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DESCRIPTION

AQUEOUS OPHTHALMIC SOLUTION

TECHNICAL FIELD
[0001] The present invention relates to an aquegimhalmic solution comprising

diquafosol or a salt thereof at a concentration0df% to 10% (w/v) (to also be
referred to as diquafosol ophthalmic solution), ehalso comprises a chlorhexidine
at a concentration of 0.0001% to 0.1% (w/v).

BACKGROUND ART
[0002] Ophthalmic solutions typically consist opgs that are used multiple times
over a fixed period of time after opening (multisgotype ophthalmic solutions) and

types that are used only once (unit-dose type @pimilc solutions). In particular,
multi-dose type ophthalmic solutions typically camsp preservatives to prevent
decomposition of the product due to microbial camteation during use and ensure
preservation stability.

[0003] Benzalkonium chloride (to also be referrechs BAK) is commonly used as
a preservative that has superior preservative wtfg@n the other hand, the use of
BAK at a high concentration is known to have théeptial to cause corneal disorders.
In addition, if a user applies an ophthalmic sa@uatcomprising BAK while wearing
soft contact lenses, BAK has been indicated to redetrimental effect on the soft
contact lenses such as by causing deformationdhase a result of making contact
therewith. Consequently, the application of an bphhic solution comprising BAK is
normally prohibited when wearing soft contact lense

[0004] Diquafosol is a purine receptor agonistpaisferred to as#*-di(uridine-
5"tetraphosphate or Wd, that is used for the treatment of dry eye inalm the
form of an ophthalmic solution comprising diquafosodium at a concentration of
3% (w/v) (trade name: DiqualsOphthalmic Solution 3%). This DiquasOphthalmic
Solution 3% comprises BAK for the reason indicaaédve.

[0005] In addition, Patent Document 1 disclosesagneous ophthalmic solution
comprising diquafosol or a salt thereof at a cobegion of 0.1% to 10% (w/v) and a
chelating agent at a concentration of 0.0001% to(\i/%6).

[Prior Art Documents]

[Patent Documents]

[0006] [Patent Document 1] Japanese UnexaminednPafgplication Publication
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DISCLOSURE OF THE INVENTION
[Problems to be Solved by the Invention]
[0007] An object of the present invention is to yade a diquafosol ophthalmic

solution that demonstrates a higher degree ofysafithout comprising BAK.

[Means for Solving the Problems]

[0008] As a result of conducting extensive studiessolve the aforementioned
problems, the inventors of the present inventionntb that an aqueous ophthalmic
solution comprising diquafosol or a salt thereofaatoncentration of 0.1% to 10%
(w/v) and a chlorhexidine at a concentration of001% to 0.1% (w/v) (to be referred
to as the present ophthalmic solution) has supepi@servative effects, thereby
leading to completion of the present invention. Brer, the inventors of the present
invention found that the present ophthalmic solutprevents deformation of a soft
contact lens. In addition, the inventors of thespre invention found that the present
ophthalmic solution demonstrates a higher level cell viability in cultured
immortalized human corneal epithelial cells tharhtbplmic solutions comprising
BAK and ophthalmic solutions comprising chlorherieli but not comprising
diquafosol or a salt thereof. In addition, the intgs of the present invention found
that the present ophthalmic solution significantigreases non-invasive tear break up
time (NIBUT) in an eye wearing a soft contact leasjn other words, stabilizes the
tear film in an eye wearing a soft contact lens. tBa other hand, such effects have
not been observed with artificial tear solutionsic® the onset and/or exacerbation of
dry eye symptoms caused by wearing soft contaseleare attributable to a decrease
in tear film stability, stabilization of the tealmh by the present ophthalmic solution is
useful for the prevention and/or treatment of dyg e an eye wearing a soft contact
lens. In addition, the present ophthalmic solutisralso useful for the prevention
and/or treatment of eye dryness and/or eye disadnmf@n eye wearing a soft contact
lens.

[0009] Namely, the present invention provides aoeamgs ophthalmic solution as
indicated below.

(1) An aqueous ophthalmic solution comprising digsol or a salt thereof
at a concentration of 0.1% to 10% (w/v) and a didardine at a concentration of
0.0001% to 0.1% (w/v).

(2) The aqueous ophthalmic solution described 1, (wherein the
chlorhexidine is chlorhexidine gluconate.
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(3) The aqueous ophthalmic solution describedlnar (2), wherein the
concentration of the chlorhexidine in the ophthalmolution is 0.0005% to 0.05%
(W/iv).

(4) The aqueous ophthalmic solution describedlinar (2), wherein the
concentration of the chlorhexidine in the ophthalmolution is 0.001% to 0.005%
(Wiv).

(5) The aqueous ophthalmic solution describednynat (1) to (4), wherein
the concentration of diquafosol or a salt theraahe ophthalmic solution is 3% (w/v).

(6) The aqueous ophthalmic solution describedny af (1) to (5), further
comprising a chelating agent.

(7) The aqueous ophthalmic solution described)nwherein the chelating
agent is edetic acid or a salt thereof.

(8) The aqueous ophthalmic solution describedchina (1) to (7), which is
for a soft contact lens.

(9) The aqueous ophthalmic solution described 8)) (vherein the soft
contact lens is a silicone hydrogel contact lens.

[0010] In addition, the present invention providas method for preventing
deformation of a soft contact lens as indicatedwel

(10) A method for preventing deformation of a sofintact lens with the
agueous ophthalmic solution described in any otqXy).

[0011] Moreover, the present invention also relatethat indicated below.

