lining epithelium (Fig 1, Fig 2D & E). Control rats
showed normal histological structure of the stratified squamous keratinized epithelium of the

lining mucosa with the underlying lamina propria and muscular layer (Fig 1, Fig 2 F & G)

www.ajphr.com



|Zakaria et al., Am. J. Pharm Health Res 2017:5(5) ISSN: 2321-3647|

#

17/]
}E 100
17!
S
o
E 75
- 100%
= (10 of 10)
8 50
=
)
=
e 25
=
o
Rebamipide 5-Fu Control
[] Grade 0 Grade III
Grade 1 1 Grade 11

Figure 1: macroscopic analysis of mucosa tissues: Incidence of oral mucositis induced by
injection of 5-FU(150 mg/kg ) according to WHO grading system. * Significant compared to 5-
FU (p < 0.05), fisher exact test two sided. # significant compared to control rats (p < 0.05),

fisher exact test two sided.
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Figure 2: Macroscopic and histopathlogical analysis of oral mucosa: Mucosa tissues of the
right pouch were processed and stained with Hemtoxylene and Eosin : (A) 5-FU treated rats
showed erythema and ulceration. (B and C) Histologic structure of mucosa from 5-FU treated
rats showed hyperkeratosis and acanthosis of the vacuolized cellular epithelial mucosal layer
with finger like projections. (D) Rebamipide treated rats showed much less erythrema
compared to 5-FU with no evidences of ulcers . (E) Histological examination of rebamipide
treated rats showed mild acanthosis in the prickle cell of the mucosal lining epithelium (F and
G) Control rats showed normal mucosa and normal histological structure of epithelium of the
lining mucosa with the underlying lamina propria and muscular layer.. Images are representative
photomicrographs. Magnification = 40X.

Effect of rebamipide on mucosal content of antioxidant markers (MDA and SOD): Rats
treated with 5-FU showed significant (p<0.001) increase (= 20%) on mucosa content of MDA
(216.6+ 21.1) and marked decrease (= 65.8 %) in SOD (543.8+ 53.6) activity (p< 0.001)
compared to control rats (178.4 + 15.2) & (1592 + 121.5) respectively. Rebamipide showed a
potent antioxidant effect. It inhibited the formation of MDA (171.1+ 9.6) induced by 5-FU
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significantly (p < 0.001). Rebamipide returned MDA to the control level. The drug also
prevented the inhibitory effect of 5-FU on SOD (1408+113.3) activity (Fig 3 A, B).
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Figure 3: Effect of rebamipide on mucosa content of antioxidant markers (MDA and
SOD): (A) MDA (in nmol/g tissue protein). (B) SOD (in U/g tissue protein ). Values shown are
means = SD ( n= 10 for control and =9 of other two groups) . Value significantly different
compared to control rats * (P < 0.05) * ( p< 0.01) ** (P < 0.001) or to 5-FU - treated rats ~ (P <
0.05) 7 (p<0.01) " (p<0.001).

Anti-inflammatory effect of rebamipide :

Anti-inflammatory effect of rebamipide was evaluated through drug ability to inhibit marker of
inflammatory cell infiltration MPO and induction of anti-inflammatory cytokines 1L-10. 5-FU
increased MPO release in mucosa tissues (1.868+ 0.3) significantly (P < 0.001) compared to
control rats (1.103+0.178) in addition, 5-FU inhibited the release of IL-10 (2.35+ 0.38)
significantly (p < 0.001) compared to control rats (3.56 £ 0.58). Treating rats with rebamipide
significantly (P < 0.001) attenuated release of MPO (1.262 + 0.1459) and enhanced release of IL-
10 (3.016 + 0.23) (p< 0.01) compared to 5-FU respectively. (Fig 4 A, B).
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Figure 4: anti-inflammatory Effect of rebamipide : (A) MPO (in ng /g tissue protein). (B) IL-
10 (in ng /g tissue protein). Values shown are means + SD (n= 10 for control and =9 of other two
groups). Value significantly different compared to control rats * (P < 0.05) * (p< 0.01) ™ (P <
0.001) or to 5-FU - treated rats ~ (P < 0.05) ™ (p<0.01) " (p <0.001).

