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DESCRIPTION
PHARMACEUTICAL COMPOSITION COMPRISING REBAMIPIDE

TECHNICAL FIELD
[0001]
The present invention relates to an ophthalmic

pharmaceutical composition of rebamipide.

BACKGROUND ART
[0002]

Rebamipide [chemical name : (i)—2—(4—chlorobénzoyl—
amino)—34[2—quinolon—4—yl]propiohic acid] is known toi.be
useful‘és an anfiulcer drug.

[0003]

In addition, _rebamipide ‘increases the ‘gobletv'cell
density, mucous secretion and tear‘flﬁid in the eye, and
has been already known as an'agent for treating dry eye,
i.e., dry eye syndrome (Patent Reference 1).

[0004]

BAlthough rebamipide is soluble in an alkaline aqueous
solution, the solubility of rebamipide in a neutral
solution is quite poor. Also,‘an eye drop having.a high pH
is not suitable for the treatment of an' injury in

keratoconjunctiva such as dry eye. Furthermore, the
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development of a formulation containing rebamipide as an
aqueous solution _is thought to be difficult, since

crystalline rebamipide may be precipitated even in case of

‘an alkaline solution thereof.

[0005]
Patent Reference 1 discloses a neutral agqueous

suspension of rebamipide. However, the aqueous suspension

~should be , shaken well for re-dispersion, since a

precipitate layer may be formed upon standing for a long

period. Also, such fqrmulations might have:some problems
such asvvisual defect caused by blurred &ision and making
some spots wupon spilling on the clbths, because the
formulation is<é-ﬁhite ophthalmic suspension.

[0006]

Patent Reference 2 discloses an aqueéus suspension
comprising rebamipide wherein rebamipide can be stably
dispersed as fine particles and the fine particles are not
re—-agglutinated. Although the suspensibility of the
rebamipide—contaihing aquedus suspension of Patent
Reference 2 is improved compared with that of the
formulation of Patent Reference 1, the formation of Patent
Reference 2 is unavoidable to form a precipitate layer upon
standing for a long period and a vigorous shaking will be
needed for the re-dispersion, since ﬁhe‘ formulation of

Patent Reference 2 is also a white ophthalmic suspension in
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which rebamipidevis not completely dissolved. Furthermore,
the problems such as Visual‘defect caused by blurred vision
and making some spots upon spilling on the cloths remain
unresolved even in Patent Reference 2.

[0007]

Patent Reference 3 disclosés an agueous suspensionvof
crystalline rebamipide comprising a mixture of one or more
compounds selected from water-soluble polymers and
surfactants, an acidic solution, and a solution of water-
soluble salt of rebamipide as a neutral ;rebamipide—
containing pha:maceutical compqsition with an improved
transparency which need not tovbe re-dispersed and does not
cause | damaées to the keratoconjunctiva of patients
suffering from dry eye. |
[0008]

However, the agueous suspension of :crystalline
rebamipide of Patent Reference 3 has a problem of high
production cost, since expensive eqﬁipments such as a high-
pressure hbmogenizer,‘ a colloidmill and sohicator are
required 'during its formulation brocesses, and the
manufacturing process is cumbersome, complicated and long-
haul.

[0009]
Patent Reference 4 discloses a preservative-free

pharmaceutical composition comprising rebamipide as an eye
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drop having an improved re-dispersibility, transparency and
storage stability. The eye drop of Patent Reference 4 is
free from an inorganic cation in order to avoid the
addition‘of a preservative which might be toxic against
patients suffering from an injury of cornea such as dry eye.
However, preventing microbial contamination nithout. a
preservative is not so enough from the view of safety, and
thus, the development of an effective preservative mechod
having no harmful effects has been desired.
[0010]

Patent Reference 5 and Patent Reference 6 disclose
that compounds such ‘es zinc chloride are effective for
preventing microbial contamination in an eye drop. However;

the concentration of such zinc compounds for preventing

X

microbial contamination is 0.001 % (W/V) to 0.0001 % (W/V).
These concentfations cannot be recognized as a sufficiently
low concentration, -considering the adverse effects and
costs caused by adding zinc compounds.
[Patent Reference]_
[0011]

[Patent Reference 1] _WO»1?97/013515

[Patent Reference 2] WO 2008/050896

[Patent Reference 3] WO 2006/052018

[Patent Reference 4] WO 2009/154304

[Patent Reference 5] JP 2010-504990 T
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.[Patent Reference 6] JP 2010-504358 T

SUMMARY OF INVENTION
[Problems to be Solved by the Invention]
[0012]
The‘ present invention relates to a rebamipiae—
containing eye drop and provides a pharmaceutical

composition which has a superior re-dispersibility and

transparency and contains _a‘_presgryqtive”,(anm”agent__for:..m

supplementing preservative effectiveness) which is not

. generally sﬁitable for the treatment of a patient suffering

from injury in cornea such as dry eye, in a small amount
that is expected to produce a sufficient aﬁtiseptic—effect
in spite_of such small amount, without causiﬁg undesirable
effects.

[Means to Solve the Probiems]

[0013]

The present inventors have: inténsively studied and
found that a rebamipide-containing eye drob having a
superior re—dispersibilify, transparency’and a sufficient
antiseptic-effect can be prepared by adding a trace amount

of a zinc compound as a preservative (which supplements the

‘antiseptic-effect) and various particular additives. Based

'upon the new findings, the present invention has been

completed.
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[0014]

" The preéent invention provides pharmaceutical
compoéitions and use thereof as shown in the folléwing
[Term 1] to [Term 14].

[Term 1] A pharﬁaceutical compositibn comprising (1)
rebamipide, (2) a solubilizing agent, (3) an amino sugar,
(4) a buffer and (5) a zihc compound.

[0015]

[Term 2] The pharmaceutical composition of Term 1. . .

which is an aqueous liquid.

' [0016]

.[Termi3] The_pharmaceutical composiﬁion of Term 1 or 2
wherein the concentration of zinc in the Zinc comﬁound is
0.000001 to 0.00005 % (w/v).