(11) An aqueous ophthalmic solution for the prexm@nand/or treatment of
dry eye comprising diquafosol or a salt thereofhatoncentration of 0.1% to 10%
(w/v) and a chlorhexidine at a concentration o001 to 0.1% (w/v).

(12) A use of an aqueous ophthalmic solution casipy diquafosol or a
salt thereof at a concentration of 0.1% to 10% Jwdéwd a chlorhexidine at a
concentration of 0.0001% to 0.1% (w/v) for the mmetion and/or treatment of dry eye.

(13) A method for the prevention and/or treatmentry eye, comprising
the application of an aqueous ophthalmic solutiomprising diquafosol or a salt
thereof at a concentration of 0.1% to 10% (w/v) arghlorhexidine at a concentration
of 0.0001% to 0.1% (w/v).

[0012] In addition, the present invention providiee agueous ophthalmic solutions
indicated below.

(14) The aqueous ophthalmic solution describedny of (1) to (7) for the
prevention and/or treatment of dry eye in an eyarmg a soft contact lens.

(15) The aqueous ophthalmic solution describedng of (1) to (7) for
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improving tear film stability in an eye wearing @ftscontact lens.

(16) The aqueous ophthalmic solution describedny of (1) to (7) for the
prevention or treatment of eye dryness or eye di$od in an eye wearing a soft
contact lens.

(17) The aqueous ophthalmic solution describedang of (14) to (16),
wherein the soft contact lens is a silicone hydiocgatact lens.

[Effects of the Invention]

[0013] As is clear from the results of test examspie be subsequently described,
the present ophthalmic solution has superior pvegiee effects. Moreover, since the
present ophthalmic solution prevents deformatioa ebft contact lens, it can be used
for a soft contact lens. In addition, the presepihitbalmic solution demonstrates a
higher level of cell viability in cultured immoriaed human corneal epithelial cells
than ophthalmic solutions comprising BAK or ophtha solutions comprising
chlorhexidine but not comprising diquafosol or # #aereof. Accordingly, the present
ophthalmic solution demonstrates higher safety wébpect to a living body, and
particularly keratoconjunctival epithelium, anduseful for use in diseases such as dry
eye in which the keratoconjunctival epithelium isstable. In addition, the present
ophthalmic solution significantly increases NIBUT &an eye wearing a soft contact
lens. On the other hand, such effects are not wedewith artificial tear solutions.
Namely, the present ophthalmic solution stabilites tear film in an eye wearing a
soft contact lens. Since the onset and/or exaderbat dry eye symptoms caused by
wearing soft contact lenses is attributable to a&rekse in tear film stability,
stabilization of the tear film by the present oithic solution is useful for the
prevention and/or treatment of dry eye in an eyarmg a soft contact lens. In
addition, the present ophthalmic solution is alseful for the prevention and/or
treatment of eye dryness and/or eye discomforhieye wearing a soft contact lens.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a graph showing the results ofytotoxicity test using corneal

epithelial cells in Test Example 3.

FIG. 2 is a graph showing the results of an Ev@&naTest 1 of NIBUT
increasing effect in Test Example 4.

FIG. 3 is a graph showing the results of an EuvanaTest 2 of NIBUT
increasing effect in Test Example 5.

DESCRIPTION OF THE EMBODIMENTS
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[0015] The following provides a more detailed exyton of the present invention.
[0016] Diquafosol is a compound represented bydhemical structural formula
indicated below.

[0017] [Chemical 1]

HN

[0018] There are no particular limitations on thguafosol salt provided it is a salt
that is acceptable for use as a pharmaceutical,eaachples thereof include metal
salts such as lithium, sodium, potassium, calciomagnesium or zinc salt, salts of an
inorganic acid such as hydrochloric acid, hydrobmmecid, hydroiodic acid, nitric
acid, sulfuric acid or phosphoric acid, salts of @ganic acid such as acetic acid,
fumaric acid, maleic acid, succinic acid, citriagdadartaric acid, adipic acid, gluconic
acid, glucoheptonic acid, glucuronic acid, terephthacid, methanesulfonic acid,
lactic acid, hippuric acid, 1,2-ethanedisulfoniédagsethionic acid, lactobionic acid,
oleic acid, pamoic acid, polygalacturonic acid, asie acid, tannic acid,
trifluoromethanesulfonic acid, benzenesulfonic agidtoluenesulfonic acid, lauryl
sulfate ester, methyl sulfate, naphthalenesulfoamd or sulfosalicylic acid,
quaternary ammonium salts such as methyl bromidenethyl iodide, salts of a
halogen ion such as bromine ion, chlorine ion alirie ion, salts of ammonia, and
salts of an organic amine such as triethylenediami@-aminoethanol, 2,2-
iminobis(ethanol), 1-deoxy-1-(methylamino)-2-D-siboh 2-amino-2-
(hydroxymethyl)-1,3-propanediol, procaine or N,N{(phenylmethyl)-1,2-
ethanediamine.

[0019] In the present invention, hydrates and oigaolvates of diquafosol (free
form) or a salt thereof are included in the diqsalwmr a salt thereof.

[0020] In the case diquafosol or a salt thereofdrgstal polymorphism and crystal
polymorphic groups (crystal polymorphic systemd)ese crystal polymorphs and
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crystal polymorphic groups (crystal polymorphic teyss) are also included in the
scope of the present invention. Here, a crystalymolphic group (crystal
polymorphic system) refers to individual crystadliforms at each stage in the case of
undergoing a change in crystalline form accordiogconditions and state, such as
with respect to crystal production, crystallizatiar storage and the like, as well as
the entire process thereof.

[0021] The diguafosol or a salt thereof of the prégsinvention is preferably a
sodium salt of diquafosol, and is particularly grably a diquafosol tetrasodium salt
(herein after, also be simply referred to as "digeal sodium") represented by the
chemical structural formula indicated below.

