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DESCP,IPTION AQUEOUS OPHTHALMIC SUSPENSION OF
CRYSTALLINE REBAMIPIDE  5 TECHNICAL FIELD The
invention relates to an aqueous ophthalmic  suspension
product which does not need to be re-dispersed and
exhibits a remarkable transparency and stability,
comprising rebamipide [Chemical name:
2-(4-chlorobenzoy1- 10 amino) -3-
(2-quinoior_-4-yl)propionic acid' as an active
ingredient, and a method for manufacturing it.
BACKGROUND ART Rebaminide or the salt thereof, which
is an active  15 ingredient in the aqueous Suspension
of the invention, is  known as a useful antiulcer
drug. In addition, rebamipide  has an increasing
action of goblet cell density in eye, an  increasing
action of mucus in eye, and an increasing action  of
lacrimal fluid, and has been already known as an agent
20 for treating dry eve, i.e. dry eye syndrome
(JP-A-9-301866)  Sugimoto and Hirakawa reported on a
method for  providing a fine-grained crystal, which
comprises  neutralizing a water-soluble salt given
from an insoluble  acid compound and a base with an
acid in the presence of a 25 polymer compound and/or a
surfactant (JF--A-50-121414) . In  addition, Hirakawa
et al. detailedly reported on a  micronization of
oxolinic acid through the above process  [YAKUGAKL
ZASSHI 102(10) 95=-959 (1982), ibidem 103(6) 690- 695
(1983), ibidem 103(11) 1215-1218 (1983), and ibidem 30
103(11) 1190-1194 (1983)]. Furthermore, Hirakawa et
al.  reported that they managed to micronize phenytoin
and  phenobarbital to only at maximum 3 to 4 }m of the
average  particle size through the above process
[YAKJGA]TL ZASSHI X111111IIIIVIIIIIMVIIIVIII1111~II~
*G00002* 2  104 ( 1 ) 91-96 ;198 ) ] . Sato et al.
also reported on a  



method for micronizing an insoluble compound which is
soluble with acid or base, by means o- neutralization
(JP- A-55-139319) 5 Pranab Bagchi et al. reporter on a
method for  preparing a nanoparticle, which comprises
dissolving a  pharmaceutical compound with a base and
neutralizing it  with an acid in the presence of a
surface-modifying agent  and a surface-activating
agent (US Patents 5,560,932,  10 S7,662, 883, 66;,,
331, and 716, 642) As mentioned above, the method for
preparing a fine- grained crystal, which comprises
neutralizing a water- soluble sal given from an acid
compound and a base with an  acid in the Presence of a
polymer compound and/or a is surfactant, is a known
prior art. However, as shown in the  above examples of
phenvtoin_ and lDhenobarbital, 'the  micronized size
may largely depend on the type of compound,  so it is
hard to predict it. Besides, there were not any
similar reports about rebamipide until now. In
genera:, 20 even if the micronization is led to
sub-micron level, the  suspension will exhibit a white
milky feature; accordingly  there has no been any
report about a method to prepare a  solution having a
high transparency suitable for ophthalmic  use as
disclosed in the invention. Further, there has not 23
been an report about method to prepare a suspension
having a surprisingly high transparency by the way
that the  pH of the suspension prepared by
crystallization is  adjusted to 3 - 7 and then the
mixture is stirred and/or  dispersed. Furthermore,
there has not been any report 30 about a method to
prepare a suspension having a markedly  more improved
transparency by additional dialyzing process.
Additionally,. there has not been any report about a
method  to prepare a needle crystal of rebamipide
having a ratio 3  between the long gage length and the
short gage length is  not less than 4, which exhibit a
specific transparency.  DISCLOSURE OF INVENTION 



5 Rebamipide is soluble in a basic aqueous solution,
but  the solubility of rebamipide in. a neutral
solution is too  low. on. the other hand, a high-pH
eve drop is not suitable  for a disorder which
involves injury of keratoconjunctiva,  e.g. dry eve.
Additionally, even in case of a basic 10 solution
containing rebamin i de, the crystal of rebamipide
may be occasionally deposited with ease and hence it
is  thought that the development of the aqueous
ophthalmic  product of rebamipide is difficult.
JF-L-9-301866 discloses a neutral aqueous suspension
15 containing rebamipide, but the suspension may form
a  precipitate laver when standing for a long period.
Therefore, the suspension needs to be shaken Well in
order  to be re-dispersed. In addition, such
suspension product  may be thought to have some
demerits, for example suffering 20 from blurred vision
and making some white spots on the  cloths when
spilling the suspension, because the suspension
product is a white ophthalmic suspension. Therefore,
it has been desired to develop an  ophthalmic product
containing rebamipide, which is  25 unnecessary to be
re-dispersed, has a transparency enough to be
agreeable feeling or using, and exhibits neutral to
weakly acidic pF_ not to injure the keratoconjunctiva
of a  patient suffering from dry eye. The present
inventors have extensively studied to  3C reach the
above object and then have found that an aqueous
ophthalmic suspension containing rebamipide which
exhibi s  a preferable re-disoersibility and an
improved transparency  contrary to his expectation can
be prepared by mixing at 4  least one of the compounds
selected from water-soluble  polymers and surfactants,
an aqueous acidic solution, and  an aqueous solution
containing a water-soluble salt of  rebamipide (with
exposure to ultrasonic wave) . Based upon 5 the new
findings, the present invention has been completed.
The invention relates to an aqueous suspension  



containing crystalline rebamipide suitable for eye
drop,  which comprises a mixture of an least one of
the compounds selected from water-soluble polymers and
surfactants, an  i0 aqueous acidic solution, and an
aqueous solution containing  a water-soluble salt of
rebamipide. The invention also relates to the
following: the above aqueous suspension containing
crystalline  rebamipide wherein the pH value is
adjusted to the range of  15 5 - 7 with a base; the
aqueous ophthalmic suspension containing  crystalline
rebamipide which is producible by adding a base to the
above aqueous suspension to  adjust pr to 3 - 7, 2C
dispersing and/or dialyzing the mixture, and then
adjusting pH to 5 - 7 and adjusting the concentration
of rebamipide to 0.5 - 5 % (w/v); the sterile aqueous
ophthalmic suspension containing  crystalline
rebamipide which is producible by 25 adding a base to
the above aqueous suspension to  adjust pH to 3 - 7,
dispersing and/or dialyzing the mixture, then
adjusting pH to 5 - 7 and adjusting the concentration
of rebamipide to 0.5 - 5 % (w/v), and 30 filtrating
the mixture for sterilization; the above aqueous
ophthalmic suspension containing  crystalline
rebamipide wherein the concentration o_  rebamipide in
the suspension concentrated by the dialysis is
adjusted to 0.5 - S % (w/v) with purified water; the
above aqueous suspension containing crystalline
rebamipide wherein the aqueous Suspension of
crystalline  rebamipide has a transmission factor at
640  rm of not less  5 than 20 and the above aqueous
ophthalmic suspension containing  crystalline
rebamipide wherein the shape of the crystalline  



rebamipide is a regular needle crystal having a long
gage  length of less than 1000 nm and a short gage
length of less 10 than 60 nm, provided that the ratio
between the long gage  length and the short gage
length is not less than 4.  Furthermore, the invention
relates to a method for preparing an aqueous
suspension of crystalline rebamipide,  comprising
mixing at least one of the compounds selected  15 from
water-soluble polymers and surfactants, an aqueous
acidic solution, and an aqueous solution containing a
water--soluble salt of rebamipide; a method for
preparing an. aqueous ophthalmic  suspension
containing crystalline rebamipide, comprising 20
adding a base to the aqueous suspension prepared by
the above method to adjust pH to 3 - 7, dispersing
and/or dialyzing the mixture, and then  adjusting pr
to 5 - 7 and adjusting the concentration  of
rebamipide to 0.5 - 5 (w/v); and 25 a method for
preparing a sterile - aaueous ophthalmic  suspension
containing crystalline rebamipide, comprising  adding
a base to the aqueous suspension prepared by the above
method to adjust pF to 3 - 7, dispersing and/or
dialyzing the mixture, then  30 adjusting pE to 5 - 7
and adjusting the ~ concentration  of rebamipide to
0.5 - 5 % (w/v), and filtrating the mixture for
sterilization. The other inventions are definite
through the 6  following description. The aqueous
suspension containing crystalline  rebamipide of the
invention can be prepared by mixing at  least one of
the compounds selected from water-soluble 5 polymers
and surfactants, an aqueous acidic solution, and  an
aqueous solu-ior_n containing a wa ter-soluble salt of
rebamiDide, and crystallizing the crystalline
rebamipide.  



