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DESCRIPTION

A PHARMACEUTICAL COMPOSITION FOR TREATING A DISEASE IN THE .

ORAL CAVITY COMPRISING REBAMIPIDE

TECHNICAL FIELD
[0001]

The present invention relates to a phatmaceutical
composition suitable for treating disease(s) in the oral
cavity or. in the pharynx, in particular, mucosal disorder
in the oral cavity, which comprises rebamipide ([chemical
name: 2-(4-chlorobenzoylamino)-3-(2-oxo-1,2-dihydro--
guinolin-4-yl)propanoic acid] as an active ingredient whose
mean particle size is less than 500 nm (prefe:ably, the
mean particle size of 1less than 300 nm); a method for

preparing the composition; and use thereof.

BACKGROUND ART
[0002]

It is known that febamipide or a salt thereof which is
an active ingredient in the present pharmaceutical
composition is useful as a medicament for treating gastric’
inflammation/gastric wulcer. In addition, it 1is also
disclosed that rebamipide is useful for treating dry eye,

i.e.y xerophthalmia (Patent Reference 1), and a
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pharmaceutical composition as a saliva secretion stimulant
comprising rebamipide is also known (Patent Reference 2).
Furthermore, Patent Reference 3 discloses an oral
formulation comprising rebamipide having an action for
inhibiting the pfoduction of interleukin-8, wherein the
treatment coverage includes the treatment of stomatitis.
[0003]

In the meantime, main methods for treating head and
neck cancer include surgical resection and radiation, or a
combination therapy thereof with an anticancer agent. In
case of radiation therapy, mucosal disorder in the oral
cavity (stomatitis) can frequently happen as a side-effect.
When the symptom is severe, the patient can hardly eat food,
at last the radiation therépy can be forced to stop. Thus,
stomatitis has been a problem in the therapy of head and
neck cancer, but there has been no useful method for
treating such side-effect.

[0004]

It was already reported that gargling with a gargle
comprising rebamipide before radiotherapy is effective for
preventing stomatiﬁis caused by radiotherapy (non-Patent
Reference  1). However, the éase report was only a
suggestion for preventive effect of rebamipide for
stomatitis, in which the concentration of the rebamipide in

the gargle was relatively low, and there are still problems
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to be solved about the dosing volume and the number of

medication.

[0005]

There are some other disclosures that rebamipide is
used as a liguid formulation, for example, a liguid
formulation wherein a rebamipide tablet is crashed and then
suspended in water or carboxymethylcellulose sodium salt
solution, and a liquid formulation wherein a rebamipide
tablet 1is suspended in a mixed solution of ALKOX®
(polyethylene oxide) and Inagel® (non-Patent Reference 2).
In the above liquid formulations, hoWever, the
concentration of rebamipide was low, i.e., 300 mg/300 mL or
600 mg/300 mL (i.e., 1 mg/mL or 2 mg/mL), and about 50 mL
per one gargling, and furthermore the rebamipide used
therein was larger particles, which are contained in the
commercial tablet. In addition, ALKOX® (polyethylene
oxide) has a problem to use as a pharmaceutical additive
because it is an industrial additive. |
[0006]

Patent Reference 4 discloses a formulation example as
a spray formulation for treating stomatitis (rebamipide 0.2
mg/mL) which was prepared by mixing 100 mg of rebamipide, 2
g of Inagel® (F-13), and 5 g of ALKOX® (E-30) in sterile
purified water, adding parabens and ethanol thereto, and

adjusting the volume to 500 mL, but in which the
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concentration of rebamipide was low, and additionélly the
particle siie of rebamipide was not studied in the
reference.

[0007]

In additi§n, Patent Reference 5 discloses a suspension
of rebamipide microparticles prepared by mixing at least
one of the compounds selected from water-soluble polymers
and sﬁrfactants, an aquecus acidic solution, and an agueous
solution containing a water-soluble salt of rebamipide,
whose transparency was improved, but the patent reference
discloses only the composition for ophthalmic use which
does not include a viscosity enhancing agent.

Patent Reference 6 discloses a hydrogel suspension
which comprises a suspension of a fine particle prepared by
mixing at leasﬁ one of thevcompoﬁnds selected from water-
soluble polymers and surfactants, an acidic aquéous
solution, and an aqueous solution containing a water-
soluble' salt of rebamipide; and high molecular weight
hydroxypropylmethyl cellulose or methylcellulose.

[(0008]

[Patent Reference 1] JP 9-301866 A (1997)

[Patent Reference 2] JP 2006-528662 T

[Patent Reference 3] JP 8-012578 A {1996)

[Patent Reference 4] JP 2002-255852 A

[Patent Reference 5] WO 2006/052018
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[Patent Reference 6] WO 2007/132%07
[0009] |

[non-Patent Reference 1] Keiji KAWATA, et al., Journal
of New Remedies & Clinics, 50:273-280,2001

[non-Patent Reference 2] Takehisa HANAWA, et al., The

‘Pharmaceuticals Monthly, 50:1717-1724

SUMMARY OF INVENTION
(Problem to be solved by the invention)
[0010]

In order to generally use a gargle or a liquid
preparation for swish and swallow comprising rebamipide for
tfeating stomatitis caused Dby radiotherapy or <cancer
chemotherapy, it is necessary to increase the concentration
of rebamipide and the adherability of rebamipide to oral
mucosa. However, a liquid formulation having a high

concentration of rebamipide i1s required to secure the

dispersibility and prevent the aggregation. Thus, i1t has

been desired *to develop a useful gargle or a liquid
preparation for swish and swallow comprising rebamipide
having a high effect for treating stomatitis, which is éasy

for a patient to use.

(Means to solve the problem)

[0011]
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The present inventors have exténsively studied in
order to solve the above-mentioned problems, and have found
that a pharmaceutical composition as an agueous suspension
comprising 10 mg/mL - 50 mg/mL rebamipide héving a mean
particle size of less than 500 nm as an active ingredient,
at least one dispersing agent, and at least one viscosity
enhancing agent,‘wherein the viscosity enhancing agent has

no aggregative action for the rebamipide particles‘having a

mean particle size of less than 500 nm, and the viscosity

of the liguid preparation is in a range of 10 mPa's - 500
mPa*s has a potent therapeutic benefit for stomatitis.
Based upon the new findings, the present invention has been
completed.
[0012]

The present invention includes the following
embodiments.

[1] A pharmaceutical composition éomprising 10 mg/mL
- 50 mg/mL rebamipide having a mean particle size of less
than 500 nm as an active ingredient, at least one
dispersing agent, and at least one viscosity enhancing
agent, wherein the viscosity of the liquid preparation is
in.a range of 10 mPars - 500 mPa-s.
[0013]

[2] ;The pharmaceutical composition of [1] wherein the

mean particle size of rebamipide is less than 300 nm, the
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content of rebamipide is 20 mg/mlL - 40 mg/mL, and the
viscosity of the liquid preparation is in a fange of 20
mPa*s - 300 mPa-s.

[0014)

[3] The pharmaceutical composition of [1] or [2]
wherein the dispersing agent comprises at least one
ingredient seleéted from the group consisting of
polyvinylpyrrolidone, hydroxypropylméthyléellulose,
polyoxyethylené polyoxypropylene glycol, and carboxymethyl-
cellulose sodium.

[4)] The pharmaceutical composition of [3] wherein the
dispersing agent comprises polyvinylpyrrolidone.

[5] The pharmaceutical composition of [4] wherein the
dispersing agent comprises polyvinylpyrrolidone K25 and/or
polyvinylpyrrolidone K30.

[0015]

[6] The pharmaceutical composition of any one of [1]
- [5] wherein the viscosity enhancing agent comprises
polyvinylpyrrolidone K3S0.

[7] The pharmaceutical composition of any one of [1]
- [5] wherein the viscosity enhancing agent comprises
pullulan.

[8] The pharmaceutical composition of any one of [1]
- [5] wherein the viscosity enhancing agent comprises

polyvinylpyrrolidone K90 and pullulan.



10

15

20

25

WO 2012/128394 PCT/IP2012/058280

[9] The pharmaceuticai composition of [8] wherein the
viscosity enhancing agent compriées 5 mg/mL = 30 mg/mL
polyvinylpyrrolidone K90 and 10 mg/mL - 30 mg/mL pullulan.
[0016]

[10] The pharmaceutical composition of any one of [1]
- [9] wherein the viscosity enhancing agent has no
aggregative action for the rebamipide particles.

[0017]

[11] The pharmaceutical composition of any one of (1]
- [9] which is prepared via the following steps

mixing at least one dispersing agent, an agueous acid
solution, an‘ aqueous solution comprising a water-soluble
rebamipide salt, and ‘optiohal other ingredient(s) or
solvent (s} to prepare an aqueous suspension comprising
rebamipide having a mean particle size of less than 500 nm,
and then

adding é'viscosity enhancing agent thereto. -

(12] The pharmaceutical composition of [11] which is
prepared via the follqwingvsteps

mixing at leaét one dispersing agent, an aqueous acid
solution, an aqueous solution comprising a water-soluble
rebamipide salt, and optional other ingredient(s) or
solvent(s) to prepare an aqueous suspension comprising
rebamipide having a mean particle size of less thanASOO nm,

adding ‘a base thereto to adjust pH of the aqueous
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suspension to 3 - 7,

dispersing and/or dialyzing the agueous suspension,

adjusting pH of the aqueous suspension to 5 - 7, and
then

adding a viscosity enhancing agent thereto.
[0018]

[13] The pharmaceutical composition of any one of [1]
- [12] wherein the mean particle size of rebamipide is less
than 200 nm.

(14] The pharmaceutical composition of any one of [1]
- [13] wherein the shape of rebamipide is a uniform needle
crystal having the longest diameter of less than 1000 nm
and the shortest diameter of less than 60 nm, provided that
the longest diameter/the shortest diameter is more than 3.
[0019]

[15] The pharmaceutical composition of any one of [1]
- [14]1, further comprising a parahydroxybenzoate derivative
as a preserving agent (antiseptic agent).

[16] The pharmaceutical composition of any one of [1]
- [15], further comprising an isotonic agent, a sweetening
agent, and/or a flavor.

[17] The pharmaceutical composition of [16] comprising
stevia as a sweetening agent.

[18] The pharmaceutical composition of any one of [1]

- [17] which is in the form of agueous suspension.
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[0020]

{12} A method for preparing the pharmaceutical
composition of any one of [1] - [18], comprising

mixing at least one dispersing agent, an aqueous acid
solution, an aqueous solution comprising a water-soluble
rebamipide salt, and optional other ingredient(s) or
solvent(s) to prepare an aqueous suspension comprising
rebamipide having a mean particle size of less fhaﬁ 500 nm,

adding a basé thereto to adjust pH of the aqueous
suspension to 3 - 7,

dispérsing and/or dialyziné the aqueous suspension,

adjusting pH»of the agqueous suspension to 5 - 7, and
then

‘adding a viscosity enhancing agent ‘thereto and
optionally adding a preserving agent (antiseptic agent) |,
an isotonic agent, a sweetening agenf, and/or a flavor
thereto.
[0021]

[20] A method for preventing and/or treating mucosal

. disorder in the oral cavity, comprising administering the

pharmaceutical composition of any one of [1] - [18] in the
oral cavity.