[0022] [Chemical 2]

[0023] Diquafosol or a salt thereof can be produaedording to, for example, the
method disclosed in Japanese Translation of PClerrdational Application

Publication No. 2001-510484.

[0024] Although the present ophthalmic solution calso comprise an active
ingredient other than diquafosol or a salt theréggdreferably comprises diquafosol or
a salt thereof as the only active ingredient thiereo

[0025] Although the concentration of diquafosol arsalt thereof in the present
ophthalmic solution is 0.1% to 10% (w/v), it is faebly 1% to 10% (w/v) and
particularly preferably 3% (w/v).

[0026] In the present invention, an aqueous ophil@lsolution refers to an
ophthalmic solution that uses water as a solveasdh

[0027] In the present invention, a chlorhexidinelides chlorhexidine and salts
thereof. Chlorhexidine is a compound represented thg following chemical

structural formula that is also referred to as -hgkamethylenebis [5-(4-



10

15

20

25

30

chlorophenyl)biguanide].
[0028] [Chemical 3]

[0029] In the present invention, among the aforetimeed chlorhexidines, there
are no particular limitations on the chlorhexidisalt provided it is a salt that is
acceptable for use as a pharmaceutical, and spesiimples thereof include organic
acid salts [such as monocarboxylates (such astaset@ifluoroacetates, butyrates,
palmitates or stearates), polycarboxylates (suctumsrates, maleates, succinates or
malonates), oxycarboxylates (such as gluconatesatés, tartrates or citrates), and
organic sulfonates (such as methanesulfonatesenelulfonates or tosylates)],
inorganic acid salts (such as hydrochlorides, sesfanitrates, hydrobromides or
phosphates), salts of organic bases (such as e#ltsrganic amines such as
methylamine, triethylamine, triethanolamine, morai®, piperazine, pyrrolidone,
tripyridine or picoline), and salts of inorganicsea [such as ammonium salts, alkaline
metals (such as sodium or potassium), alkalineheargetals (such as calcium or
magnesium) or metals such as aluminum]. Among tlesdes, organic acid salts
and/or inorganic acid salts are preferable, oxyzgylates, monocarboxylates and/or
inorganic acid salts are more preferable, glucanateetates and/or hydrochlorides
are even more preferable, and gluconates are plantig preferable. One type of these
chlorhexidine salts may be used alone or two oremiypes may be arbitrarily
combined and used.

[0030] Chlorhexidine and salts thereof may be sgsited according to a known
method and can be acquired in the form of commiyaaailable products.

[0031] Although the concentration of chlorhexidime the present ophthalmic
solution is 0.0001% to 0.1% (w/v), it is preferaldy0005% to 0.05% (w/v) and
particularly preferably 0.001% to 0.005% (w/v).

[0032] In the present invention, there are no paldr limitations on the "chelating
agent” provided it is a compound that chelates mietas, and examples thereof
include edetic acid or a salt thereof such as edstid (ethylenediamine tetraacetic
acid), monosodium edetate, disodium edetate, tuso@detate or tetrasodium edetate,
dipotassium edetate, tripotassium edetate, tetagptm edetate, citric acid or a salt
thereof such as citric acid, monosodium citratsodium citrate, trisodium citrate,
monopotassium citrate, dipotassium citrate or tapsium citrate, metaphosphoric
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acid or a salt thereof such as metaphosphoric asudlium metaphosphate or
potassium metaphosphate, pyrophosphoric acid or adh thereof such as
pyrophosphoric acid, tetrasodium pyrophosphate ebrapotassium pyrophosphate,
polyphosphoric acid or a salt thereof such as gugphoric acid, sodium
polyphosphate or potassium polyphosphate, malid aci a salt thereof such as
monosodium malate, disodium malate, monopotassiaate or dipotassium malate,
tartaric acid or a salt thereof such as sodiunraat potassium tartrate or potassium
sodium tartrate, and phytic acid or a salt thesewh as sodium phytate or potassium
phytate. Furthermore, in the present inventiontiedeid, citric acid, metaphosphoric
acid, pyrophosphoric acid, polyphosphoric acid,imactid, tartaric acid, phytic acid
and salts thereof include hydrates and organicase$vof their respective free forms
or salts thereof.

[0033] In the present invention, the chelating ddgsrpreferably edetic acid, a salt
of edetic acid (edetate), citric acid, a salt aficiacid (citrate), metaphosphoric acid,
a salt of metaphosphoric acid (metaphosphate), pbolyphoric acid or a salt of
polyphosphoric acid (polyphosphate), and is paldidy preferably a sodium salt of
edetic acid (including hydrates such as disodiunetatd hydrate), citric acid
(including hydrates such as citric acid monohydradesodium salt of metaphosphoric
acid (sodium metaphosphate) or a sodium salt ofygbhasphoric acid (sodium
polyphosphate).

[0034] In the present invention, the salt of edaittd is most preferably disodium
edetate hydrate (to also be simply referred tesadium edetate hydrate").

[0035] In addition, one type of these chelatingragenay be used alone or two or
more types may be arbitrarily combined and used.

[0036] Although the concentration of chelating agem the present ophthalmic
solution is, for example, 0.0001% to 1% (w/v)sitpreferably 0.0005% to 0.5% (w/v)
and particularly preferably 0.001% to 0.1% (w/v).

