DESCRIPTION AQUEOUS PHARMACEUTICAL SUSPENSIONS CONTAINING REBAMIPIDE AND
MANUFACTURING PROCESS THEREOF 5 TECHNICAL FIELD The invention relates to a
rebamipide-containing aqueous pharmaceutical suspension which can be prepared by a simple
process and keep the dispersed fine-particle state 10of rebamipide stable; and a process thereof.
BACKGROUND OF THE INVENTION  Rebamipide exhibits anti-inflammatorv and anti-ulcer effects
in gastrointestinal tract and now has been used as 15 a pharmaceutical. In addition, rebamipide has
an increasing action of goblet cell density in cornea and conjunctiva of eyes, which increases the yield
of mucin that is an ingredient of mucus and the secretion of mucus and lacrimal fluid, and hereby the
cornea and conjunctiva 20 can be protected pf: stabilizedstherefore, rebamipide is known to be
effective in preventing and treating the eye disease caused by dryness of cornea which is appellati ely
referred as dry eye (JP-A-9-301866). However, rebamipide does not have a sufficient and
25long-term-stable solubility in the physiologically neutral 2 pH range where the irritant and

dysfunctional deeY&ERYSr BYESWR Fitito<al tissitee REYw ! aNd herte iy B oR&bialicr pidpare a

repqmipdd_e-formulation as a \Q{tﬁ&)erw%qggtg?ﬁ%e gﬁ%@l&d%ﬁ %%idic compoun_d. Alternatively,
5 it is possible to prepare a water-solution of rebamipide Usinga surfactant such as an ionic surfactant
and a gponionic surfactant, or a solnbilizer such as a cvolodextrin derivative. When administering the
formulation, however, such surfactant or such solubilizer might have a biological 10 ingredient in the
mucosa dissolvednnthe selriom and might interfere with the activity of rebamipide, which is an action
of stabilizing and protecting the mucosa.  On the contrary, using an aqueous pharmaceutical
suspension containfiitea dispessdd pebartipide; ¢ive afove-a5 rieitionaeidemennas ot low
solubility of rebamipide will be overcome_and hence it will be possible to prepare a

rebamipide-fBAHGEREIBN PRBWEIER e baipids TRERM 8XistEin SPpdiide it HTRRaRd By
agglutinating a needle cr %toa%% ebami '%%&Df@ﬂéfyda%fggk?sg@aﬁi article size: short 20 gage length
RS ) U6 thereol 1 -

0.1-0.5 um,along age lengt toform a secondary P article thereof (mean particle size:

about 40 - 5Q, bup) gk thegafose itds dhought ta berhardda preparesrsuspension of rebamipide from a
fine particle of rebamipide. Under the prior art, therefore, in order to 25equally disperse as a fine

particle the agglutinated 3 rebamipide that is a secondary particle, it had been indispensable to add a
cellulose derivative that is a water-soluble polymer known as a suspending agent, a surfactant and so
on to the mi&afEHHEMh G FeFathiptde BantPRirther to strongly stir the mixture using a special
dispersing/suspen n%gomo nizer, a gc:)LIjCosld ah h_-.?_p%%fd rot%r%/ tg_]trasogécatortlgﬁggg%rmore, even

if it rebamipide as a fine %5%0 & in“are some p%b ems in the prloroar¥, naamely??hé“fine particle of

rebamipide wilt beesagglutinated as-thedesarve time passesitossforndhe segondary pasticle or to
15 enlarge the crystalline particle, and the precipitated suspension-particle is not easily re-dispersed
as afipe particle phatindensiichea backgraund of thel priemart, ithessheien desiradsto dexelop an
aqueous pharmaceutical suspension
increasing action of goblet cell density in cornea and
conjunctiva of eyes, which increases the yield of mucin
that is an ingredient of mucus and the secretion of mucus
and lacrimal fluid, and hereby the cornea and conjunctiva
20 can be protected or stabilized. Therefore, rebamipide is
known to be effective in preventing and treating the eye
disease caused by dryness of cornea which is appellatively
reférred as dry eye (JP-A-9-301866).

However, rebamipide does not have a sufficlent and

25 long-term-stable solubility in the physiologically neutral



20containing rebamipide so that rebamipide can he stably dispersed as a fine particle using a simple
method and the fine particle cannot be re-agglutinated DISCLOSURE OF INVENTION 25(Problem to
be solved by the invention) 4 The invention has been found in order to overcome the
above-mentioned problems of the prior art. The invention provides a rebaripide-containing agueous
pharmaceutical suspension which can he prepared By a simple process and 5keep the dispersed
fine-particle state of rebamipide stable without having the fine particle agglutinated.It is a purpose of
the invention. (Means to solve the problem) 10The present inventors have extensively studied to reach
the above object and then have found that the addition of polyvinyl alcohol together with rebamipide to
an aqueous gelutien get afineparicle afrebamipidaequalisdispersestintheiagueats sotation without
a 15 specific dispersing or suspending device and the resulting suspension can be stored as a stable
suspended stateswitnoutreasglutinatisg thelfinelparticlerod rélsaraipidet Basedmpoathbfew findings
and further additional improvements, the present invention has been completed. 20 The invention
provides an A§uedtRHE maceifeaF SRR RS EBm ARG réaosanﬁ‘pid‘éagﬁﬁ a PRIEESLRr the
preparation thereof as mentioned helow, 1Yl e nsio isi mipide and
polyvinyl alc%ﬁ&éﬁgfz] Jl’%%aa{ndl@lo%% sﬁgpe%éioﬁcogﬁﬁé;u%ﬁ%ﬁgé%%ﬁsinr&ﬁgg%%%%gg Ss% t'compound.
[3] The aquepus suspensionetLher [2lwherein rebaminide isin: 15:309%vY%cashpehainyl alcohol
isin 0.1 - 4 wiv%. 5[4] The aqueous suspension of any one of [1] - [3], which is an ophthalmic
formulation. usifod Asprecess tordhé prepdation eiraniagueoussuspension camprisingorebamipide,
which comprises (1) the first step: mixing water and polyvinyl alcohol 10to prepare a aqueous
solution contaiiihg pel&fas aRBhol, aAd 2 S iRElseEdhd 3R aBding rebamRAeE 16 e aqueous
solution containing polyvinyl alcohol given.in ,th?first ste %nd l}ﬂxin%_ILh mixtur tov%iverthe aqueous
suspension PSEoniBridifg rebamipitie (Bt 5t e ¥entith) ~° ACSHaING to the Bqueous
pharmaceuticgl suspension af the joventian, Lehamipide is-equally.dispersed a5 g fing: 2iparticle
state and the resulting suspension can be stored as a stably-diSpersed state without re-agglutinating
the fing particlejefaebanmipide:anthenlarging she ctystalineparticle eves whenstarng itfot long term.
Even when rebamipide pretipitates, it is possible that the equally- 25dispersed state of the
fine-crystallime. phiticlensegalilye with the activity of rebamipide, which is

an action of stabilizing and protecting the mucosa.
Oon the «contrary, using an aqueous pharmaceutical
suspension containing a dispersed rebamipide, the above-
15 mentioned demerit as to the low solubility of rebamipide
will be overcome and hence it will be possible to prepare a
rebamipide-formulation. However, rebamipide usually exists
in a powder-form prepared by agglutinating a needle crystal
‘of rebamipide (primary particle, mean particle size: short
20 gage length 0.1 - 0.5 pm, long gage length 0.2 - 4 um) to
form a secondary particle thereof (mean particle size:
about 10 - 50 um), and therefore it is thought to be hard
to prepare a suspension of rebamipide from a fine particle
of rebamipide. Under the prior art, therefore, in order to