Furthermore, the aqueous ophthalmic SUSDeilsi on
containing  crystalline rebamipide can be prepared by
adjusting pE to 10 - 7 and adjus-wing the
concentration of rebamipide to 0.5 - 5 (w/v). The
above-mentioned crystallization o= rebamipide may  be
carried out by (_o, mixing an aqueous acidic solution
containing at  15 least one of the compounds selected
from water-soluble  polymers and surfactants, and an
aqueous Solution  containing a water-soluble salt of
rebamipide, or mixing an aqueous acidic solution and
an aqueous  solution containing a water-soluble salt
of rebartipide and  20 at least one of the compounds
selected from water-soluble  polymers and surfactants,
or (iii) mixing an aqueous acidic solution containing
at  least one of the compounds selected from
water-soluble  polymers and surfactants, and an
aqueous solution 2.=: containing a water-soluble salt
of rebamipide and at leas'- one of the compounds
selected from. the same water-soluble  polymers and
surfactants. The acid used in the aqueous acidic
solution of the  invention can be a conventional acid
such as hydrochloric  30 acid, sulfuric acid, nitric
acid, carbonic acid, phosphoric acid, citric acid and
the like, preferably hydrochloric  acid. The salt of
rebamicide in the inventior_n may be formed with a
conventional base such as sodium hydroxide,  potassium
hydroxide, triethanolam.ine, tromethanol(tris-
[hydroxvmeth.vl] aminomethane) , meglumine,
diethanolamine and  the like, and the salt of sodium
hydroxide which is a 5 water-soluble salt is
preferably used. Rebamipide can be  used as the above
salt form or as a -free acid, provided  that it should
be used with an equimolar or more of the  above base
when i - is used as a free acid. The amount of  the
above-mentioned acid is preferably at least the amount
1G required to neutralize the above base. The method
used for  



mixing the above solution preferably includes, but is
not  limited to, a mixing-procedure accompanied with
shearing  force, in a stirring/dispersing machine
which is  conver_-ionalIv used for pharmaceutical
formulation such as  a disperse=, a homom_xer, and a
homogenize=. Additionally,  the method may include a
exposure to ultrasonic wave at the  mixing process.
The water-soluble polymer or surfactant of the
invention includes, for example, polyvinyl alcohol,
20 hydroxypropv- cellulose, hvdroxvethyl cellulose,
methyl cellulose, hvdroxypropylmethyl cellulose,
polvvinvl- pyrrolidone, polyethylene glycol
(Macrogo7), polysorbate 80,  sodium carboxymethyl
cellulose, carboxvvinyl oolvm er ,  water-soluble
chitosan, sodium chondroitin sulfate, sodium  25
alginate, polyoxvethv1ene-polvoxypropviene glycol
(e.g., polyoxveth.vlene [ 160 ] polvoxypropvlene [ 30]
glycol, pol vox,-\v-
ethylene[196jpolvoxvpropylene[6?]glycol;,
polyoxyethviene  hydrogenated castor oil 40,
polyox_yethylene hydrogenated  castor oil 60, polyoxv
40 stearate and the like. 30 Among the above examples,
hydroxypronvimethyl  cellulose, poles i
ny_-pyrrolidone, and polvoxyethvlene- polyoxypropylene
glycol are preferable, and more preferred  are
hydroxypropylmethvi cellulose and
polyvinyl-p_rrolidone, 8  especially
hvdroxypropvime-i1vl cellulose. The methoxyl content
and the hydroxypropoxyl content  of the
hvdrox_ypropvimetny_ cellulose used in the invention
are preferably 19 - 30 % and 4 - 12 %, more ,.
preferably 28  5 30 % and 7 - 12 resnec=1vely. The h o
_ viscosity grade O. hvdroxypropvlmethy_ cellulose (2
% (w/v; aqueous solution)  is preferably less than SC
rntrm` /s, more preferably not more  than 15 mm`/s,
ever, more preferably 6 mm/s. The added  concentration
of hyd.roxypropylmethy- cellulose in the 10 prepared
suspension is preferably o.-, - 10 % (w/V) , more  



preferably 0.5 - 5 % (..w/v) , even more preferably 1
- 3  (w/v;. The concen-ration, ratio between
rebamioide and  hydroxvpronvimethvl cellulose is
preferably 20.1 - 1:20,  more preferably 2:1 - 1:6. 15
The molecular weight of the polyvinyl, -pyrro lidone
of  the invention is preferably not more than 200,000,
more  preferably not more than 40,000. The added
concentration  or polvvinyl-pyrrolidone in the
prepared suspension is  preferably C.- - 10 (w/v),
more preferably 0.3 - 5 % 20 (w/v), even more
preferably 0. 5 - 3 % (w/v). The  concen'-ration_
ratio between rebamipide and polyvinyl- py-rolidone is
preferably 20 : 1 - 1 : 2 0 , more preferably 4 : 1
1. 6. The polvoxvethylene-poivoxypropyiene glvcol used
25 the nt%entior_ includes po yoxvetnvlene
[160)polvox5- prooviene[30jglyccl and
polyoxvethviene[196jpolvoxy- propvlene [ 67 j glycol .
The added amount of oolyoxye thvlene- po
lvoxypropylene glycol or polysorbate 8C in the
prepared  suspension is preferably 0.001 (w/v), more
30 pre ferably C.01 % - C.l % (w,iv) . in addition,
the combination of hvdroxypropvlmethvl  cellulose and
polvsorbate 80 or polyoxyethvlene- polyoxypropylene
glyco'_, and the combination of po-yviny, 9
pyrrolidone and polysorbate 80 or polyoxyethylene-
polvoxypropylene glycol are preferably employed. The
present inventors have also found that the re-
dispersibility and transparency of the aqueous
suspension  5 is further enhanced by adding a base to
the aqueous suspension containing crystalline
rebamipide prepared by  the crystallization as
mentioned above to adjust. pH to 3 - and then stirring
and dispersing the mixture. The base used herein may
be the same as the  10 aforementioned base. The
stirring and dispersing machines used herein are
conventional stirring and dispersing machines used for



pharmaceutical formulation such as a disperser, a
homomixer,  and a homogenizer, preferably a stirring
and a dispersina  machine which makes "agglomerated
particles in the liquid"  effectively-dispersed. The
preferable examples include a  rotary homogenizer such
as ROBOMIOSa' (TOKUSHU K7KT-,- KO-YO  CC., LTD) and
CLEARMIX(r, a wet-type jet- mill and a n i crh-
pressure homogenizer. In par-L-icular, in using
CLEARMIXa W- 20 MOTION (N-TECHNIQUE'. CC., LTD.)
wherein a screen and a rotor  are counter-rotated at
high speed to give a strong Liquid- liquid shearing
force, the transparency o' the aqueous  suspension
containing crystalline rebamipide as prepared  above
is remarked enhanced. Especially, an acrueous 25
suspension o= crys tall ine renamipiae together W.1-'
r,  hydroxvpropyimethy_ cellulose as an additive
exhibits a  surprisingly high transparency. The
present inventors have found that the transparency  is
further enhanced by additionally dialyzing (i.e.,  30
dia=_1tration) the aqueous suspension of crystalline
rebamipide prepared by the above crystallization. The
dialysis machines used herein include conventional
dialysis machines used for Pharmaceutical formulation
such 10  as De_licone (Millipore Japan) , Prosta}: (Mi
llipor~ Japan)  and Sartocon(r) (Sartorius). During
the dialvtic process,  when the pF of an aqueous
suspension containing crystalline  rebamipide is low,
the flow on dialytic membrane is low due 5 to the
agglomeration; while when, the pH is high, the
rebamipide is dissolved and hereby the content is
decreased.  Therefore, i t is desirable that the
dialysis procedur is  carried out it the suspension at
pH o' 3 - preferably PH  of 4 - ?, more preferably pH
of 5 - , . 10 aqueous suspension o crystalline
rebam_pide  together with hvdroxypropvlmethyl
cellulose as an additive  exnlb_ t s a surprisingly
hiar: transparency when desalted.  with e dialvsis
machine. Thereby, it has become possible  to formulate
a SuSpe.n Sior- suitable for a stable eve crop 