[0037] A nonionic surfactant can be incorporated tire aqueous ophthalmic
solution of the present invention as necessaryrelhee no particular limitations on
the nonionic surfactant provided it is within theope of that which is allowed as a
pharmaceutical, and examples thereof include polgthylene fatty acid esters,
polyoxyethylene sorbitan fatty acid esters, polyetkylene castor oil derivatives,
polyoxyethylene polyoxypropylene glycols and sueréetty acid esters. Examples of
polyoxyethylene fatty acid esters include polyox$D stearate, examples of
polyoxyethylene sorbitan fatty acid esters inclUei@ysorbate 80, Polysorbate 60,
Polysorbate 40, polyoxyethylene sorbitan monolayrgiolyoxyethylene sorbitan
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trioleate and Polysorbate 65, examples of polydxylehe castor oil derivatives
include polyoxyethylene (10) hydrogenated castot, qiolyoxyethylene (40)
hydrogenated castor oil, polyoxyethylene (50) hgeémated castor oil,
polyoxyethylene (60) hydrogenated castor oil, paijgjd castor oil, polyoxyl 9 castor
oil, polyoxyl 15 castor oil, polyoxyl 35 castor adnd polyoxyl 40 castor oil, and
examples of polyoxyethylene polyoxypropylene glgcahclude polyoxyethylene
(160) polyoxypropylene (30) glycol, polyoxyethylerié2) polyoxypropylene (67)
glycol, polyoxyethylene (54) polyoxypropylene (3§lycol, polyoxyethylene (196)
polyoxypropylene (67) glycol and polyoxyethylen®)olyoxypropylene (20) glycol.
[0038] In the present invention, an example of th@nionic surfactant is a
polyoxyethylene sorbitan fatty acid ester, and iseferably Polysorbate 80,
Polysorbate 60, Polysorbate 40, polyoxyethylene bissom  monolaurate,
polyoxyethylene sorbitan trioleate or Polysorbate @nd particularly preferably
Polysorbate 80.

[0039] In addition, one type of these nonionic aatnts may be used alone or two
or more types may be arbitrarily combined and used.

[0040] Although the concentration of nonionic setént in the present ophthalmic
solution is, for example, 0.0001% to 10% (w/v)isipreferably 0.0005% to 1% (w/v)
and particularly preferably 0.0005% to 0.1% (w/v).

[0041] A pharmacedutically acceptable additive ca@m #&dded to the present
ophthalmic solution as necessary using commonly tsehnology, and for example,
buffering agents such as sodium phosphate, sodiydnogen phosphate, sodium
dihydrogen phosphate, sodium acetate-aminocaproic acid, or isotonic agents such
as sodium chloride, potassium chloride or concésdraglycerin, can be selected and
added as necessary.

[0042] Although the pH of the present ophthalmituion is only required to be
within a range allowed for ophthalmic preparationsrmally it is preferably within
the range of 4 to 8. A pH adjuster such as hydarahlcid or sodium hydroxide can
be suitably added to the present ophthalmic solutio

[0043] The present ophthalmic solution can alsoused when wearing a soft
contact lens as an ophthalmic solution for a sofiitact lens. Examples of soft contact
lenses include contact lenses having hydroxyethgthacrylate for the main
component thereof and silicone hydrogel contacddsn

[0044] There are no particular limitations on tged of soft contact lens targeted
for application of the present ophthalmic solutiamd may be ionic or nonionic or
hydrous or non-hydrous soft contact lenses. Fomgka, the present ophthalmic
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solution can be applied to repeatedly usable cotgases, one-day disposable contact
lenses, one-week disposable contact lenses, tw&-@sposable contact lenses and
all other soft contact lenses currently availabietloe market or soft contact lenses to
be available on the market in the future.

[0045] Although usage of the present ophthalmiasoh can be suitably altered
corresponding to the dosage form, severity of spmgt age and body weight of the
patient to which it is to be administered, and thecretion of the physician, in the
case of, for example, having selected eye dropthitodosage form, the eye drops are
administered locally to the eyes 1 to 10 timesdagyr, preferably 2 to 8 times per day
and more preferably 4 to 6 times per day.

[0046] Dry eye is defined as a chronic diseasenheftears and keratoconjunctival
epithelium caused by various factors that is asdediwith eye discomfort and vision
disorders, and keratoconjunctivitis sicca (KCS)nidluded in dry eye. In the present
invention, the onset of symptoms of dry eye causeavearing soft contact lenses is
included in dry eye.

[0047] Symptoms of dry eye include subjective syonm such as eye dryness, eye
discomfort, eye fatigue, heavy eyes, photophobige @ain or blurred vision
(bleariness), as well as objective symptoms suchyagremia or keratoconjunctival
epithelial disorders.

[0048] Although there are many aspects of the cafisdry eye that are unclear,
reported examples of causes thereof include Sjtgysmdrome; congenital alacrima,
sarcoidosis; graft versus host disease (GVHD) aatamt with bone marrow
transplantation; ocular pemphigoid; Stevens-Johnsymdrome; lacrimal duct
obstruction caused by trachoma or the like; diahetee decrease in reflex tear
secretion caused by corneal refractive surgeryeflassisted in situ keratomileusis
(LASIK)) or the like; Meibomian gland dysfunctiowjly layer reduction caused by
blepharitis or the like; incomplete winking or imoplete eyelid closure caused
byexophthalmos, lagophthalmos or the like; the ease in the secretion of mucin
from a goblet cell; visual display terminal (VDT)vk, and so on.

[0049] The present ophthalmic solution can be uf®dthe prevention and/or
treatment of dry eye.