(00171

[Term 4] The pharmaceutical composition of Term 1 or 2

‘wherein the concentration of zinc in the zinc compound is

0.000001 to 0.000004 & (w/v).
[0018]

[Term 5] The pharmaceutical composition of any one of

Terms 1 to 4 wherein the concentrations of rebamipide, the

"solubilizing agent, the amino sugar, and the buffer are 1

to 3 % (w/v), 2 to 4 % (w/v), 1 to 6 % (w/v), and 0.05 to
2 % (w/v), respectively.

[0019]
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[Term 6] The pharmaceutical composition of any one of

Terms 1 to 5 wherein the =zinc compound is zinc chloride

‘and/or zinc sulfate.

[0020]

[Term 7] The pharmaceutical compdsition of any one of
Terms 1 to 6 wherein the solubilizing  agent is
polyvinylpyrrolidone.

[0021]

[Term 8] The pharmaceutical composition of any one of
Terms 1 to 7 wherein the amino sugar is meglumine.

[0022]

[Termu9] The pharmaceutical composition of any one of
Terms 1 to 8 wherein the buffer 1is boric acid and/or
phosphoric acid.

[0023]‘

[Term 10] The pharmaceutical composition of any one of
Terms lito 9 further comprising an isotonidnagent.

[0024]

[Term 11] The pharmaceutical composition of Term 10
wherein the isétonié agent is glycerin.
[0025]

[Term 12] The pharmaceutical composition of any one of
Terms-l to 11 wherein pH is in a range of 7 to 9.

[0626]

[Term 13] The pharmaceutical composition of any one of
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Terms 1 to 12 wherein the pharmaceutical composition is an
ophthalmic pharmaceutical composition.
[0027]

[Term 14] Use of the pharmaceutical composition of
any one of‘Terms 1 to 13 for treating dry eye by topically
administering to eyes.

[Effect of the Invention]

>[0028]

The  present  rebamipide-containing.. pharmaceutical -
composition acquire a superior re-dispersibility,
transparency and a sufficient antiseptic-effect by 
comprising a zinc compound as a preservativei (which
supplements the antiseptic-effect) in a trace amount which

does not produce adverse effects. .

DESCRIPTION OF EMBODIMENTS -
[0029]

"The pharmaceutiCal chposition Qf ~ the =~ present
invention 1is preferably formulated as an aqueous liquid,
and more preferably used as an ophthalmic pharmaceutical
composition.

[0030]

The concentration of rebamipide in the pharmaceutical

composition of the present invention is in a range of about

0.1 to about 5 % (w/v), preferably about 0.5 to about 3 %
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(w/v), and more preferably about lato about 3 % (w/v). As
used herein, 1 % (w/v) means that lOO‘mL of the solution
contains 1 g of the ingredient.

[0031]

Examples of the solubilizing agents uséd herein
include polymers such as polyvinylpyrrolidone, macrogol
(polyefhylenev glycél),>‘ polyvinyl alcohol and
hydroxyprbpylmethylcellulose; surfactants ~ such as
poleorbate, polyoxyethylene hydrogenated caétor oil, and_
polyoxyethylene-polyoxypropylene; polyhydric alcoholé such
és propylene glycol; organic acids such as benzoic acid and
éorbic acid; amino acids such as alginic acid;ihistidiﬁe,
glycine and lysine; ‘and _xanthine derivatives such as
caffeine. The preferred solubilizing agent is
polyvinylpyrrolidone, macrogol, polyvinyl alcohol, benzoic
acid, sorbic acid and alginic acid, and

polyvinylpyrrolidone 1is especially preferable. These -

solubilizing agents can be used alone or as a combination

of any two or more.
[0032]

The molecular weight of the polyvinylpyrrolidone used
herein is preferably 2000OO or less, and more preferably
40000 or less. - The preferred polyvinylpyrrolidones
includes, but is not limited to, polyvinYlpyrrolidone (PVP,

purchased from BASF, Kollidon 25): PVP (K-25),
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polyvinyipyrrolidone (PVP, purchased from BASF, Kollidon
17PF):' PVP (K-17PF). The ratio vof rebamipide vefsus
polyvinylpyrrolidone -is preferably 20:1 to 1:20, more
préferably 4:1 to 1:6, and even more preferably 1:1 to 1:2.
[0033]

When a solubilizing agent isbadded, the concentration
of the solubilizing agent is generally in a range of about
0.01 to about 15 (w/v) %, preferably about 0.1 to about 10
(w/v) %, more preferably_abqut‘O.S_to about 6 (w/v) %, and.
even-ﬁére pfeferably about l.ﬁo about 5 (w/v) % or about 2
to abdut 4 (w/v) %.

[0034]

The zinc compounds used herein are, for example, zinc
chloride and zinc sulfate, and zinc chloride is preférred.
These zinc compounds can be used alone or as a combination
of any two or more.

The amount of zinc in the zinc compound iﬁ the presenﬁ
pharmaceutical composition 1is about 0.0000005 to about
"0.000025 times, preferably about 0.0000005 to about 0.00001
times, more preferably 0.0000005 to about.0.00000S times,
and even more preferably about 0.0000005 to about 0.000002
times per the weight of rebamipide.

The concentration of zinc in the zinc compounds in the
present pharmaceutical composition is preferably in a range

of about 0.000001 to about 0.00005 % (w/v), more preferably
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about 0.000001 to about 0.00002 & (w/v), even more
preferably about 0.000001 to about_0.0000l % (w/v), and the
most preferably about 0.000001 to about 0.000004 % (w/v).
The range of about 0.000002 to about 0.0000035 % (w/v) or
about 0.000002 to about 0.0000033 % (w/v) is also preferred
from the vieﬁpéint of the solubility of thé zinc compounds
under various storage conditions of the pharmaceutical
composition.

[0035]

Examples of amiﬁo sugars used herein include meglumine
(i.e., 'N—methyl—D—glucamine), D-glucosamine, D-
gélactosamine, D—mannosamine,‘ mycosamine, - kanosamine,
neosamine C, N—methyl—Legiucosamine, mycaminose, muramic
acid, and streptamine.