15 whose aspect is unchanged under even enhanced
temperature.  The above dialyzing process and
dispersing/ stirring  process may be carried out alone
at each process or in  combination; or the
dispersing/stirring process may be  carried out after
the dialyzing process; or reversely the 20 dialyzing
process may be carried out after the
dispersing/stirring process. The suspension is
concentrated through the dialyzing  process, and hence
the suspension of crystalline reba-ripide  at any
concentration between C.1 6 (w/v) and 10  (w/v), 25
preferably betweer. 0. (w/v) and 5 % (w/v), can be
prepared by diluting the concentrated suspension with
purified water. Furthermore, the present inventors
have found that the  crystal shape of rebamipide in
the suspension is controlled  30 by the above method
and the aspect of the resultant  suspension is
improved through the method. The crystalline
rebamipide in the suspension, having a  long gage
length of less than 1000 nm and a short gage 11
length of less than 60 nm, provided that the Oatio
between  the long gage length and the short gage
length is not less  than 4, may be preferably given.
For example, when polyvinyl-pyrrolidone is used as an
5 additive, a suspension of a regular needle crystal
can be  prepared through the above preparing process,
which has a  long gage length of less than 300 nn: and
a short gage  length of less than 6C nm, preferably a
long gage length of  about 200 zur and a short gage
length of about 40 nm, 10 provided that the ratio
between the lone gage length and  the short gage
length of about S. And the suspension  exhibits a
preferable dispersibility and a good  filterability
through 0.2 um filter. Furthermore, for  example, when
hydrox_ypropylinethyl cellulose is used as an 15
additive, a regular hype--needle crystal can be
prepared  through the above preparing process, which
has a long gage  



length of less than 1000 nm and a short gage length of
less  than 30 nm, preferably a long gage length of not
less than  50 nit to less than 1000 nm and a short
gage length of 5  20 20 ma, provided that the ratio
between the long gage length  and the short gage
length is more than 7. And when the  suspension is put
in combination of dispersing process and  dialyzing
process, the suspension which has a very high
transparency and can pass through 0.2 fur. filter can
be  25 given. For example, the suspension of
crystalline rebamipide  as prepared above may contain
sodium chloride which is  prepared by a neutralization
of hydrochloric acid and  sodium hydroxide, which
makes it possible to prepare an 30 ophthalmic
suspension exhibiting an osmotic pressure of
approximately 1. When the suspension is hypo-ionic due
to  the dialyzing process or other; sodium chloride,
potassium  chloride, mannicol, glycerin, sorbitol,
and/or glucose, particularly preferably glycerin,
which are generally used  in eve drop, are used in
order to make it isotonic with  lacrima_ fluid. The pn
of the formulation is adjusted to 5 by  5 adding a pH
regulator such as an, acid, e.g. hydrochloric  acid,
sulfuric acid, nitric acid, carbonic acid, phosphoric
acid, and citric acid; or a base, e.g. sodium
hydroxide,  potassium hydroxide, triethano_ amine,
tromethanol  (Iris[hvdroxvme-thvljaminome_hane),
meglumine, and 10 aletnanolamine, so thia= the
irritation a eye can be lower.  In addition, various
additives which are genera;l\,- used in eve error such
as buffer, preservative (anti septIc) ,  stabilize-
and the like, may be further added to the
formulation. 15 The examples o= the buffer include
acetic acid and  ace-ate salt such as sodium acetate,
citric acid and  citrate salt; phosphate salt such as
sodium dihvdrogen  phosphate, disodium hydrogen
phosphate, potassium  dihvdrogen phosphate,
di-potassium hydrogen phosphate and  



., 1  20 sheC like; amino acid salt such as
s-aminocaproic acid,  sodium glutamate and the --like;
boric acid and borate salt.  The examples of the
preservative include quaternary ammonium salts such as
benzalkonium chloride, benzethoniu"  chloride and the
like; cation compounds such as  25 chlorohexidine
gluconate and the like; D-oxvbenzoate esters such as
methyl D-oxvbenzoate, pro-Dv- p-oxvbenzoate and the
like; alcohol compounds such as chiorobutanol, benzvl
alcohol and the like; sodium dehvdroacatate,
thimerosal;  and the like. 30 The examples of the
stabilize= include ascorbic acid  and salt thereof,
tocopherol, sodium thiosulfate, sodiuir.  hydrogen
sulfite, sodium ede =ate and the like . The ophthalmic
suspension of the invention may be also 13  provided
as a unit dose type (preservative-free type) which  is
no contaminated by microorganism. I: is noted that it
had been so far impossible to  prepare an aqueous
ophthalmic suspension comprising  5 rebamipide, which
does not need to be re-dispersed and exhibit a
remarkable transparency. However, firstly an  aqueous
suspension of crystalline rebamipide exhibiting pH  of
_ - 3 is given by mixing at least one of the compounds
selected from water-soluble polymers and surfactants,
an  10 aqueous acidic solution such as hydrochloric
acid, and an  aqueous solution containing a
water-soluble salt of  rebamipide; and next, to the
said suspension a base is  added to adjust the pH; and
then the mixture is  stirred/dispersed and desalted
through the process of  15 dialysis; and finally it
has become possible to prepare an aqueous ophthalmic
suspension containing rebamipide as an  active
ingredient, which is neutral to weakly acidic and is  



not necessary to be re-dispersed, has an advantageous
transparency and stability. According to the method of
the 20 invention, it has been possible to sterilize
the suspension  through a sterile _i_=ration and hence
it is a great  industrial advantage at the viewpoint
that the aseptic  active ingredient is not necessary.
in addition, the  aqueous ophthalmic suspension of
rebamipide prepared by the 25 method of the invention
has become possible to be  sufficiently stable as a
pharmaceutical product. The ophthalmic suspension of
the invention may get rid  of blurred vision or
uncomfortableness of a patient, and  hence it will be
expectable that a patient suffering from 30 dry eye is
really acceptant of the suspension, and the  invention
may provide enormous contribution on the medical
field. 14  BRIEF DESCRIPTION OF DRAWINGS Fig. 1 shows
each transmission factor of the original  solutions
after the CLEPRMIXQ~ dispersion. Fig. 2 shows the
shape of the crystalline rebamlDlde  5 from 2 0 (w/vj
rebami ide  p (w/v) HPMC .. : rTC-5E; shown in
Example 6 (1) through a transmission electron
microscope.  Fig. 3 shows the shape of the crystalline
rebamipide from 2 % (w/v) rebamipide + _ % (w/v) PVPK
25 shown in  Example 7 (1) through a transmission
electron microscope.  10 Fig. c shows the shape of the
crystalline rebamipide from 2 % (w/v) rebamipide 2 %
(w/v) HPMC [TC-SE] shown in  Example 13 through a
transmission electron microscope. BEST MODE FOR
CARRYING OUT THE INVENTION 1S Hereinafter, the present
invention is further  illustrated by the following
examples, but should not be  construed to be limited
thereto. The following abbreviations employed in the
examples  are as follows: 



20 Hvdroxypropylmethyl cellulose (HPMC, Shin-Etsu
Chemical Co., LTD, Grade: TC-5E): HPMC (TC-SE) or
TC-5E.  Poltrvinyl-pyrrol i done (PVP, BASF. Grade:
Kollidon_(r)  25) : PVP (K-25). Polyvinyl-pyrro lidone
(PVP, BASF, Grade: Kol_idon(r)  25 17FF' : PVP
(K-=7pF) .
Polyoxyethylene[160]po_youxypropylene[30]glycol
(Pluronic(r) F68 [PF68], BASF, Grade: Lutrol F68) :
Pluronic(r)  F68 or PF66.
Polyoxyethylene[196]poyouxvpropylene[67]giycol  30
(Pluronic(r) F127, Asap.- Denka Co., LTD.) :
Piuronic(r) F127 or  PF127. Example 1 1 L of an
aqueous suspension including 2 % (w/v) 15  crystal
line rebamipide was prepared by the following
procedure. 12 NL of 10 NT n_ydrochlo_ is acid (1 4.2
g, 0.12 mol) , 68  mI, of purified water, and 200 m-
of an aqueous solution  5 containing some of the
additives listed in Table 1 (the concentration of the
additives is 5 fold of that in the  desired suspension
product that wilt be prepared) were  mixed tc prepare
a hydrochloric acid-additives solution.  To 700 mL of
an aqueous solution of sodium hydroxide which 10 was
prepared by adding purified water to 4.4 g of sodium
hydroxide (0.11 mcl), 2C g of rebamipide (0.054 MCI)
was  added and dissolved with heating to give a
sodiuir.  hydroxide-rebamipide solution. The
hydrochloric acid-additives solution at ice  i5
temperature was exposed to ultrasonic wave with an
Ultrasonic Disrupter (TOM'Y UD201) stirring at the
speed o- 1400 rpir. with a disperser (ROBOM'1CS~",
TOKJSHU KIK_z KOGYO  CO., LTD) The sodium
hydroxide-rebamipide solution kept  at 30-40C was
added to the hydrochloric acid-additives 20 solution
by small and small to deposit crystalline  



rebamipide. After the crystal was deposited, the
stirring  speed was raised to 3000 rpm and the
stirring was continued  for 20 minutes. After
completing the crvstalli zation, the  pH of the
solution was about 1.5. The solution was 25 defloamed,
and then to the de=oamed solution, 5 N sodium
hydroxide was added to adjust p'_ between 6.0 and 6.5.
The  desired aqueous suspension containing 2 % (w%v)
.crystalline  rebamipide and the additives was
prepared by getting the  volume of the liquid to 1 L.
The suspension includes 30 approximately 0.7 % (w/v)
of sodium chloride (approximately  C.12 mol) which was
given by the neutralization of the  hydrochloric acid
and the sodium hydroxide. Example 2 16  800 M of the
aqueous suspension containing 2 % (w/v crystalline
rebaminide, which was prepared by the Procedure  of
Example 1, was stirred at 10,000 rpm for i0 minutes
with  a disperser (ROBOMICS`, TOKUSHU KIKA KO;CYO CO.
LTD)  5 Evaluation of Examples and 2 The particle
sizes of the suspensions before and a-te=  the
dispersing procedure were measured with a Laser  Di
_fracpion Particle Size Distribution Analyzer (SALD
30000,  Shimadzu Corporation) The particle size which
is measured 1C a circulatory cell for analysis under
ultrasonic wave,  using 0.2 % (w/v) HPC-SL solution as
a dispersion medium,  is called "primary particle
size", wh_ie the particle s-ze  which is measured in a
ba'cch cell for analysis without  ultrasonic wave,
using Purified water as a dispersion 15 mediur., is
called "secondary particle size". The both  particle
sizes were measured. The secondary particle size
shows the agalutinab_lity of the suspension more
potently  in comPari son with the prima- % particle
size. in order to  evaluate the -ransparency of the
samples, the 2 % (w/v, 20 suspension was diluted
10-fold with purified water (to  0.2 % (w/v)-
solution), and the transmiss ior_. actor of the  