25 equally disperse as a fine particle the agglutinated



6 recovered with shaking by hand. Additionally, the aqueous pharmaceutical suspension of the
invention comprises polyvinyl alcohol, and hence it is not necessary to use a dispersing/suspending
device for 5 strong stir such as a homogenizer, a colloid mill, a turbine-type stirring device, a
high-speed rotary shear stirring device, and an ultrasonicator and it is enough to use a usual agitation,
i.e. just mixing in order to disperse the rebamipide which had been agglutinated to form 10 a
secondary particle into a fine-particle state. Therefore, the aqueous pharmaceutical suspension of the
invention also has a merit on the preparation to be formulated via a simple process. 15BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 shows results that the particle distribution of
rebamipide is-geasusediin Expariment 2 (Q3scunkiative distdbution £5), line graph; g frequency
distribution (%), bar graph). In Fig. 1, ‘A" indicates the particle 20 distribution of rebamipide suspension
in Example 12;ansthe B irdicates thédpatricleelistrbution ofirehiamipidessuspensionsn Gomparative
Example 1. DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 7
comprisesreWarhffideada phgrmaceifeally Aol ingrddient  STREPowWdEF of 38BaHipidé active
ingredient used i% th% inventiog generally existtls}én %jis}?ggré%arxg rticle Stateéénbeanj(%%gicle size:

about 10 - 50° Brl% a\'NChI(a:lﬁFS orrlmeacf)yoanggiiﬁtina INg a primary par]illclgél(lf’r:L rré%amlp%% feedle crystal,

mean particle size-3hqit, gage length 8,11 Q-5 4m ong, gage lepgth.0..2,3 44imy). ln fhe agueous
pharmaceutical suspension of the invention, the existence 10 of polyvinyl alcohol enables rebamipide
to retain as aistebh-dishersetssiateivhereinsehamipiderisdispersed asmifipe pastiskswhese mean
particle size is 0.1 - 10 um, preferably 0.2 - 5 um. Herein, the mean particle size (urn) can be
calculated adcordinertbahe following méthatl That 3 5Usiising tHevgatasotithe iperticledisteibution
which is measured by a laser diffraction-scattering, the range of the particle size (maxima particle size:
X, minimum,aparﬁ’dg)érz%?%)iis dhAdEd thto B WhichSS thictified S6%5idfg to RE follBtting fol.aula
to give a 70@3@@53@&@5% . The value is defined as "mean patrticle size". Mean value=IOw wherein
Xj: Particle size, Deference % (frequency distribution). The content amount of rebamipide in the
aquepyis 5 pharmageytioad spspey)sior-pEthe invention can b siitably set inyesgosse ta the body-site
for treatment, the manner of administration and so on; for example, preferably 0.1 - 30 w/v%, more
preferably 0.8ebEmwhid%e Fartherniores theatguebas phasmaeeutical suspénsionmof 1fke svention
comprises polyvinyl alcohol to have the above rebamipide stably-dispersed as a fine-particle state.
The saponifigétion eGfee BF BBRATHYI aldohdtifsedintthe ind&ition FERELMniteBR&nd & ne
partly-saponifiedt%r (ioempléa%elyiseaipong_fieddgolyﬂrlyll alcohol gan be L_{se;id, antdé & 15%art -saponified

polyvinyl alcBRAl 15 %referable because a partly-saponi i6d one Makes the %lspers%l ity olf?ebamipide

enhanced mygh more. Thepolwday-aleghelused n the dnventiondnelidss.a-parly-sapopified one
having mean saponification degree of preferably 70 - 94 %(mol), 20most preferably 85 - 90

%(mbh.The meanrsgponifieatian-gegreelisrgivepdytthe mmeasuredacearding te IS K6 #2613.5. The
water-soluble viscosity of polyvinyl alcohol used in the invention (20C, concentration: 4 w/w%
water-solubl6 Wity Cherefiafe? Hendted 2Rt visessitvat 496/206Pesis bt ho8lintitedtthereto,

preferably 35-3 é:llrlglrg g..s,

Under such a background of the prior art, i1t has been

desired to develop an agueous pharmaceutical suspension

20 containing rebamipide so that rebamipide can be stably
dispersed as a fine particle using a simple method and the

fine particle cannot be re-agglutinated

DISCLOSURE OF INVENTION

25 (Problem to be solved by the invention)



mentioned herein is a measurable value according to the viscosity determination described in the
Japanese Phaimacopoeia XIV (General Tests, Viscosity Determination, Method | Viscosity
measurement by capillary tube viscometer). The practical process is shown as follows: (1) to prepare 4
w/w% 'Polyvinyl alcohol in water, which is charged in a capillary tube viscometer (Ubbelohde-type
viscometer) to keep it in constant-temperature waterbath 10 of 20C (0.1C) for 20 minutes, (2) to
record the time, t(s), required for the meniscus of the sample solution to fall from the upper to the lower
marked line of the capillary tube viscometer, and (3) to calculate the viscosity at 4%/20C using
the 15measured value. Kinematic following formula with the. mm/s) x t (time for measuring, s)
Viscosity r) (viscosityiat 49%/206) oy (dagmadieviseosity) xip, (dansity of the liguid samplgeg/mL) 20=
K (viscometer constant, mm/s2) x t (time for measuring, s) x p (density of the liquid sample, g/mll)

The mixing ratieokpolyvinylalechal moitieaguedustlamrmatceutical Susperisioniafitbe tdvention can
be suitably 25varied depending on the mixing ratio of rebamipide or the 10 kind of polyvinyl alcohol as
used, and foP&RImMpIRS it i$ prefeRibly BiEe 25RR9% LindRIpreliciabRie.3 PRrawmeseut e arder to
homogeneously- and stably- isp(%se geba}grgpide asafine-particlestate,an aqueous 5pharmaceutical

suspension of the fvention Wherein 47& mixing Fa%%aﬁ:eet\cfivegﬁ re%ar?ﬁ&ﬁ%eanaﬁoo(fﬁﬁrgyl ait%hol is
applied;to the, abgve-mentioned.mudng fatin aad ¢ addiiogally IneJridas Laiio, ehgobviny} gloohol is 2 -
4000 by weight, preferably 10 - 1000 by weight against 100 100of rebamipide by weight is exemplified
as a preferahle emhodinenting Inike dqueouspharmasewiggh suspension of the-inventign,
rebamipide which is in primary particle state can be prevented much more effectively from being
re-agglutinated vvesethe Suspensionesdiprses, in addition to rebamipide and polyvinyl alcohol, a
metal salt compound and/or a Tris salt compound which are soluble in aqueous solution. Herein, the
metal salt compound which is soluble in 20 aqueous solution is not limited as far as itis

pharmaceutigﬂlé/a%%ce%ab %,liggluglmg %%gaéﬂs)le, a sodium salt compound such as sodium chloride,
lum-dihydr

disodium hydrogen phosphate, so ogen phosphate, sodium succinate, sodium tartrate,
sodium hydroxide, sadiun, sali cempaurd sueh s petassiugkehlgtde. dipotassiymhydrogen
phosphate,potassium dihydrogen phosphate, Potassium succinate, potassium tartrate, potassium
hydroxide, patagsium abetatequotassivin eatborate, anth@otadsiva citrate;d calciim satteompound
such as calcium chloride, calcium hydroxide, calcium carbonate, and calcium, citrate; and a
magnesium S&EaGHhPBuRE sPaT miaghe’dith 2Rforide SmabREsitimthy dFekigE L medhediom
carbonate, and ma n%%iug ciérai%tAlgg, th% Trisasal%gompoundtwh'$h is ]¥O SO|L§J|€ in agueous
solution is ndtimited &S far as tis pjharmagt:eutically ac%%pteﬂ)a[é:, inc u%linﬁ or X %%Jréfjt |§(2-
amino-2-hydgoxymetby1-;3:propanedial),  tAmongstthe petaksalt cogpoupds;angior Tris salt
compounds, sodium salt compound, especially sodium chloride 15 is preferably used in the agueous
suspenision ferraalafibn of the kwention sincevishas aipoient-action tarpievert the sispersed
rebamipide as a fine-particle state from being re-agglutinated. The aqueous suspension formulation of
the inventions2GhffiSddifprisSéBneindBTahedetd$ sakt corfrsuel aAd/r rdeshlt Gmpeund; or 2 or
more kinds of t?_o% metal salt compounds and/o%Tris salt compounds. In case that the metal salt

1ot s saft COATDtnd R adted in the sispeR&ibh- fie cdcenfraid B 98said metal

compound affd

salt compound apg/or Tris,salt compoygg in glql%%%ueogﬁéus%ﬁgggom%%gg%g,nré(lt limited and
I

includes, for example, 0.01 - 3 w/v%, preferably 0.1 -2 w/v% in total.
improvements, the present invention has been completed.