Amino sugarsb selected from the group consisting of
meglumine, D-glucosamine, D-galactosamine, D-mannosamine,
mycosaminé,vkanosamine, neosamine C, N-methyl-L-glucosamine,
mycaminose,'muramic‘acid and streptamine are preferred, -and-
the most preferred is meglumine. = These amino su§ars can be
uséd alone or as a combination of any two or moré.v
[0036]

The concentration of the émino sugar in the present
pharméceutical composition may be, for example, in a rangeb
of about 0.1 to about 15 % (w/v), preferably about 0.5 to

about 10 % (w/v), more preferably about 1 to about 8 %
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(w/v) or about 1 to about 6 % (W/v).
[0037]

Exampleé of buffers used herein include boric acid,
phosphofic acid, amino acid, and organic acids, and boric
acid and phosphotic acid are preferable. These buffers can
be used alone or as a combination of any tWo or more;

[0038]

The concentration of the buffer in the present

pharmaceutical composition is, for example, in a range of

about‘0.0l to about 4 % (w/v), preferably about 0.03 to
about 3 % (w/v), and more preferably about 0.05 to about
2 % (w/v). |
[0039]

If necessary, an isotonic agent may be added to the

present pharmaceutical composition in order to ensure that

~the composition 'is isotonic with lacrimal fluid. A

cohventional isofbnic agent for an ophthalmic solution such
as' .mannitol, glycerin, propyléne glycol, - polYethylene.
glycol, maltose, sﬁcrose, sorbitol, and glucose can bé used
for the pharmaceutical composition of the présent invention,
and glycerin and sucrose are preferred. These isotonic
agents can be used alone or as a combination of any two or
more.

The concentration of the isotonic agent in the present

pharmaceutical composition is, for example, in a range of
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about 0.1 to about 5 % (W/v), preferably about 0.2 to about
3 % (w/v), more preferably about 0.5 to about 2 % (w/v).
[0040]

A pH adjuster can be " used in the present
pharmaceutical composition, if necessary; Examples'of the
pH adjusters include a conventional acid such as
hydrochloric acid, lactic acio, acetic acid, sulfurio acid,
nitric acid, carbonic acid, phosphoric acid, and citric
acid. Among them, hydrochloric acid is preferred. These
pH adjusters can be used alone cr as a combination of any
two Or more.

[0041]

The pH of ﬁhe aqoeous liguid formulation of the
present invention is about 3 to about 9, preferably about 7
to about 9.

Loo421

A conventional preservative besides a zinc compound
(e.qg., tertiary ammonium salts -such ~as Dbenzalkonium
chloride and vbenzethoniunl chloride; p-hydroxybenzoate
esters  such as chlorhexidine gluconate, methyl-p-

hydroxybenzoate and propyl-p-hydroxybenzoate; and alcohols

such as chlorobutanol and benzyl alcohol) and/or a

stabilizer (e.g., inorganic cation-free ascorbic acid, and

.tocopherol)' can be added to the present pharmaceutical

composition, 1f desired.
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[0043]

The present pharmaceutical composition may.contain a
éonventional ophfhélmic ingredient besidés.rebamipide such
as an antihistamine, antiallergic drug, vitamins, an anti-
inflammatory drug and an ingredient for relieving rednéss
of the eye, and/or a conventional ophthalmic additive such
as a thickener, a chelating agent, a suspending agent, an

emulsifying agent, and an antioxidant, 1f necessary.

EXAMPLE
[0044]

Hereinafter, the present invention is illustrated by
the folléwing examples, but should.not be ‘construed to bé

limited thereto.

Example 1

rebamipide 2 g

polyvinylpyrrolidone K17 3 g

boric acid 1.5 g

meglumine 5.7 g

glycerin 0.819 g

hydrochloric acid g.s. (pH 8.5)

zinc chloride 2.09 pug (as 1 pg of zinc)
purified water gq.s. :
Total 100 mL

According to each amount defined in the above table,

to an appropriate volume of purified water with stirrihg

were added tebamipide, polyvinylpyrrolidone K17, boric acid,

meglumine, glycerin, and =zinc chloride. = The mixture

continued to be stirred with a magnetic stirrer to dissolve,
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and then the pH thereof was adjuéted with‘hydrdchloric acid
as shown in the above table. The resulting solution was
aseptically filtrated with a 0.2 um filter té give the
desired pharmaCeuticél»composition which was a colorless to
light yeilow gleaf solution.

[0045]

Example 2

A pharmaceutical composition which was a colorless to

light yellow clear solution was prepared according to .the.

procedure described in Example 1 except that 10.4 ug of

zinc chloride (as 5 png of zinc) was employed.

[0046] .

Example 3

A pharmaceutical composition‘which was a colorless to
light yellow clear solution was prepared according to the
procedure described in Example 1 except that 20.9 nug of
zinc chloride (as 1Q ng of zincg) Wasbemployed.

[0047]

Example 4

A pharmaceutical composition which was a colorless to

light yellow clear solution was prepared according to the

" procedure described in Example 1 except that 41.7 ug of

zinc chloride (as 20 ug of zinc) was employed.
[0048]

Example 5
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A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the
procedure described in Example 1 except that 104.3 ug of
zinc chloride (as 50 ug of zinc) wés employed.

[0049]

~Example 6

rebamipide

polyvinylpyrrolidone K17

boric acid

meglumine

o] Ne Iy (o]

glycerin 1

. 9g_ .
hydrochloric acid (pH 8.5)

.zinc sulfate 7-hydrate

O OO |WN
Sl oo @ Q

ug (as 1 pg of zinc)

purified water , Jq.s.

Total 100 mL

According to eaéh amount defined in the above table,

to an appropriaté Volume of purified water with stirring

were added rebamipide, polyvinylpyrrolidone K17, boric acid,

meglumine, glycerin, and =zinc sulfate 7-hydrate. The
mixture continued to be stirred with a magnetic stifrer to
dissolve, and then the pH thereof was adjusted with
hydrochloric acid as shown in the above table. The
résulting solution was aseptically filtrated with a 0.2 um
filter to give the desired pharmaceutical compositioniwhich
was a colorless to light yellow clear solution.
[0050] |
Example 7

A pharmaceutiéal composition which was avcolorlesé to

light yellow clear solution was prepared according to the
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procedure described in Example 6 except that 22 pg of zinc
sulféte 7-hydrate (és 5 ug of zinc) was.employed.
[0051]
Example 8

A pharmaceutical.composition which was a colorless to
light yellow clear solution was prepared according to thé

procedure described in Example 6 except that 44 pg of zinc

sulfate 7-hydrate (as 10 ug of zinc) was employed.