diluted solution was measured at 640 nm with a
spectrophotometer (Shimadzu Recording spec
`rophotometer,  M7-240) 25 The results are shown it
Fable The primary  particle size of the additive-free
solution containing the  re-crystals was 1 ur~,, and
the secondary particle size was  about 7 }ur. When . %
(w/v) HPMC (TC-5E! was added to the  additive-free
solution containing the re-crystals and the 3C mixture
was dispersed by a ROBOMICS(r), then the primary
particle size decreased to 0.3 and the secondary  pi
article size decreased tc 0.6 ~un. From these results,
it  has been clarified that the particles in the
solution 17  containing the re-crystals were
agglutinated. The suspension containinC the
re-crysraized J rebamipide, to which an aqueous
polymer or a surfactant was  added, exhibited a marked
enhancement of the transparency  5 in the 10-fold
diluting solution (0.2 % (w/v) solution) in comparison
with the case of the additive-free solution.
Furthermore, the primary particle size of the
suspensior_n  containing an aclueous polymer or a
surfactant, after  dispersed by a ROBOMICS(r), became
smaller than that of the  10 additive-free suspension.
Table ll. Evaluation of the aaueous suspension
containing  2 % (w/v) rebamipide in Examples 1 and 2
Suspension after C=vstal_ization SusDersior after
(Be=ore dispersion bV a dispersion with a  ROBOMICSa,
Examni ROBOMICS~ (Exanmie 2,  Additives G_
Transsissioni Tr  _imary Seconcary _ ansmission
facto- of a=imar I Secondary . particle oar=icie e
Facto- of  



1G-foie particle particl size size 1C-foIa  diluted
size  lum,- (um,1 f Size (tun) diluted soiutior. ( ; )
(up.' soluticn (p s) None*- 1 C C 34 - 0 6- C.1
Pluror_ica F66 I C.17 1 C.39 23.6 0.19 G.37 24.3  HPMC
ITC-5E) 8.7 2G.3 J.! C.2C 29.0 e3.9  TCC.01`~w/v
C-SE+5L+rbate 8C 0.15 1.9 51.9 0.13 j 0.34 61.8  T
nolvso  TC-5E+0.01%w/v  Pluronic* F68 C.16 20.4 33.4
0.15 0.38 67.5  TC-5E+0.01~ w/v Pluronicr' Fit- C.18
C.39 60.50.20 0.31 63.0  PVP (K25; ;.6 43.E 25.5 C.21
C.86 34.4  PVP(K2J)+0.02.%w/vI polvsorbate 80 0.19 r ~
C.-S 5'_.9 0.13 0.44 39.9  PVP(K2o)+0.01-sw%v! 0.19
Pluror_ica F68 C.21 43.9 0.19 0.2C 45.2
PVP(K25)+0.01%w/v! Pluronic~~127 0.19 0.21 37.C 0.19 i
0.26 37.4  *When the concentration or the above
additive is not  denoted on the above table, _J_ means
than the concentration  is 1 % (w/v) after preparing
the suspension. **To only suspension without any
additives dispersed by  ROBOMTCST, (w/v;. HPMC (T0.-5E
) was added and then- the  mixture was dispersed by
ROBOMICS(r)'. Example 3 800 ML of the aaueous
suspension containing 2 % (w/v) 18  rebamipide, which
was prepared by the procedure of Example  



1, was dispersed for 30 minutes with a CLEARMIX'a
W-MOTION  (M-TECHNIQUE CO., LTD.) wherein the rotor
was turned at  about 17,000 rpm and the screen was
turned at about 16,000 5 rpm. The average particle
size of the dispersed suspension  was measured with a
Dyna Lic Licht Scattering Particle Size  Analyzer
(Microtrac UPA and Otsuka Electronics Co.,Ltd.
ELS-8000; The solutior_r prepared by 1G-f"old diiutinc
the  2 (w/v) suspension with purified water (0.2 %
(w/v) 10 solution), and the original 2 % (w/v)
suspension were  measured at 640 nn.. with a
spectrophotometer (Shimadzu  Recording
spectrophotometer, M,-240) to give the  transmission
Factors, and the results are shown in Table 2.  When
using a CLEARNIX W-MOTION (M-TECHNIQUE CO., LTD. ` Tor
1s the dispersion, the particle size of the suspension
became  smaller and the transmission factor markedly
increased, in.  comparison with the case of the
suspension dispersed at  10,000 rpm using a
ROBOMICS(r). In addition, the dispersed  suspension
has become possible to be filtrated through 0.2  20
fiber . Table 2 1%(w/v) 1%(w/v)TC-3EI l (w/v;
Analytical item/additive HPMC DVPF/) +0.010 (w/v) I
PVPR 2  (TC-5E) 25 PF68 1+0.01(w/v) P 666  leverage
cumulan= particle' c" ( 3.3. .:P _33.9 I .E  size of
ELS8000 (nm i 35. '  50%D o= Microtrc (uPA). (nm;. 7;
.4 96.3 92.6 93.0  Transmission: factor at 640 of
10-Told diluted 78.0 50.7 71.2 45.8  soiuuior_r ($)
Transmission factor at 6401 rim of the original. 19.7
0 . 4 7 . 7 C.31  solution (o) 



Filterability tnrougn 0.221 um 25c~ Millipore GV
(PVDF) I cc 5, cc Hardiy 1 cc  filter I penetrates
Filterability through) G.8/C . Easily Easily Easily
Easiiv  urn 32q) Pali Supor l I _  =filter
penetratedlpenetratedj penetrated Ipenetrated 19
Example 4 - 4 L of an aqueous suspension containing 2
% (w/v)  rebamipide was crystallized according to the
procedure of  5 Example The amount of each material
was arranged by calculating in proportior_ to the
amount of L preparation.  Also, - suspension without
the treatment of ultrasonic wave  during the process
of crystallization was prepared. The  resultant
aqueous suspension including 2 % (w/ v) rebamipide 10
was dispersed with a CLEARNIX(r) W-MOTION (M-TECHNIQUE
CO.,  LTD.) wherein the rotor was turned at about
18,000 rpm and  the screen was turned at about 16,000
rpm. The average  particle size of the dispersed
suspension (Z-Average size)  was measured with a
Dynamic Light Scattering Particle Size 15 Analyzer
(Malvern Nano-ZS). The solution prepared by 10- fold
diluting The / c (w/v) suspension with purified water
(0.2 (w/v) solution;, and the original 2 O (w/v)
suspension were measured with a spectrophotometer
(Shimadzu  Recording Spectrophotometer MT-240) to
obtain the 20 transmission factor at 640 nm, and the
results are shown in.  Table 3 and Figure 1. The
product to which HPMC (TO-SE) was added during the
crystallizing procedure exhibited an increase of the
transparency and an improvement of the filterability
when 2= 3,-' was exposed to ultrasonic wave during the
crystallization. The transmission factor at 640 nn.
increased in Proportior_ to the concentration of HPMC
(T/-- 5E) added within the range of 1 - 3 % (w/v) 20  



