
\Abstract. Background/Aim: Oral mucositis is a significant
side effect in cancer treatment. In this study, we aimed to
develop a rebamipide-containing film using chitosan and
hydroxypropyl methylcellulose (HPMC) to efficiently treat oral
mucositis. Materials and Methods: A 0.1% (w/v) rebamipide
aqueous solution, a 1.4% (w/v) chitosan aqueous solution
containing Pluronic® F-127, and a 1.0% (w/v) HPMC
aqueous solution were mixed and dried using a square silicon
frame to form a film. Cumulative release ratios of rebamipide
from sample films were measured in a phosphate buffer (pH
6.8) at 37˚C. Results: Chitosan suppressed the release of
rebamipide from the film for up to 30 min. HPMC contributed
to the sustained release of the film over a relatively long
period of time and the maintenance of its shape. Conclusion:
The combined use of chitosan and HPMC is suitable as a base
material for rebamipide-containing films.

Although chemotherapeutic agents play a central role in
cancer treatment, side effects on highly proliferative tissues
must be considered. Radiation therapy is also a useful
treatment; however, it affects rapidly dividing cells and
patients with chemoradiation therapy have an increased risk
of treatment-related toxicity. Mucositis is one of the most
common side effects of these treatments (1). Oral mucositis,
which reduces the patient’s quality of life and also affects
compliance with anticancer therapy, is a major problem in
most patients receiving high-dose chemotherapy and
hematopoietic stem cell transplantation (2-4).

Recently, rebamipide, 2-(4-chlorobenzoylamino)-3-[2(1H)-
quinolinone-4-yl]-propionic acid, was studied as a therapeutic

substance for oral mucositis induced by cancer chemotherapy
(5). Since rebamipide has pharmacological effects such as
promotion of prostaglandin (PGE2) synthesis (6), induction
of mucus secretion (7), and free radical scavenging action (8),
it is generally used for ulcer treatment, gastric mucosal
protection, and dry eye treatment. In some hospitals,
rebamipide gargle was actually used for the purpose of
preventing and treating stomatitis, and examples of clinical
research have been reported (9). However, with gargle, the
residence time in the oral cavity is short, the local
concentration of rebamipide in the oral mucosa is low, and
the medicinal effect cannot be sufficiently exhibited (10). In
this study, to solve the above-mentioned problems, a
rebamipide-containing topical sustained-release film
formulation for oral mucositis induced by cancer
chemotherapy was developed for the purpose of improving
oral residence time and locality. Effective treatment and
improvement in patient’s quality of life was expected by
applying the film formulation to the inflamed area. We used
chitosan, Pluronic® F-127, and hydroxypropyl methylcellulose
(HPMC) as a base material of the film. Chitosan, which is
biocompatible and has mucoadhesive properties and
antibacterial action (5, 11), has been reported to contribute to
sustained drug release (12). In addition, nanoparticle
preparations utilizing the surface charge have been reported
(13). Chitosan was used in this study with the expectation to
slow release of rebamipide from the film. Pluronic® F-127 has
been reported to increase the mucoadhesive properties of
chitosan (14), and was used as a mucoadhesive enhancer.
HPMC was used as a film-forming polymer. To evaluate the
drug release behavior, the cumulative release ratio of
rebamipide from the film was measured. It was expressed as
the ratio of rebamipide released from the film divided by the
amount of rebamipide initially contained in the film. The test
was carried out with reference to the paddle method described
in the Japanese Pharmacopoeia 17th edition. Moreover, the
shape retention property of the film which affects its local
effect and adhesiveness was evaluated using two types of
swelling ratios.
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Materials and Methods

Materials. Rebamipide (C19H15ClN2O4, purity >99.5%) was
purchased from LKT Laboratories, Inc. (St. Paul, MN, USA). Medium
molecular weight chitosan and Pluronic® F-127 were purchased from
Sigma-Aldrich Co. LLC. (St. Louis, MO, USA). HPMC, L-lactic acid
(CH3CH(OH)COOH, purity >85.0%), and sodium hydrogen carbonate
(NaHCO3, purity >99.7%) were purchased from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). Other chemicals were of the highest
reagent grade commercially available. 