[0052]
Example 9

A pharmaceutical composition which was a colorless‘to
light yellow clear solution was prepared according to the
procedure descfibed in Example 6 except that 88 pg of zinc
sulfate 7-hydrate (as 20 pg of zinc) was employed.
[0053]

Example 10

A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the

procedure.described'in Example 6 except that 220 pg of zinc

- sulfate 7-hydrate (as 50 pg of zinc) was employed.

[0054]

~Comparative Example 1
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rebamipide 2 g
polyvinylpyrrolidone K17 3 g
boric acid 1.5 g
meglumine 5.7 g
glycerin 0.819 g
hydrochloric acid g.s. (pH 8.5)
purified water q.S.
Total ' 100 mL

According to each amount defined in the above table,

to an appropriate volume oprurified'water with stirring

' werevadded rebamipide, polyvinylpyrrolidone K17, boric acid,

meglumine; and glycerin. The mixture continued to be
stirred with a magnetic stirrer to dissolve, and then the’
pH thereof was adjusted with hydrochloric ééid as shown in
the abbve table. The resulting. solution was‘aseptically
filtrated with a 0.2 um filter to give the desired

pharmaceutical composition which was a colorless to light

-yellow clear solution.

[0055]

Example 11

rebamipide

boric acid

W Q

glycerin 19 ¢

2 g
1.5
meglumine _ 5.7
0.8
q.s

hydrochloric acid (pH 8.5)

zinc chloride 41.7 ug (as 20 ug of zinc)

purified water . gq.s.

Total 100 mL

According to each amount defined in the above table,
to an appropriate volume of purified water with stirring
were added rebamipide, boric acid, meglumine, glycerin, and

zinc chloride. The mixture continued to be stirred with a
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magnetic stirrer to dissolve, and then the pH thereof was

adjusted with hydrochloric acid as shown in the above table.

The resulting solution was aseptically filtrated with a 0.2

um filter to give the desired pharmaceutical composition
which was a colorless to light yellow clear solution.
[0056]

Example 12

A pharmaceutical composition which was a colorless to

~light yellbw‘clear_solutiqn,was_prepared,according to the.

procedure described in Example 11 except that 104.3 ug of
zinc chloride (as 50 pg of zinc) was employed.

[0057]

‘Comparative Example 2

rebamipide 2 g

boric acid 1.5 g
meglumine 5.7 g
glycerin 0.819 g
hydrochloric acid gq.s (pH 8.5)
purified water g.s.

Total 100 mL

According to each amount defined in the above table,

to an appropriate volume of purified water with stirring

were added rebamipide, boric acid, meglumine, and glycerin.

The mixture continued to be sfirred with a magnetic stirrer
to dissolve, and then the pH thereof was adjusted with
hydrochloric acid as shown in the above table. The.
resulting solution was aseptically filtrated with a 0.2 um

filter to give the desired pharmaceutical composition which
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was a colorless to light yellow clear solution.
[0058]

Comparative Example 3

rebamipide : 2 g
polyvinylpyrrolidone K17 3 g
boric acid ‘ 1.2 g
meglumine : 4.8 g
glycerin 1.05 g
hydrochloric acid g.s. (pH 8.5)
purified water g.s.

| Total 100 mL

According»to each amount defined in the above table, .
to an appropriatevvolumé of purified Qater with stirring
were added rebamipide, polyvinylpyrrolidone K17, boric acid,
meglumine, and glycerin. The mixture continued to be
stirfed wiﬁh a magnetic'stirrer to dissblve, and then the
pH thereof was adjﬁSted wifh hyd;ochloric acid. as shown in
the above table. The resulting solution was aseptically
filtrated with a 0.2 um filter to give the desired
pharmaceutical composition which was a colorless to light
yellow clear solution.

[0059]

Example 13

| rebamipide

polyvinylpyrrolidone K17

boric acid

g
meglumine g

glycerin 5 g

g
g
.2
8
0
S

hydrochloric acid . (pH 8.5)

zinc chloride

‘purified water

.09 pg (as 1 ug of zinc)
s. :

FQ N [P TW] N

Total 00 mL
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According to each amount defined in the above table,
to an appropriate volume of purified water with stirring

were added rebamipide, polyvinylpyrrolidone K17, boric acid,

- meglumine, . glycerin, and zinc chloride. The mixture

continued to be stirred with a magnetic stirrer té dissolve,
and then the pH thereof was adjusted with hydrochloric_acid
as shown in the above table. The resulting solution was
asepficaliy filtrated with a 0.2 uym filter to give the
dggé?eq_pharmaceupiqal_;omposition which.was“avcolorless“to
light yeilow clear solution.

[0060]

Example 14

A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the
procedure described in Example 13 except that 4.17 ug of
zinc chloride (as 2 pg of zinc) was employed.

[0061]

" Example 15

A pharmaceutical composition which was a colorless to
light yellow clearrsolution was prepared‘according to the
procedure described in Example 13 except that 6.26 pé of
zinc chloride (as‘3 ug of zinc) was employed.

[0062] |

Example 16

A pharmaceutical composition which was a colorless to
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light yellow clear solution was prepared according to the
procedure described in Example 13 except that.8.34 ug of
zinc chloride (as 4 pg of zinc) was employed.

[0063]

‘Comparative Example 4

rebamipide 2 g
polyvinylpyrrolidone. K17 3 g

boric acid : 1.0 g
meglumine 4.2 g
'glycerin 1.2 g
hydrochloric acid g.s. (pH 8.5)
purified water: g.S..