Table 3. Evaluation of the aqueous suspension
containing  2 0 (w/v) rebamipide in Examples 4 W U I `
Transmission  M _H N Fa  a ! y S C at 640 for  HILL
31 C -1 -4 ~4 E-4 ~4  M U 2 CC 1 q Q ci o m i O y G i
is lit-Le  J 1%w/v TC-5E No _.5L 1L 5C 105.5 16.2 76.C
poor - I low,/v T-_-5E Yes 4L 3L 150 95.2 "9 6 6 Good
21-w/v TC-5E Yes 5? 1L 5C 108.5 22.7 78. Good  3%w/v
TC-5E Yes 5L Ii 5G i03.6 35-5.7 85 " Good  1%w/v PVPK
25 No i.5 1L 50 88.8 .8 ! 62.- Very good  1%w/v PV_OK
25 Yes 4L ! 3L 15C 88.7 2 nCJ.1 IVerv good  2%-w/v
PVDK 25 Yes 5L 1 j 50 B~.C 5.3 7G IVerv good  3%w/v
PV-2K 25 Yes - 5_ L 50 9C. A 3.4. 6-~.2 Very good  A
11t~le  2 PVP 17PF Yes 1.51 1L 50 96.4 0.6 Jz Dooms
3~ PV: 17DF Yes .5L 1 1L 'ittle  s0 90.1 .6 6~.C Doo
Example According to the procedure Of Example 4, the
sample  5 containing (w/"v' HPMC (TC-5E) as an
additive, which was  



prepared by dispersing with a CLEARMIX(r), was
concentrated  and desalted by a dialysis machine
(Millipore, Pe-1--icon  XL50) . After the dialysis, to
the resultant solution,  purified water was added to
prepare 2 (w/v) rebamipide 10 suspension again. With
respect tc the suspensions before  and after dialysis,
the average particle sizes (Z-Average  sizes) of them
were measured with a Dynamic I,ian  Scattering
particle Size Analyzer (Malvern Nano-ZS), the
transmission factors at 640 nm of the 2 % (w/v)
suspensions  were measured with a spectrophotometer,
and the results are  shown in Table 4. When desalted
with a dialysis, the particle size 21  became smaller
and the transmission factor thereof markedly
increased contrary to our expectation. Table 4. The
average particle size and the transmission  factor at
640 nm of the 2 % (w!v rebamipide suspensions  before
and after dialysis (including I % (w/v) HPMC fTC- 5EJ
Dialysis Average particle size (nm; Transmission
facto= at 640  I nm of 21 w/v suspension (  before 126
16 .2  after 104 45.0  5 Example 6 12 ML of 10 N
hydrochloric acid (14.2 g, 0.12 mol), 66  mL of
purified water, and 20C rL of an aqueous solution of
5 I (w/v' HPMC WC-5E)) were mixed to prepare a
hydrochloric  acid-HBMC (TC-5E; solution. To 700 mL of
an aqueous 10 solution of sodium hydroxide which was
prepared by adding  purified water to 4 . 4 g of
sodium hydroxide (0.11 moll, 20  g of rebamipide
(0.054 mo_; was added and dissolved with  heating to
give a sodium hydroxide-rebamipide solution. The
hydrochloric acid-additives solution at ice  15
temperature was exposed to ultrasonic wave with an
Ultrasonic Disrupter (TOMY UD20I) stirring at the
speed of  



1400 rpm with a disperser (ROBOMICSn TOKUSHLT KIKL
KOGYO  CO., LTD). The sodium hydroxide-rebamipide
solution kept  at 30-4CC was added to the hydrochloric
acid-additives  20 solution by small and small to
deposit by a crystalline  rebamipide. After the
crystal was deposited, the stirring  speed was raised
to 3000 rpm and the stirring was continued  for 20
minutes. After completing the crystallization, the  pH
of the solution was about 1.5. The solution was 25
defoamed, and then to the defoamed solution, 5 N
sodium  hydroxide was added to adjust pH to about S.C.
The resultant aqueous suspension containing rebamipide
was dispersed for 30 minutes with a CLE_ARIMIY(r)'
W-MOTION (M 7 7 TECHNIQUE Co., LTD. ) wherei r_ the
rotor was turned at about  1E, 000 rpm and the screen
was turned at about 16, 000 rpm,  and then the
solution, was concentrated and desalt ed with a
dialysis machine (Millipore, Pe' licor_(r)2 mini) . 5
An isotonic agent-free sample and a sainDle contai ni
nc  glycerin as an isotonic agent were prepared from
the  concentrated and desalted sample. And purified
water was  added to each of the samples to give 2
kinds of 2 % (w; v)  rebamipide suspensions. 10 2 %
(w/ v) rebamipide 1 -  (w/v HP MC ETC-5E) (2) 2 %
(w/v) rebamLi-oid % (w/v) HPMC (TC-5E) 2.;.  (w/v)
glycerin Each of these samp.~es was divided into 5
solutions and  they were stored at 4C, 6CC, and under
a cycle condition  1-3 (at C for 12 hours; at 40C .Or
12 hours; rcDeatdly) And the average particle sizes
(Z-Average sizes) of then-' were measured with a
Dynamic Light Scattering Particle Size  Analyzer
(Malvern Nano-ZS' 'he - ; , ~. _ransm_..sior_. ractors
a` 640  nm of these 2 % (w/v) suspensions were
measured with a  2 0 spectrophotometer, and the
results are shown i n_ Table 



According to the desalting with dialysis, it became
possible that the enlargement of the particle size of
the  stores samples and the decrease of the
transmission facto=  are markedly depressed.
Additionally, it also became 2 possible to depress the
gelation caused by the storage at  60C and under the
cycle condition. When adding a nonionic isotonic
agent, the enlargement  of the particle size and the
decrease of the transmission  facto; tended to be
depressed. 23  Table S. Time-dependent change of
average particle size  and transmission Factor at 640
nm of 2 (w/vi rebamipide  suspension (including 1
(w/v) HPMC [TC-SE]) Transmissior_  !Average narticle~
factor of the Isotonici size (nm) original Aspect
IDialvsr , after 2  agen~ solutior (%) 1 week 12 weeks
! 1 weeks  week 12 weeks later I later later later No
No 165 177 11.6 I 11.2 Unchanaed  5tcrage ati ~oG Yes
~ No 123 125 32.3 30.5 !Unchanged  Yes !glycerin 125
121 5 33.1 3C.7 Unchanged  No No 402 459 4.9 4.0
Gelated  Storage at 60`C Yes No 201 213 14.E 13 4
Unchanged  Yes alvicerin! 186 202 16.9 15.6 Unchanged
Storage No No 263 311 5.5 5.C Pa__!y under the ge-ate
cycle Yes No 148 172 21,4 I 17.1 !Unchanged
condition' i Yes aiycer~n 145 168 '2.9 18.2 Unchanged



Average Particle size (nm) at starting time Before
dialysis: 158 rim, After dialysis: 122 nm  Example 12
K of 10 N hydrochloric acid (14.2 g, C.12 mol) , 66  5
mL of Purified water, and 200 mI, of an aqueous
solution of  5 (w/v,', PVPK 25 were mixed to prepare a
hydrochloric  acid-PVPK 25 solution. To 700 m.u of an
aqueous solution of  sodium hydroxide which was
prepared by adding purified  water to 4.4 g of sodium
hydroxide (C.11 mol), 20 C of 10 rebamipide (0.054
mol) was added and dissolved with heating  to give a
sodium hydroxide-rebaminide solution. The hydrochloric
acid-additives solution at ice  temperature was
exposed to ultrasonic wave with an  Ultrasonic
Disrupter (TOMS` UD201) stirring at the speed of 15
1400 rpm with a disperser (ROBOMICS', TOKUSHU KIKR
KOGYO  CO., LTD) . The sodium hydroxide-rebamipide
solution kept  at 30-4CC was added to the hydrochloric
acid-additives  Solution ny small. and small no
deposit a crystal line  rebamlplde. After the crystal
was deposited, the stirring 24  speed was raised to
3000 rpm and the stirring was continued  for 20
minutes. After completing the crystallization, the  pH
of the solution was about I.S. The solution was
defoamed, and then to the defoamed solution, 5 N
sodium 5 hydroxide was added to adjust pH to about
S.C. The resultant aqueous Suspension containing
rebamipide  was dispersed for 30 minutes with a
CLEARMIX(r) W-MOTION (H- TECHNIQUE CO., LTD.) wherein
the rotor was turned at about  16,000 rpm and the
screen was turned at about 16,000 rpm, 10 and then the
solution was concentrated and desalted with a
dialysis machine (Millipore, Pel_icone2 min;). An
isotonic agent-free sample and a sample containing
glycerin as an isotonic agent were prepared from the
concentrated and desalted sample. Purified water was
added 15 to each of the samples to give _ kinds of 2
(w/v)  rebamipide suspensions. 