Preparation of rebamipide-containing film. One hundred milligrams
of rebamipide were dissolved in 100 ml of a 1.0% (w/v) aqueous
sodium bicarbonate solution to obtain a 0.1% (w/v) rebamipide
aqueous solution. A 1.4% (w/v) chitosan aqueous solution was
prepared by dissolving 1.4 g of chitosan and 0.6 g of Pluronic® F-
127 in 100 ml of 5.0% (w/v) L-lactic acid aqueous solution while
heating at 60˚C. Pluronic® F-127 was used to prevent entrapment of
bubbles into the film. Similarly, 1.0% (w/v) HPMC aqueous solution
was prepared by dissolving 1.0 g of HPMC in 100 ml of Milli-Q
water while heating at 60˚C. The prepared aqueous solutions were
mixed as shown in Table I. The mixed solution was sonicated for 1
h using an ultrasonic bath (SUS-103, Shimadzu RIKA Corp., Tokyo,
Japan) to remove internal bubbles. Then, 10.0 ml of the mixed
solution were poured into a square mold (3.0 cm ×3.0 cm, thickness
3.0 mm) prepared using a silicon rubber plate, and dried at room
temperature overnight to produce a film. 

Evaluation of physicochemical properties of rebamipide-containing
film. The solid-state form of samples #1-4 shown in Table I was
confirmed using XRPD (RINT-Ultima 3, RIGAKU Co., Ltd.,
Akishima, Japan). Rebamipide powder was used as a control. The
XRPD measurements were carried out in the standard measurement
mode in the 2θ range from 5˚ to 50˚. The scan speed was 2˚/min
and the counting step was 0.02˚. X-ray source was CuKα, the
accelerating voltage was 40 kV, and the current was 40 mA. Sample
films were cut into a 2.0 cm square and filled in a glass sample plate
(0.2 mm depth) (15).

Cumulative release ratios of rebamipide from samples #1-4
shown in Table I were measured in a phosphate buffer (pH 6.8) at
37˚C. The sample films were sandwiched between a nylon mesh
(1.0 mm aperture) and a watch glass (7.0 cm inner diameter, 2.0 mm

thickness) and submerged in a vessel. After 5, 15, 30, 60, 120, 240,
and 360 min from the initiation of the test, 0.7 ml of each sample
were collected, and the cumulative release ratios of rebamipide from
sample films at each time were calculated by measuring the amount
of rebamipide using high-performance liquid chromatography
(HPLC, SIL-20A prominence, SPD-20A prominence, LC-20AD
prominence, CTO-10ASvp, DGU-20A3 prominence, Shimadzu
Corp.) at 254 nm with an ODS column (STR ODS-II, size: 4.6 mm
×150 mm, Shinwa Chemical Industries Ltd., Kyoto, Japan) (5).

To evaluate the influence of the ratio of the chitosan aqueous
solution and the HPMC aqueous solution on the shape retention of the
rebamipide-containing film, a swelling test was performed. Prior to
the test, we measured the side length (Ldry) and weight (Wdry) of each
film. After the samples were allowed to swell on the surface of the
agar plate at room temperature for 2 h, films were removed from the
agar and their side length (Lwet) and weight (Wwet) were measured.
The percent swellings were calculated using the following equation:

                                                          Lwet−Ldry
Swelling ratio based on length=                           ×100
                                                               Ldry

                                                         Wwet−Wdry
Swelling ratio based on weight=                           ×100
                                                              Wdry

Where Lwet and Wwet are the length of a side and weight of the
swollen film after 2h, respectively. Ldry and Wdry are the length of
a side and weight of the original film at zero time (16, 17).

Results

As shown in Figure 1, samples #1-4, prepared using a
solution containing a chitosan aqueous solution, were
transparent and almost free of bubbles. In contrast, white
crystals were observed in sample #5, which did not contain
an aqueous chitosan solution. In addition, since this film
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Table I. Composition of the mixture of rebamipide aqueous solution,
chitosan aqueous solution (containing 0.6% (w/v) of Pluronic® F-127)
and HPMC aqueous solution used for film preparation.

Sample #           0.1% (w/v)               1.4% (w/v)                1.0% (w/v) 
                          rebamipide                 chitosan                       HPMC
                             aqueous                    aqueous                      aqueous
                             solution                     solution                      solution

1                                5.0                             5.0                              0.0
2                                5.0                             4.0                              1.0
3                                5.0                             2.5                              2.5
4                                5.0                             2.0                              3.0
5                                5.0                             0.0                              5.0

Figure 1. Appearance of the prepared film. (A) Sample #1. (B) Sample
#2. (C) Sample #3. (D) Sample #4. (E) Sample #5.



could not be peeled from the silicone rubber plate, we
considered that it was inappropriate as a film formulation
and did not perform any further testing.

X-ray diffraction patterns of rebamipide powder and
samples #1-4 are illustrated in Figure 2. Peaks derived from
rebamipide crystals were not detected, and it was confirmed
that they were in an amorphous state.