20 The invention provides an adgueous pharmaceutical
suspension comprising rebamipide and a process fof the
preparation thereof as mentioned below.

[1] An aqueous suspension comprising rebamipide and
polyvinyl alcohol. |

25 (2] The aqueous suspension of [1] further comprising



The osmotic pressure of the aqueous suspension 5 formulation of the invention is not limited as far as
it is physiologically acceptable. For example, in case that the aqueous suspension formulation of the
invention is used in ophthalmic formulation, the osmotic pressure of the formulation used is generally
150 - 600 mOsm/kg, preferably10200 - 400 mOsm/kg, more preferably 245 - 365 mOsm/kg. The
osmotic pressure can be adjusted by a manner known in the art with the above-mentioned metal salt
compound and/or Tris salt compound; or a sugar, a sugar alcohol, a polyhydric alcohol, etc. 15The pH
of the aqueous suspension formulation of the invention is not limited as far as it is pharmaceutically
acceptable and includes, for example, 3.0 - 9.0, preferably 5.0 - 7.0. The pH can be adjusted by a
manner known Exteart wath-a phlgeguator such as citric acid, phosphoric 20acid, acetic acid, a salt
thereof, hydrochloric acid, and sodium hydroxide. The agueous suspension formulation of the
invention may includé bthéihactiesiphanmaceuticatingredients, a [présepvativie; la refrigeednt, a
surfactant, a flavor, a 25coloring agent, a chelator, a buffer, a thickner, etc. in 13 addition to the
above-mentisfedHgrédenicas Faras'they 4o Bt TteABRE POhEEEE of #RRentcn Fhe
examples of 6help[.es%r\‘/d lve acceptable in the aqueous suspension formulation of the invention

a

include parabéns suc ‘rrr?e'thyl paraben, ethyl paraben, and butyl paraben; quaternary ammoniums

such as benzalkoniygy chleride,apd. Benzethaniwpsehiaridg; guaniding germicides sughsas
chlorhexidine gluconate; sodium edetate; etc. The agqueous suspension formulation of the
invention is lRadapted farrpreferablyla farnfidatierl tor imucosa such as ophthalmic formulation, nasal
spray, and inhalant formulation which is an atomized formulation for pulmonary administration sprayed
with a spray device f8d inhalatisi® ¢ REalsbF6r ofdlFormdRbivhzinjedtior: etc 2The agueous
15suspension formulation of the invention is used mare preferably as anj%phthalmic formulation.

e

Furthermore S¥ YfitfsiRg SYERE S ik mer™ &R ointient Bass et MR B Sdded to the aqueous
suspension formula{@p qfthe ﬂ‘i%@?o&@p@r%!‘d@%& %%E‘é!fg%{r?é ng)(girg}m%{_or&m.cohg he aqueous

suspension formulation of the invention can be prepared by mixing a predetermined amount of
rebamipide, pelyyirybaleehal, angeeptional vtherdngresientswithphawnaeauticallyaceapsablewater
25(preferably, purified water or injectable water).As a 14 preferable process for the preparation of an
aqueous suspeasion formulation of the invention, the following process comprising the first step and
the second step is exemplified: (1) the first step; mixing water and polyvinyl alcohol to prepare a

aqueous solution cdRtaint§ pSKFART afRbRBF aRBII Y 2F HREREEIAE steh: BGingFeBaHpide to the
aqueous solutian_containing polyvinyl alcohol given in the first-10step and.mixing the.mixture to give
the aqueoussp%alﬁr%rﬁ%%ut%g?%asygel# |or‘% ((:% ‘gﬁ%?%% rgga{:rﬁl%?éle. gl@ﬁf‘ﬁe %n%re%%ntsféﬁéﬁ than
rebamipide andpolyvinykaleahel regy bgaddeddn either the first steguardhe segand:stap,dn the
second step, it is possible to eaually- 15 disperse rebamipide as a fine-particle state just with weak
stirring using-amgens sl pyo pelterstipietdunnecessary to use a special strong stirring) since powdered
rebamipide in an agglutinated state which forms a secondary particle thereof is very dispersible as a
fine particle due to the 20action of polyvinyl alcohol. EXAMPLE Hereinafter,the present invention
isfurther illt%sftratgd b%/t fog%winrgtexarpples, but should not be nrconstrued to be limited
thereto.The [Sg‘lyvﬁfl alGohof*® TRVSHELeR

According to the agueous pharmaceutical suspension of

the invention, rebamipide 1s egually dispersed as a fine-

20 particle state and the resulting suspension can be stored
as a stably-dispersed state without re-agglutinating the

fine particle of rebamipide and enlarging the crystalline
particle even when storing it for long term. Even when
rebamipide prec¢ipitates, it is possible that the equally-

25 dispersed state of the fine-crystalline particle is easily



15 used in the following Examples 1 - 4 and 7 - 12 is "Poval 2240TMu (KURARAY CO., LTD.)
(saponification degree: 86 - 89 %(mol), viscosity at 45/20C: 20 - 48 mPa.$). Further, the polyvinyl
alcohol used in the following Examples 5 - 6 is "Polyvinylalcohol USP71" (Spectrum Quality Product,
USA)(saponification degree: 86 - 89 5(mol), viscosity at 45/20C: 20 - 48 mPa.$). Example 1:
Ophthalmic formulation Rebamipide 0.100 g Partally hydrolyzed polyvinyl alcohol 1.000 g
Sodium citrate 0.146 g Methyl paraben 0.060 a Fropyl paraben 0.015g Sodium edetate

recovered with shaking by hand.

Additionally, the agqueous pharmaceutical suspension of
the invention comprises polyvinyl alcohol, and hence it is
not necessary to use a dispersing/suspending device for

5 strong stir such as a homogenizer, a colloid mill, =a
turbine-type stirring device, a high-speed rotary shear
stirring device, and an ultrasonicator and it is enough to
use a usual agitation, i.e. Just mixing in order to
disperse the rebamipide which had been agglutinated to form

10 a secondary particle into a fine~particle state. Therefore,
the agueous pharmaceutical suspension of the inve;tion also
has a merit on the preparation to be formulated wvia a

simple process.