[21] A method for preventiﬁg and/or treating mucosal
disorder in the oral cavity and/or mucosal disorder in the

pharynx, comprising administering 3 mL - 20 mL of the



10

15

20

25

WO 2012/128394 PCT/IP2012/058280

11

pharmaceutical composition of any one of [1] - {18} in the
oral cavity and then getting the patient to swallow the
pharmaceutical composition.

[0022]

[22) The method of [21] wherein the mucosal disorder
in the oral cavity and/or mucosal disorder iﬁ the pharynx
is caused by radiation and chemotherapy, and the amount of
the pharmaceutical composition administered in the oral
cavity is 5 mL - 10 mL.

[23] A method for preventing and/or treatihg mucosal
disorder in the oral cavity, comprising repeating the
operation of the method defined in [21] or [22] twice to
six times a day.

[0023]

[24] A method for preventing and/or treating mucosal
disorder in the oral cavity and/or mucosal disorder in the
pharynx caused by radiation and chemotherapy, comprising
repeating the operation of the method defined in [21] or
[22] twice to six times a day.

[25] A method for preventing and/or treating

xerostomia and/or hyposalivation, comprising administering

the pharmaceutical composition of any one of [l1] - [18] in

the oral cavity.
[26] The pharmaceutical composition of [1] - [18], the

above method for preparing the pharmaceutical composition,
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and the above method of the prevention and/or treatment,
wherein rébamipide is a crystal form.
[0024]

The pharmaceutical composition comprising rebamipide
of the present invention, comprising

(a) rebamipide having a mean particle size of less
than 500 nm (preferably, less than 300 nm),

(b) one or more dispersing agents,

(c) one or more viscosity enhancing agents which have
no aggregative action for the rebamipide particles having a
méan particle size of less than 500 nm (preferably, less
than 300 nm),

(d) purified water,

(e) optionally one or more acids or one or more bases
which might be necessary when preparing rebamipide having a
mean particle size of less than 500 nm,

(f) optionally one or more pH adjusters

(g) optionally one or more antiseptic agents

(h) optionally one or more sweetening agents

(i) optionally one or more isotonic agents

(7) optiocnally one or more flavors |
(0025]

The mean particle size of rebamipide in the
pharmaceufical composition of the present invention which

is suitable for treating mucosal disorder in the oral
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cavity is preferably controlled to less than 500 nm. More
preferably, the mean particle size is controlled to less
than 300 nm, even more preferably less than 200 nm.

[002¢€]

The term "mean particle size" means a mean volume

diameter which can be measured by laser
diffraction/scattering method. The particle size
distribution can be measured by laser

diffraction/scattering method, and the mean particle size
can be obtained from the particle size distribution. The
laser diffraction/scattering device used hérein includes a
laser diffraction particle size analyzer (SALD-3000J,
SHIMADZU) .

The rebamipide whose mean particle size is less than
500 nm in the pharmaceutical composition of the present
invention can be prepared by any of various means. For
example, it 1is poséible to prepare a suspension comprising
rebamipide having a mean particle size of less than 500 nm
by suspending rebamipide in an aqueous solution containing
a dispersing agent to give a suspension and milling it with
a wet grinding media mill such as bead mill and ball mill.
Such wet grinding media mill includes DYNO-MILL (Willy A
Bachofen), ULTRA APEX MILL (KOTOBUKI INDUSTRIES CO.,LTD.),
Star mill (Ashizawé Finetech Ltd.), etc.

In addition, for example, rebamipide can be suspended



10

15

20

25

WO 2012/128394 PCT/IP2012/058280

14

in an aqueous solution containing a dispersing agent to
obtain a suspension, and then the suspension can be milled

with a high pressure wet disperser or a high pressure wet

'mill to prepare a suspension comprising rebamipide having a

mean particle size of less than 500 nm. Such high pressure
wet disperser and high pressure wet mill include Rannie-
type or Gaulin-type high-pressure homogenizer (GEA Niro
Scavi), Microfluidyzer (Micro fluidics), Star Burst System
(SUGINO MACHINE LIMITED), Nanomizer (NANOMIZER 1Inc.) and
Nano Jet Pal (JOKOH).

[0027]

Alternatively, the pharmaceutical composition
comprising rebamipide having a mean particle si;e of less
than 500 nm can be prepared by mixing-rebamipide with a
dispersing agent, and/or sugars and other ingredient(s),
milling ﬁhe mixture with a dry mill such as a jet mill or a
bead mill, and dispersing the milled mixture in an agqueous
medium.

Preferably, the pharmaceutical composition comprising
rebamipide haviné a mean particle size of less than 500 nm
can be prepared by mixing at least one dispérsing agent, an
aqueous acid solution, an aqueous solution comprising a
water—soluble rebamipide salt, and | optional other
ingredient(s) or solvent(s) to give an aqueous sﬁspension

comprising rebamipide.
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The acid of the aguecus acid solution used herein
includes, for example, a conventional acid such as
hydrochloric acid, sulfuric acid, nitric acid, carbonic
acid, phosphoric acid, and citric acid, and preferably
hydrochloric acid. |
[0028]

The base to be added for preparing the agueous
solution comprising a water-soluble rebamipide salt

includes, for example, a conventional base such as sodium

hydroxide, potassium hydroxide, triethanolamine,
tromethanol (tris(hydroxymethyl)aminomethane), meglumine,
and diethanolamine, and preferably sodium. hydroxide. The

rebamipide can be used herein eithér as a salt or a free
acid, but the rebamipide in the agqueous solution comprisiﬁg
a water-soluble rebamipide salt is accompanied with a base
to be dissolved in the agqueous solution.

[0029]

The dispersing agent used herein includes, for examplé,
polyvinyl alcohol, hydréxypropylcellulose, hydroxyethyl
cellulose, methylcellulose, hydroxypropylmethylcellulose,
polyvinylpyrrolidone, polyethylene ‘ glycol (macrogol),
polysorbate 80, carboxymethylcellulose sodium, polyacrylic
acid, ~water-soluble chitosan, polyoxyethylene
polyoxypropylene glycol, poly(oxyethylene) hydrogenated

castor oil 40, poly(oxyethylene) hydrogenated castor oil 60,
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polyoxyl stearate 40, and gelatin; and one or more of the
dispersing agents may be ﬁsed.

Amongst them, -hydroxypropylmethylcellulose, poly-
vinylpyrrolidone, polyoxyethylene polyoxypropylene glycol,
and carboxymethylceilulose sodium are preferable.

The viscosity grade of the hydroxypropyl
methylcellulose (2 % aqueous solution) used herein is
preferably 20 mPa‘s or less, and the viscosity grade of the
carboxymethylcellulose sodium (2 % aqueous solution) used
herein 1is preferably 50 mPars or less. The preferred
polyoxyethylene polyoxypropylene glycbl is polyoxyethylene
(160) polyoxypropylene (30) glycol (Pluronic® Fé68).

Amongst the dispersing agents, polyvinylpyrrolidone is
the most preferable. The mean molecular weight of the
polyvinylpyrrolidone used herein is preferably 50,000 or
less, and more preferably polyvinylpyrrolidone K25 or
polyvinylpyrrolidone K30.

The concentration of the dispersing agent added in the

-3

pharmaceutical composition is preferably 0.1 - 10 % (w/v),
more preferably 0.3 - 5 % (w/v), even more preferably 0.5 -
3% (w/v), and most preferably 1 - 2 % (w/v).
[(0030]

The above method for mixing at least one dispersing

agent, an aqueous acid solution, and an aqueous solution

comprising a water-soluble rebamipide salt may be carried



10

15

20

25

WO 2012/128394 PCT/JP2012/058280

17

éut by

(i) mixing an aqueous acid solution which comprises at
least one dispersing agent, an agueous solution comprising
a water-soluble rebamipide salt, and optional other
ingredient (s) or solvent(s),

(ii) mixing an agueous acid solution, an agqueous
solution comprising a water-soluble rebamipide salt thch
comprises at least one dispersing agent, and optional other
ingredient (s) or solvent(s), or

(iii) mixing an aqueous acid solution which comprises
at least one dispersing agent, 'an agueous solution
comprising a water-soluble rebamipide salt which comprises
ﬁhe same at least one dispersing agent, and optional other
ingredient (s) or solvent(é).

The method for mixing the solutions is not limited to
specific ones, but preferably the solutions are mixed while
stirring with a conventional stirrer such as a disperser,
homomixer, and homogenizer, and charging a shearing force
in the dispersing de&ice. In addition, the ﬁltrasonication
may be used in mixing them.

[0031] |

As mentioned above, to the agueous suspension
comprising rebamipide crystal prepared by mixing at least
one dispersing agent, an aqueous acid solution, an aqueous

solution comprising a water-soluble rebamipide salt, and
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optional other ingredient{s) or‘solvent(sf was added a base
to adjust the pH to 3 - 7, and then preferably the aqueous
suspension is stirred/dispersed and/or dialyzed. The base
used herein may be the same as the aforementioned base; |

The stirring and dispersing machines used herein can
be selected from various <conventional stirring and
dispersing machines used for pharmaceutical formulation
such as a disperser, a homomixer, and a homogenizer,
preferably a stirring and dispersing machine which makes
"aggregated particles in the ligquid" effectively-dispersed.
The preferred examples include a rotary homogenizer such as
ROBOMICS®‘(PRIMIX Corporation) and CLEARMIX® (M Technique-
Co., Ltd.), a wet-type Jet mill and a high-pressure
homogenizer. In particular, in using CLEARMIX® W-MOTION (M
Technique Co., Ltd.) wherein a screen and a rotor are
counter~-rotated at hiéh speed to give a strong liquid—'
liquid shearing fofce, the dispersibility of the primary
particles in the aqueous suspension comprising rebamipide
prepared above can be enhanced.

The present inventors have found that it is possible
to prepare a suspension comprising rebamipide wherein the
rebamipide particles are not aggregated even when stored
for a long time, by dialyzing the agqueous suspension
comprising rebamipide crystallized as above, and making the

mean particle size of the rebamipide crystal adjusted to
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less than 500 nm. The dialyzing system used herein can be
chosen from Conventional dialyzing systems such as
Pellicon® (MILLIPORE), ProStack® (MILLIPORE), and Sartoconé
(SARTORIUS K.K.). In case of low pH, the agueous
suspension comprising rebamipide to be dialyzed has a bad
flow to a dialysis membrane dﬁe to aggregation, while in

case of high pH, the content of rebamipide is decreased

because rebamipide is dissolved. Thus, the dialysis should

' be carried out at pH of 3 - 7, preferably 4 - 7, more

preferably 5 - 7. The dialysis p:ocess' and the
dispersion/stir process can be carried but separately. Or,
the both processes can be done in combination, i.e., the
dispersion/stir process can be done after the dialysis
process is done, or the dialysis process can be donevafter
the diépersion/stir process 1is done.