Cumulative release ratios of rebamipide from rebamipide-
containing films at 0-360 min are shown in Figure 3a. After
120 min from the initiation of the test, there were significant
differences between sample #1 and sample #3, and sample #3
and sample #4. Similarly, after 240 min from the initiation of
the test, the release of rebamipide from the film was
significantly decreased in sample #3 as compared to samples
#1 and #4. Figure 3b is an enlargement of the part from 0-60
min in Figure 3a. Up to 30 min from the initiation of the test,
it was confirmed that samples #3 and #4, which used a large
amount of HPMC aqueous solution for preparation, had a large
cumulative release amount of rebamipide. However, at 60 min
after the initiation of the test, the cumulative release amount of
rebamipide from sample #3 was significantly lower than that
of sample #1, which did not include HPMC aqueous solution,
and was comparable to that of sample #2, which contained a
small amount of HPMC aqueous solution. As shown in Figures
3a and 3b, samples #1 and #2 seemed to have little difference
in their release behaviors. Therefore, to confirm the difference
between these release behaviors, dissolution profiles were also
individually compared using the “similarity factor, f2”, which
could be defined as follows: 

Where n is the sample number, Rt and Tt are the reference
assay and test assay at time point t, respectively (18-20).
The value of f2 is in the range of 0 to 100, and the higher
the similarity between the two profiles, the higher the value
of f2, and if the value of f2 is 50 or more, it can be
concluded that there is no difference between the two
profiles (19). The value of f2 calculated from the rebamipide
release profiles from sample #1 and #2 was 70.9, whereas
that calculated from the other sample combinations did not
exceed 50 (34.8-46.7).

The results of the swelling test are shown in Figures 4 and
5. The swelling ratio was calculated by the change in length
or the change in weight. In the first case, the swelling ratio
of sample #1was significantly higher than that of the other
samples (Figure 4). In the second case, the swelling ratio of
sample #1 was significantly different from that of sample #2,
which was significantly different from that of sample #3,
which was significantly different from that of sample #4
(Figure 5). 

Discussion

The results of cumulative release ratios of rebamipide from
rebamipide-containing films (Figure 3), it was shown that to
expect sustained release by HPMC, the formulation should
contain approximately 25% of HPMC aqueous solution. The
X-ray diffraction patterns (Figure 2), showed that samples #1-
4 were all amorphous and hence it was considered that the
effect of the differences in crystallinity on the release of
rebamipide from the film was small. Therefore, it was
suggested that the ratio of the chitosan aqueous solution and
the HPMC aqueous solution in the preparation of the film had
a great influence on the cumulative rebamipide release ratio. 

As shown in Figure 4, films containing HPMC (sample
#2-4) had a lower length-based swelling ratio compared to
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Figure 2. X-ray diffraction patterns of rebamipide powder and samples #1-4.



sample #1 and improved shape retention. Chitosan is a
polysaccharide with an amino group and is positively
charged under mildly acidic conditions. Therefore, chitosan
is positively charged on agar and swells extensively due to
repulsion between carbohydrate chains (16, 21). We
presumed that HPMC interacted with chitosan and reduced
this intermolecular repulsion. In sample #1, the on weight-
based swelling ratio also became large (Figure 5). The
weight-based swelling ratio decreased with increasing
proportion of HPMC. Films with more chitosan have greater

repulsion between molecules. Therefore, it was suggested
that water molecules easily entered the interstices and the
swelling ratio was increased. A large swelling ratio indicates
short adhesion time to the oral mucosa and decreased
retention of the therapeutic substance in the oral cavity (17,
21). We considered that a film that uses HPMC and has a
low swelling ratio and can retain its shape is suitable as a
formulation for oral mucositis.
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Figure 4. Swelling ratio of rebamipide-containing films based on the
length of a side of the film (mean±S.D., n=3, **p<0.01, Tukey’s test).

Figure 3. Cumulative release ratios of rebamipide from rebamipide-
containing films (mean±S.D., n=3, *p<0.05, **p<0.01, Tukey’s test).
(A) 0-360 min. (B) 0-60 min.

Figure 5. Swelling ratio of rebamipide-containing films based on the
weight of the film (mean±S.D., n=3, **p<0.01, Tukey’s test).



Our results showed that the addition of HPMC is useful
for sustained release of rebamipide-containing films.
Furthermore, it was revealed that the optimal mixing ratio of
chitosan aqueous solution and HPMC aqueous solution
needs to be studied because the release of rebamipide from
the film in the initial stage increases when the proportion of
HPMC is too high.

Conclusion

In this study, rebamipide-containing films were prepared
using chitosan and HPMC. It was revealed that the mixing
ratio of chitosan aqueous solution and HPMC aqueous
solution affects the release behavior of rebamipide from the
film. In addition, it was shown that HPMC contributed to
maintaining the shape of the film. In vivo studies using a
mouse model for oral mucositis induced by cancer
chemotherapy (22, 23) will further reveal the usefulness of
chitosan-HPMC films.
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