15 BRIEF DESCRIPTION OF THE DRAWINGS
Flg. 1 shows results that the particle distribution of
rebamipide is measured in Experiment 2 (Q3: cumulative

distribution (%), line graph; ¢3: fregquency distribution

(%), bar graph). In Pig. 1, "A" indicates the particle
20 distribution of rebamipide suspension in Example 12, and

the "B" indicates the particle distribution of rebamipide

suspension in Comparative Example 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 The aqueous pharmaceutical suspension of the invention



0.050 g Sodium chloride 0.715g Potassium chloride 0.180 g Sodium hydroxide q,s. (to adjust
pH to 6) Hydrochloric acid g.s.(to adjust pH to 6) Purified water qg.s. Total

comprises rebamipide as a pharmaceutically active
ingredient.
The powder of rebamipide active ingredient used in the
invention generally exists in a secondary particle state
5 (mean particle size: about 10 - 50 um) which is formed by
agglutinating a primary particle of rebamipide (a needle
crystal, mean particle size: short gage length 0.1 - 0.5 um,
long gage length 0.2 - 4 um). In the adqueous
pharmaceutical suspension of the invention, the existence
10 of polyvinyl alcohol enables rebamipide to retain as a
stably~dispersed state wherein rebamipide 1s dispersed as a
fine particle whose mean particle size is 0.1 - 10 um,
preferably 0.2 - 5 um. Herein, the mean particle size (um)
can be calculated according to the following methed. That
i5 is, using the data of the particle distribution which is
measured by a laser diffraction~scéttering, the range of
the particle size (maximum particle size: x;, minimum,
particle size: Xpm) 1s divided into "n", which is
calculated according to the following formula to give a
20 mean~value thereof. The value is defined as "mean particle
size™.
Mean value=10H
wherein

1 log,, x; +1og;,x, +1
”_mozqf[ 2

7=l




amount 100 mL  10All of the above ingredients except rebamioide were dissolved in purified water
with heating, the resulting solution was filtrated through an aseptic filter and then rebamipide sterilized
through aseptic manipulation was added to the filtrate, and then the mixture was stirred by 15a
magnetic stirrer to provide an aqueous pharmaceutical suspension.The aqueous pharmaceutical
suspension was aseptically dispensed into 5 - 15 Mg plastic vessels to prepare the ophthalmic
formulation. 16 Example 2: Ophthalmic formulation Rebamipide 0.100a Partially hydrolyzed
polyvinyl alcohol 1.000g Sodium citrate 0.146 g Benzalkoniumchloride (10 w/w%) solution 0.1 mi

x;: Particle size,

gs: Deference % (frequency distribution).

The content amount of rebamipide in the aqueous

pharmaceutical suspension of the invention can be suitably

1]

set in response to the body-site for treatment, the manner
of administration and so on; for example, preferably 0.1 -
30 w/v%, more preferably 0.3 - 10 w/v%.
Furthermore, the adqueous pharmaceutical suspension of
10 the invention comprises polyvinyl alcohol to have the above
rebamipide stably-dispersed as a fine-particle state.

The saponification degree of polyvinyl alcohol used in
the invention is not limited, and a partly-saponified or
completely-saponified polyvinyl alcohol can be used, and, a

15 partly-saponified polyvinyl alcohol is preferable because a
partly-saponified one makes the dispersibility of
rebanipide enhanced much more. The polyvinyl alcohol used
in the invention includes a partly-saponified one baving
mean saponification degree of preferably 70 - 94 % (mol),

20 most preferably 85 - 90 %(mol). The mean saponification
degree is given by the measure according to JIS K 6726 3.5.

The water-soluble viscosity of polyvinyl alcohol used
in the invention (20°C, concentration: 4 w/w$ water-soluble
viscosity, hereinafter denoted as "viscosity at 4%/20°C")

25 is, but not limited thereto, preferably 3 - 110 mPa's,



Sodium. edetate 0.050 g Sodium chloride 0.715 g Potassium chloride 0.180g Sodium hydroxide
g.s. (to adjust pH to 6) Hydrochloric acid g.s. (to adjust pH to 6) Purified water ¢.5. Total amount 100
mL

especially 20 - 60 mPa-s. The viscosity at 4%/20°C
mentioned herein 1is a measurable wvalue according to the
viscosity determination described in the Japanese
Pharmacopoela XIV (General Tests, Viscosity Determination,
5 Method I Viscosity measurement by capillary tube
viscometer). The practical process is shown as follows:
(1) to prepare 4 w/w% polyvinyl alcohol in water, which is
charged in a capillary tube viscoﬁeter (Ubbelohde~-type
viscometer) to keep 1t in constant-temperature water bath
10 of 20°C (£0.1°C) for 20 minutes, (2) to‘record the time,
t(s), required for the meniscus of the sample solution to
fall from the upper to the lower marked line of the
capillary tube viscometer, and (3} to calculate the
viscosity at 4%/20°C using the following formula with the
15 measured value.
Kinematic wviscosity v = K (viscometer constant,
mm?/s®) x t (time for measuring, s)
Viscosity »n (viscosity at 4%/20°C) = v (kinematic
viscosity) x p (density of the ligquid sample, g¢g/mL)
20 = K (viscometer constant, mm?/s?) x t (time for measuring,

8) x p (density of the liquid sample, g/mL)

The mixing ratio of polyvinyl alcohol in the aqueous
pharmaceutical suspension of the invention can be suitably

25 varied depending on the mixing ratio of rebamipide or the



All of the above ingredients except rebamipide were dissolved in purified water with heating, the
resulting 5 solution was filtrated through an aseptic filter and then rebamipide sterilized through aseptic
manipulation was added to the filtrate, and then the mixture was stirred by a magnetic stirrer to provide
an aqueous pharmaceutical suspension. The aqueous pharmaceutical suspension was 10aseptically
dispensed into 5 - 15 mL plastic vessels to prepare the ophthalmic formulation. 97 Example 3:
Ophthalmic formulation Rebamipide 0.500 g Partially hydrolyzed polyvinyl alcohol 0.500g Citric
acid 0.011g Sodium citrate 0.146 g Sodium chloride 0.715g

kind of polyvinyl alcohol as used, and for example, it is

preferably 0.1 - 4 w/v%, more preferably 0.3 - 2 w/v%.

In order to homogeneously- and stably-disperse
rebamipide as a fine-particle state, an agueous
5 pharmaceutical suspension of the inVention. wherein the

mixing ratio between rebamipide and polyvinyl alcohol is
applied to the above-mentioned mixing ratio and
additionally the mixing ratio of polyvinyl alcohol is 2 -
4000 by weight, preferably 10 - 1000 by weight against 100

10 of rebamipide by weight 1s exemplified as a preferable
embodiment.

In the agueous pharmaceutical suspension of the
invention, rebamipide which is in primary particle state
can be prevented much more effectively from being re-

15 agglutinated when the suspension comprises, in addition to
rebamipide and polyvinyl alcohol, a metal salt compound
and/or a Tris salt compound which are soluble in aqueous
solution.

Herein, the metal salt compound which is soluble in

20 aqueous solution is not limited as far ‘as it is
pharmaceutically acceptable, including for example, a
sodium salt compound such as sodium chloride, disodium
hydrogen phosphate, sodium dihydrogen phosphate, sodium
succinate, sodium tartrate, sodium hydroxide, sodium

25 acetate, sodium carbonate, and sodium citrate; a potassium



Potassium chloride 0.180 g Sodium hydroxide q.s. (to adjust pH to 6) Hydrochloric acid g.s. (to
adjust pH to 6) Purified water q.s. Total amount 100 mL All of the above ingredients except
rebamipide were dissolved In purified water with heating, the resulting solution was filtrated through.
an aseptic filter and then 5 rebamipide sterilized through aseptic manipulation was added to the filtrate,
and then the mixture was stirred by a magnetic stirréf to provide an aqueous pharmaceutical
suspension. The aqueous phaintaceutical suspension was aseptically dispensed into 0.3 - 1 RIL
plastic vessels for just one use to prepare the ophthalmic formulation. Example 4: Ophthalmic
formulation

salt compound such as potassium chloride, dipotassium

hydrogen phosphate, potassium dihydrogen phosphate,
potassium succinate, potassium tartrate, potassium
hydroxide, potassium acetate, potassium carbonate, and
5 potassium citrate; a calcium salt compound such as calcium
chloride, calcium hydroxide, calcium carbonate, and calcium
citrate; and a magnesium salt compound such as magnesium
chloride, magnesium hydroxide, magnesium carbonate, and
magnesium citrate. Also, the Tris salt compound which is
10 soluble in aqueous solution is not limited as far as it is
pharmaceutically acceptable, including for example, tris{2-
amino-2-hydroxymethyl-1, 3-propanediol) .
Amongst the metal salt compounds and/or Tris salt
compounds, sodium salt compound, especially sodium chloride
15 is preferably used in the adqueous suspension formulation of
the invention since it has a potent action to prevent the
dispersed rebamipide as a fine-particle state from being
re-agglutinated.
The agqueous suspension formulation of the invention
20 may comprise one kind of the metal salt compound and/or
Tris salt compound; or 2 or more kinds of the metal salt
compounds and/or Tris salt compounds.
In case that the metal salt compound.and/or Tris salt
compound i1s added in the suspension, the concentration of

25 said metal salt compound and/or Tris salt compound in the



Rebamipide 0.500 g Partially hydrolyzed polyvinyl alcohol 1,000 g Citric acid 0.011g Sodium
citrate 0.146 g Sodium chloride 0.715g Potassium chloride 0.180g

12

aqueous suspension formulation is not limited and includes,

for example, 0.01 - 3 w/v%, preferably 0.1 - 2 w/v% in
total.