(0032]

The shape of rebamipide prepared via mixing at least
one dispersing agent, an agqueous acid solution, an agueous
solution comprising a water-soluble rebamipide salt, and
optional. other ingredient (s) or solvent(s) is a uniform
needle crystal having the longest diameter of less than
1000 nm and the shortest diameter of less than 60 nm,
provided that the longest diameter/the shbrﬁest diameter is
more than 3.

When polyvinylpyrrolidone 1is used as a dispersing
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agent, it is possible to obtain a suspension comprising a
uniform needle crystal having the longest diameter of less
than 500 nm and the shortest diameter of less than 60 nm,
preferably the longest diameter of less than 300 nm and the
shortest diameter of less than 50 nm, provided that the
longest diameter/the shortest diameter is more than 3; even
more preferably a suspension comprising a uniform needle
crystal having the longest diameter of about 200 nm and the
shortest diameter of about 40 nm, provided that the longest
diameter/the shortest diameter is about 35, thfough the
above method.

[0033]

The pharmaceutical composition of the present
invention comprises' a viscosity enhanéing agent. The
preferred viscosity enhancing agent has no aggregative
action for the rebamipide particles having a mean particle
size of less than 500 nm. The term "no aggregative action"
meéns that the rebamipide keeps its mean particle size less
than 500 nm when the viscosity enhancing agent is added to
a suspension comprising rebamipide having a mean particle
size of less than 500 nm. Preferably, it means that the
rebamipide keeps its mean particle size less than 300 nm
when the viscosity enhancing agent is added to a suspensioh
comprising rebamipide having a mean particle size of less

than 300 nm. Furthermore, it is necessary to keep the mean
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particle size of the rebamipide in the suspension stored
for at least onelyear less than 500 nm in order to secure
the pharmaceutical market. |

A suspension comprising rebamipide having a mean
particle size of less than 500 nm is apt to be aggregated
by adding a viscosity enhancing agent, and a viscosity
enhancing agent that does not cause thebaggregative action
is rare. Carrageenan (carrageenin), guar gum, gellan gum,
hyaluronic acid, carboxy vinyl polymer, sodium chondroitin
sulfate, and sodium alginate which are generally used as a
viscosity enhancing agent canﬁot be used herein because
they can make the above-prepared rebamipide particles
having a mean particle size of less than 500 nm aggregated.
[0034]

The viscosity enhancing agent used herein includes
hydroxypropylcellulose, ‘polyvinyl alcohol, carboxymethyl-
cellulose sodium, polyvinylpyrrolidone K90, and pullulan.

When hydroxypropylmethylcellulose is used as a
dispersing agent, the preferred viscosity enhancing . agent
is hydroxypropylcellulose, pullulan, etc. When.polyoxy—
ethylene polyoxypropylene glycol 1is used as a dispersing
agent, the preferred viscosity enhancing agent is polyvinyl
alcohol, pullulan, etc. When carboxymethylcellulose sodium
is used as a dispersing agent, the preferred viscosity

enhancing agent is a high molecular weight (high viscosity
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grade) carboxymethylcellulose sodium, hydroxypropyl-~
cellulose, polyvinylpyrrolidone K90 and pullulan. When

polyvinylpyrrolidone K25 or polyvinylpyrrolidone K30 is

‘used as a dispersing agent, the preferred viscosity

enhancing agent is polyvinyl alcohol, polyvinylpyrrolidone
K90, pullulan, etc.

The preferred concentration of a viscosity enhancing
agent in the present pharmaceutical compoSitionvis 5 mg/mL
- 150 mg/mL, more preferably 10 mg/mL - 60 mg/mL, and even
more preferably 15 mg/mL - 40 mg/mL.

%he presenf pharmaceutical composition containing a
viscosity enhancing agent is a viscous liquid preparation,
and the viscosity of the liquid preparation is 10 mPa-s -
500 mPa-'s, the preferred viscosity of the 1liquid
preparation is 20 mPa's - 300 mPa-s, the most preferred
viscosity thereof is 30 mPa-s - 200 mPa-s. The viscosity
shown herein is measured by Viscosity Determination defined
in the Japanese Pharmacopoeia, for example, using & cone-
flat plate-type rotational viscometer (cone plate type
viscometer) at 25°C.

[0035]

The present inventors have extensively studied, and
have found that the addition of hydroxypropylcellulose
and/or pullulan as a viscosity enhancing agent in case of

using hydroxypropylmethylcellulose as a dispersing agent
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can prevent the aggregation of rebamipide and can bring in
the enhanced viscosity. And, it has been found that the
addition of polyvinyl alcohol and/or pullulan as a
viscositybenhancing agent in case of using polyoxyethylene
polyoxypropylene glycol as a dispersing agent can prevent
the aggregation of rebamipide and can bring in the enhanced
viscosity. In addition, it has been found that the
addition of a high molecular weight (high viscosity grade)
carboxymethylcellulose ‘sodium, hydroxypropylcellulose,
polyvinylpyrrolidohe K90 and/or pullulan as a viscosity
enhancing agent in case of using carboxymethylcellulose
sodium as a dispersing agent can prevent the aggregation of
rebamipide and can bring in the enhanced viscosity.
Furthermore, it has been found that the addition of
leyvinyl alcohol, polyvinylpyrrolidone K90 and/or pullulan
as a viscosity enhaﬁcing agent ‘in case of using
polyvinylpyrrolidone K25 or polyvinylpyrrolidone K30 as a
dispersing agent can prevent the aggregation of rebamipide
and can bring in the enhanced viscosity. It was unexpected
that the type of viscosity enhancing agenf which can
prevent fhe aggregation of rebamipide 1is  specifically
different depending on the type of dispersing agent for
rebamipide.

[0036]

In particular, the addition of a combination of
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polyvinylpyrrolidone K90 and pullulan as a viscosity
enhancing agent in case of using polyvinylpyrrolidone K25
or polyvinylpyrrolidone K30 as a dispersihg agent ﬁade it
possible to prevent the aggregation of rebamipide and bring
in a preferred viscosity of the liquid preparation.
Further surprisingly, when polyvinylpyrrolidone K90 and
pullulan are added to 10 mg/mL - 40 mg/mL agueous
suspension comprising rebamipide wherein the mean particle
size 1s more than 1 um, the viscosity was not enhanced,
compared with - the solution comprising bnly
polyvinylpyrrolidone K30 and pullulan. While; when
polyvinylpyrrolidone K90 and pullulan are added to 10 mg/mL
- 40 mg/mL aqueous suspenéion comprising rebamipide wherein
the mean particle size is less than SOO’nm, the viscosity
was remarkedly enhanced and it became possible to bring in
a preferred. viscosity of the liquid preparation. It was
quite unexpected. The preferred ranges of polyvinyl-
pyrrolidone K90 and pullulan which are added as a viscosity
enhancing agent are a combination of 5 mg/mL - 50 mg/mL and
10 mg/mL - 100 mg/mL, respectively. The more preferred
ranges of the added polyvinylpyrrolidone K90 and pullﬁlan
are a combination of 5 mg/mL - 30 mg/mL and 10 mg/mL - 30
mg/mL, respectively. The most preferred ranges are both 10
mg/mL - 20 mg/mL polyvinylpyrrolidone K90 and 20 mg/mL

pullulan, in which there arises neither precipitation nor

~



10

15

20

25

WO 2012/128394 PCT/JP2012/058280

25

aggregation of rebamipide particles at room temperature,
and the suitable viscosity of the liquid preparation is
obtained.

[0037],

The present inventors have extensively studied and
then found that a pharmaceutical composition as an aqueous
suspension comprising 10 mg/mL - 50 mg/mL rebamipide having
a mean particle. éize of less than 500 nm as an -active
ingrediént, at least one dispersing agent, and at least one
viscosity enhancing agent, wherein the viscosity enhancing
agent has no aggregative action for the rebamipide
particles having a mean particle size of less than 500 nm
and the viscosity of the ligquid preparation is in a range
of 10 mPar-s -~ 500 mPa-s; preferably a pharmaceutical
composition as an agueous suspension comprising 20 mg/mL -
40 mg/mL rebamipide having a mean particle size of less
than 300 nm as an active ingredient, at 1least one
dispersing agent, and at least one viscosity enhancing
agent, wherein the viscosity enhancing agent has no
aggregative action for the rebamipide particles having a
mean particle size of less than 300 nm and the viscosity of
the liquid preparation is in a range of 20 mPars - 300
mPa*s, has a significant healing effect for oral ulcer in a
stomatitis rat model. This effect 1is not found in the

conventional suspension comprising 1 mg/mL or 2 mg/mL
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rgbamipide having a mean particle size of 1 um or more,
thus it is a quite surprise. As see in Comparative example,
the suspension comprising rebamipide having a mean particle
size of 1 um or more had no healing effect for oral ulcer
even when the concentration is 20 mg/mL. While, the
present suspensicn rebamipide having a mean particle size
of less'than 500 nm had significant healing effect for oral
ulcer in a stomatitis rat model when the concentration is
20 mg/mL. And, in the present pharmaceutical composition,
there is no aggregative action for the rebamipide particles,
hence the present pharmaceutical composition has an
industrial merit to keep the stability for distribution in
the pharmaceutical market. |

The present invention 1is directed to a suspension
comprising rebamipide particles wherein the rebamipide
particles are not aggregated, which has suitable viscosity
and suitable fluidity and does not include the suspensible
hydrogel disclosed in WO 2007/1329%07. The rebamipide
having a mean particle size of less than 500 nm in a
suspensible hydrogel has the interaction between the
rebamipide crystals (aggregation), thereby a hydrogel
thereof having the thixotropic nature is supposed to be
produced. Such hydrogel is not suitable for the present

use for treating stomatitis because the particles are

aggregated.
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[0038]

In addition, the pharmaceutical composition of the
present invention can further comprise some ingredients
which are generally used in oral liquid agents such as a
preserving agent (antiseptic agent), an isotonic agent, a
sweetening agent, a flavor, and a pH adjuster, if
necessary; and it 1is possible to prepare a useful
formulation with the pharmaceutical composition.