[0050] In the present invention, the prevention /andreatment of dry eye is
defined as the prevention and/or treatment or aralon of the pathological
symptoms and/or findings associated with dry eyed aefers to not only the
prevention and/or treatment or amelioration of sablye symptoms such as eye
dryness, eye discomfort, eye fatigue, heavy eybstgphobia, eye pain or blurred
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vision (bleariness), which are associated withelrg, but also includes the prevention
and/or treatment or amelioration of hyperemia asted with dry eye,
keratoconjunctival epithelial disorders or the like addition, the prevention and/or
treatment of dry eye includes the prevention antastment or amelioration of dry
eye symptoms by improving tear film stability in ape wearing a soft contact lens.
Furthermore, the prevention and/or treatment orlianagion of dry eye symptoms
refers to the prevention and/or treatment or ameagion of dry eye symptoms derived
from exacerbation resulting from the wearing oftsmintact lenses by a patient with
dry eye, and the prevention and/or treatment orlianagion of dry eye symptoms
derived from the wearing of soft contact lensessger
[0051] In the present invention, improvement of rtddm stability refers to
gualitative or quantitative improvement of lacrimiilid. Furthermore, tear film
stability can be confirmed by measuring tear brepkime (BUT). BUT measured in
a more natural state without applying a load inftren of a dye solution and the like
is referred to as non-invasive tear break up tiNi8UT).
[0052] In the present invention, the prevention/andreatment of eye dryness or
eye discomfort in an eye wearing a soft contact legfers to the prevention or
treatment of eye dryness or eye discomfort assetiaith destabilization of the tear
film caused by wearing soft contact lenses or thevgntion or treatment of eye
dryness or eye discomfort caused by keratoconjualctiepithelial disorders
attributable to the aforementioned destabilization.
[Examples]
[0053] Although the following indicates the resuttEa preservative effectiveness
test, deformation prevention evaluation test oft mintact lenses, cytotoxicity test
using corneal epithelial cells and evaluation ®sSNIBUT increasing effect, these
examples are provided for the purpose of enhanamgerstanding of the present
invention, and are not intended to limit the scopk the present invention.
Furthermore, CL is the abbreviation for contactskEsiwhile SCL is the abbreviation
for soft contact lenses.
[0054] Test Example 1: Preservative effectivenesst T

A preservative effectiveness test was carriedoouOphthalmic Solutions 1
to 6 having the formulations shown in Table 1.

[0055] (Sample Preparation)

Ophthalmic Solution 1:

Ophthalmic Solution 1 was prepared in accordandé the formulation
shown in Table 1. More specifically, diquafosol sod (3 g), sodium hydrogen
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phosphate hydrate (0.2 g), sodium chloride (0.39pgtassium chloride (0.15 g),
sodium edetate hydrate (0.01 g), Polysorbate 8000% g) and chlorhexidine
gluconate (0.002 g) were dissolved in water andidind to a final volume of 100 mL
followed by the addition of a pH adjuster to adjisspH 7.2.

[0056] Ophthalmic Solutions 2-6:

Each of the ophthalmic solutions of Ophthalmic Ufiohs 2 to 6 was
prepared in the same manner as Ophthalmic Solutian accordance with the
formulations shown in Table 1.

[0057] [Table 1]
(Units: g/100 ml)

Ophthalmic [Ophthalmic [Ophthalmic [Ophthalmic |[Ophthalmic Ophthalmic
Solution 1 |Solution 2 |Solution 3 [Solution 4 |Solution 5 [Solution 6

Diquafosol

X 3 3 3 3 3 3
sodium

Sodium hydroger

Shosohate hyaraled-2 0.2 0.2 0.2 0.2 0.2

Sodium chloride | 0.39 0.39 0.39 0.39 0.39 0.39

Potassium 0.15 0.15 0.15 0.15 0.15 0.15

chloride

ﬁ‘)d'”m edetate | ) oy 0.01 0.01 0.01 0.007 0.01
ydrate

Polysorbate 80 0.0005 0.0005 0.0005 - - -

Chlorhexidine

gluconate 0.002 0.0025 0.002 0.0025 0.002 0.002

pH 7.2 7.5 7.8 7.5 7.2 7.2

[0058] (Test Method)

The preservative effectiveness test was carrigdrogompliance with the
preservative effectiveness test method of the 16thtion of the Japanese
Pharmacopoeia. For this test, the following test croorganisms were
used:Escherichia coli (E. coli), Pseudomonas aeosgi (P. aeruginosa),
Staphylococcus aureus (S. aureus), Candida albig@@nslbicans) and Aspergillus
brasiliensis (A. brasiliensis).

[0059] (Test Results)
The test results are shown in Table 2.
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Ophthalmiq Ophthalmiq Ophthalmiq Ophthalmiq Ophthalmiq Ophthalmiq
Solution 1 | Solution 2 | Solution 3 | Solution 4 | Solution 5 | Solution 6
E.coli 2 week: |>4.3 >5.€ >4.3 >5.7 >4.€ >4.3
4 weeks|>4.3 >5.6 >4.3 >5.7 >4.6 >4.3
P.aeruginosa 2 week: |>4.7 >5.8 >4.7 >5.€ >4.€ >4.7
4 weeks|>4.7 >5.8 >4.7 >5.6 >4.6 >4.7
Saureus 2 week: |>4.€ >6.C >4.C >5.€ >4.5 >4.¢
4 weeks|>4.9 >6.0 >4.9 >5.6 >4.5 >4.9
C.albicans 2 weeks|>4.5 >5.7 >4.5 >5.4 >4.5 4.5
4 weeks|>4.5 >5.7 >4.5 >5.4 >4.5 >4.5
Abrasiliensis 2 week |1.7 1.3 1.7 1.C 0.7 14
4 weeks|2.4 1.7 2.5 1.7 0.9 15
Evaluation (JP) Acceptablécceptable Acceptablg Acceptable Acceptablg Acceptable