The osmotic pressure of the agueous suspension

5 formulation of the invention is not limited as far as it is

physiologically acceptable. For example, in case that the

agueous suspension formulation of the invention is used in

ophthalmic formulation, the osmotic pressure of the

formulation used is generally 150 - 600 mOsm/kg, preferably

10 200 - 400 mOsm/kg, more preferably 245 - 365 mOsm/kg. The
osmotic pressure can be adjusted by a manner Xknown in the
art with the above-mentioned metal salt compound and/or
Tris salt compound; or a sugar, a sugar alcohol, a
polyhydric alcohol, etc.

15 The pH of the agqueous suspension formulation of the
invention i1s not limited as far as it is pharmaceutically
acceptable and includes, for example, 3.0 - 9.0, preferably
5.0 = 7.0. The pH can be adjusted by a manner known in the
art with a pH regulator such as citric acid, phosphoric

20 -  acld, acetic acid, a salt thereof, hydrochloric acid, and
sodium hydroxide.

The aqueous suspension formulation of the invention
may include other active pharmaceutical ingredients, 'a
preservative, a refrigerant, a surfactant, a flavor, a

25 coloring agent, a chelator, a buffer, a thickner, etc. in



Sodiumyd oxe g.s. (to adjustto 6 Hydrochloric acid g.a. (to adjust pH to 6) Purified water (.s.

Total amount 100 mL 18 dissolved in purified water with heating, the resulting solution was filtrated
through an aseptic filter and then rehamipide sterilized through aseptic manipulation was added to the
filtrate, and then the mixture was stirred by 5a magnetic stirrer to provide an aqueous pharmaceutical
suspension. The aqueous pharmaceutical suspensios was aseptically dispensed into 0.3 - 1 ml plastic
vessels for just one use to prepare the ophthalmic formulation, 10Example 5: Ophthalmic foimulation
Rebamipide 1.000g

addition to the above-mentioned ingredients as far as they
do not interfere in the effect of the invention. The
examples of the preservative acceptable in the agueous
suspension formulation of the invention include parabens

5 such as methyl paraben, ethyl paraben, and butyl paraben;
gquaternary ammoniums such as benzalkonium chloride, and
benzethonium chloride; guanidine germicides such as
chlorhexidine gluconate; sodium edetate; etc.

The aqueous suspension formulation of the invention is

10 adapted for preferably a formulation for mucosa such as
ophthalmic formulation, nasal spray, and inhalant
formulation which is an atomized formulation for pulmonary
administration sprayed with a spray device for inhalation,
and also for oral formulation, injection, etc. The agueous

15 suspension formulation of the invention is used more
preferably as an ophthalmic formulation.

Furthermore, a gelatinizing agent, a thickner, an
ointment base, etc. can be added to the agueous suspension
formulation of the invention to formulate a useful gel or

20 ointment form.

The aqueous suspension formulation of the invention
can be prepared by mixing a predetermined amount of
rebamipide, polyvinyl alcohol, and optional other
ingredients with pharmaceutically acceptable water

25 (preferably, purified water or injectable water). ‘As a



Partially hydrolyzed polyvinyl alcohol 1.000g Sodium citrate 0.146 g Sodium chloride 0.715g
Potassium chloride 0.180g Sodium hydroxide q.s. (to adjust pH to 6) Hydrochloric acid g.s. (to
adjust pH to 6) Purified water g.s

14

preferable process for the preparation of an aqueous
suspension formulation of the invention, the following
process comprising the £first step and the second step is
exemplified:

5 (1) the first step: mixing water and polyvinyl alcohol
to prepare a aqueous solution qontaining polyvinyl alcochol,
and

(2) the second step: adding rebamipide to the adqueous
solution containing polyvinyl alcohol given in the £irst

i0 step énd mixing the mixture to give the agueous
pharmaceutical suspension comprising rebamipide.

The ingredients other than rebamipide and polyvinyl
alcohol may be added in either the first step or the second
step. In the second step, 1t is possible to equally-

15 disperse rebamipide as a fine—particleystate Just with weak
stirring using a general propeller stirrer (unnecessary to
use a special strong stirring) since powdered rebamipide in
an agglutinated state which foxms a secondary particle
thereof 1s very dispersible as a fine particle due to the

20 action of polyvinyl alcohol.

EXAMPLE

Hereinafter, the present invention is further
illustrated by the following examples, but should not be

25 construed to be limited thereto. The polyvinyl alcohol



Total amount 100 mL All of the above ingredients except rebamipide were dissolved in purified
water with heating-, the resulting solution was filtrated through an aseptic filter and then rebamipide
sterilized through aseptic manipulation was 15 added to the filtrate, and then the mixture was stirred by
a magnetic stirrer to provide an aqueous pharmaceutical suspension. The aqueous pharmaceutical
suspension was aseptically dispensed into 0.3 - 1 ml5 plastic vessels for just one use to prepare the
ophthalmic formulation. 19 Example 6: Ophthalmic formulation Rebamipide 2.000g Partially
hydrolyzed polyvinyl alcohol 1.000g Sodium citrate 0.146 g Sodium chloride 0.715g Potassium
chloride

used in the following Examples 1 - 4 and 7 - 12 is "Poval

224C™n  (KURARAY CO., LTD.) (saponification degree: 86 -
89 %(mol), viscosity at 4%/20°C: 20 - 48 mPa-s). Further,

the polyvinyl alcohol used in the following Examples 5 - 6

5 is "pPolyvinylalcohol USP™" (Spectrum Quality Product,
UsA) (saponification degree: 86 - 88 % (mol), wviscosity at

4%/20°C: 20 - 48 mPa-‘s).

Example 1: Ophthalmic formulation

Rebamipide 0.100 g
Partially hydrolyzed 1.000 ¢
polyvinyl alcohol

Sodium citrate 0.146 g

Methyl paraben 0.060 g

Propyl paraben 0.015 ¢

Sodium edetate 0.050 ¢

Sodium chloride 0.715 g

Potassium chloride 0.180 g

Sodium hydroxide g. s.(to adjust pH to 6)
Hydrochloric acid g. s.{to adjust pH to 6)
Purified water g. s.

Total amount | 100 mL |

10 Bll of the above ingredients except rebamipide were
dissolved in purified water with heating, the resulting
solution was filtrated through an aseptic filter and then
rebamipide sterilized through aseptic manipulation was

added to the filtrate, and then the mixture was stirred by

15 a magnetic stirrer to provide an adqueous pharmaceutical
suspension. The aqueous pharmaceutical suspension was
aseptically dispensed into 5 - 15 mL plastic vessels to

~prepare the ophthalmic formulation.