Total 100 mL

According to each amount defined in the above table,
to an appropriate volume of purified water with étirring
were added rebamipide, polyvinylpyrrolidone K17, boric acid,
meglumine, and glycerinﬁ ‘The mixture continued to be
stirred with a magnetic-stirrer to dissolve, and then thei

pH thereof was adjusted with hydrochloric acid as shown in

.. the above table. The resulting solution was aseptically

filtrated with a 0.2 pum filter to give the desired

‘pharmaceutical composition which was a colorless to light

yellow clear solution.
[0064]

Example 17
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rebamipide 2 g
polyvinylpyrrolidone K17 3 g
boric acid . 1.0 g
meglumine 4.2 g
glycerin 1.2 g
hydrochloric acid g.s. (pH 8.5)
zinc chleoride 2.09 ug (as 1 ug of zinc)
purified water g.s. '
Total : 100 mL

According to each amount defined in the above table,
to an appropriate volume of purified water with stirring

were added rebamipide, polyvinylpyrrolidone K17, boric acid,

meglumine, glycerin, and zinc chloride. = The mixture

continued to be stirred with a magnetic stirrer to dissolve,

and then the pH thereof was adjusted with hydrochloric acid

" as shown in the above - table. The resulting solution was

aéeptically filtfated with a 0.2 pm filter to give the
desired'oharmaceutical composition which was a colorless to
light yellow clear solution.

[0065]

Example 18

A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the
procedure described in Example 17 except that 4.17 ug of

zinc chloride (as 2 pg of zinc) was employed.

10066]

Example 19

A pharmaceutical composition which was a colorless to

light yellow clear solution was prepared according to the
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procedure described in Example 17 except that 6.26 ug of
zinc chloride (as 3 pg of zinc) was employed.

[0067]

' Example 20

A'pharmaceutical composition which was a colorless to
light yellow clear’soiution was prépéred according to the
procedure described in Example 17 except that 8.34 ug of
zinc chloride (as 4 pg of zinc) was employed.

[0068]

Comparative Example 5

rebamipide

polyvinylpyrrolidone K17

boric acid

g .
meglumine g

glycerin

0 {0 Jju|lQ |«

4 g
(

hydrochloric acid pH 8.5)

Qo jelnvjolwin]

purified water .S.

Total . 100 mL

According to each amount defined in the above‘table,
to an approp:iaté volume of purified water with stirring
were added rebamipide, polyvinylpyfrolidone K17, boric acid,
meglumiﬁé, and glycerin. The mixture continued to 'be‘
stirred with a n@gnetic étirrer to dissolvé, and then the
pH thereof was adjusted with hydrochloric acid as shown in
the‘above table. The resultingisolution was aseptically
filtrated with a 0.2 pm filter to give'-the desired
pharméceutical composition which was a colorless to light

yellow clear solution.
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[0069]

Example 21

rebamipide

polyvinylpyrrolidone K17

boric acid

g
meglumine g

glycerin 4 g

g
g
.5
7
5
S

hydrochloric acid  (pH 8.5)

zinc chloride .09 pg (as 1 ug of zinc)

Noli 1 V] ol =Y I V] Kl FIV] EN!

purified water .S.

=
o
o
3

=

Total

According to each amount defined in the above table;
to an appropriate volume of purified water with stirring
were added rebamipide, polyvinylpyrrolidone K17, boric acid,
meglumine7 glycerin, and zinc chloride. The mixture
continued to be stirred with a magnetic stirref to dissolve,
and then'the‘pH thereof was adjusted with hydrochloﬁic acid
as shown in the above table. The resulting solution was
aseptically filtrated with a Q.2 pm filter to give the
desired pharmaceutical composition which was a colorless tQ
light yellow cleaf sélution.

[0070]

Example 22

A pharmaceutical composition which was a colorless to

light yellow clear solution was prepared according to the

procedure described in Example 21 except that 4.17 ng of
zinc chloride (as 2 ug of zinc) was employed.
[0071]

Example 23
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A pharmaceutical»composition which was a colorless to
light yellow clear solution was prepared according tovthe
procedure described in Example 21 exéept that 6.26 pg of
zinc chloride (as 3 ug of éinc) was employed.

(00727

Example 24

A pharmaceutical composition which was a colorless to

‘light yellow clear solution was prepared according to the

procedure described in Example 2lbexcept that 8.34 ug of
zindgchloride (as 4 ng of zinc) was employed.
[0073]

Comparative Example 6

rebamipide 2 g
polyvinylpyrrolidone K17 3 g

boric acid 0.2 g
meglumine 1.9 g
glycerin 1.72 g
hydrochloric acid g.s. (pH 8.5)
purified water : g.S.

Total 100 mL

Accofding to each‘ambunt defiﬂed in the above table,
to an appropriafe volume of purified water with stirring
were added rebamipide, polyvinylpyrrolidone Kl7, boric acid,
meglumine, and glycerin. The mixture continued to be
stirréd with a magnetic stirrér to dissolve, and then the
pH thereof wasradjusted with hydrochloric acid as shown in’
thé above table. The resulting Solution was aseptically

filtrated with a 0.2 um filter to give the desired



10

15

WO 2014/051163 PCT/JP2013/077011

27

pharmaceutical composition which was a colorless to light
yellow clear solution.
[0074]

Comparative Example 7

rebamipide 2 g
polyvinylpyrrolidone K17 3 g o
Phosphoric acid 0.0577 g
meglumine 1.3 g
glycerin 1.55 g ,
hydrochloric acid g.s. (pH 8.5)
purified water q.s.
| Total . 100 mL

According to each amount defined in the above table,
to an appropriate volume of purified water with stirring

Were added rebamipide, polyvinylpyrrolidone K17, phosphoric

-”acid, meglumine, and glycerin. The mixture continued to be

stirred with a magnetic stirrer to dissolve, and then the
pPH thereof was adjusted with hydréchioric acid as shown in
the ébove table. The resulting solution was aseptically
filtrated with a- 0.2 uym filter to give the desired
pharmaceutical compoéition which was a colorless to light ~

yellow clear solution.

[0075]

Example 25
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-rebamipide

polyvinylpyrrolidone K17

boric acid

| meglumine

g
g /

glycerin 1g

g
g
.5
7
4
S

hydrochloric acid . (pH 8.5)

zinc chloride .09 pg (as 1 pug of zinc)

Q [NEQ [P |Oolw N

purified water .S.