[0061] Furthermore, the test results of Table 2Zidatk the degree to which the
number of viable organisms at the time of testiegrdased in comparison with the
number of inoculated organisms in terms of thereduction, and a value of "1", for
example, indicates that the number of viable orgasi at the time of testing
decreased by 10%.
[0062] As shown in Table 2, Ophthalmic Solutionstdl 6 were shown to be
acceptable based on the preservative effectivetestsstandards of the Japanese
Pharmacopoeia.
[0063] (Discussion)

On the basis of the above results, the presenthalrhic solution was
shown to have superior preservative effectiveness.
[0064] Test Example 2: Deformation Prevention Easin Test of Soft Contact
Lenses

The effects on soft contact lenses were examisetyuOphthalmic Solution
4,

[0065] (Sample Preparation)

Ophthalmic Solution 4 was prepared in the samenmams Ophthalmic
Solution 1 in accordance with the formulation shawitable 1.

[0066] (Test Method)

Contact lenses corresponding to Group IV of theAFR@assification of
contact lenses shown in Table 3 (2-week Acuvudgontact Lenses) were immersed in
Ophthalmic Solution 4 for 24 hours followed by adlting changes in the diameter
and base curve before and after immersion to examvimether or not the evaluation
criteria shown in the following Table 4 are sagsfi In addition, the properties of each
of the contact lenses were observed following cetnph of testing. Furthermore, the
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evaluation criteria were established based on thetact Lens Standards for Vision
Correction of Ministerial Notification No. 349 ohe Ministry of Health, Labour and
Welfare (October 5, 2001).

[0067] [Table 3]

Classificatior? Properties

Group | Moisture content of less than 50%,
nonionic

Group 1l Moisture content of 50% or more,
nonionic

Group Il Moisture content of less than 50%,
ionic

Group IV Moisture content of 50% or more,
ionic

Y Classification of the U.S. Food and Drug Admirasion (FDA)
[0068] (Evaluation Criteria)

[0069] [Table 4]
Diameter Tolerance of within £0.20 mm of indicatidmeter

Base curve Tolerance of within £0.20 mm of indichlbase curve

Properties | Apsence of internal air bubbles, impurities, discation, surface
defects and surface irregularities, presence ofbshiyprounded edges

[0070] (Results)
The results are shown in Table 5.
[0071] [Table 5]

Parameter Result

Diameter (mm) +0.02

Base curve (mm) +0.02

Properties No change
Evaluation Satisfied standards

[0072] As shown in Table 5, the contact lens sigtisthe evaluation criteria after
being immersed for a long period of time. AccordyndOphthalmic Solution 4 was
shown to prevent deformation of soft contact lenses
[0073] (Discussion)

Based on the above results, since the presenhalpiit solution prevents
deformation of soft contact lenses, it can be dsegoft contact lenses.
[0074] Test Example 3: Cytotoxicity Test Using CeahEpithelial

Cells

A cytotoxicity test using corneal epithelial cellas carried out to examine
the effects of the present ophthalmic solution omeal epithelial cells.
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(Sample Preparation)
Ophthalmic Solutions 7, 8, 9 and 10 were prepamneithe same manner as

Ophthalmic Solution 1 in accordance with the foratidns shown in Table 6.

[0076] [Table 6]
(Units: g/100 ml)
Ophthalmic |Ophthalmic |Ophthalmic |Ophthalmic
Solution 7 [Solution 8  |Solution 9  |Solution 10
Diquafosol sodium 3 - 3 -
ﬁ;éjri:trg hydrogen phosphate 0.2 0.2 0.2 0.2
Sodium chloride 0.39 0.39 0.41 0.41
Potassium chloride 0.15 0.15 0.15 0.15
Sodium edetate hydrate 0.01 0.01 0.01 0.01
Benzalkonium chlorid@ - - 0.002 0.002
Chlorhexidine gluconate 0.0025 0.0025 - -
pH 7.5 7.5 7.5 7.5

1) BAK, chemical structural formula: fElsCH,N(CH3),C1,H5]Cl
[0077] (Test Method)

SV40 immortalized human corneal epithelial cellSICE-T: Riken,
Bioresource Center, Cell No. RCB2280) were inoadahto a 96-well plate (1 x 10
cells/well) and cultured for 1 day in D-MEM/F12 mech containing 10% FBS. On
the following day, the medium was replaced with ®pahmic Solution 7, Ophthalmic
Solution 8, Ophthalmic Solution 9 or Ophthalmic @an 10 followed by culturing
the aforementioned corneal epithelial cells fomiiGutes. Cell viability (equivalent to
absorbance of 490 nm) was measured using a CdifdPation Assay Kit (Promega
Corp., Catalog No.: G3580).

[0078] (Results)
The test results are shown in FIG. 1.
[0079] As is clear from FIG. 1, the diquafosol dpdlinic solution comprising

chlorhexidine gluconate (Ophthalmic Solution 7) @astrated a higher degree of cell
viability in cultured immortalized human cornealitbplial cells than ophthalmic
solutions comprising BAK (Ophthalmic Solutions 9dad0) and the ophthalmic
solution comprising chlorhexidine but not comprgidiquafosol or a salt thereof
(Ophthalmic Solution 8).

[0080] (Discussion)

Since the present ophthalmic solution demonstratésgh degree of cell

viability in cultured immortalized human cornealitéplial cells, it is highly safe with
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respect to a living body, and particularly keratgomctival epithelium, and is useful
for diseases such as dry eye in which the kerajanotival epithelium is unstable.
[0081] Test Example 4: Evaluation Test of NIBUT deasing Effect 1

The NIBUT values of a diquafosol ophthalmic sadatiwere examined in

eyes in which tear film stability had decreasedaaesult of wearing soft contact
lenses.
[0082] (Sample Preparation)

Ophthalmic Solution 4 was prepared in the samenmams Ophthalmic
Solution 1 in accordance with the formulation shawiTable 1.