0.180 g Sodium hydroxide g.a. (to adjust pH to 6) Hydrochloric acid q.s. (to adjust pH to 6) Purified
water (.S. Total amount 100 m14 All of the above ingredients except rebamipide were
dissolved in purified water with heating, the resulting solution was filtrated through an aseptic filter and
then rebamipide sterilized through aseptic manipulation was added to the filtrate, and then the mixture
was stirred by a magnetic stirrer to provide an aquebds pharmaceutical suspension. The aqueous
pharmaceutical suspension prepared 10 thus was aseptically dispensed into 0.3 - 1 riL plastic vessels
for just one use to prepare the ophthalmic formulation. Example 7: inhalant formulation Rebamipide
0.530g

Example 2: Ophthalmic formulation

Rebamipide 0.100 g
Partially hydrolyzed 1.000 g
polyvinyl alcohol
Sodium citrate 0.146 g
Benzalkonium chloride solution| 0.1 mbL
(10 w/w%)
Sodium edetate 0.050 g
Sodium chloride 0.715 g
Potassium chloride 0.180 ¢
Sodium hydroxide g. 8. {to adjust pH to 6)
Hydrochloric acid g. s.(to adjust pH to 6)
Purified water q. S.

Total amount 100 mL

All of the above ingredients except rebamipide were

dissolved in purified water with heating, the resulting

5 solution was filtrated through an aseptic filter and then
rebamipide sterilized through aseptic manipulation was

added to the filtrate, and then the mixture was stirred by

a magnetic stirrer to provide an agqueous pharmaceutical
suspension. The aqueous pharmaceutical suspension was

10 aseptically dispensed into 5 - 15 mL plastic vessels to

prepare the ophthalmic formulation.



Partially hydrolyzed polyvinyl alcohol 0.100g Chlorhexidine g uconate (20 w/w%) 0.05 m1)
Sodium citrate 0.146g Sodium chloride 0.86g Hydrochloric acid g.s. (to adjust oH to 6) Purified
water

17

Example 3: Ophthalmic formulation

Rebamipide 0.500 g
Partially hydrolyzed 0.500 ¢
polyvinyl alcohol
Citric acid 0.011 g
Sodium citrate 0.146 ¢
Sodium chloride 0.715 g
Potassium chloride 0.180 g
Sodium hydroxide g. s.(to adjust pH to 6)
Hydrochloric acid g. s.(to adjust pH to 6)
Purified water g. s.
Total amount 100 mL

All of the above ingredients except rebamipide were
dissolved in purified water with heating, the resulting
solution was filtrated through an aseptic filter and then

5 rebamipide sterilized through aseptic manipulation was
added to the filtrate, and then the mixture was stirred by

a magnetic stirrer to provide an aqueous pharmaceutical

suspension. The adueous pharmaceutical suspension was
aseptically dispensed into 0.3 - 1 mL plastic vessels for
10 just one use to prepare the ophthalmic formulation.

Example 4: Ophthalmic formulation

Rebamipide 0.500 g
Partially hydrolyzed 1.0060 ¢
polyvinyl alcohol
Citric acid 0.011 ¢
Sodium citrate 0.146 g
Sodium chloride 0.715 ¢
Potassium chloride 0.180 g
Sodium hydroxide g. s.(to adjust pH to 6)
Hydrochloric acid g. s.(to adjust pH to 6)
Purified water g. S.
Total amount | 100 mL

211 of the above ingredients except rebamipide were



g.s. Total amount 100 mL 20 All of the above dissolved in purified solution was filtrated
rebamipide sterilized added to the filtrate, a magnetic stirrer to ingredients except rebamipide were
water with heating, the resulting through an aseptic filter and then through aseptic manipulation was
and then the mixture was stirred by provide an aqueous pharmaceutical suspension.The agueous
pharmaceutical suspension was aseptically dispensegl into 10 - SO mi., plastic or glass vessels to
prepare the inhalant formulation.In case of 10 using the inhalant formulation, 2 - 3 mL of the inhalant
formulation should be injected into a nebulizer with a dropper, sorayed and then inhaled by a patient to
be administered. 15Wxample 8: Inhalant formulation Rebamipide 2.000a Partially hydrolyzed

polyvinyl alcghel3,5900a Ghlomexidilagluganate (20 WwAWKHD D:084!, the resulting
solution was filtrated through an aseptic filter and then
rebamipide sterilized through aseptic manipulation was

added to the filtrate, and then the mixture was stirred by

5 a magnetic stirrer to provide an aqueous pharmaceutical
suspension. The agqueous pharmaceutical suspension was
aseptically dispensed into 0.3 - 1 mL plastic vessels for

Just one use to prepare the ophthalmic formulation.

10 Example 5: Ophthalmic formulation

l_.‘
(@]
o
o
Q

Rebamipide
Partially hydrolyzed
polyvinyl alcohol
Sodium citrate 0
Sodium chloride 0
Potassium chloride 0
Sodium hydroxide dg. s.{
g (
!

[
o
o
(e

o adjust pH to 6)
o adjust pH to 6)

Hydrochloric acid
Purified water

Total amount 100 mL

All of the above ingredients except rebamipide were
dissolved in purified water with heating, the resulting
solution was filtrated through an aseptic filter and then
rebamipide sterilized through aseptic manipulation was

15 added to the filtrate, and then the mixture was stirred by
a magnetic stirrer to provide an agueous pharmaceutical
suspension. The aqueous pharmaceutical suspension was
aseptically dispensed into 0.3 - 1 mlL plastic vessels for

just one use to prepare the ophthalmic formulation.



Sodium citrate 0.146 g Sodium chloride 0.86g Sodium hydroxide Ig.s. (to adjust pH to 6)
hydrochloric acid o.s. (to adjust pH to 6) Purified water q.s. Total amount 100 mL  Allthe above
dissolved in purified solution was filtrated rebamipide sterilized ingredients except rebamipide were
water with heating, the resulting through an aseotic filter and then through aseptic manipulation was
21 added to the filtrate, and then the mixture was stied by a magnetic stirrer to provide an aqueous
pharmaceutical suspension. The agueous pharmaceutical suspension was aseptically dispensed into
0.3 - 5 mill plastic vessels for 5 just one use to prepare the inhalant formulation. In case of using the
inhalant formulation, all amount of the inhalant formulation should be injected into a nebulizer,
optionally diluted with other inhalant formulation or physiological saline, sprayed and then inhaled by a
patient 10to be administered. Example 9: Gel formulation '
Example 6: Ophthalmic formulation

Rebamipide 2.000 g
Partially hydrolyzed 1.000 g
polyvinyl alcohol

Sodium citrate .146 g
Sodium chloride .715 g
Potassium chloride .180 g

Sodium hydroxide s. (to adjust pH to 6)
Hydrochloric acid . 8. (to adjust pH to 6)
Purified water g. 8.

Total amount 100 mkL

QO OO |O

All of the above ingredients except rebamipide were

digssolved in purified water with heating, the resulting

5 solution was filtrated through an aseptic filter and then
rebamipide sterilized through aseptic manipulation was
added to the filtrate, and then the mixture was stirred by

a magnetic stirrer to provide an agqueous pharmaceutical
suspension. The aqueous pharmaceutical suspension prepared

10 thus was aseptically dispensed into 0.3 - 1 mL plastic
vessels for FJust one use to prepare the ophthalmic

formulation.