[0039] |
Thé pharmaceutical compoéition of the present

invention may further comprise a preserving agent

(antiseptic agent) 1in order to prevent the bacterial
contamination in the invention product in the
pharmaceutical market. The preserving agent (antiseptic

agent) wused herein includes, for example, a quaternary
ammonium salt such as benzalkonium chloride, and
benzethonium chloride; a cationic compound such as
chlorhexidine gluconate; a parahydroxybenzoate such as
methyl parahydroxybenzoate, ethyl parahydroxybenzoate, and
propyil parahydroxybenzoate; an alcoholic compound such as
chlorobutanol, and benzyl alcohol; sodium dehydroacetate;
and thimerosal, and such preserving agent preferably does
not cause the aggregation of the rebamipide particles. The
present inventors have extensively studied and then found

that parahydroxybenzoates are preferable as a preserving
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agent which does not cause the aggregation of the
rebamipide particles, - in particular, methyl
parahydroxybenzoate and ethyl parahydroxybenzoate are the
most preferable. - Either methyl parahydroxybenzoate or
ethyl parahydroxybenzoate <can be used alone, but a
combination thereof 1is more preferable. The preferred
amount of methyl parahydrexybenzoate is 0.5 mg/mL - 2 mg/mL,
and the preferred amount of ethyl parahydroxybenzoate 1is
0.1 mg/mL - 0.8 mg/mL.

[0040]

The pharmaceutical composition of the present
invention can comprise an 1isotonic -agent in order to
prevent the irritation for stomatitis. The preferred
isotonic agent used herein is nonionic isotonic agent. The
nonionic isotonic agent used herein includes a ‘generai
nonionic isotonic agent for medical use such as mannitol,
glycerin, sorbitol, glucose, xylitol, trehalose, maltose,
and maltitol, which is preferably added to the composition
in an amount to make the composition isotonic.

[0041]

The present pharmaceutieal composition has a bitter
taste because it comprises rebamipide as an active
ingredient which 1is known as a bitter material. Thus, it
is possible to add a sweetening agent in order to lower the

bitter taste. The sweetening agent used herein includes



10

15

20

25

WO 2012/128394 PCT/JP2012/058280

29

aspartame, sucralose, acesulfame K, saccharin, saccharin
sodium, stevia, and thaumatin; The present inventors have
extensively studied and then found that stevia is a
preferred sweétening agent which does not cause the
aggregation of the rebamipide particles and can lower the
bitter taste to have the present composition administered
in the oral cavity. The preférred amount of stevia is 0.5
mg/mL - 1 mg/mL.
[0042] |

The pharmaceutical composition of the present
invention can further comprise a flavor in order to lower
the bitter taste -of rebamipide. The flavor used herein
includes, for example, a generally available flavor for
medical use such as orange flavor, orange essence,
grapefruit flavor, strawberry flavor, mint flavor, cocoa
flavdr, coffee flavor, and chocolate flavor. The preferred
amount of the flavor is 0.5 mg/mL - 1 mg/mL.
[0043]

To the aqueous suspension comprising rebamipide can be

‘added a pH adjuster such as an acid (e.g. hydrochloric acid,

sulfuric acid, nitric acid, carbonic acid, phosphoric acid,

and citric acid) and a base (e.g. sodium hydroxide,

potassium hydroxide, triethanolamine, tromethanol

[tris (hydroxymethyl)aminomethane], meglumine, and

diethanolamine to adjust the pH to 5 - 7, preferably 5.5 -
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6.5 in which there is little irritation in the oral cavity.
[0044]

In addition, the pharmaceutical composition of the
preéen£ ihvention cah comprise a buffer, a stabilizer, etc.

The buffer used herein includes, for example, acetic
acid and an acetate such as sodium acetate; citric acid or
a salt thereof; a phosphate such as sodium dihydrogen
phosphate, disodium hydrogen phosphate, potassium
dihydrogen phosphate, and dipotassium hydrogen phosphate;
epsilon-aminocapronic acid; an amino acid salt such as
sodium glutamate, and boric acid and a salt thereof.

The stabilizer includes, for example, ascorbic acid
and a salt thereof, tocopherol, sodium thiosulfate, sodium
bisulfite, and disodium edetate.

[0045]

The methéd for preparing the pharmaceutical
composition of the present invention can comprise

adding a viscosity enhancing agent to an aqueous
sﬁspension comprising rebamipide having a mean particle
size of 1less than 500 nm and a dispersing agent, as
mentioned above,

optionally adding various ingredients such as
preserving agent (antiseptic agent) , 1isotonic agent,
sweetening agent, and flavor, if necessary, and

adjusting the pH to 5 - 7, preferably 5.5 - 6.5 with a
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pH adjuster.

The’ most preferred method for preparing the
pharmaceutical composition of the present invention
comprises

mixing at least one dispeising agent, an aqueous acid
solution, an agueous solution comprising a water-soluble
rebamipide salt, and optional other ingredient(s) or
solvent (s) to prepare an agueous suspension comprising
rebamipide crystal,

adding a base thereto to'.adjust pPH of the agueous
suspension to 3 - 7,

dispersing and/or dialyzing the agueous suspension,

adjusting pH of the aqueous suspension to 5 - 7, and
then

adding a viscosity enhancing agent thereto and
optionally adding a preserving agent (antiseptic agent) ,
an isotonic agent, a sweetening agent, and a flavor thereto.
[0046]

As mentioned above, the pharmaceutical composition of
the present invention can comprise

a parahydroxybenzoate as a preserving agent
(antiseptic agent), a non-ionic 1isotonic agent as an
isotonic agent,
stevia as a sweetening agent, and a flavor, a pH adjuster,

preferably, 0.5 mg/mL - 2 mg/mL methyl
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parahydroxybenzoate, 0.1 mg/mL - 0.8 mg/mL ethyl
parahydroxybenzoate, a non-ionic 1isotonic agent whose

amount 1is adjusted to make the composition isotonic, 0.5
mg/mL - 1 n@/mL stevia, and a flavor, and a pH adjuster
which is added to adjust the pH to 5.5 - 6.5,

which does not make rebamipide having a mean particle
size of less than 500 nm aggregated, prevents the bacterial
growth in the invention product in the pharmaceutical
market, lowers the bitter taste of rebamipide to have the
present composition administered in the oral cavity, and
prevents the irritation in the dral cavity. At the above
pdint, the present invention 1is very useful in .the
industrial utility.

[0047]

The use of the present pharmaceutical composition
includes the ©prevention and/or treatment of mucosal
disorder in the oral cavity and/or mucosal disorder in the
pharynx, preferably the prevention and/or treatment of
mucosal disorder in the oral cavity caused by radiation and

chemotherapy in the cancer therapy. More préferably, it

~includes the prevention and/or treatment of mucocsal

disorder in the oral cavity caused by radiation in treating
head and neck cancer. Furthermore, it is also useful for
preventing or treating xerostomia and/or hyposalivation.

[0048]
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As a method of wusing the present pharmaceutical
composition, it is useful for preventing and/or treating
mucosal disorder . in ' the oral cavity to administer the
present composition in the oral cavity (gargle) and
preferably swallow the pharmaceutical composition (swish
and swallow). The dosing volume is 3 mL - 20 mL,
preferably 5 mL ~ 10 mL, more preferably 7. mL - 8 mL, per
once. The above gargle or a liquid preparation for swish
and swallow 1s preferably repeated twice to 6 times,
preferably 4 times to 6 times, more preferably.4 times per
day. The hitherto known suspension formulation compriéing
rebamipide 1is a suspension formulation comprising 1 - 2
mg/mL rebamipide having a mean particle size of 1 um or
more. As shown in Comparative example 1, however, such
formulation has no héaling effect for oral wulcer in a
stomatitis rat model even when the concentration is 20
mg/mL. '
[0049]

While, the aqueous suspension of the present invention
comprising rebamipide having a mean particle size of less
than 500 nm (preferably, 300 nm) wherein the viscosity of
the liquid preparation is in &a range of 10An@a-s - 500
mPa-s (preferably, 20 mPa-s - 300 mPa-s) had éignificant
healing effect for oral ulcer in a stomatitis rat model

when the concentration is 20 mg/mL in which a hitherto
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known formulation (e.g. Comparative example 1) or a
formulation out of the present invention (e.g. Comparative
examples 2 and.3) had no effect.

[0050]

The pharmaceutical composition of the present
invention can be used as gargle or a ligquid preparation for
swish and swallow. In case of the prevention and treatment
of mucosal disorder in the oral cavity caused by radiation
in treating head and neck cancer, the liquid preparétion
for swish Iand swallow 1is more preferably because the
disorder can be accompanied with pharyngitis and
esophagitis. In case of the liquid preparation for swish
and swallow, the pharmaceutical composition preferably has
a potent effect thereof to make the dose 1lowered in
consideration of systemic side effects. The pharmaceutical

composition of the present invention is also useful at this

point.

(Effect of the Invention)
[0051)

The pharmaceutical composition of the present
invention which has a significant healing effect for oral
ulcer in a stomatitis rat model, 1is very useful as a
medicament for treating stomatitis which has been a problem

in cancer therapy, and also meaningful in the industrial
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utility. 'In addition, it has been found that. the
composition of the present invention can inhibit oral ulcer
in a radiated rat ﬁodel.b Thus, it 1s suggested that the
present pharmaceutical composition has a healing effect for
oral ulcer as well as a potent preventing effect for
mucosal disorder in the oral cavity (stomatitis) caused by
radiation which has been a problem in treating head and
neck cancer. Thereby, the present invention can make it
possible to continue a clinical radiotherapy, and it 1is
suggested that the present invention can raise the score of
the treatment for head and neck cancer.
[0052] |

In addition, the .preseht invention c¢an keep the
stability for distribution in the pharmaceutical market
without aggregating rebamipide having a mean particle size
of less than 500 nm. And, the present invéntion can
prevents the bacterial growth in the invention product in
the pharmaceutical market without aggregating rebamipide
having a mean particle size of 1less than 500 nm.
Furthermore, an agueous solution in which rebamipide is
simply dissolved has a terribly bitter taste and it is hard
to be administered; while the present invention has no
problem to be administered, which is a liguid preparation
for oral administration comprising rebamipide having bitter

taste, and the irritation in the oral cavity can be
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prevented. As mentioned above, the present invention has
very useful properties és a medicament for treating
stomatitis which has been a problem in cancer therapy, and
then it is expected to contribute to the cancer therapy.
Thus, the  present invention is a guite  useful

pharmaceutical composition in the medical/industrial field.

DESCRIPTION OF EMBODIMENTS

[0053]

The present invention is illustrated in more detail by
the following examples, but should not be construed to be

limited thereto.

EXAMPLE
[0054]
Example 1

20 g of carboxymethylcellulose sodium (CMCNa) (7L2P,
Ashland) was dissolved in about 400 g of purified water.
Thereto, 28.4 g of concentrated hydrochloric acid; and

further purified water were added to prepare 550 g of an

. aqueous solution of carboxymethylcellulose sodium (7L2P) -

hydrochloric acid. Separately, 17.6 g of sodium hydroxide
was added to about 2600 g of purified water to prepare an
agqueous sodium hydroxide. 8l1l.6 g of rebamipide (Otsuka

Pharmaceutical Co., Ltd.) was dissolved in the agueous
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sodium hydfoxide while warming the solution, and then
purified water was added thereto to adjust the total weight
to 2840 g. From the prepared sodium hydroxide - rebamipide
solution, 1470 g thereof was taken out for the next step.