(1) 2 (w/v) rebamipide + 1 % (w/v) PVDK 25 (2) 2 (w/v)
rebamipide - _ % (w/ v) PVPK 25 _ 2.4 0 (w/v)
glycerin 20 Example E 12 ML of 10 N hydrochloric acid
(14.2 g, 0.12 mol), 66  mL of purified water, and 200
m.L. of an aqueous solution of  5 % (w/v) PVPK 25 were
mixed to prepare a hydrochloric  acid-PVPK 25
solution. To 700 mL of an aqueous solution of 25
sodium hydroxide which was prepared by adding purified
water to 4.4 g of sodium: hydroxide (0.1= mol) , 20 g
of  rebamipide (0.054 mol) was added and dissolved
with heating  to give a sodium hydroxide-rebamipide
solution. The hydrochloric acid-additives solution at
ice  30 temperature was exposed to ultrasonic wave
with an_  Ultrasonic Disrupter (TOMY UD201) stirring
at the speed of  1400 rpm with a disperser (ROBOMICS',
TOKUSHU KIKP KOGYO  CO., LTD;. The sodium
hydroxide-rebamipide solution kept at 30-400C was
added to the hydrochloric acid- aadi-ives  solution by
small and small to deposit a crystal?ine  rebamipid.e.
After the crystal was deposited, the stirring  speed
was raised to 3000 rpm and the stirring was continued
5 for 20 minutes. After comp letinc the
crvsLallizatior, the  pH of the solution was about
1.5. The solution was  defoamed, and then to the
defoamed solution, 5 N sodium  hydroxide was added no
adjust pH to about S.C. The solution was concentrated
and desa'ted with a  10 dialysis machine (Millipore,
Pel l icor_(~'2 mini) . After  dialyzing, purified
water was added theretc so that the  volume c= the
solution was - ecovered to about 900 mL. The
resultant acrueous suspension containing rebamipicie
was  dispersed for 30 minutes wi to a OLEARMIXTS
N--MOTION (N 15 TECHNIQUE CO., LTD.) wherein the rotor
was turned. at about  18, 000 rpzr_ and the screen was
turned at about 1-6,000 rpm.  An isotonic aaen~-free
sample and a sample containing glycerin as an isotonic
agent were prepared from the  disperses sample.
Purified water was added to each of the  



2C samples to give 2 kinds of 2 % (w/v) rebamipide
suspensions.  (1) 2 % (w/v) rebami Aide 1 % (w/v) PVPK
25 (2) 2% (w/v) rebamipide I % (w/v) PVPK 25 2.4 %
(w/v)  glycerin The prepared samples Were filtrated
for seer' lization  2 5 through C. 2 ;im f_l ter (
Supor(s, Nihon Pa ' _ Ltd.) . Example 9 24 ML of 10 N
hydrochloric acid (28.4 g, 0.24 moll ,  136 mL of
purified water, and 400 m1, of an acrseous solution
containing IC % (w/-\T': HPMC (TC-5E) were mixed to
prepare a 30 hydrochloric acid-HPMC (TO-5E) solution:.
To 1400 mL or an  actueous solution of sodium
hydroxide which was prepared by  adding purified water
to 8.8 g of sodium hydroxide (0.22  mol), 40 g of
rebamipide (0.108 moi) was added and 26  dissolved
with heating to give a sodium hydroxide- rebamipide
solution. The hydrochloric aci d-additives solution at
ice  temperature was exposed to ultrasonic wave with
an  5 Ultrasonic Disrupter (TONY' UD201) stirring at
the speed of 1400 rpa. with a disperser (ROBOMICSe,
TOKCTSHU KIK_A KOGYO  CC., LTD). The sodium
hydroxide-rebamipide solution kept  at 30-40C was
added to the hydrochloric acid-additives  solution by
small and sma_I I-o deposit a crystalline 10
rebamipide. After the crystal was deposited, the
stirring  speed was raised to 3000 rpm and the
stirring was continued  for 20 minutes. After
completing the crystallization, the  pH of the
solution was about 1 . 5 . The solution was  def
oamed, and then to the deoamed solution, .. N sodium
15 hydroxide was added to adjust pH -.c atoll= E.C.
The resultant aqueous suspension including rebamipide
was dispersed for 30 minutes with a CLEARMIX' c-MOTION
(N- TECHNIQUE CO. , LTA. ; wherein the rotor was
turned at about  18,000 rpm and the screen was turned
at about 16,000 rpm, 20 and then the solution was
concentrated and desalted wit;  dialysis machine
(Millipore, Pellicor_(r)2 mini) 



An isotonic agent-free sample and a sample containing
glycerin as an isotonic agent were prepared from the
concentrated and desalted sample. Sodium hydroxide 25
solution was added to each of the samples to adjust
roH' of  the solution to 6. 0, and then purified water
was added for  the adjustment of the total amount to
prepare 2 kinds of  2 c (w/v rebamipide suspensions.
(l. 2 % (w/v) rebamipide + 2 % (w/v) HDMC [TC-5Ei 30
(2 2 % (w/v) rebamipide + 2 % (w/v HPMC [TO-5E; 2.35
(w "v) glycerin The prepared samples were filtrated
for sterilization  through C.22 um filter (STERIVEX`~
GP 0.22 inc F: t ter, 2~  Millipore Japan) Example 10
12 ML of 10 N hydrochloric acid (14.2 g, 0.12 mol), 68
mL of purified water, and 200 m. of a mixture of 2.5 0
(w/v) PVPK 25 - 2.5 c (w/v; HPMC (TC-5E) were mixed to
prepare a hydrochloric acid-HPMC (T'-SE)-PVPK 25
solut-ion.  To 700 mL of an aqueous solution of sodium
hydroxide which  was prepared by adding purr water to
4.4 g of sodium  hydroxide (0."_1 mol), 20 g of
rebamipide (0.054 mol) was 1C added and dissolved with
hearing to give a sodium  hvdroxide-rebamipide
solution. The hydrochloric acid-additives solution at
ice  temperature was exposed to ultrasonic wave with
an  Ultrasonic Disrupter (TOM1' UD2011 st_r~-ing at
the speed of 15 1400 rpri with a disperse= (ROBOMICSa,
TOKUSHU KIKT_ KOGYO  Co.., LTD). The sodium
hydroxide-rebamipide solution kept  at 30-4CC was
added to the hydrochloric acid-additives  solution by
small and small to deposit a crystalline  rebamipide.
fteY the crystal was deposited, the stirring 20 speed
was raised to 3000 rpm and the stirring was continued
for 20 minutes. After completing the crystallization,
the  



pn of the solution was about 1.5. The solution was
defoamed, and then to the de=oa-ned solution, 5 N
sodium  hydroxide was added to adjust off to about
5.0. 25 The resultant aqueous suspension containinc
rebamipide  was dispersed for 30 minutes with a
CLE_ARMIX(` w-MOTION (N- TECHNIQUE CO., LTD.) wherein_
the rotor was turned at about  18,000 rpm and the
screen was tu=ned a: about 16,000 rpm,  and then the
solution was concentrated and desalted with a  30
dialysis machine (Millipore, Pellicor_(r)'2 min_) Are
isotonic agent-free sample and a sample containing
glycerin as an isotonic agent were prepared from the
concentrated and desalted sample. Purified water was
added 26  to each of the samples to give 2 kinds of 2
% (w/v)  rebamipide suspensions. (1) 2 % (w/v'
rebamipide - C.5 0 (w/v) PVPK 25 - 0.5 %  (w/v) HPMC
[TO-SE1 5 (2) 2 % (w/v) rebamipide + C.5 (w/v) PVPK 25
- 0.3 96  (w/v) HPMC [TO-SE] + 2.4 % (w/-\T) glycerin
The prepared samples were filtrated for sterilization
through 0 .22 }Tar filter (STERIVEX(r) GP 0.22 Tar.
filter,  Millipore Japan) 10 Example 24 M-L of 1C N
hydrochloric acid (28.4 g, 0.24 mci),  136 m.L of
purified water, and 400 mL of an aqueous solution
including 3 % (w/v) HPMC (TC-SE) were mixed to prepare
a  hydrochloric acid-HPMC (TC-5E) solution. To 2400 mL
of an 15 acrueous solution of sodium hydroxide which
was prepared by  adding 8.8 g of sodium hydroxide
(0.22 moll and 26 g o  HPMC (TO-SE) to purified water,
40 g of rebamipide (0.108  mci) was added and
dissolved with heating to give a sodium
hydroxide-rebamipide-"HPMC (TO-5E) solution. 20 The
hydrochloric acid-HPMC (TC-5E) solution at ice
temperature was stirred at the speed of 1400 rpm with
a  disperser (ROBOMICS`~. , TOKESHU KIK. KOGYO CO.,
LTD). The  sodium hydroxide-rebamipide-HPMC (TC-5E)
solution kept at  