Example 7: Inhalant formulation

Rebamipide 0.500 g

Partially hydrolyzed 0.100 ¢
polyvinyl alcohol

Chlorhexidine gluconate 0.05 mL
(20 w/w%)

Sodium citrate 0.146 g

Sodium chloride 0.86 g

Hydrochloric acid g. s.(to adjust pH to 6)
g
1

Purified water . S.
00 mL

Total amount




Rebamip de 5.000 g Partially hydrolyzed polyvinyl alcohol 1.000 g Carboxvvinvl polymer 0.500 g
Benzalkoniumchloridesolution (20 w/ w%) 0.1 mL Sodium citrate 0.146 Sodium chloride 0.600 g
Soo-um hydroxide qg.s (to adjust pH to 6) Purified water q.s. Total amount

20

All of the above ingredients except rebamipide were
dissolved in purified water with heating, the resulting
solution was filtrated through an aseptic filter and then
rebamipide sterilized through aseptic manipulation was

5 added to the filtrate, and then the mixture was stirred by
a magnetic stirrer to pro&ide an adgueous pharmaceutical
suspension. The aqueous pharmaceutical suspension was
aseptically dispensed into 10 ~ 50 mlL plastic or glass
vessels to prepare the inhalant formulation. In case of

10 using the inhalant formulation, 2 - 3 mL of the inhélamt
formulation should be injected into a nebullizer with a

dropper, sprayed and then inhaled by a patient to be

administered.
15 Example 8: Inhalant formulation
Rebamipide - 2.000 g
Partially hydrolyzed 0.500 g
polyvinyl alcohol
Chlorhexidine gluconate 0.05 mL
(20 w/w%)
Sodium citrate 0.146 g
Sodium chloride 0.86 ¢
Sodium hydroxide g. s.(to adjust pH to 6)
hydrochloric acid g. s.(to adjust pH to 6)
Purified water gd. s. '
Total amount 100 mL

All of the above ingredients except rebamipide were
dissolved in purified water with heating, the resulting
solution was filtrated through an aseptic filter and then

rebamipide sterilized through aseptic manipulation was



100 mi, The polyvinyl alcohol was dissolved in half of the predetermined amount of purified
water, rebaMipide was 15 added thereto, and the mixture was stirred with a magnetic stirrer to prepare
an aqueous pharmaceutical suspension. Separately, carboxyvinyl polymer was dissolved in the
residual purified water, and than the other ingredients were added to the solution to prepare a solution
containing 22 carboxyvinylpolymer.And,theaboveagueous pharmaceutical suspension and the above
solution containing carboxyvinyl polymer were mixed wherein the pH was adjusted and the mixture
was gelatinized to prepare a gel 5formulation. The gel formulation obtained above was filled in 3 - 20
al, plastic or aluminum tubes. Example 10: Gel formulation Rebamipide 5.000 g Partially hydrolyzed
gollyvierl alcqh! £1000, g+ icarboxyvinypolyngr 1209 o-nBenzalkoriimghlorigesoltion(30 wiwb)

Am

a magnetic stirrer to provide an adqueous pharmaceutical

suspension. The agueous pharmaceutical suspension was
aseptically dispensed intc 0.3 - 5 mL plastic vessels for
5 just one use to prepare the inhalant formulation. In case

of using the inhalant formulation, all amount of the
inhalant formulation should be injected into a nebulizer,
optionally diluted with other inhalant formulation ox
physiological saline, sprayed and then inhaled by a patient

10 to be administered.

Example 9: Gel formulation

Rebamipide 5.000 g
Partially hydrolyzed 1.000 g
polyvinyl alcohol
Carboxyvinyl polymer .500 ¢
Benzalkonium chloride solution| 0.1 mL

(e}

(10 w/w$)

Sodium citrate 0.146 g

Sodium chloride 0.600 ¢ ‘
Sodium hydroxide g. s. (to adjust pH to 6)
Purified water d. s.

Total amount 100 mL

The polyvinyl alcohol was dissolved in half of the
predetermined amount of purified water, rebamipide was

15 added thereto, and the mixture was stirred with a magnetic
stirrer to prepare an agqueous pharmaceutical suspension.
Separately, carboxyvinyl polymer was dissolved in @ the
residual purified water, and then the other ingredients

were added to the solution to prepare a solution containing



Sodium citrate 0.146 g Sodium chloride 0.200 g Sodium hydroxide g.S. (to adjust pH to 6)
Hydrochloric acid cl.s. (to adjust pH to 6) Purified water gq.s.  Total amount1100 mli  The polyvinyl
alcohol was dissolved in half of the 10 predetermined amount of purified water, rebamipide was added
thereto, and the mixture was stirred with a magnetic stirrer to prepare an aqueous pharmaceutical
suspension. Separately, carboxyvinyl polymer was gl#ssolved in the residual purified water, and then
the other ingredients 15were added to the solution to Prepare a solution containing
carboxyvinylpolymer.And,theaboveaqueous

carboxyvinyl polymer. And, the above agueous
pharmaceutical suspension and the above solution containing
carboxyvinyl polymer were mixed wherein the pH was adjusted
and the mixture was gelatinized to ©prepare a gel
5 formulation. The gel formulation obtained above was filled

in 3 - 20 mL plastic or aluminum tubes.

Example 10: Gel formulation

Rebamipide 5.000 g
Partially hydrolyzed 2.000 g
polyvinyl alcohol

Carboxyvinyl polymer 0.500 ¢
Benzalkonium chloride solution | 0.1 ml

(10 w/w%)
Sodium citrate 0.146 g
Sodium chloride 0.200 g
Sodium hydroxide g. s. {(to adijust pH to 6)
Hydrochloric acid g. s. (to adjust pH to 6)
Purified water g. S.

- Total amount 100 mL

The polyvinyl alcohol was dissolved in half of the

10 predetermined amount of purified water, rebamipide was
added thereto, and the mixture was stirred with a magnetic
stirrer to prepare an agqueous pharmaceutical suspension.
Separately, carboxyvinyl polymer was dissolved i1in the
residual purified water, and then the other ingredients

15 were added to the solution to prepare a solution containing
carboxyvinyl polymer. And, the above agqueous
pharmaceutical suspension and the above solution containing

carboxyvinyl polymer were mixed wherein the pH was adjusted



23 and the mixture was gelatinized to prepare a gel formulation. The gel formulation obtained above
was filled' in 3 - 20 mL plastic or aluminum tubes. Example 11: Ointment formulation Rebamipide
0.200 g Partially hydrolyzed polyvinyl alcohol 0.100 g Purified water 0.500 g Sodium chloride 0.001 g
Methyl paraben 0.060 g Propyl paraben 0.015 g White petrolatum d.s. Total amount

23

and the mixture was gelatinized to ©prepare a gel
formulation. The gel formulation obtained above was filled

in 3 - 20 mlL plastic or aluminum tubes.

(811

Example 11: Ointment formulation

Rebamipide 0.200 g
Partially hydrolyzed 0.100 ¢
polyvinyl alcohol
Purified water 0.500 g
Sodium chloride 0.001 g
Methyl paraben 0.060 g
Propyl paraben 0.015 ¢
White petrolatum g. s.
Total amount 100 g

Polyvinyl alcohol and sodium chloride were dissolved
in purified water. Thereto rebamipide was added, and the
mixture was stirred with a magnetic sfirrer to prepare an
agqueous pharmaceutical suspension. Alternatively, white

10 petrolatum was warmed to be melted, and thereto methyl
paraben and propyl paraben were dissolved. Optionally

cooling, the agqueous pharmaceutical suspension prepared

above was added to the mixture, And the mixture was
homogenized to ©prepare an ointment formulation. The
15 ointment formulation obtained above was filled in 3 - 20 mL

plastic or aluminum ointment-tubes.