To the agueous solution of carboxymethylcellulose
sodium - hydrochloric acid, which was stirred at 5500 rpm
with a disperser (ROBOMIX®, PRIMIX Corporation), cooled in
ice bath, the above sodium hydrdxide - rebamipide solution
whose temperature was maintained at about 50°C was
gradually added to precipitate a rebamipide crystal. After
all the sodium hydroxide - rebamipide solution was added
thereto, the liquid preparation was stirred for 20 minutes.
After the liquid preparation was allowed to stand overnight,
5 N aqueous sodium hydroxide was added to the liquid
preparation to adjust pH of the liquid preparation to about
5.8.

The resulting agueous suspension of rebamipide was
dispersed for 40 minutes with CLEARMIX W-MOTION (M
Technigue Co., Ltd.) wherein the rotor was set at about
18000 rpm, and the screen was set at about 16000 rpm. The
liquid preparation was concentrated/desalted with a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

After measuring the concentration of rebamipide in the
concentrated/desalted sample, carboxymethylcellulose sodium

(CELLOGEN PRS, DAI-ICHI KOGYO SEIYAKU CO.,LTD.), D-sorbitol
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(Wako Pure Chemical Industries, Ltd.) and purified water
were added to the sample to prepare 2 % rebamipide
suspension SO that the concentrations of

carboxymethylcellulose sodium (CELLOGEN PRS) and D-sorbitol

would be 3 % and 4 %, respectively.

Ingredient Weight per 1 mL

rebamipide - |active ingredient |20 mg

carboxymethylcellulose | dispersing agent 10 mg

sodium (7L2P)

carboxymethylcellulose | viscosity 30 mg

sodium (CELLOGEN PRS) enhancing agent

D-sorbitol isotonic agent 40 mg

purified water solvent adjust the
whole wvolume to
1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 33
mPa-s. The mean particle size was measured by dispersing

the rebamipide suspension - in water, with a laser

diffraction particle size analyzer (SALD-3000J, Shimadzu

Corporation). The mean particle size was 0.18 pm (without
ultrasonic irradiation, refractive index: 1.70-0.20 i).
[0055]

Comparative example 1

According to the amounts defined the following table,

carboxymethylcellulose sodium (Wako Pure Chemical
Industries, Ltd.) and D-sorbitol (Wako Pure Chemical

Industries, Ltd.) were dissolved in 100 mL of purified

water, and pH of the solution was adjusted to 6.0 - 6.2.
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Then, rebamipide powder (Otsuka Pharmaceutical Co., Ltd.)

[o)

was added to the solution to prepare 2 % rebamipide

suspension.

Ingredient Weight per 1 mL

rebamipide active irgredient 20 mg

carboxymethyl- |dispersing agent 5 mg

cellulose

sodium

D-sorbitol isotonic agent 40 mg

purified water | solvent adjust the whole
volume to 1 mL

The viscosity of the suspension measured with a
" rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 12
mPa-s. The mean particle size was measured by dispersing
the rebamipide susbension in water, with a laser
diffraction particle ‘size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 13.9 upum (without
‘ultrasonic irradiation, refractive index: 2.00-0.20 1i).
[0056]
Test 1

Oral ulcer was inducéd by cautery method as mentioned
vbelow. In detail, the normally-bred rat was anesthetized
by inhalation of isoflurane. Under dorsal position, upper
and lower jaws of rat were opened with a rib retractor to
obtain a viewing fieid, and the center of left-inside
buccal mucosa was cauterized in a circle (diameter: 3 - 4
mm) by contacting with a monopolar tip which has a diameter

of 2 mm, for about 10 - 20 seconds (power output: 20) to
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induce oral ulcer. After the cautery treatment, the rat
was put back in a breeding cage. and was waken theréin
naturally.

- The day on which the oral ulcer was induced was
defined as the starting day (Day 0). Two days after the
induction of the oral ulcer (Day 2), the treated rats were-
divided in predeﬁermined groups by stratified randomization
based on the body weight. From the third day after the
inducﬁion of the oral ulcer by cautery metﬁod (Day 3), 2 %
rebamipide suspension of Example 1, 2 % rebamipide
suspension of Comparative example 1, and each solvent
thereof (i.e., each solvent obtained by excluding
rebamipide from the Example and the Comparative example)

were intra-orally administered to the rats in a volume of

0.5 mL/kg, four times a day (about 8:00, 11:00, 14:00 and

. 17:00) for 5 days. The rats were anesthetized by

inhalatién of isQflurane and placed in the left lateral
decubitus position, and then administered each test sample
into the left oral cavity having oral ulcer after making
the mouth opened with forceps or a rib retractor.

The area of the oral ulcer was measured on Day 8. The

oe

area of the oral ulcer in the group treated with 2
rebamipide suspension of Example 1 was significantly
decreased, compared with the group treated with the solvent

(n =6, p<0.01, t-test). The decrease ratio of the ulcer
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area in the group treated with the rebamipide suspension of
Example 1 was 20.1 % as compared to the ulcer area in the
group treated with the solvent.

On the other hand, the ulcer area in the group treated
with the 2 % rebamipide suspension of Comparative example 1
was not significantly decreased for the group treated with
the solvent (n = 6, n.s., t—test).A The decrease rétio of
the ulcer area in the group treated with the rebamipide

suspension of Comparative example 1 was 8.7 % as compared

to the ulcer area in the group treated with the solvent.

[0057]

Example 2
40 g of hydroxypropylmethylcellulose (HPMC) (TC-5E,

Shin-Etsu Cheﬁical Co., Ltd.) was dissclved in about 400 g
of purified water,. Thereto, 28.4 g of concentrated
hydrochloric acid, and further purified water were added to
prepare 550 g of an aqueous solution of HPMC (TC-5E) -
hydrochloric acid. Separately, 17.6 g of sodium hydroxide
was added to about 2600 g of purified water to prepare an
agueous sodium hydroxide. 81.6 g of rebamipide (Otsuka
Pharﬁaceutical Co., Ltd;) was dissolved in the aqueous
sodium hydroxide while warming the solution, and then
purified water was added thereto to adjust the total'weight
to 2940 g. From the prepared sodium hydroxide - rebamipide

solution, 1470 g thereof was taken out for the next step.
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To the agueous solution of HPMC (TC-5E) - hydrochloric
acid, which was stirred at 5500 rpm with & disperser
(ROBOMIX®, PRIMIX Corporation), cooled in ice bath, the
abo&e sodium hydroxide - rebamipide solution whose
temperature was maintained at about 50°C Was gradually
added to precipitate a rebamipide crystal: After all the
sodium hydroxide - rebamipide solution was added thereto,
the liquid preparation was stirred for 20~minutes. After
the liquid preparation was allowed to stand overnight, 5 N
aqueous sodium hydroxide was added to the liquid
preparation to adjust pH of the liquid preparation to about
5.8.

The resulting aqueocus suspension ©of rebamipide was
dispersed for 40 minutes with CLEARMIX W-MOTION (M
Technique Co., Ltd.) wherein the-rotor was set at about
18000 rpm, and the screen was set at about 16000 rpm. The
liguid preparation 'was concentrated/desalted with a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

After measuring the concentration of rebamipide in the
concentrated/desalted sample, hydroxypropylcellulose (HPC-L,
NIPPON SODA CO., LTD.), D-sorbitol (Wako Pure Chemical
Industries, Ltd.) and purified water were added to the
sample to prepare 2 % rebamipide suspenéion so that the
concentrations of hydroxypropylcellulose and D-sorbitol

would be 2 % and 4 %, respectively.
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Ingredient Weight per 1 mL
rebamipide active ingredient 20 mg
HPMC (TC-5E) dispersing agent 20 mg
HPC (HPC-L) viscosity enhancing | 20 mg
agent A
D-sorbitol isotonic agent 40 mg
purified water |solvent adjust the whole
volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 42
mPa*s. The mean particle size was ﬁeasured by dispersing
the rebamipide suspension in water, with a laser
diffraction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.17 um (without
ultrasonic irradiation, refractive index: 1.70-0.20 i).
[0058]

Comparative example 2

After measuring the concentration of rebamipide in the
concentrated/desalted sample prepared in Example 2, D-
sorbitol and purified water were added to the sample to
prepare 2 % rebamipide suspension Ye) that the

o

concentrations of D-sorbitol would be 4 %.

Ingredient Weight per 1 mL

repbamipide active ingredient 20 mg

HPMC (TC-5E) dispersing agent 20 mg

D-sorbitol isotonic agent 40 mg

purified water | solvent adjust the whole
volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 8

mPa-s. The mean particle size was measured by dispersing
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the rebamipide suspension in water, with a laser
diffraction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.08 pm (without
ultrasonic irradiation, refractive index: 1.70~0.20 1i).
[0059]

Test 2

As mentioned in Test 1, oral ulcer was induced to the
rats, and then the fats were divided in predetermined
groups. From the third day after the induction of oral
ulcer by cautery method (Day 3), 2 % rebamipide suspension
of Example ‘2, 2 % rebamipide suspension of Comparative
example 2, and each solvent thereof (i.e., each solvent
obtained by excluding rebamipide from the Example and the
Comparative example) were intra-orally administered to the
rats in a volume of 0.5 mL/kg, four times a day (about at
8:00, 11:00, 14:00 and 17:00) for 5 days. The rats were
anesthetized by inhalation of isoflurane aﬁd placed in the
left lateral decubitus position, and then administered each
test sample into the left oral.cavity having oral ulcer
after making the mouth opened with forceps or a rib
retractor.

The area of the oral ulcer was measured on Day 8. The

oo -

area of the oral ulcer in the group treated with 2
rebamipide suspension of Example 2 was significantly

decreased, compared with the group treated with the solvent
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(n =6, p< 0.05, ﬁ—test). The decrease ratio of the ulcer
area in the group treated with the rebamipide suspension of
Example 2 was 18.1>% as compared to the ulcer area in the
group.treated with the solvenf.

On the other hand, the ulcer area in the group treated
with the 2 % rebamipide suspension of Comparative example 2
was not significantly decreased for the group treated with
the solvent (n = 6, h.s., t-test). The’decrease ratio of
the ulcer area in the group treated with the rebamipide
suspension of Comparative example 2 was 10.2 % as compared
to the ulcer area in the group treated with the solvent.
[0060]
Example 3

40 g of polyvinYlpyrrolidone K25 (PVPK25) (BASF) was

dissolved in about 400 g of. purified water. Thereto, 28.4

g of concentrated hydrochloric acid, and further purified
water were added to prepare 550 g of an aqueous solution of
PVPK25 - hydrochloric acid. Separately, 17.6 g of sodium
hydroxide was added to about 2600 g of purified water to
prepare an agqueous sodium hydroxide.i 81.6 g of rebamipide
(Otsuka Pharmaceutical Co., Ltd.) was dissolved in the
aqueous sodium hydroxide while warming the solution, and
then purified water was added thereto to adjust the total
weight to 2940 g. From the prepared sodium hydroxide -

rebamipide solution, 1470 g thereof was taken out for the
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next step.