Healing potential of rebamipide:

The efficacy of rebamipide to induce healing was assessed guided by its effect on KGF. 5- FU
significantly (P < 0.001) decreased expression of KGF (77.96 + 6.06) compared to control. On
the other hand, rebamipide significantly (P < 0.001) augmented release of KGF (101.1£10.38) in

mucosa tissues compared to 5-FU. Rebamipide nearly restored the level of KGF to the normal

control level (106.1+10.7). ( Fig 5).
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Figure 5: healing potential of rebamipide: KGF ( ng/g tissue protein ). Values shown are

means + SD ( n= 10 for control and =9 of other two groups) . Value significantly different
compared to control rats * (P < 0.05) * ( p< 0.01) ** (P <0.001) or to 5-FU - treated rats ~ (P <
0.05) 7 (p<0.01) ""(p<0.001).

5-FU is highly effective chemotherapeutic agent that is used in treatment of gastrointestinal
cancer ¥’. However, oral mucositis is a frequent side effect of 5-FU . In general, Chemotherapy
induced oral mucosits is associated with generation of ROS especially in early stage of oral
mucositis which results in consumption of large quantities of antioxidants molecules including
glutathione in the locality of oral mucositis *. In addition, proinflammatory cytokines such as
(TNF- a, IL-1p, IL-6) are upregulated where anti-inflammatory cytokine such as IL-10 is
downregulated in mucosal tissues during mucositis attack %2,

Rebamipide is an anti-ulcer drug that induces release endogenous prostaglandin E2 and 12 and
exerts a potent free radical scavenging activity ***" The drug is also effective as an anti-
inflammatory agent. This anti-inflammatory effect is associated with an inhibition of cytokine-

31

mediated neutrophil infiltration, inhibition of reactive oxygen species (ROS) release ** and
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induction of 1L-10 %*. This study evaluated the role of rebamipide in inhibiting oral mucositis
incidence and potential molecular targets that may explain this possible healing activity.

This study revealed that rebamipide decreased incidence of 5-FU induced oral mucositis where
rat pretreated with rebamipide showed less erythema with no ulceration ( moderate mucositis ).
Different studies reported that Rebamipide gargles has a significant therapeutic efficacy against

21,28 Moreover,

chemotherapy  and  radiotherapy  induced  oral mucositis
submicronized rebamipide liquid with moderate viscosity has a good healing effect in the
rat oral ulcer model .

Rebamipide efficacy in preventing oral mucositis may be attributed to its potent antioxidant
activity. Our results confirms data from many other studies that reported potent drug efficacy on
inhibiting lipid peroxidation and reserving SOD capacity to inactivate superoxide radicals **
and 42 "|n this model of mucositis, rebamipide was able to completely abolish 5-FU effect on
lipid peroxidation measured as MDA level as well as it maintain the activity of SOD enzyme in
mucosa tissues.

This study showed that rebamipide exerted an anti-inflammatory effect where it inhibited release
of MPO as well as increased expression of IL-10. The effect rebamipide on MPO is extensively
reported previously in many other studies ** > %, Very limited data is available about impact of
rebamipide on IL-10 however, in agreement with our results Arakaki et al (2014) * who
reported that rebamipide increases expression of IL-10 in ocular inflammatory lesion. Similarly,
in our pervious study rebamipide oral administration was associated with increased IL-10 in liver
tissues **.

Our results refer to a possible link between rebamipide and KGF mucosa level. Rebamipide
significantly abolished 5-FU inhibitory effect on KGF and upregulated 1L-10 nearly to the
normal control group. There a paucity of data that correlates the healing effect of rebamipide
with expression of KGF. However , rebamipide induces prostaglandin E2 which share in

induction of KGF?®.
CONCLUSION:
Rebamipide ameliorated 5-FU induced oral mucositis in rats. Rebamipide healing activity was
associated with decreased lipid peroxidation and enhancement of ROS scavenging enzymes such
as SOD. Moreover, it inhibited inflammatory cell infiltration. Results of this study revealed that

rebamipide activity may be in part related to increased expression of I1L-10 and healing growth
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factors such as KGF however, more studies on KGF receptor expression are needed to point

out the relation between rebamipide and KGF.
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