Total 100 mL

‘According to each amount defined in the above table,
to an appropriafe volume of_purified water with stirring
were added rebamipide, polyvinylpyrrolidone K17, boric acid,
meglumihe, glyéefin, and zinc chloride. .The mixture
conﬁinued to be stirred with a magnetic stirrer.toAdisslee,

and then the pH thereof was adjuéted with hydrochloric acid

" as shown in the above table. The resulting solution was

aseptically filtratéd with -a 0.2 pm filter .to» give the
desired pharmaceutical composition which was a colorless to
light yelloQ clear solution. |

[0076]

Example 26

A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the
procedure described in Example 25 except that 4.17 ug of

zinc chloride (as 2 pg of zinc) was employed.

[0077]

Example 27

A pharmaceutical composition which was a colorless to

light yellow clear solution was prepared according to the
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procedure described in Example 25 except that 6.26 pg of
zinc chloride (as 3 ug of zinc) was employed.

[0078]

Example 28

A pharmaceutical composition which‘was a colorless to
light yellow‘clear solution was prepared acéording to the
procedure described invExample 25 excépt that 8.34 ug of
zinc chloride (as 4 ug of zinc).was employed.r
[0079]

Example 29

A pharmaceutical composition‘which was a colorless to
light yellow clear solution was prepared according to the
procedure described in Example 25 except that 10.4 pg‘of
zinc éhloride (as 5 nug of zinc) was employed.

[0080]

Example 30 -

'A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the

procedure described in Example 25 except that 20.9 ug of

zinc chloride (as 10 ug of zinc) was employed.

[0081]. ' _ '

Comparative Example 8
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rebamipide 2 g
boric acid 0.5 g
meglumine : 2.7 g
glycerin 1.41 g
hydrochloric acid g.s. (pH 8.5)
| zinc chloride 2.09 pg (as 1 pg of zinc)
purified water g.s. =
Total 100 mL

'Aécofding to each amount defined in the above table,
to an appropriate volume of purified Water with stirring
were added réb;mipide[ boric acid, meglumine, glycerin, and
zinc chloride,  The mixture continued to be stirred with a
magnetic stirrer to dissolve, and then fhe pH thereof was
adjusted with hydrochloric acid as shown in the abdve table.
The resultiﬁg SOlutionvwas aseptically filtrated with a 0.2
um filter to give the desired pharmaceutical compositiqn
which was a.colorless'to light yellow clear solution.

[0082]

Comparative Example 9

A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according.to the
procedure described in Comparative Example 8 excepﬁ thét
4.17 pg of zinc chloride (as 2 pg of zinc) was employed.

[0083]

Comparative Example 10
A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the

procedure described in Comparative Example 8 except'that
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6.26 ng of zinc chloride (as 3 pg of zinc) was employed.
[0084]

Comparative Example 11

A pharmaceutical composition which was a colorless to
light yellow clear solution was prepared according to the

procedure described in Comparative Example 8 except that

8.34 ng of zinc chloride (as 4 ng of zinc) was employed.

[0085]

_ Comparative Example 12

A pharmacéutical compositidﬁ which was a colorless to
light yellow clear soiution was prepared according to the
procedure'described in Comparativé Exam?le 8 except that
10.4 pg of zinc chloride (as 5 pg of zinc) was employed.
[0086]

Comparative Example 13

A pharmaceutital composition which was a colorless to
light yellow clear solution was prepared according to the
procedure described.jjl CQmparati§e Example 8 except that
20.9 ng of zinc chloride (as 10 pg of zinc) was employed.

[0087]

Preservation test
(Bacterial Strain)

The féllowing bacterial strains were used as inoqulums.
Bacteria: Escherichia coll ATCC 8739, Pseudomonas

aeruginosa ATCC 9027, Staphylococcus aureus ATCC 6538
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Yeast and mold: Candida albicans ATCC 10231, Aspergillﬁs

brasiliensis ATCC 16404

[0088]
{(Methods)

The test samples were prepared by aseptically adding
each inoculum to the pharmaceutical compositions of
Examples and Comparative Examples tov obtain each final

concentration of 10° to 10° cfu / mL followed by mixing.

- These samples were _stbre_d_ at 20 to 25°C under light-

shielded condition. _1 mL of an aliquot was collected from
éach sample on Days 0, 7, 14, and 28, and the viable cOuhts
were determined. For determining the viable :count of
bacteria, 1 mL of a dilution obtained by repeating 10-fold
dilution of the aliquoct with saline waé loaded to a petri
dish, 15‘to 25 mL of SCDLP agar medium was added thereto,
and the viable count was determined after incubation for 5
days at 30 to 35°C. A petri dish whose number of colonies
is 3OQ or less colonies was selected and then the number
was multiplied by the dilution ratio to obtain the viable
bacteria count. For determining the viable count of yeasts
and molds,vl mbL of a dilution obtained by repeating 10-fold
dilution of the aliquoﬁ’with saline was loaded to a petri
dish, 15 to 25 mL of GPLP agar medium was adaed thereto,
and the viable count was determined after iﬁcubation for 5

days at 20 to 25°C. A petri‘dish whose number of colonies
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is 300 or less colonies was selected and then the number
was multipiied by the dilution ratio to obtain .the viable
bacteria count. Survival rates were calculated as a
percentage bésedjonbthe number of colohies at the beginning
of the test. |

[0089]

(Results)

The formulae of Examples: 1 to 30 and Comparative

‘Examples 1 to 13, and the results of the preservation test

uSihg Staphylococcus aureus are summarized in Tables 1 to 4.

Table 5 shows the result of the preéervation test of

‘Example 23 using each bacterial strain described above.

- The results in Tables 1 to 3 show that a zing coﬁpound
in - the pharmaceutical compositions contributes to their
antibacterial activity} depending on the concentration of
zinc.

According to ﬁhe result in Table 4,.the pharmaceutical

compositions comprising polyvinylpyrrolidone (Examples 25

to 30) exhibit more potent antibacterial activity than

Comparative Examples 8 to 13 which comprise no

polyvinylpyrrolidone.