To the agueous solution of PVPK25 - hydrochloiic acid,
which was stirred at 5500 rpm with a disperser (ROBOMIXS,
PRIMIX Corporation), cooled 1in ice bath, the above sodium
hydroxide - rebamipide solution. whose temperature was
maintained at about 50°C was gradually added to precipitate
a rebamipide_cfystal. After all the sodium hydroxide -
rebamipide solution was added theréto, the liquid
preparation was stirred for 20 minutes. After the liquid
preparation was allowed to stand overnight, 5 N aqueous
sodium hydroxide was added to the liquid preparation to
adjust pH of the liquid preparation to about 5.8.

The resulting aqueoué suspensioﬁ of rebamipide was
dispersed for 40 minutes with CLEARMIX W-MOTION (M
Technique Co., Ltd.) wherein the rotor was set at about
18000 rpm, and the screen was set at about 16000 rpm. The
liquid ©preparation was concentrated/desaltéd with a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

After measuring the concentration of rebamipide in the
concentrated/desalted sample, polyvinylpyrrolidone K90
(PVPK90) (BASF), stevia (Steviron® C, Morita Kagaku Kogyo
Co.,Ltd.), D-sorbitol (Wako Pure Chemical Industries, Ltd.),

[

and purified water were added to the sample to prepare 2 $%

rebamipide suspension so that the concentrations of

polyvinylpyrrolidone K90, stevia, and D-sorbitol would be
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3 %, 0.05 %, and 4 %, respectively.

Ingredient Weight per 1 mL

rebamipide active ingredient 20 mg

polyvinyl- dispersing agent 20 mg

pyrrolidone

K25

polyvinyl~ viscosity enhancing | 30 mg

pyrrolidone agent

K90 _

D-sorbitol isotonic agent 40 mg

stevia sweetening agent 0.5 mg

purified water |solvent ‘ adjust the whole
' volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-1C0A, TOKI SANGYO CO.,LTD.) was 25
mPa-s. The mean particle size was méasured by dispersing
the rebamipide suspension in water, with a laser
diffraction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.09 um (without
ultrasonic irradiation, refractive index: 1.70-0.20 1i).

[0061)

Example 4
20 g of polyvinylpyrrolidone K30 (PVPK30) (BASF) was

dissolved in about 400 g of purified water. Thereto, 28.4
g of concentrated hydrochloric acid, and further purified
water were‘added to prepare 550 g of an aqueous solution of
PVPK30 - hydrochloric acid. Separately, 17.6 g of sodium
hydroxide was added to about 2600 g of purified water to
prepare an aqueous sodium hydroxide. 81.6 g of rebamipide

(Otsuka Pharmaceutical Co., Ltd.) was dissolved in the
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aqueous sodium hydroxide while warming the solution, and
then purified water was added thereto to adjust the total
weight to 2940 g. From the prepared sodium hydroxide -
rebamipide solution, 1470 g thereof was taken out for the
next step. |

To the aqueous solution of PVPK30 —.hydrochloric acid,
which was stirred at 3000 rpm with a disperser (ROBOMIX®,
PRIMIX Corporation), cooied in ice bath, the above sodium
hydroxide - rebamipide solution whose temperature was
maintained at about SOéciwas gradually added to precipitate
a rebamipide crystal. After all the sodium hydrbxide -
rebamipide solution was added thereto, the liquid
preparation was stirred for 30 minutes. After the ligquid
preparation was allowed to stand overnight, 5 N aqueous
sodiuﬁi hydroxide was added to the 1liquid preparation to
adjust pH of the liquid preparation to about 5.8.

The resulting aqueous suspension of rebamipide was
dispersed for 40 minutes with CLEARMIX W-MOTION (M
Technique Co., Ltd.) wherein the rotor was éet at about
18000 rpm, and the screen was set at about 16000 rpm. The
liquid preparation was <concentrated/desalted with a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

After measuring the concentration of rebamipide in the
concentrated/desalted sample, pullulan, stevia (Steviron® C,

Morita Kagaku Kogyo Co.,Ltd.), D-sorbitol (Wako Pure
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Chemical 1Industries, Ltd.), methylparaben, and purified
water were added to the sample to prepare 2 % rebamipide
suspension so that the concentrations of pullulan, stevia,

D-sorbitol, and methylparaben would be 5 %, 0.05 %, 4 % and

0.1 %, respectively.

Ingredient Weight per 1 mL
rebamipide active ingredient 20 mg
polyvinyl-. dispersing agent 10 mg
pyrrolidone ’
K30
pullulan viscosity enhancing | 50 mg

agent
D-sorbitol isotonic agent 40 mg
stevia ' sweetening agent 0.5 mg
methylparaben antiseptic agent 1 mg
purified water |solvent adjust the whole

' volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 27
mPa+-s. The mean particle size was measured by dispersing
the rebamipide suspension in water, with a laser
diffraction particle size analyzer . (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.17 pm (without
ultrasonic irradiation, refractive index: 1.70-0.20 i).
[0062]

Comparative example 3

20 g of polyvinylpyrrolidone K30 (PVPK30) (BASF) was
dissolved in about 400 g of purified water. Thereto, 28.4
g of concentrated hydrochloric acid, and further purified

water were added to prepare 550 g of an aqueous solution of
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PVPK30 =~ hydrochloric acid.” Separately, 17.6 g of sodium
hyaroxide was added to about'2600 g of purified water to’
prepare an agueous sodium hydroxide. 81.6 g of rebamipide
(Otsuka Pharmaceutical Co., Ltd.) was dissolved in the
aqueous sodium hydroxide while warming the solution, and
then purified water was added thereto to adjust the total
weight to 2940 g. From the prepared sodium hydroxide -
rebamipide solution, 1470 g thereof was téken out for the
next step.

To the agueous solution of PVPK30 - hydrochloric acid,
which was stirred at 3000 rpm with a disperser (ROBOMIX®,

PRIMIX Corporation), cooled in ice bath, the above sodium

hydroxide -~ rebamipide solution whose temperature was

maintained at about 50°C was gradually added to precipitate
a rebamipide crystal. After all the sodium hydroxide -
rebamipide solution was added thereto, the liquid
preparation was stirred for 30 minutes. After the liquid
preparation was allowed to stand overnight, 5 N aqueous
sodium hydroxide was addedAﬁo the liguid preparation to
adjust pH of the liqﬁid preparation to about 5.8.

The resulting aquéous suspension of rebamipide was
dispersed for 40 ‘minutes with CLEBRMIX W-MOTION (M
Technique Co., Ltd.) wherein the rotor was set at about
18000 rpm, and the screen was set at about 16000 rpm. The

liguid preparation was concentrated/desalted with a
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dialyzing system (Pellicon® 2 Mini, MILLIPORE).

After measuring the concentration of rebamipide in the
concentrated/desalted sample, polyvinylpyrrolidone K90
(PVPK90) (BASF), stevia (Steviron® C, Morita Kagakﬁ Kogyo
Co.,Ltd.), D-sorbitol (Wako Pure Chemical Industries, Ltd.);
methylparaben, and purified water were added to the sample
to prepare 2 % rebamipide suspension so that the
concentrations of polyvinylpyrrolidone K90, stevia, D-

sorbitol, and methylpafaben would be 1 %, 0.05 %, 4 %, and

oo

0.1 %, respectively.

Ingredient Weight per 1 mL

rebamipide -l active ingredient 20 mg

polyvinyl- dispersing agent 10 mg

pyrrolidone

K30 .

polyvinyl- viscosity enhancing | 10 mg

pyrrolidone agent

K90

D-sorbitol isotonic agent 40 mg

stevia sweetening agent 0.5 mg

methylparaben antiseptic agent 1 mg

purified water | solvent adjust the whole
volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 5
mPa-s. The mean particle size was measured by dispersing
the rebamipide suspension in water, with a laser
diffraction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.09 pm (without
vwltrasonic irradiation, refractive index: 1.70-0.20 1i).

[0063]
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Test 3

As mentioned in Test 1, oral ulcer was induced to the
rats, and then the rats were divided in predetermined
groups. From the third day after the induction of oral
ulcer by cautery method (Day 3), 2 % rebamipide suspensions
of Examples 3 and 4, 2 % rebamipide suspension of
Comparative example 3, and each solvent thereof (i.e., each
solvent obtained by excluding rebamipide from the Examples
and the Comparative example) were intra-orally administered
to the rats in a volume of 0.5 mL/kg, four times a day
(about at 8:00, 11:00, 14:00 and 17:00) for 5 days. The
rats were anesthetized Dby inhalation of isoflurane and
placed in the left lateral decubitus position, and then
administered each test sample into the left oral cavity
having oral wulcer after making the méuth opened with
forceps or a rib retractor.

The area of the oral ulcer was measured on Day 8. The
area of the oral ulcer in the group treated with 2 %
rebamipide suspeﬂsion of Example 3 was significantly
decreased, compared with the group treated with solvent (n
= 6, p < 0.01, t-test). The decrease ratio of the ulcer

area in the group treated with the rebamipide suspension

was 25.1 % per the ulcer area in the group treated with the

.solvent. In addition, the area of the oral ulcer in the

group treated with 2 % rebamipide suspension of Example 4
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-was significantly decreased, compared with the group

treated with the solvent (n = 6, p < 0.01, t—tést). The
decrease ratio of the ulcer area in the group treated with
the rébamipide suspension was 24.8 % as compared to the
ulcer area in the group treated with the solvent.

On the other hand, the ulcer area in the group treated
with the 2 % rebamipide suspension of Comparative example 3
was not significantly decreased for the group treated with
the solvent (n = 6, n.s., t-test). The decrease ratio of
the ulcer area in the group treated with the rebamipide
suspension waé 11.9 % as compared to the ulcer area in the

group treated with the solvent.

[0064]

-Example 5

20 g of polyvinylpyrrolidone K30 (PVPK30) (BASF) was
dissolved in abou; 400 g of purified water. Theréto, 28.4
g of concentrated hydrochloric acid, and further purified
water were added to prepare 550 g of an agueous solution of
PVPK30 - hydrochloric acid. Separately, 8.8 g of sodium
hydroxide was added to about 1300 g of purified wéter to
prepare an aqueous sodium hydroxide. 40.8 g of rebamipide
(Otsuka Pharmaceutical Co., Ltd.) was dissolved in the
agueous sodium hydroxide while warming the solution, and
then purified water was added thereto to adjust the total

weight to 1470 g of a solution of sodium hydroxide -
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rebamipide.

To the agueous solution of PVPK30 “hydrochloric acid,
which waé stirred at 3000 rpm with a disperser (ROBOMIX®,
PRIMIX Corporation), cooled in ice bath, the above sodium
hydroxide - rebamipide solution whose temperature was
maintained at 50 - 55°CAwas gradually added to precipitate
a rebamipide crystal. After all the sodium hydroxide -
rebamipide sclution was added thereto, the liquid
preparation was stirred for 30 minﬁtes. After degassing
the liquid preparation, 5 N aqueous sodium hydroxide was
added tb the ligquid preparation to adjust pH of the liqguid
preparation to about 6.0.

