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Abstract—Previous studies have suggested that rebamipide, a gastroprotective drug, might be
effective for the treatment of aphthous oral ulcers in Behcget’s disease patients. The aim of this study
was to confirm the effect of rebamipide on experimentally induced stomatitis in a rat acetic acid-
induced oral ulcer model. Buccal mucosal lesions were induced by local injection of 50 1 of 99.7%
acetic acid into the buccal mucosa, which produced a single large ulcer in each of the treated rats.
The ulcer remained up to 14 days. Repeated dose of rebamipide (3—100 mg/kg) dose-dependently
decreased the ulcer area. Histopathologically, increased fibrosis and regenerated epithelium were
observed in the rebamipide-treated group. In contrast, indomethacin, a cyclooxygenase inhibitor,
impaired the healing of ulcers. We have successfully established an improved method for the
administration of acetic acid to induce oral ulcers, and rebamipide accelerated the ulcer healing.
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1. INTRODUCTION

Rebamipide is used clinically in Japan and Korea to treat gastric ulcers, and acute
gastritis and chronic gastritis at the stage of acute aggravation. Recently, it has been
reported that rebamipide might be effective for the treatment of aphthous stomatitis
in patients with Behget’s disease, an inflammatory disease in which recurrent
aphthous oral ulcers are a major symptom (Matsuda et al., 1994; Kaklamani et
al., 1998). The pathogenesis of this disease has not yet been clearly defined and
there are few effective treatments for either oral ulcers or the other clinical features
of the disease, such as eye involvement, skin lesions, and genital ulcers (Kaklamani
etal., 1998). We examined the effect of rebamipide in an animal model of stomatitis
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to predict whether this drug could also be effective in the treatment of stomatitis in
humans. Since rebamipide has previously been shown to be effective in promoting
the healing of gastric ulcers induced by acetic acid in rats (Shiraki et al., 1988;
Yamasaki et al., 1989), we postulated that the drug might have a similar healing
effect on acetic acid-induced oral ulcers. We examined the therapeutic effect of
rebamipide using a modified version of the acetic acid-induced buccal mucosal
ulcer model of Slomiany ef al. (1999), in which acetic acid was injected into the
buccal mucosa, rather than applied by contact with the buccal mucosal surface.
Rebamipide has a variety of effects on the gastric mucosa, such as mucoprotection
and the facilitation of ulcer healing (Arakawa et al., 1998), which are likely related
to increased levels of endogenous prostaglandins resulting from the induction of
cyclooxygenase (COX)-2 expression (Sun et al., 2000). It is well known that COX
plays a crucial role in the healing of gastric ulcers in rats (Shigeta et al., 1998;
Wallace et al., 2000). Therefore, to determine whether COX plays a similar role in
the healing of buccal mucosal ulcers, we also examined the effect of indomethacin,
a non-selective COX inhibitor.

2. MATERIALS AND METHODS
2.1. Animals

Male Sprague—Dawley rats (Charles River Japan), weighing 213—-290 g, were given
food (Oriental Yeast, Co., Ltd., Japan) and water ad libitum. Animals were housed
under a 12-h light/dark cycle at an ambient temperature of 23 4 2°C, humidity of
60 £ 10%, and were acclimated for 7 days prior to use in the experiments. The
care and handling of the animals were in accordance with the Guidelines for Animal
Experimentations (Otsuka Pharmaceutical; October 1, 1994).

2.2. Chemicals and drug preparation

Acetic acid (99.7%) was obtained from Wako Pure Chemical Industries (Osaka,
Japan). Rebamipide synthesized at the Saga factory of Otsuka Pharmaceutical Co.,
Ltd., was suspended in 0.5% carboxymethyl cellulose sodium salt (CMC, Wako
Pure Chemical Industries, Osaka, Japan) solution. Indomethacin, obtained from
Sigma (St. Louis, MO, USA), was dissolved in 3% NaHCO; solution. Both test
compounds were administered in a volume of 4 ml/kg.

2.3. Experimental design

Buccal mucosal ulcers were induced in ether-anesthetized rats by injection of
99.7% acetic acid (10, 30 or 50 wl) into the left side buccal mucosa using a
micro syringe with a 26G needle. After injection of acetic acid, the animals were
killed at different time intervals up to day 14. The ulcers were removed, and
the areas measured under a stereoscopic microscope (magnification, x10) using
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a square grid micrometer. The study of test compounds was performed as follows.
Indomethacin (0.4 or 2 mg/kg) was administered subcutaneously to rats once daily
for 10 days starting on day 3 after injection of acetic acid (50 nl). Rebamipide
(3—100 mg/kg) was administered orally twice daily for 8 days beginning on day
5 after acetic acid treatment. The ulcer area was measured one day after the final
dose. For histopathological analysis, the preparations were fixed in 10% buffered
neutral formalin, then embedded in paraffin wax and cut into 4 um sections. The
sections were stained with hematoxylin and eosin (H&E), or azan (an indicator
of collagen fiber). The histopathological evaluation was performed by making
the degree of main view into the score. Scores for infiltration of inflammatory
cells, angiogenesis, fibrosis, regeneration of buccal epithelium, thickness of buccal
epithelium, or necrotic lesion in the ulcer base were as follows: H&E staining — O,
no change; 1, very slight change; 2, slight change; 3, moderate change; 4, intense
change; Azan staining — 0, negative; 1, very weak positive; 2, weak positive;
3, moderate positive; 4, intense positive.