[0083] (Test Method)

NIBUT values before and 15, 30, 45 and 60 minuddter applying
Ophthalmic Solution 4 (2Qul/eye) were measured for the eyes of cynomolgus
monkeys wearing soft contact lenses (product navieticon Soft MAJ) with a dry
eye observation system (DR-1, Kowa Co., Ltd.). Atifiaial tear solution (product
name: Soft Santid) was used as a control (N=10 to 11 eyes).

[0084] (Results)

The test results are shown in FIG. 2. As is cleam FIG. 2, when
Ophthalmic Solution 4 was applied to the eyes wrpsioft contact lenses, significant
increases in NIBUT were observed in comparison watlor to application at all
measurement points up to 60 minutes after appinatdn the other hand, increases in
NIBUT were not observed in eyes applied with th&iaral tear solution.

[0085] (Discussion)

On the basis of the above results, the presenthalrhic solution was
shown to improve decreases in tear film stabiligused by wearing soft contact
lenses. This effect of the present ophthalmic smhutvas prominent even when
compared with an artificial tear solution typicalliged for the treatment of dry eye.
Accordingly, the present ophthalmic solution is fusdor the prevention and/or
treatment of dry eye in an eye wearing a soft adnliens. In addition, the present
ophthalmic solution is also useful for the preventand/or treatment of eye dryness
and/or eye discomfort in an eye wearing a softacriens.

[0086] Test Example 5: Evaluation Test of NIBUT Heasing Effect 2
The NIBUT values of a diquafosol ophthalmic saatiwere examined in

eyes in which tear film stability had decreasedaaesult of wearing soft contact
lenses.
[0087] (Sample Preparation)

Ophthalmic Solution 4 was prepared in the samenmams Ophthalmic
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Solution 1 in accordance with the formulation shawitable 1.
[0088] (Test Method)

NIBUT values before and 5, 15, 30, 45 and 60 nasuafter applying
Ophthalmic Solution 4 (2Qul/eye) were measured for the eyes of cynomolgus
monkeys wearing soft contact lenses (product naviesticon Soft MA1) with a dry
eye observation system (DR-1, Kowa Co., Ltd.). Atifiaial tear solution (product
name: Soft Santid) and sodium hyaluronate (product name: HyaleiMini
Ophthalmic Solution 0.1%) was used as controls (Neyles).

[0089] (Results)

The test results are shown in FIG. 3. As is clBam FIG. 3, when
Ophthalmic Solution 4 was applied to the eyes wepsioft contact lenses, significant
increases in NIBUT were observed in comparison watlor to application at all
measurement points up to 60 minutes after appinatdn the other hand, increases in
NIBUT were not observed in eyes applied with thifiaial tear solution. In addition,
although an increase in NIBUT was observed 5 mswater application in eyes
administered sodium hyaluronate, the increasingcéthereof was lower than that of
Ophthalmic Solution 4 and increases in NIBUT weoé abserved at 15 minutes after
application and beyond.

[0090] (Discussion)

On the basis of the above results, the presenthalphic solution was
shown to improve decreases in tear film stabiligused by wearing soft contact
lenses. This effect of the present ophthalmic smiutvas prominent even when
compared with an artificial tear solution and a isod hyaluronate ophthalmic
solution typically used for the treatment of dryeeyAccordingly, the present
ophthalmic solution is useful for the preventiordam treatment of dry eye in an eye
wearing a soft contact lens. In addition, the pnésgphthalmic solution is also useful
for the prevention and/or treatment of eye dryrmsd/or eye discomfort in an eye
wearing a soft contact lens.

[0091] Test Example 6: Comparative Test of NIBUErkasing Effect
A comparative study of NIBUT values was condudbedween the present

ophthalmic solution and an ophthalmic solution casipg BAK (ophthalmic
solution comprising diquafosol sodium and BAK) iyee in which tear film stability
had decreased as a result of wearing soft corgasek.
[0092] (Sample Preparation)

Ophthalmic Solution 4 was prepared in the samenmams Ophthalmic
Solution 1 in accordance with the formulation shawiTable 1.
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In addition, Ophthalmic Solution 11 comprising BAKstead of the
chlorhexidine gluconate of Ophthalmic Solution 4 swprepared for use as a
comparative example. More specifically, diqguafosotium (3 g), sodium hydrogen
phosphate hydrate (0.2 g), sodium chloride (0.41pg)assium chloride (0.15 g) and
BAK (0.0075 g) were dissolved in water and broughta final volume of 100 mL
followed by the addition of a pH adjuster to thguatl the pH to 7.5. Ophthalmic
Solution 4 and Ophthalmic Solution 11 are ophthalswvlutions that both comprise
the same concentrations of active ingredient (dmga@ sodium). In addition,
Ophthalmic Solution 4 and Ophthalmic Solution 1& aphthalmic solutions that both
comply with the preservative effectiveness testnddads of the Japanese
Pharmacopoeia and have equivalent preservativete#éaess.

[0093] (Test Method)

NIBUT values before and 30 minutes after apply@ghthalmic Solution 4
or Ophthalmic Solution 11 (2Ql/eye) were measured for the eyes of cynomolgus
monkeys wearing soft contact lenses (product navieticon Soft MAJ) with a dry
eye observation system (DR-1, Kowa Co., Ltd.) (N=y#s).

[0094] (Results)

The test results are shown in Table 7.