30-40C was added to the hydrochloric acid-HPMC (TC-SE)
25 solution by small and small to deposit a.
crystalline  rebamicide. After the crystal was
deposted, the stirring  speed was raised to 3000 rpm
and the stirring was continued  for 20 minutes. After
completing the crystallization, the  pH of the
solution was about I.S. The solution was 30 defoamed,
and then to the defoamed solution, 5 N sodium
hydroxide was added to adjust pH to 3.5. The resultant
aqueous suspension containing rebamipide  was
dispersed for 30 minutes with a CLEA_RMIX(r) W-MOTION
(N 29  TECE IQUE CO., LTD.) wherein the doto: was
turned at about  16,000 rpm and the screen was turned
at about 16,000 rpm.  Then, the solution was
concentrated and desalted with a  dialysis machine
(Millipore, Pellicor_(r)2 mini) . 5 Glycerin was added
to the residue so that the  concentrated and desalted
sample became almost isotonic.  Sodium hydroxide
solution was added thereto to adjust pH of  the
solution to 6.0, and then purified water was added for
the adjustment of the total amount to prepare a 2 %
(w/v)  10 rebamipide suspension. 2 (w/v) rebamipide +
2 0 (w/v) HPMC ETC-5E; + 2.35 c  (w/v) glycerin The
prepared samples were filtrated for sterilization
through 0.22 um filter (STERIVEX_(r) GP 0.22 ;an
Filter,  15 Millipore Japan). Example 12 24 ML of 10 N
hydrochloric acid (28.4 g, 0.24 mol) and  536 mL of
purified water were mixed to prepare a  hydrochloric
acid solution. To 1400 mL of an aqueous 20 solution of
sodium hydroxide which was prepared by adding  8.8 g
of sodium hydroxide (0.22 mol) and 40 g of HPMC (TC-
5E) to purified water, 40 g of rebamipide (0.106 mol)
was  added and dissolved with heating to give a sodium
hydroxide-rebamipide-HPMC (TC-SE) solution. 25 The
hydrochloric acid solution at ice temperature was  



stirred at the speed of 1400 rpm with a disperser
(ROBOMICS(r), TOKLTSHU KIKR KOGYO CO., LTD). The
sodium  hydroxide-reba.mipide-HPMC (TC-5E) solution
kept at 30-40C  was added to the hydrochloric acid
solution by small and 30 small to deposit a
crystalline rebamipide. After the  crystal was
deposited, the stirring speed was raised to  3000 rpm
and the stirring was continued for 20 minutes.  After
completing the crystallization, the pE of the 30
solution was about 1.5. The solution was defoamed, and
then to the defoamed solution, 5 N sodium hydroxide
was  added to adjust pH no 6.0. The resultant aqueous
suspension containing rebamipide  5 was dispersed for
30 minutes with a CLEARMI& W-MOTION (M- TECHNIQUE Co.,
LTD.) wherein the rotor was turned at about  16,000
rpm and the screen was turned at about 16,000 rpm.
Ther, the solution was concentrated and desalted with
a  dialysis machine (Millipore, Pellicon0'2 mini) . 1C
Glycerin was added to the residue so that the
concentrated and desalted sample became almost
isotonic.  Hydrochloric acid or sodium hydroxide
solution was added  thereto to adjust the pE of the
solution to 6.C, and then  purified water was added
for the adjustment of the total  15 amount to prepare
a 2 % (w/v) rebamipide suspension. 2 % (w/v)
rebamiAide - 2 % (w/v; HPMC TC-5E1 - 2.35  (w/v)
glycerin The prepared samples were filtrated for
sterilization  through 0.22 um filter (STERIVEX6 GP
0.22 pm Filter,  20 Millipore japan). Examine 13 366
ML of 10 N hydrochloric acid (432 g, 3.66 mo'_) and
7.6 L of an aqueous solution containing 7.67 % (w/v)
HPMC  (TC-5E) were mixed to prepare a hydrochloric
acid-HPMC (TC 25 5E) solution. To 22 1, of an aqueous
solution of sodium  hydroxide which was prepared by
adding purified water to  132 g of sodium hydroxide
(3.3 mol), 600 g of rebamipide  



(1.62 moll was added and dissolved with heating to
give a  sodium hydroxide-rebamipide solution. 30 The
hydrochloric acid- HPMC (TO-5E) solution cooled at
about 10C was allowed to circulate in a 350 m, vessel
equipped with a disperser (CLE_ARMIX' S-MOTION,
M-TECHNIQUE  CO., LTD.) as an in-line type. The sodium
hydroxide rebamipide solution kept at 40-50C was
thrown by small and  small to the 350 mL vessel with a
CLEARMIX'~ S-MOTION  wherein the rotor was turned at
about 1,500 rpm to deposit  a crystalline rebamipide.
After completing the 5 crystallization, the pH of the
solution was about 1.5. To  the crystal-deposited
solution, 5 AN sodium hydroxide was  added to adjust
pH to about 5.75. 1 L of the resultant aqueous
suspension containing  rebamipide was dispersed for 30
minutes with a CLEARMIX0 c- i0 MOTION (M-TECHNIQUE
CO., LTD.) wherein the rotor was turned at about
18,000 ron. and the screen was turned at about  16,000
non, and then the solution was concentrated and
desalted with a dialysis machine (Millipore, Pel l
Icon(r)2  mini). is The sample given from the above
concentrating and  desalting was diluted with purified
water to prepare a 2 %  (w/v) rebamipide suspension (2
% (w/v) rebamipide - 2  (w/v) HPMC 1TC-5E ). The
transmission factor at 64C nm of the given  20
suspension was measured, and the average particle size
(Z- Average size) thereof was measured with a Dynamic
Light  Scattering Particle Size Analyzer (Malvern
Nano-ZS). Table 6. The average particle size and the
transmission  factor at 640 m of the 2 % (w%v)
rebamipide suspension  Average parzicie size Wm)
Transmission factor at 640 nm of 2a (w/v) suspension
25 Example 14 373 M! of 10 N hydrochloric acid (440 g,
3.73 mol) and  



14.8 L of an aqueous solution containing 4 c (w/v)
HPMC  (TC-5E) were mixed to prepare a hydrochloric
acid-HPMC (TC- 5E) solution. To 14 L of an aqueous
solution of sodium 30 hydroxide which was prepared by
adding purified water to 32  134 g of sodium hydroxide
(3.35 mol) , 600 g of rebamipide  (1.62 mol was added
and dissolved with heating to give a  sodium
hydroxide-rebamipide solution. The hydrochloric
acid-HPMC (TO-SE) solution cooled at  5 about 1000 and
the sodium hydroxide-rebamipide solution  kept at
50-60C was thrown at the same additional rate to  the
350 mL vessel with a disperser (CLEARMIX' S-MOTION, N-
TECHNIQUE CO., LTD.) wherein the rotor was turned at
about  10,000 rpm to give a suspension containing a
crystalline 10 rebamipide. After completing the
crystallization, the pH  of the solution was about
1.5. To the crystal-deposited  solution, 5 N sodium
hydroxide was added to adjust pH to  about 5.75. 3 1
of the resultant aqueous suspension containing  15 _
ebamipi de was dispersed for 6C minutes with a
CLEARN_>'(r) - MOTION (N-TECH IQUE CC., LTD.) wherein
the rotor was turned  at about 18,000 rpm and the
screen was turned at about  16,000 rpm, and then the
solution was concentrated and  desalted with a
dialysis machine (Millipore, ProFiuxa M12) . 20 The
sample given from the above concentrating and
desalting was diluted with purified water to prepare a
2 %  (w/v) rebamipide suspension (2 c (w/v) rebamipide
2 %  (w/v) HPMC.1,TC-SE1). The transmission factor of
the given suspension at 640  25 fur: was measured, and
the average particle size (Z-Average  size) thereof
was measured with a Dynamic Light Scattering  Particle
Size Analyzer (Malvern Nano-ZS). Table The average
particle size and the transmission  factor at 640 nm
of the 2 % (w/v) rebamipide suspension  Average
particle size (nm) Transmission factor at 640 nm of 2
(w/v) 



suspension (1)  104.2 62.  30 Example 15 33  61 ML of
10 N hydrochloric acid (72 g, 0.6_ mot) and i.3 L of
an aqueous solution containing 7.67 % (w/v) HP MC
(TC-5E) were mixed to prepare a hydrochloric acid-HPMC
(TC- 5E) solution. To 3.5 L of an aqueous solution of
sodium 5 hydroxide which was prepared by adding
purified water to 22  g of sodium hydroxide (C.55 me
1), 100 g of rebamipide (0.27  mol) was added and
dissolved with heating to give a sodium
hydroxide-rebamipide solution. The hydrochloric
acid-HPMC (TC-5E) solution cooled at  10 about _CC was
allowed to circulate in a 350 mL vessel  equipped with
a disperser (CLEARNIX(r) S-MOTION, M-TECHNIQUE  CO.,
LTD.) as an. in-line type. The sodium hydroxide-
rebamipide solution kept at 40-5CC was thrown by small
and  small to the 330 mL vessel with a CLEARMIX(r)
S-MOTION 15 wherein the rotor was turned at about
12,000 rpm to deposit  a crystalline rebamipide. Pfter
completing the  crystallization, the pH of the
solution was about 1.5. To  the crystal-deposited
solution, 5 N sodium hydroxide was  added to adjust pH
to about 5.75. 20 3 L of the resultant aqueous
suspension containing  rebamipide was dispersed for 60
minutes with a CLEARMIX(r) W- MOTION (M-TECHNIQUE CO.,
LTD.) wherein the rotor was turned  at about 16,000
rpm and the screen was turned at about  16,000 rpm,
and then the solution was concentrated and 25 desalted
with a dialysis machine (Millipore, ProFlux(r) M12) .
The sample given from the above concentrating and
desalting was diluted with purified water to prepare a
2 %  (w/v) rebamipide suspension (2 % (w/v) rebamlplde
+ 2 %  (w/v) HPMC [TC-5E]). 30 The transmission factor
at 640 nm of the given  