2.4. Statistics

Statistical analysis of the results (ulcer area) was performed by analysis of variance
(ANOVA). Between groups variance was determined using Dunnet’s test. Data were
expressed as mean & SD and were considered significant at p < 0.05.

3. RESULTS
3.1. Induction of acetic acid-induced buccal mucosal ulcers

When 50 ul of 99.7% acetic acid was injected into the buccal mucosa, a single crater
shaped ulcer (mean area = 16.3 & 0.6 mm?) was observed in each of the acetic
acid-treated rats on day 5 (Fig. 1A). In contrast, injection of 10 or 30 ul of 99.7%
acetic acid did not result in ulcerated lesions. Histopathological analysis of speci-
mens obtained 5 days after acetic acid injection showed initial stages of granulation
tissue formation (including infiltration of inflammatory cells, fibrogenesis and new
capillaries in the ulcer base) and thickening of the buccal epithelium around the ul-
cer (Fig. 1B). The area of the ulcers reached maximal size by day 1 after acetic acid
exposure, and then gradually decreased in size up to day 14 (Fig. 2).

3.2. Effects of rebamipide and indomethacin

Rebamipide (3—100 mg/kg, p.o.) reduced the area of ulcers in a dose-dependent
manner, with statistically significant reductions occurring at doses of 10 mg/kg or
higher (Fig. 3). Histopathologically, both control and rebamipide groups showed
the formation of granulation tissue on day 14. In the 30 and 100 mg/kg rebamipide
dose groups, the histopathological scores of fibrosis and regeneration of epithelium
were higher than those in controls (Table 1). Indomethacin (0.4 and 2 mg/kg)
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Figure 1. Macroscopic and histopathological appearances of buccal mucosal ulcer 5 days after
injectionof aceticacid. (A) Crater-like feature was seen in the oral cavity. (B) Microscopic appearance
of the buccal mucosal ulcer (H&E staining, original magnification x 100).
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Figure 2. Change in the ulcer area after treatment with acetic acid (50 pul/rat). The ulcer area was
measured as described in Materials and Methods. Results were expressed as mean = SD (n = 5).
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Figure 3. Effect of rebamipide on acetic acid-induced buccal mucosal ulcers in rats. Rebamipide
(3—-100 mg/kg) was administered orally to rats twice daily for 8 days starting on day 5 after acetic
acid exposure. The ulcer area was measured as described in Materials and Methods. Results are
expressed as mean = SD (n = 6). *p < 0.05 vs. control.

significantly increased the ulcer area in a dose-dependent manner (Fig. 4). In the
4 mg/kg indomethacin group, the scores for infiltration of inflammatory cells were
higher, and the scores for angiogenesis and fibrosis were lower, than those in the
control group (Table 2).
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Table 1.
Effect of rebamipide on histopathologicalscores in acetic acid-induced buccal mucosal ulcers

Infiltration of Fibrosis Angiogenesis  Regenerated
inflammatory cells buccal epithelium
Score 01234 01234 01234 01234
Groups
Control 00141 01500 02310 01410
Rebamipide 3 mg/kg 00141 00420 02121 01320
RebamipidelOmg/kg# 00042 00330 01230 00320
Rebamipide 30 mg/kg 00132 00222 01140 00150
Rebamipide 100 mg/kg? 00 23 0 00122 00311 00022

Data represent the number of animals per histopathology score (n = 5-6).
#The number of rats per group varied because some of the specimens were unobservable.
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Figure 4. Effect of indomethacin on acetic acid-induced buccal mucosal ulcers in rats. Indomethacin
(0.4 and 2 mg/kg) was administered subcutaneously to rats once daily for 10 days starting on day 3
after acetic acid. The ulcer area was measured as described in Materials and Methods. Results are
expressed as mean £ SD (n = 6). *p < 0.05 vs. control.