[0095] [Table 7]

Ophthalmic | Ophthalmic
Solution 4 Solution 11

NIBUT before application (sec) 3.40 3.39
NIBUT 30 minutes after application (sec) 8.20 6.25

[0096] As a result of measuring and comparing NIBM3lues before and 30
minutes after applying the present ophthalmic somu{Ophthalmic Solution 4) or a
BAK-comprising ophthalmic solution (Ophthalmic Soan 11), which comply with
the preservative effectiveness test standardseofidipanese Pharmacopoeia and have
equivalent preservative effectiveness, the presphthalmic solution was shown to
have higher NIBUT increasing effect than the BAKygqwrising ophthalmic solution.
[0097] (Discussion)

Based on the above results, the present ophthaatidion was shown to
improve decreases in tear film stability causedwmaring soft contact lenses to a
greater degree than an ophthalmic solution commiBIAK.
[0098] [Preparation Examples] Although the follogrinprovides a more
detailed explanation of preparations of the presevention by indicating examples
thereof, the present invention is not limited tegé preparation examples.
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[0099] (Formulation Example 1: Ophthalmic Soluti@% (w/v))

In 100 ml

Diguafosol sodium 39

Sodium hydrogen phosphate hydrate 0.1-05¢
Sodium chloride 0.01-1g
Potassium chloride 0.01-1g¢
Sodium edetate hydrate 0.0001-0.1 g
Chlorhexidine gluconate 0.0001-0.1 g
Sterile purified water g.s.

Diguafosol sodium and other ingredients listed &bave added to sterile purified
water and they are mixed sufficiently so that tpsithalmic solution can be prepared.
[0100] (Formulation Example 2: Ophthalmic Soluti@3 (w/v))

In 200ml

Diguasofol sodium 39

Sodium hydrogen phosphate hydrate 0.1-0.5¢
Sodium chloride 0.01-1g
Potassium chloride 0.01-1¢
Sodium edetate hydrate 0.0001-0.1 ¢
Chlorhexidine gluconate 0.0001-0.1¢
Polysorbate 80 0.0001-0.1 g
Sterile purified water g.s.

Diquafosol sodium and other ingredients listed @&bave added to sterile purified
water and they are mixed sufficiently so that thpdithalmic solution can be prepared.

INDUSTRIAL APPLICABILITY
[0101] The present ophthalmic solution has supepreservative effectiveness.

Moreover, since the present ophthalmic solutiorvenés deformation of soft contact
lenses, it can also be used for soft content lerisesddition, the present ophthalmic
solution demonstrates higher cell viability in cut#td immortalized human corneal
epithelial cells than ophthalmic solutions comprisiBAK and ophthalmic solutions
comprising chlorhexidine but not comprising diquadbor a salt thereof. Accordingly,
the present ophthalmic solution is highly safe widspect to a living body, and
particularly keratoconjunctival epithelium, anduseful for diseases such as dry eye
in which keratoconjunctival epithelium is unstaldle addition, the present ophthalmic
solution significantly increases NIBUT in an eyeaniag a soft contact lens. On the
other hand, this effect is not observed with anfi tear solutions. Namely, the
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present ophthalmic solution stabilizes the tean fih an eye wearing a soft contact
lens. Since the onset and/or exacerbation of deysgynptoms caused by wearing soft
contact lenses is attributable to a decrease ifiteastability, stabilization of the tear
film by the present ophthalmic solution is useful the prevention and/or treatment of
dry eye in an eye wearing a soft contact lens. dditeon, the present ophthalmic
solution is also useful for the prevention andfeatment of eye dryness and/or eye
discomfort in an eye wearing a soft contact lens.
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CLAIMS

1. An aqueous ophthalmic solution comprising dfqeal or a salt thereof at a
concentration of 0.1% to 10% (w/v) and a chlorhemedat a concentration of
0.0001% to 0.1% (w/v).

2. The aqueous ophthalmic solution according taintl 1, wherein the
chlorhexidine is chlorhexidine gluconate.

3. The aqueous ophthalmic solution according tanctld or 2, wherein the
concentration of the chlorhexidine in the ophthalmolution is 0.0005% to 0.05%
(Wiv).

4. The aqueous ophthalmic solution according tantld or 2, wherein the
concentration of the chlorhexidine in the ophthalmolution is 0.001% to 0.005%
(Wiv).

5. The aqueous ophthalmic solution according tp @nclaims 1 to 4, wherein

the concentration of diquafosol or a salt theraahe ophthalmic solution is 3% (w/v).
6. The agueous ophthalmic solution according tp ainclaims 1 to 5, further

comprising a chelating agent.

7. The aqueous ophthalmic solution according &ntl6, wherein the chelating
agent is edetic acid or a salt thereof.

8. The aqueous ophthalmic solution according tp @nclaims 1 to 7, which is

for a soft contact lens.

9. The aqueous ophthalmic solution according anci8, wherein the soft contact
lens is a silicone hydrogel contact lens.

10. A method for preventing deformation of a sofntact lens with the aqueous
ophthalmic solution according to any of claims I7'to

11.  The aqueous ophthalmic solution accordingny @f claims 1 to 7, which is
for the prevention and/or treatment of dry eyerirege wearing a soft contact lens.
12.  The aqueous ophthalmic solution accordingny @ claims 1 to 7, which is
for improving tear film stability in an eye weariagsoft contact lens.

13.  The aqueous ophthalmic solution accordingny @ claims 1 to 7, which is
for the prevention or treatment of eye drynessyar @iscomfort in an eye wearing a
soft contact lens.

14. The aqueous ophthalmic solution accordingpat claims 11 to 13, wherein
the soft contact lens is a silicone hydrogel canls.