Bacterial Strain: Staphylococcus aureus ATCC 6538
| | B Formulae (/100 mL) . Survival rates
K17 | acid (weightof | (weight of acid .
: zinc) - zinc) '
Comparative| 2g 3g | 15g| 57g |0819g - - qs.(pHS85) | 100% | 27.92%
Example 1 |
Example 1 2g 3g | 15g| 57g |0819g| 1pg - qs.(pHSS) | 100% | 1335%
Example 2 2g 3g | 15g| 57g |0819g| S5pg - qs. (pHS8S) | 100% | 1.74%
Examgle 3 2g | 3g | 15g| 57g |0819g| 10pg - qs.(pH85) | 100% | 054%
Example 4 2g 3g | 15g| 57g |0819g| 20pg - qs. (pH8S5) | 100% 044%
Example 5 2g 3g | 15g| 57g |0819g| S0pg - qs.(pH85) | 100% | 0.11%
Example 6 2g 3g | 15g| 57g |0819g - 1pg qs.(pHS5) | 100% | 1340%
Example 7 2g 3g | 15g| 57g |0819g - " Bpg qs.(pH85) | 100% 1.62%
 Example 8 2g 3g | 15g| 57g |0819g - 10pg | qs.(pHSS) | 100% | 060%
Example 9 2g 3g | 15g| 57g |o0819g - 20pg | qs.(pHS85) | 100% | 036%
Example 10 2g 3g | 15g| 57g |0819g - 50pg | qs.(pHS8S) | 100% | 0.17%

PVP: polyvinylpyrrolidone

[T oTqel]

s

€9T1S0/F10T O

TT0LLO/ELOTAL/LDd



Bacterial Strain: Staphylococcus aureus ATCC 6538

Formulae (/100 ml)

| o , Survival rates
rebamipidel PVP | boric | meglumine| glycerin| zinc chiloride hydrochloric beginning| 7 days later
K17 | acid (weight of acid v
°°‘“P“E “ﬁl 2"" 2g - | 15g| 57g | 0s819g = | qs.(pH8S)| 100% | 36.44%
Example 11 2g - | 15g| 57g | os19g 20pg | qs.(pHSS5) | 100% | 044%
Example 12 2g ~ | 18g| 57z | 0819g| SOpg | gs.(pHSS5)| 100% | 028%

PVP: polyvinylpyrrolidone
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ge .

€911S0/¥10T OM

TT0LLO/ETOTAL/LDd



Bacterial Strain' Staphylococcus aureus ATCC 6538

, Formulae (/100 mL} : Survivalrates
rebamipide| PVP bonc meglumine| glycerin | phosphoric| zinc chioride | hydrochloxic| beginning | 7 days later
Ki7 acid . acid | (weight of zmc) acid : .

°°“’*"“E ] “"’I 1“’ 2g 3g | 15¢g 57g | 0819g - - qs. (pHS8S) | 100% | 2792%
“mphm*’m‘ﬁa"‘ 2g 3g | 12¢g | 48g 105g - - | as.(pH85) | 100% | 27.50%
Example 13 2g 3g | l2g 48g 105g - 1pg qs.(pH85) | 100% 9.13%
Example 14 2g 3g | 12g 48g 105g — 2pg qs.(pHS85) | 100% | 3.05%
Example 15 2g 3g | 12g 48g 105¢ - 3pg qs.(pH85) | 100% 2.30%
Example 16 2g 3g 12g 48g 105¢g - 4pg qs. ;@1_8.5} 100% 1.16%
E npas ;‘ h‘; z 2g 3g 10g 42g 12g - - qs.(pHS85) | 100% 18.06%
Example 17 2g 3g | 10g 42¢ 12g — 1pg qs.(pH85) |  100% 11.10%
Example 18 2g 3g 10g 42g 12p - 2ng gs. (pH 8.5) 100% 267%
Example 19 2g 3g | 10g 42g 12¢ - 3pg qs. (pH85) | 100% 1.76%
Example 20 2¢g 3g 10g 42g 12¢g - 4pg q.s. (pH 8.5) 100% 0.72%
C"WE 15 2g 3g | o5g | 27g 154g - - qs.(pHS5) | 100% 1094%
Example 21 2g 3g 05g 27g 154¢ - lpg qs- (pH 8.5) 100% 1.61%
Example 22 2g 3g 05g 27g 154¢g - 2pg gs. (pH 8.5) 100% 027%
Example 23 2g 3g | 05g 27g 154¢g — 3pg qs.(pHS85) | 100% 0.13%
Example 24 2g 3g | 05g 27g 154¢ - 4pg qs.(pPH85) | 100% | 021%
Comparative g _ _
Exatorio & 2g | 3g | 02¢g 19¢g 1.72g qs.(pHS85) |  100% 10.56%
C"Em"“‘”’! '7‘"’ 2g 3g - 13g 155g | 00577g - qs.(pH85) |  100% 4.78%

PVP: polyvinylpyrrolidone
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Bacterial Strain: Staphylococcus aureus ATCC 6538

Formulae (/100 mL) : 1 Sumvalratm
Stmigide] VP | o fasmine] gycerin| zinc chibride | Eydrochion —
K17 | acid fweight of acid
: zinc)
Example 25 2g 3g | o5g | 27g 141g 1pg qs. (pHS85) | 100% | 2.17%
Example 26 2g 3g | O5¢g 27¢g 141g 2pg qs.(pH85) | 100% 026%
Example 27 2g 3g | 05g | 27g 141g 3pg | qs.(pH85)| 100% | 0.14%
Example28 |  2g 3g | o5g | 27g 141g dpg qs.(pHS5) | 100% | 0.12%
Examgple 29 2g 3g | 05g 27¢g 141g Spg qs.(pH8S5) | 100% | 0.05%
Example 30 2g 3g | o5g| 27g 141g |  10pg | qs.(pHS5)| 100% | 003%
°°mpa’E a"l '8"° 2¢ | - | osg| 27g 141g 1pg qs. pHS8S5) | 100% | 420%
°°m*"“E Yy '9"‘* . 2g - | osg| 27g | 141g| 2pg | qs.(EHS8S)| 100% | 145%
°°E. mpa‘f"i"oe 2g - | o5g | 27g 141g | 3pg qs.(pHS85) | 100% | 0.69%
°°m"a‘E i“";“f 2g - | osg| 27g 141g 4pg qs.(pH85) | 100% | 054%
C"m”“’E i"’;z"‘ 2g - | osg| 27g | 141g Spg | qs.(H85)| 100% | 045%
| WE 113 2g - | osg 27¢g 141g 10pg qs.(pHS85) | 100% | 0.18%