suspension was measured, and the average particle size
(Z- Average size) thereof was measured with a Dynamic
Light  Scattering Particle Size Analyzer (Malvern
Nano-ZS). 34  Table S. The average Particle size and
the transmission  factor at 640 am of the 2 % (w/v)
rebamipide suspension  kverag par~icie size (nm)
iTransmission facto= az 640 nm of 2% (w/v) suspension
($) 91.2 80.C  Example 16 183 ML of 10 N hydrochloric
acid (216 g, 1.83 moi) and  5 3.9 L of an aqueous
solution containing 7.67 % (w/v) HPMC  AC-5E) were
mixed to prepare a hydrochloric acid-HPMC (TC- SE)
solution. To 10.5 L of an aqueous solution of sodium
hydroxide which was prepared by adding purified water
to 66  g of sodium hydroxide (1.63 mc'), 30C g of
rebamipide (0.81 10 mo_) was added and dissolved with
heating to give a sodium  hydroxide-r ebamipide
solution. The hydrochloric acid-HPMC (TC solution
cooled at  about 10C was allowed to circulate in a
silicon block  whose inside was an 1-shaped cavity.
The sodium hydroxide 15 rebamipide solution kept at
40-5CC was thrown by small and  small into the block
to deposit crystalline rebamipide.  After completing
the crystallization, the pH of the  solution was about
1.3. To the crystal-deposited solution,  5 N sodium
hydroxide was added to adjust pH to about 5.75. 20 3 L
of the resultant aqueous suspension containing
rebamipide was dispersed for 60 minutes with a CLEAR v
Iy(r) w,- MOTION (N-TEc 1 IQuE CC., LTD.) wherein the
rotor was turned  at about 18,000 rpm and the screen
was turned at about  16,000 rpm, and then the solution
was concentrated and  25 desalted with a dialysis
machine (Millipore, ProF _lux M12).  The sample given
from the above concentrating and  desalting was
diluted with purified water to prepare a 2 56  (w/v)
rebamipide suspension (2 % (w/v) rebamipide 2 %  



(w/v) HPMC [TC-5E], . 30 The transmission factor at
640 nm of the given 35  suspension was measured, and
the average particle size (z- Average size) thereof
was measured with a Dynamic Light  Scattering Particle
Size Analyzer (Malvern Nano-ZS). Table 9. The average
particle size and the transmission  factor at 640 nm
of the 2 % (w/v) rebamipide suspension  Average
particle size (nm:i Transmission factor at 64C rsr. of
2 (w/v) suspension (Y  110.62.7  S Test 1 The samples
of above Example 6 (1) and Example 7 (1)  were
ultra-centrifuged by a Beckman L7-Ultracentrifuge
(50,000 rpm, for 60 minutes, 1CC) to precipitate fine
10 grain. After washing it with purified water, the
same  operation was carried out again. The supernatant
was  removed and the resultant precipitate was
air-dried for c  days at 40C. X-ray diffraction
spectra, In spectra and DTA-TG  15 spectra of the
dried fine-grain were measured. The spectra  of the
dried fine-grain was the same as that of the active
ingredient which was prepared in the second plank of
OTSUK7  PHARMACEUTICAL CC., LTD. and has been used for
treating  gastric ulcer and gastritis. These results
indicate that 20 the fine-grained crystal given it the
invention has the  same crystal shape as the ordinary
active ingredient useful  for treating gastric ulcer
and gastritis. Test 2 The crysta= shapes of the
samples of above Example 6  25 (1) and Example 7 (1)
were measured with a transmission  electron microscope
(Figure 2, Figure 3) . When watching 2%  (w/v)
rebamipide - _ 1 (w/v) HPMC LTC-5E3 in above Example
6 (1) with a transmission electron microscope, the
crvsta- shape of the resultant crystal was a regular
hyper-needle 



30 crystal having a long gage length of not less than
300 run 36  to less than 1000 run,, a short gage
length of about 15 nm,  provided that the ratio
between the long gage length and  the short gage
length is more than 20. When such hyper- needle
crustal was given, was presumed that the obtained 5
suspension could have a high transparency-. When
watching 2% (w/v) rebaminide - = % (w/v) PV?K 25  in
ExamDie 7 (_) with a transmission electron microscope,
the crystal shape of the resultant crustal was a
regular  needle crustal having a long gage length of
about 200 nm, a i0 short gage length of about 40 nm,
provided that the ratio  between the long gage length
and the short gage length is  about 5. When such
hvper-needle crystal was given, it was  presumed that
the obtained suspension could have a high
disnersibilitu and a good filterability through 0.2 um
15 filter. Test 3 The crystal shape of the sample of
above ExamD_e 13  was measured with a transmission
electron microscope  (Figure 4) , When watching 2%
(w/v) rebamipide 2 % (w/v)  20 EPN1C [TC-3E1 in above
Example 13 ~ with a transmission  electron microscope,
the crystal shape of the resultant  crystal was a
regular hype=-needle crystal having a long  gage
length of not less than 50 nm to less than. 400 rim, a
sho=t gage length of about '_5 nm, provided that the
ratio 25 between the long cage length and the short
gage length is  more than E. When such hyper-needle
crystal was giver., -t  was presumed that the obtained
suspension could have a high  transparenc? and a good
= 'ter -- an-lily to 0 . % }jm =i 1 ter . CLAIMS  1.
Ar_: aqueous suspension of crystalline rebamipide
which  comprises a mixture of at least one of the
compounds 5 selected from. water-soluble polymers and
surfactants, an  



aqueous acidic solution, and an aqueous solution
containinc  a water-soluble salt of rebamipide. 2. The
aqueous suspension according to claim - wherein  10
the mixture is subjected to exposure of ultrasonic
wave. 5. The aqueous suspension according to claim.
wherein  the compound selected from. water-soluble
polymers and  surfactants is hvdroxvpropylmethyl
cellulose, polyvinv_' I5 pv-rolidon_e,
oolvoxvethvlene-poiyoyypropvlene glycol or
oolvsorbace 80. 4. The aqueous suspension according to
claim. 1 wherein  the compound selected from
water-soluble polymers and  20 surfactants is
hydrox_ypropylmethy_ cellulose. 5. The aqueous
suspension of crystalline rebamipide  according to
claim 1 wherein the aqueous Suspension Of  crystalline
rebamipide is acidic. 2 5 6. The aqueous suspension of
crystalline rebamipide  according to claim: 1 or 5
wherein the pE value is adjusted  to the range of 5 -
7 with a base. 30 ,. An aqueous ophthalmic suspension
of crystalline  rebamipide which is producible by
adding a base to the aqueous suspension of claim 1 or
S to adjust of to 3 - 7, 38  dispersing and/o-
dialyzing the mixture, and then  adjusting pr to 5 - 7
and adjusting the concentration  of rebamip.ide to 0.5
- 5  (w/ v; 5 8. A sterile aqueous ophthalmic
suspension of crystalline  rebamipide which is
producible by adding a base to the aaueous suspension
of claim I or  5 to adjust pE to 3 - 7 , dispersing
and/or dialyzing the mixture, then 10 adjusting PH to
5 - 7 and adjusting the concentration  of rebamipide
to 0.5 - 5 (w/v , and atinq the mixture for
sterilization. 9. The aqueous suspension according to
Maim where-in  



15 the concentration of r _ebam=pid_ in the suspension
concen-Lrated by the dialysis is adjusted to 0.5 - 5
(w/v.  with purified water . 10. The aqueous
suspension according to claim 7 wherein  20 the
aqueous suspension of crystalline rebaaipide having a
concentration of 0.55 - 5 0 (w/v) has a transmission
factor  at 640 nir, of not less than 2C 1_. The
aqueous suspension according to claim 7 wherein  25
the shape of the crystalline rebamipide is a regular
needle  crystal having a long gage length of less than
1000 nm and  a short gage length of less than 60 nir:,
provided that the  ratic between the long gage lenath
and the short gage  length is no: less than 4. 30 12.
A method of preparing an aqueous suspension of
crystalline rebamipide, comprising mixing at least one
of  the compounds selected from water-soluble polymers
and 3 0. sur-factants, an aqueous acidic solution, and
an aqueous  solution containing a water-soluble salt
of rebamipide. 13. A method of preparing an aqueous
ophthalmic suspension  5 of crystalline rebaminide,
comprising adding a base to the aqueous suspension
prepared by  the method of claim. 12 to adjust pH to 3
dispersing and/or dialyzing the mixture, and then
adjusting pH to 5 - and adjusting the concentration
10 of rebamipide to 0.5 - 5 c (w/v). 14. z method of
preparing a sterile aqueous ophthalmic  suspension of
crystalline rebamipide, comprising adding a base tc
the aqueous suspension of claim or  15 5 to adjust pH
to 3 - ;, dispersing and/o= dialyzing the mix -ure,
then  adjusting pt to 5 - - and adjusting tine
concentration  of rebamioide to 0.5 - 5 % (w/v`, and 



=iltrating the mixture for sterilization. 