The resulting aqueous suspension of rebamipide was
dispersed for 60 minutes with CLEARMIX W-MOTION (M
Techniqge Co., Ltd.) wherein the rotor was set at about
18000 rpm, and the screen was set at about 16000 rpm. The
liquid preparation was concentrated/desalted 'With a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

The concentration of rebamipide in the
concentrated/desalted sample was.3.13 w/v %. To 193.6 g of
the liquid preparation were added 6 g of
polyvinylpyrrolidone K90 (PVPKS0) (BASF), 6 g of pullulan
(Hayashibara Co., Ltd.), 11.4 g of D-sorbitol (Wako Pure
Chemical Industries, Ltd.), 0.21 g of stevia (Steviron® C,

Morita Kagaku Kogyo Co.,Ltd.), 0.30 g of methyl
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parahydroxybenzoate (Wako Pure Chemical Industries, Ltd.),
and 0.24 g of strawberry flavor (San-Ei Gen F.F.I.,Inc.),
and then purified water was added thereto to édjust the
total volume to 300 mL. AAftef the above additives were
completely dissolved, the pH thereof was adjusted to 6.2

with hydrochloric acid or sodium hydroxide.

Ingredient Weight per 1 mL
rebamipide active ingredient 20 mg
polyvinyl- dispersing agent 10 mg
pyrrolidone K30 .
polyvinyl- viscosity enhancing |20 mg
pyrrolidone K90 agent
pullulan viscosity enhancing |20 mg

agent
D-sorbitol isotonic agent 38 mg
stevia sweetening agent 0.7 mg
methyl preserving agent 1l mg
parahydroxy-
benzoate
strawberry 4 flavor 0.8 mg
flavor
purified water solvent adjust the whole

volume to 1 mL

The viscosity of the suspénsion measured with a
rotatory viscometer (RC-100A, TOKI SANGYQ CO.,LTD.) was 50
mPa-s. The mean particle size was measured by dispersing
the rebamipide suspension in water, with a laser
diffraction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.11 um (without
ultrasonic irradiation, refractive index: 1(70—0;20 i).
[00651

Example 6
10 g of polyvinylpyrrolidone K30 (PVPK30) (BASF) was
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dissolved in about 400 g of purified water. Thereto, 28.4
g of concentrated hydrochloric acid, and further purified
water were added to prepare 550 g of an aqueous solution of
PVPK30 - hydrochloric acid. Separately, 8.8 g of sodium
hydroxide was added to about 1300 g of purified water fo
prepare an aqueous sodium hydroxide. 40.8 g of rebamipide
(Otsuka Pharmaceutical Co., Ltd.) was dissolved in the
aqueous sodium hydroxide while warming the solution, and
then purified water was added thereto to adjust the total
weight to 1470 g of a solution of sodium hydroxide "~
rebamipide. |

To the aqueous solution of PVPK30 - hydrochloric acid,
which was stirred‘at 3000 rpm with a disperser (ROBOMIXS,
PRIMIX Corporation), cooled in ice bath, the above sodium
hydroxide - rebamipide solution whose temperature was

maintained at 50 - 55°C was gradually added to precipitate

a rébamipide crystal. After all the sodium hydroxide -
rebamipide solution was added thereto, the liquid
preparation was stirred for 30 minutes. After degassing

the liquid preparation, 5 N aqueous sodium hydroxide was
added to the liquid preparation to adjust pH of the liquid
preparation to about 6.0.

The resulting' agueous suspension of rebamipide was
dispersed for 60 minutes with CLEARMIX W-MOTION (M

Technique Co., Ltd.) wherein the rotor was set at about
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18000 rpm, and the screen was set at about 16000 rpm. The
ligquid ©preparation was concentrated/desalted | with a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

The concentration of rebamipide in the
concentrated/desalted sample was 4.98 w/v %. To 243.6 g of
the liguid preparation were added 6 g of
polyvinylpyrrolidone K90 (PVPK90) (BASF), 6 g of pullulan
(Hayashibara Co., Ltd.), 11.4 g of D-sorbitol (Wako Pure
Chemical Industries, Ltd.), 0.21 g of stevia (Steviron® C,
Morita Kagaku  Kogyo Co.,Ltd.), 0.30 g of methyl
parahydroxybenzoate (Wako Pure Chemical Industries, Ltd.),
and 0.24 g of strawberry flavor (San-Ei Gen F.F.I.,Inc.),
and then purified water was added thereto to adjust the
total volume to 300 mL. After the above additives Were

completely dissolved, the pH thereof was adjusted to 6.2

with hydrochloric acid or sodium hydroxide.

Ingredient Weight per 1 mL
rebamipide active ingredient 40 mg
polyvinyl- dispersing agent 10 mg
pyrrolidone K30
polyvinyl- viscosity enhancing |20 mg
pyrrolidone K90 agent
pullulan viscosity enhancing |20 mg

agent
D-sorbitol isotonic agent 38 mg
stevia sweetening agent 0.7 mg
methyl preserving agent 1 mg
parahydroxy- '
benzoate
" strawberry flavor 0.8 mg
flavor
purified water solvent adjust the whole

volume to 1 mL
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The viscosity of the ' suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 140
mPa*s. The mean particle size was measured by dispersing
the rebamipide suspension in water, with a laser
diffraction particle size analyzef (SALD—3000J; Shimadzu
Corporation). The mean particle size was 0.17 um {without
ultrasonic irradiation, refractive index: 1.70-0.20 i).

[0066]

Example 7
40 g of polyvinylpyrrolidone K30 (PVPK30) (BASF) was

dissolved in about 400 g of purified watér. Thereto, 28.4
g of concentrated hydrochloric acid, and further purified
water were added to prepare 550 g of an agueous solutién of
PVPK30 - hydrochloric acid. Separately, 8.8 g of sodium
hydroxide waé added to about 1300 g of purified water to
prepare an aqueous sodium hydroxide. 40.8 g of rebamipide
(Otsuka Pharmaceutical Co., Ltd.) was dissolved in the
agueous sodium hydroxide while warming the solution, and
then purified water was added thereto to adjust the total
weight to 1470 g of a soclution of sodium hydroxide -
rebamipide. |

To the aqueous solution of PVPK30 - hydrochloric acid,
which was stirred at 3000 rpm with a disperser (ROBOMIX®,
PRIMIX Corporation), cooled in ice bath, the above sodium

hydroxide - rebamipide solution whose temperature was
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maintained at 50 - 55°C was gradually added to precipitate
a rebamipide crystal. After all the sodium hydroxide -
rebamipide solution was added thereto, the liquid
preparation was stirred for 30 minutes. After degassing
the liquid preparation, 5 N aqueous sodium hydroxide was
added to the liquid preparation to adjust pH of the liquid
preparation to about 6.0.

The resulting aqueous suspension of rebamipide was
dispersed _f‘or 60 minutes with CLEARMIX W-MOTION (M
Technique Co., Ltd.) wherein the rotor was set at about
18000 rpm, and the screen was set at about 16000 rpm. The
liguid preparation was concentrated/desalted with a
dialyzing system (Pellicon® 2 Mini, MILLIPORE).

The concentration of rebamipide in the
concentrated/desalted sample was 2.29 w/v %. To 132.1 g of
the liguid | preparation were added 6 g of
polyvinylpyrrolidone K90 (PVPK90) (BASF), 6 g of pullulan
(Hayashibara Co., Ltd.), 11.4 g of D;sorbitol (Wako Pure
Chemical Industries, Ltd.), 0.21 g of stevia (Steviron® C,
Morita Kagaku Kogyo Co.,Ltd.), 0.30 g of methyl
parahydroxybenzoate (Wako Pure Chemical Industries, Ltd.),
and 0.24 g of strawberry flavor (San-Ei Gen F.F.I.,Inc.),
and then purified water was added thereto to adjust tﬁe

total volume to 300 mL. After the above additives were

completely dissolved, the pH thereof was adjusted to 6.2
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with hydréchloric acid or sodium hydroxide.

Ingredient _ Weight per 1 mL
rebamipide active ingredient 10 mg
polyvinyl- dispersing agent 10 mg
pyrrolidone K30
polyvinyl- viscosity enhancing |20 mg
pyrrolidone K30 agent
pullulan viscosity enhancing |20 mg

agent
D-sorbitol isotonic agent 38 mg
stevia sweetening agent 0.7 mg
methyl preserving agent 1 mg
parahydroxy- '
benzocate
strawberry flavor 0.8 mg
flavor
purified water solvent adjust the whole

volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, TOKI SANGYO CO.,LTD.) was 26
mPa+s. The mean particle size was measured by‘dispersing
the rebamipide suspensidn in water, | with a laser
diffraction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.18 um (without
ultrasonic irradiation, refractive index: 1.70-0.20 1i).
[0067]

Test 4
As mentioned in Test 1, oral ulcer was induced to the

rats, and then the rats were divided in predetermined

groups. From the third day after the induction of oral
ulcer by cautery method (Day 3), 1 %, 2 %, and 4 %

rebamipide suspensions of Examples 7, 5 and 6, respectively,

and the solvent thereof (i.e., the solvent obtained by
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excluding rebamipide from the Example) were intra-orally
administered to the rats in a volume of 0.5 mL/kg, four
times a day (about at 8:00, 11:00, 14:00 and 17:00) for 5
days. The rats were anesthetized Dby inhalation éf
isoflurane and placed in the left lateral decubitus
position, and then admihistered each test sample into the
left oral cavity having oral ulcer after making‘the mouth
opened with forceps or a rib retractor.

The area of the oral ulcer was measured on Day 8, and
the decrease ratio of the ulcér area in the group treated
with the rebamipide suspensibn as compared to that of the
group treated with the solvent was calculated. The area of
the oral ulcer in the group treated with 1 % rebamipide
suspension of Example 7 was decreased, and the area of the
oral ulcer in the group treated with 2 % and 4 % rebamipide
suspensions ~of Examples 5 and 6, respectively was
significantly decreased, compared with the group treated
with the scolvent (n=7, p < 0.01, t-test). The decrease
rétios of the ulcer area in the group treated with the 1 %,

©

2 and 4 % rebamipide suspensions were 13.9 %, 25.3 % and

oo

. 33.0 % .as compared to the ulcer area in the group treated

with the solvent, respectively (n = 7).

[0068]

Example 8
60 g of polyvinylpyrrolidone K30 (PVPK30) (BASF) was
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" dissolved in about 1400 g of purified water. Thereto, 85.2

g of conc. hydrochloric acid solufion, and further purified
water were added to prepare 1650 g of an aqueous solution
of PVPK30 - hydrochloric acid. Separately, 26.4 g of
sodium hydroxide was added to about 4000 g of purified
water to prepare an aqueous sodium hydroxide. 122.4 g of
rebamipide (Otsuka Pharmaceutical Co., Ltd.) was dissolved
in the aqueous sodium hydroxide while warming the solution,
and then purified water was added thereto to adjusﬁ the
total weight to 4410 g of a solution of sodium hydroxide -
rebamipide.