- PVP: polyvinylpyrrolidone
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. Formmke (/100 mL) , " BacterialStrain - assessment?
| K17| acd | chioride | acid - 7 days | 14 daye 28 daye
(weight of| later | later | later
zinc) ) ‘ :
Escherichia coli ATCC 8739 accept| accept| accept
231 . 2g 3g| OBg| 27g 154g | 3pg | qs (pH85) | Staphylococcus aureusATCCE538 | aocept| accept| accept
: ‘ Candida albicans ATCC 10231

Ag:ay&h;shﬁsiﬁmsfs}\'mc 16404 | ancept| accept

PVP: polyvinylpyrrolidone
+) Criterion

Bacteria (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus auréus)
7 days later; When it is 10 % or less per the beginning, it is assessed as "accept".
- 14 days later: When it is 0.1 % or less per the beginning, it is assessed as "accept”.
28 days later: When it is equal or less than that of 14 days later, it is assessed as "accept”.

Yeast and mold {Candida albicans, Aspergillus brasiliensis)

7 days later, 14 days later, 28 days later: When it is equal or less than that of the beginning, it is
assessed as "accept”. \

- [g eTqeL]
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[0090]

Solubility of a zinc compound in a rebamipide—containing

eye drop

A composition containing rebamipide was prepared

according to the following procedure, and the solubility of

thé zinc compound in the éompositions sto:ed.undér varipus
conditions was éalculated.
[0091]
(Pfeparation of Composition):

2 % rebamipidé compositions were prepared according to
the formﬁla shown Dbelow. Each .composition contains 5

1ng/100 mL or 10 pg/lOO mL zinc.

rebamipide 2 g

polyvinylpyrrolidone K17 3 g

boric acid 0.5 g

meglumine 2.7 g

glycerin 1.41 g

hydrochloric acid g.s. (pH 8.5) ‘

zinc chloride 10.4 pg (as 5 pg of zinc), or
, 20.9 nug (as 10 pg of zinc)

purified water ' g.s.

Total 100 mL

[0092]

(Storage Condition)

Each composition was stirred using a magnetic stirrer

.at 25°C for 15 days, and precipitation was confirmed. A

part of the suspension was taken out and filtered. The
concentration of zinc in the filtrate was determined.

Stirring with a magnetic stirrer was continued at 25°C
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for additional 8 days (23 days in total). A part of the
suspension was taken out and filtered. The concentration

of zinc in the filtrate was determined.
The‘suspensidn was moved. to a refrigerator (5°C), and

stirred with a magnetic stirrer at 5°C for 53 days (76‘days

iﬁ ‘total) . A part of the suspension was taken out and
filtered. The concenfration of zinc in the filtrate was
determined.
[0093]
(Results).

The fesﬁlt is shown in the following table.. The

concentration of zinc in the composition reached a plateau
during storage. The Solubility of zinc in the rebamipide-
containing composition was estimated to be about 3.5 ng /

100 mL based on the plateau concentration.

Measurement of zinc concentration solubilized in - 2%
rebamipide-containing formulation

Composition - zinc concentration (ug/100 mL)
' stirred at | stirred at | stirred at 5°C,
25°¢C, 25°c¢C, Day 53
, Day 15 Day 23 (76 days total)
zinc added:
§ 5 1g/100 mL 3.72 3.56- 3.47
)
o\© © ..
~ g zinc added: _ .
E 10 pg/lOO_ "6.36 6.15 3.01
8 ' mL ‘ :

Reference ' for theb measurement of zinc concentration:
Clinica Chimica Acta, 120 (1982) 127-135
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CLAIMS |

1. A pharmaceutical composition comprising (1) rebamipide,
(2) a solubilizing agent, (3) an amino'sugar, (4) a buffer

and (5) a zinc compound.

2. The pharmaceutical composition of claim 1 which is an

aqueous liquid.

3. The pharmaceutical composition of claim 1 or 2 wherein
the concentration of zinc in the zinc compouhd is 0.000001

to 0.0000S & (w/v).

4. The pharmaceutical cdmposition of claim 1 or 2 wherein
the concentration of zinc in the zinc compound is 0.000001

to 0.000004 % (w/v).

5. The pharmaceutical composition of any one of claims 1

to 4 wherein the concentrations of rebamipide, the

-SOlubilizing agent, the amino sugar, and the buffer are 1

to 3 % (w/v), 2 to 4 % (w/v), 1 to 6 % (w/v), and 0.05 to

2 % (w/v), respectively.

6. ' The pharmaceutical composition of any one of claims 1

to 5 wherein the zinc compound-is zinc chloride and/or zinc
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7. The pharmadeutical composition of any one of claims 1

to 6 wherein the solubilizing agent is polyvinylpyrrolidone.

8. The pharmaceutical composition of any one of claims 1

to 7 wherein the amino sugar is meglumine.

9. The pharmaceutical compositioniof any one of claims 1

to 8 whereiﬁ the buffer is boric acid and/or phosphoric

acid.

10. The'pharmaceutical’composition‘of any one of claims 1

to 9 further comprising an isotonic agent.

11. The pharmaceutical composition of claim 10 wherein the

isotonic agent is glycerin.

12. The pharmaceutical composition of any one of claims 1

to 11 wherein pH is in a range cf 7 to 9.

13. The pharmaceutical composition of any one of claims 1
to 12 wherein the pharmaceutical compositioh‘ is . an

ophthalmic pharmaceutical composition.
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14. Use of the pharmaceutical composition of any one of
claims 1 to 13 for treating  dry eye‘ by topically

administering to eyes.