Experiment 1: Long-term stability ftest

The ophthalmic formulations of Examples 5 and 6

20 prepared above were stored under the condition of



100 g Polyvinyl alcohol and sodium chloride were dissolved in purified water. Thereto rebamipide
was added, and the mixture was stirred with a magnetic stirrer to prepare an agueous pharmaceutical
suspension.Alternatively, white 10petrolatum was warmed to be melted, and thereto methyl paraben
and propyl paraben were dissolved.Optionally cooling, the aqueous pharmaceutical suspension
prepared above was added to the mixture.And the mixture was homogenized to prepare an ointment
formulation.The 15o0intment formulation obtained above was filled in 3 - 20 mL plastic or aluminum
ointment-tubes. Experiment 1: Long-term stability test The ophthalmic formulations of
Examples S and 6 20prepared above were stored under the condition of 24 250/60%RH for 36
months, and{he supdvaliate-pfrebagipide, esmotic pressure,PH,And,mean parlicle size-of
rebamipide were sequentially measured. The measure of the particle size of rebamipide was carried
out using a laserhdiffragtometardShimadag SALE-3080)rnd Asanresatts incalkmeasare ime-points
(i.e. before the storage and after the storage of 12, 24 and 36 months), all the results of the survival
rate of rebariipithy tehibticiiresssedpeh bhe lhEaf pariche Size Ware satisfiatr with fLothe criteria
(Survival rate of rebamipid was 90% or higher, osmotic pressure was 245 - 325 mOm, pH was 5 - 7,

and mean p&RAEIES2E WAL TR5 °5 gty 2ReEordghi |t HadBeeifcsttirmaa th&: rébamfide in a
fine-particle state. can ngset%efd §§(}§i§%g%s%§%gfj>epamipide fine particle 15without
decomposition or agglutination under the long-term stability test. Experiment 2: Measure of mean
particle size asThe suspensjons{Examplest2and Comparatve Example:1) 2Qshoven in Table 1
were prepared according to the following procedure. First of all, the ingredients other than rebamipide
were warmediie betdissaleed:inl pafified water. Stoothreosolution then2wasaddéd rebarnipide, and the
mixture was stirred at room temperature for 1 hour with a magnetic 25stirrer (TeflonTN stirrer 30 mm,
about 500 rptd) o Prepafes 258 USpERsioRUREreE I THE partife SRRBHBBARIPIAET? tHE prepared

suspension was measured Hsingrzli laser diffractom(%tgg(sgimadzu SAID-3000.J). Tgblve\riltglgredient for

. . sl hiawie} g & were satlgTie
Formulation %(%ﬁ]sﬁfé: 92 8or‘nparéjtlvgel':%<am%?e E re amlpldze
10 the criteria (survival rate of rebamipide was 90% or higher,
osmotic pressure was 245 - 325 mOm, pH was 5 - 7, and mean
particle size was 0.5 - 5 um). Accordingly, it has been

confirmed that rebamiplde in a fine-particle state can be
stored as a stable suspension of rebamipide fine particle
15 without decomposition or agglutination under the long-term

stability test.

Experiment 2: Measure of mean particle size

The suspensions (Example 12 and Comparative Example 1)

20 shown 1in Table 1 were prepared according to the following
procedure. First of all, the ingredients other than
rebamipide were warmed to be dissolved in purified water.

To the solution then was added rebamipide, and the mixture

was stirred at room temperature for 1 hour with a magnetic

25 stirrer (Teflon™ stirrer 30 mm, about 500 rpm) to prepare



1.000 g 1.000 g partially hydrolyzed polyvinyl alcohol 1.000 g  Hydroxypropylmethyl
cellulose(60SH4000) 0.300 g Sodium citrate 0,146 g 0.146 a Sodium chloride 0.715g 0.715g
Potassium chloride

a suspension thereof. The particle size of rebamipide in
the prepared suspension was measured using a laser

diffractometer (Shimadzu SALD-3000J) .

Table 1
Ingredient Comparative
fog Formulation Example 12 Exaﬁple 1
rebamipide 1.000 ¢ 1.000 g
partially hydrolyzed
polyvinyl alcohol 1.000 g -
Hydroxypropylmethyl _ 0.300 g
cellulose (608H4000) :
Sodium citrate 0.146 g 0.146 g
Sodium chloride 0.715 g 0.715 g
Potassium chloride 0.180 ¢ 0.180 g
Sodium hydroxide g. s. ({(to adjustlg. s. (toc adjust
pH to 6) pH to 6)
Hydrochloric acid g. 8. (to adjustlqg. s. (to adjust
pH to 6) pH to 6)
Purified water g. S. g. s.
Total amount |100ml 100ml
5 The results are shown in Figure 1. The "A" in Figure

1 indicates the particle distribution of rebamipide
suspension in Example 12, and the "B" indicates the
particle - distribution of rebamipide suspension in
Comparative Example 1. From the results, it has been
10 confirmed that rebamipide is dispersed at the particle size
of 1 yum or smaller When stirred with a magnetic stirrer in
the presence of polyvinyl alcohol, and then rebamipide in
the suspension is dispersed as a fine-particle state (see
Table 1, A). On the contrary, it has been confirmed that
15 rebamipide is dispersed at the particle size of 30 um or

larger when stirred with a magnetic stirrer without



0.180 g 0.180 g Sodium hydroxide g.s. pH to (to 6) adjust g.s. pH to (to 6) adjust Hydrochloric acid

g.s. pH to (to 6) adjust g.s. pH to (to 6) adjust Purified water gq.s. a.s. Total amount 100m1

10

26

polyvinyl alcohol, and then rebamipide in the suspension is
in an agglutinated state to form a secondary particle
thereof (see Table 1, B).

According to the above-mentioned results, it has been
clarified that rebamipide can be 4dispersed as a fine-
particle state without using a special
dispersing/suspending device for strong stirring when using

polyvinyl alcohol.

I0O0mlI



5The results are shown in Figure 1. The "AY in Figure 1 indicates the particle distribution of
rebamipide suspension in Example 12, and the "B" indicates the particle distribution
ofrebamipidesuspensionin Comparative Example 1.From the results, it has been 1@G®infi’med that
rebamipide is dispersed at the particle size of 1 um or smaller when stirred with a magnetic stirrer in
the presence of polyvinyl alcohol, and then rebamipid@n the suspension is dispersed as a fine-particle
state (see Table 1, A). On the contrary, it has been confirmed that 15rebamipide is dispersed at the
particle size of 30 um or larger when stirred with a fagR%tc stirrer without 26 polyvinyl alcohol, and
then rebamipide in the suspension is in an agglutinated state to form a secondary patrticle thereof (see
Table 1, B). According to the above-mentioned results, it has been 5clarified that rebamipide
can be dispersed as 3 fine- particle state without using a,special dispersinglsyspending deyice. for
strong stirring when using polyvinyl alcohol. 10 MCSLLP 27 CLAIMS 1.An aqueous suspension
comprising rebasmipide fine napaticles handag a prearn padicleisize of 0.2¢-.% pm arg Spelyvinyl
alcohol. The aqueous suspension of claim 1 further comprising a sodium salt compound.
103.The afueaus. susperision ofietdim 1 or 2 wherein nebamipide is in 0.1 - 30 w/v% and polyvinyl
alcohol isin 0.1 - 4 wiv%. 4. The aqueous suspension of any one of claims 1 - 3, 15 which is
an ophthalmic formulation. 5. A process for the preparation of an aqueous suspension
comprising rebamipidg, Whicphceom%[ligg% s sus éié%xtshleofirst Eteb(;j{:arj%xigg ﬁ\]{%tteﬁ gpd polyvinyl alcohol 20
to prepare a aqueous solution Sont ining poiyw y alcoﬂof, an (2) the second step: adding
rebamipide fine. particles having, g meanfarticle,size.af .2 - 5 pm to the aqueous solution containing
polyvinyl alcohol given in the first step 25 and mixing the mixture to give the agueous suspension
comprising rebamipide.

10 3. The aqueous suspension of claim 1 or 2 wherein
rebamipide is in 0.1 - 30 w/v% and polyvinyl alcohol is in

0.1 - 4 w/v%.

4. The aqueous suspension of any one of claims 1 - 3,

15 which is an ophthalmic formulation.

5. A process for the preparation of an agueous
suspension comprising rebamipide, which comprises
(1) the first step: mixing water and polyvinyl alcohol
20 to prepare a aqueous solution containing polyvinyl alcohol,
and
(2) the second step: adding rebamipide fine particles
having a mean particle size of 0.2 - 5 um to the aqueous
solution containing polyvinyl alcohol given in the first step
25 and mixing the mixture to give the agueous suspension comprising

rebamipide.