To the agueous solution of PVPK30 - hydrochloric acid,
which was stirred with a disperser (CLEARMIX W-MOTION, M
Technigque Co., Ltd.), cooled in ice bath, wherein the rotor
was set at about 6000 rpm, and the screen was set at about
4100 rpm, the above sodium hydroxide - rebamipide solﬁtion
whose temperature was maintained at 50 - 55°C was gradually
added to precipitate a rebamipide crystal. After all thé
sodium hydroxide - rebamipide solution was added thereto,
the liquid preparation was stirred for 30 minutes. After
degassing the 1liquid preparation, 5 N aqueous sodium
hydroxide was added to the liquid preparation to adjust pH
of the liéuid preparation to about 6.0.

The resulting agueous suspension of rebamipide was

dispersed for 180 minutes with CLEARMIX W-MOTION (M
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Technique Co., Ltd.) wherein the rotor was. set at about
18100 rpm, and the screen was set at about 16000 rpm. The
liguid préparation was concentrated/desalted with a
dialyzing system - (Pellicon® 2 Mini, MILLIPORE) and
filtrated with a filter (Acropak500 capsule 0.8/0.45 um,
PALL) . |

The concentration of rebamipide in the
concentrated/desalted ahd filtréted-sample was 5.10 w/v %.
To 792.16 g of the liguid preparation were added 10 g of
polyvinylpyrrolidone K90 (PVPK90) (BAéF), 20 g of pullulan
(Hayashibara Co., Ltd.), 38 g of D-sorbitol (Wako Pure
Chemical Iﬁdustries, Ltd.), 0.7 g of stevia (Steviron® ¢,
Morita Kagaku Kogyo Co.,Ltd.), 1.30 g of methyl
parahydroxybenzoate (Wako Pure Chemical Industries, Ltd.),
0.55 g of ethyl parahydroxybenzoate (Wako' Pure Chemical
Industries, Ltd.) and 0.8 g'of strawberry flavor (San—Ei
Gen F.F.I.,Ihc.). After the above additives were

completely dissolved, the pH thereof was adjusted to 6.2

with sodium hydroxide and then purified water was added

thereto to adjust the total volume to 1000 mL.
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Ingredient Weight per 1 mL
rebamipide active ingredient 40 mg
polyvinyl- dispersing agent 20 mg
pyrrolidone K30
polyvinyl- viscosity enhancing| 10 mg
pyrrolidone K90 agent
pullulan viscosity enhancing |20 mg
agent
D-sorbitol | isotonic agent 38 mg
stevia sweetening agent 0.7 mg
methyl preserving agent 1.3 mg
parahydroxy-
benzoate
ethyl preserving agent 0.55 mg
parahydroxy- ' :
benzoate
strawberry flavor 0.8 mg
flavor
purified water - | solvent adjust the whole
volume to 1 mL

The viscosity of the suspension measured with a
rotatory viscometer (RC-100A, ?OKI SANGYO CO.,LTD.} was
37.4> mPa-s. The mean particle size was measured by
dispersing the rebamipide suspension in water, with a laser
difffaction particle size analyzer (SALD-3000J, Shimadzu
Corporation). The mean particle size was 0.23 um (without
ultrasonic irradiation, refractive index: 1.70-0.20 1i).
[0069]

Test 5

A glossitis was induced by X-ray-irradiation as
mentioned below. In detail, the normally-bred rat was
anesthetized with intraperitoneal injection of

pentobarbital sodium solution. To irradiate only around
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the‘snout, the body of the rat was shielded with double
shields of 0.5 mm-thick lead plates. The exposed snouts
received a single dose of 15 Gy of irradiation. After the
X-ray-irradiation, the rat was put back in a breeding cage
and.was waken fherein naturally.

The day of the X-ray-irradiation was defined as the
starting day (Day 0).

Eight days before the starting day, the rats were
divided in predetermined groups by stratified randomization
based on the body weight. From 7 days before the starting
day, 1 % rebamipide suspension which was prepared by a
method equivalent to the method in Example 7 (except for
manufacturing scale and the concentrations of methyl
parahydroxybenzoate and ethyl parahydroxybenzoate were
0.13 % and 0.055 %, respectively), 2 & rebamipide
sﬁspension which was prepared by a method equivalent to the
method in Example 5 (except for manufacfuring scale and the
concentrations o¢f methyl parahydroxybenzoate and ethyl

Q

parahydroxybenzoate were 0.13 % and 0.055 %, respectively),

4 % rebamipide suspension of Example 8, and the solvent

thereof (i.e., the solvent obtained by excluding rebamipide
from the Example) were intra—orally administered to the
rats in a volume of 0.5 mL/kg, six times a'day for 14 days
(up to Day 6).

The X-ray-irradiation was carried out on the starting
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day (Day 0), and the area of the glossgtis on Day 7 was
measured. The area of the glossitis in the group treated
with rebamipide suspension was decreasedvdosé-dependently,
as compared to the area of the glossitis in the group
treated with the solvent. The area of the glossitis in the
group treated with | 1 % rebamipide suspension was
significantly decreased compared with the group treated
with the solvent (n = 12, p < 0.05, Williams test). And

also, the area of the glossitis in the groups treated with

o

2 % and 4 rebamipide suspensions was significantly
decreased (n = 10 - 11, p < 0.01, Williams test). Each
decrease ratio of the glossitis area in the groups treated
with the 1 %, 2 % and 4 % rebamipide suspepsions was 23.8 %,

49.3 % and 58f0 % as compared to the glossitis area in the

group treated with the solvent, respectively.
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CLAIMS
1. A pharmaceutical composition for preventing and/or
treating mucosal disorder, comprising 10 mg/mL - 50 mg/mL

rebamipide having a mean particle size of less than 500 nm
as an active ingredient, at least one dispersing agent, and
at least one viscosity enhancing agent, wherein the
viscosity of the liquid preparation is in a range of 10

mPa-s - 500 mPa-s.

2. The pharmaceutical composition of claim 1 wherein the
mean particle size of rebamipide is less than 300 nm, the
content of rebamipide is 20 mg/mL - 40 mg/mL, and the
viscosity of the liquid preparation is in a range of 20

mPa-s - 300 mPa-s.

3. The pharmaceutical composition of claim 1 or 2 wherein
the dispersing agent comprises at least one ingredient
selected from the group consisting of polyvinylpyrrolidone,
hydroxypropylmethylcellulose, polyoxyethylene polyoxy-

propylene glycol, and carboxymethylcellulose sodium.

4. The pharmaceutical composition of claim 3 wherein the

dispersing agent comprises polyvinylpyrrolidone.

5. The pharmaceutical composition of claim 4 wherein the
dispersing agent comprises polyvinylpyrrolidone K25 and/or

polyvinylpyrrolidone K30.

6. The pharmaceutical composition of any one of claims 1
- 5 wherein the wviscosity enhancing agent comprises

polyvinylpyrrolidone K90.
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7. The pharmaceutical composition of any one of claims 1
- 5 wherein the viscosity enhancing agent comprises

pullulan.

8. The pharmaceutical composition of any one of claims 1
- 5 wherein the viscosity enhancing agent comprises

polyvinylpyrrolidone K90 and pullulan.

9. The pharmaceutical composition of claim 8 wherein the
viscosity enhancing agent comprises 5 mg/mL - 30 mg/mL

polyvinylpyrrolidone K90 and 10 mg/mL - 30 mg/mL pullulan.

10. The pharmaceutical composition of any one of claims 1
- 9 wherein the +viscosity enhancing agent has no

aggregative action for the rebamipide particles.

11. The pharmaceutical composition of any one of claims 1
- 10 wherein the mean particle size of rebamipide isg less

than 200 nm.

12. The pharmaceutical composition of any one of claims 1
- 11 wherein the shape of rebamipide is a uniform needle
crystal having the longest diameter of less than 1000 nm
and the shortest diameter of less than 60 nm, provided that

the longest diameter/the shortest diameter is more than 3.

13. The pharmaceutical composition of any one of claims 1
- 12, further comprising a parahydroxybenzoate derivative

as a preserving agent (antiseptic agent).

14. The pharmaceutical composition of any one of claims 1
- 13, further comprising an isotonic agent, a sweetening

agent, and/or a flavor.
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15. The pharmaceutical composition of claim 14 comprising

stevia as a sweetening agent.

16. The pharmaceutical composition of any one of claims 1

- 15 which is in the form of aqueous suspension.

17. A method for preparing the pharmaceutical composition
of any one of claims 1 - 16, comprising

mixing at least one dispersing agent, an aqueous acid
solution, an aqueous solution comprising a water-soluble
rebamipide salt, and optional other ingredient(s) or
solvent (s) to prepare an agueous suspension comprising
rebamipide having a mean particle size of less than 500 nm,

adding a base thereto to adjust pH of the aqueous
suspension to 3 - 7,

dispersing and/or dialyzing the aqueous suspension,

adjusting pH of the aqueous suspension to 5 - 7, and
then

adding a viscosity enhancing agent thereto and
optionally adding a preserving agent (antiseptic agent), an
isotonic agent, a sweetening agent, and/or a flavor

thereto.

18. The pharmaceutical composition of any one of claims 1
- 16, comprising administering the pharmaceutical

composition in the oral cavity.

19. The pharmaceutical composition of any one of claims 1
- 16 for preventing and/or treating mucosal disorder in the
oral cavity and/or mucosal disorder in the pharynx, wherein
the pharmaceutical composition is administered in an amount

of 3 mL - 20 mL in the oral cavity and then optionally
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getting the patient to swallow the pharmaceutical

composition.

20. The pharmaceutical composition of c¢laim 18 or 19

wherein the mucosal disorder is caused by radiation.

21. The pharmaceutical composition of c¢laim 18 or 19
wherein the mucosal disorder is caused by radiotherapy and

chemotherapy.

22. The pharmaceutical composition of claim 20 wherein the
amount of the pharmaceutical composition administered in

the oral cavity is 5 mL - 10 mL.

23. The pharmaceutical composition of any one of claims 19
to 22, wherein the operation of the administration and the

optional swallow is repeated twice to six times a day.

24. The pharmaceutical composition of claim 23 wherein the
operation of the administration and the optional swallow is

repeated four times to six times a day.

25, The pharmaceutical composition of any one of claims 1
- 16 for preventing and/or treating =xerostomia and/or
hyposalivation, comprising administering the pharmaceutical

composition in the oral cavity.

26. The pharmaceutical composition of claim 20 wherein the
pharmaceutical composition 1is administered in the oral
cavity and then optionally swallowed by the patient, and
wherein the daily dose of rebamipide is 400 mg to 2400 mg.
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27. The pharmaceutical composition of claim 26 wherein the
operation of the administration and the optional swallow is
repeated four to six times a day, and wherein the

radiotherapy is for treating head and neck cancer.