Table 2.
Effect of indomethacin on histopathological scores in acetic acid-induced buccal mucosal ulcers

Infiltration of ~ Fibrosis Angiogenesis Necrotic Thickness of
inflammatory lesion in buccal
cells ulcer base epithelium

Score 0 1 2 3 4 01234 01234 01234 01234

Groups

Control* 00230 00230 00230 00320 00410
IndomethacinOAmg/kg#00050 01310 00320 00122 00140
Indomethacin2 mg/kg 000 15 03300 03300 00312 00231

Data represent the number of animals per histopathology score (n = 5-6).
#The number of rats per group varied because some of the specimens were unobservable.
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4. DISCUSSION

Appropriate experimental animal models of aphthous stomatitis have not yet
been established. However, the acetic acid-induced buccal mucosal ulcer model
(Slomiany et al., 1999) may be useful for evaluating the efficacy of compounds
in promoting oral ulcer healing. In the present study, we established a simple
new method for inducing buccal mucosal ulcers. Injection of 50 ul of acetic acid
produced a single large buccal mucosal ulcer in each of the treated rats, and the
ulcers remained at 14 days post-treatment. Histologically, the buccal mucosal ulcers
resembled acetic acid-induced gastric ulcers, both with respect to gross morphology
(crater-shape) and histopathology (defection of mucosal layer and formation of
granulation tissue). Our findings suggest that this oral ulcer model is suitable for
evaluating the therapeutic efficacy of test compounds.

Matsuda et al. (1994) reported that 5- or 6-month rebamipide treatment decreased
the number of aphthous oral ulcers and alleviated pain in patients with Behcet’s
disease. One of the major symptoms of Behget’s disease is recurrent aphthous
oral ulcer. In the studies reported here, repeated administration of rebamipide
significantly decreased, in a dose dependent manner, the area of buccal mucosal
ulcers induced by acetic acid in rats. Histopathological analysis showed that
rebamipide increased the degree of fibrosis and regeneration of epithelial cells,
suggesting that the healing of oral ulcers was accelerated. Rebamipide also
accelerates the healing and prevented relapse of acetic acid-induced gastric ulcers
in rats (Ishiyama et al., 1985; Shiraki et al., 1988; Yamasaki et al., 1989).
Rebamipide showed a mucoprotective action and acceleration of gastric ulcers
healing, resulting from the increase of prostaglandins in gastric mucosa (Arakawa
et al., 1998). Recently, Sun et al. (2000) reported that rebamipide caused up-
regulation of COX-2 protein expression in rat gastric mucosa. The elevation of
prostaglandin levels through COX up-regulation is an important action for the
protection of gastric mucosa and the course of gastric ulcer healing. However, there
are few reports about the role of prostaglandins and COX in the pathogenesis of
oral ulcers. It is well known that indomethacin inhibits both COX-1 and COX-
2 activities. Wallace et al. (2000) observed that inhibition of both COX-1 and
COX-2 was required for the induction of gastric damage by nonsteroidal anti-
inflammatory drugs in rats. It has been reported that indomethacin impairs the
healing of acetic acid-induced gastric ulcers in rats (Wang et al., 1989; Shigeta
et al., 1998). Therefore, we examined whether indomethacin would similarly affect
the healing of buccal mucosal ulcers. We used doses of indomethacin that were
similar to those used in previous experiments in which indomethacin was reported to
decrease gastric mucosal prostaglandin E, levels by inactivating COX. Interestingly,
we observed that indomethacin impaired the healing of buccal mucosal ulcers.
Histopathological analysis revealed a greater degree of infiltration of inflammatory
cells, and malformations of both angiogenesis and fibrosis in the ulcers from the
indomethacin-treated group as compared with those of controls. Thus, in addition
to its role in the healing of gastric mucosal ulcers, COX might also be an important
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factor for the healing of acetic acid-induced buccal mucosal ulcers. Further studies
are necessary to confirm the mechanism of action of rebamipide and the precise role
of COX in the healing of buccal mucosal ulcers.

In addition to its effect on COX-2, rebamipide has a variety of other effects on the
gastric mucosa, such as the stimulation of mucus secretion (Ishihara et al., 1992;
Suetsugu et al., 2000), inactivation of neutrophils (Ogino et al., 1992), scavenging
of free radicals (Yoshikawa et al.,, 1993; Naito et al., 1995), and up-regulation
of endothelial growth factor (EGF) and EGF receptors (Tarnawski et al., 1998).
Accordingly, these factors and/or other unknown targets cannot be ruled out as
potential mechanisms for the healing effect of rebamipide.

5. CONCLUSIONS

Buccal mucosal ulcers were readily produced by the injection of acetic acid into
the buccal mucosa of rats. Repeated administration of rebamipide markedly
accelerated the healing of acetic acid-induced buccal mucosal ulcers. These results
are consistent with the previous clinical reports in which rebamipide was shown
to be effective in the therapy of aphthous oral ulcers in Behget’s disease patients.
In contrast, indomethacin delayed ulcer healing, suggesting that COX might be
involved in the healing process of buccal mucosal ulcers.
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