DESCRL PTI ON TI TLE OF | NVENTI ON Agent for Treatment of Dry Eye
CharacCterized by Conbi ni ng P2Y2 Receptor 5Agoni st and-Hyal uronic Acid or
Salt Thereof, Method for Treating Dry Eye, and Use of Themmlmm\mmmmlor
Agoni st and Hyal uronic Acid or Salt Thereof TECHN CAL FI ELD e
present invention relates to an agent for treatment of dry eyasoso
characterized by conprising a conbination of a P2Y2 receptor--agonist—at a
therapeutically effective 1lOconcentration and hyaluronic acid or a salt
thereof at a therapeutically effective concentration, wherein the dosage :
formis an ophthalmc agent. The present invention also relates to a method
for treating dry eye using the P2Y2DEXERIRFIO™oni st and hyal uronic acid or
a salt thereof The present invention also relates to a P2Y2 receptor

agoni st and hyaluronic acid or a salt thereof for use in the treatnent of
dry eye. TheribpOgspVENRKSQti on al so relates to use of the P2Y2 receptor
agoni st and hyaluronic acid or a salt thereof for manufacturing an agent
for treatment of Ageyt foyEreaBaediKGROUNByAR haracterize®by Coyrbiniag 228, Reasggomhi ch

ith | t .l | s .of ons .qf dryne of eyes_and an
cncont Br t abAEoRSERT By atioBy eieid e ST Eherey Ve b fE Redineddprions 2ohot or mi ng
dai |y acti vbf TRSPIWERedeBeOr HgdAREend HyNRFSEAALid Bl tEher of dry eye

patients is_increasin early in association with the com ng of an aging
soci ety andTEﬁ:@NIﬁfﬁleggéaD n VDT (video display ternminal) works with

| ute It i.s bel.iev that the estimte nber of dry eye
per sonal ComPuL 258 ke BRSNS 030 L B oS Rl R
greater thaby compriging a tomBin@éh SO0OP2 Y, hrppidr agdmtlahtatapeifcdly dHeehle
conditions of dry eye are not elucidated conpletely, it is considered that
the déBreaseoncantrationysd Bieluemic aad obpsalhtherent ﬁéathe?@dumdaélyaﬁﬁapmﬂ:t val .
which is ¢ : r i e. Sec ion. of tear, the accel eration
of the evag%tﬁlgfg? tg&rﬁ“’%;l&’ p éejrgfrl:l tgnggstaﬁg f<§1'|gl<les,aen| ép%%}hagmf%aalgﬁfltpat’r%&?fggﬁ TVEodry
eye. That ialso teectoynasthodfortthatiopdneale witth thb@2¥9Ricepret hydlistaggoci at ed

with the decrease in the volune 1 . )
hya?uronlc acid or a salt thereof. The present invention also relates to a P2Y5 receptor

agonist and hyaluronic acid or a salt thereof for use in the treatment of dry eye. The

15 present invention also relates to use of the P2Y; receptor agonist and hyaluronic acid or

a salt thereof for manufacturing an agent for treatment of dry eye.
BACKGROUND ART

Dry eye is a disease which starts with unpleasant levels of symptoms of dryness
of eyes and an uncomfortable feeling in eyes and greatly prevents people from

20 performing daily activities when the disease is worsened. The number of dry eye
patients is increasing yearly in association with the coming of an aging society and the
increase in VDT (video display terminal) works with personal computers. Itis
believed that the estimated number of dry eye patients is greater than or equal to
10,000,000 in the United States and greater than or equal to 8,000,000 in Japan.

25 Although the clinical conditions of dry eye are not elucidated completely, it is
considered that the decrease in the volume of tear on the corneal and the conjunctival,
which is caused by the decrease in the secretion of tear, the acceleration of the
evaporation of tear and the like, is the main pathogenesis of dry eye. That is, the

dryness of the corneal and the conjunctival associated with the decrease in the volume
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of tear induces pathol ogical synptons and/or observations including an
ocul af disconfort, a feeling of dryness of eyes, a feeling of fatigue of
~eyes, hyperem a, and keratoconjunctival epithelial disorders. If these
synptons and/ or observations progress, the abnormality in vision occurs
ultimately. Therefore, it is quite inportant 5to treat dry eye properly at
an early stage. It is believed that the nost desired matter for the
treatment nethods for dry eye is to pronote the secretion of tear in a dry
eye patient. However, no agent for treatnent of dry eye having such an
activity is known. Then, in the conventional dry eye treatnent, the

adni ni st r at ioteapindaeesgathiolagi¢ad sympmmssldidriobseregiiung ahatiding ah vtilan, t he

10suppressi gn_of .t he cretion of tear with a nctal .plug or the like is
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opht hal m ¢ gefaticb@aneBral apifHelid] YIS ONIfthee! YmpisinLaRPoISHENAlibYs used.
Al t hough hyal uronic acid ‘does not have a tear secretion pronotlon action,

it is discloxegeshoabiremalitydpyjsiomaIuradtimegds) Tidptfots, ittikguite iwhportant

hyal ur@ni c acid.r [ tinpl er nol ecul es thereof, the hyaluronic
15aci dgcan gbxk?%idﬁ; %ﬁ@%@%lﬂ aé%f‘%\e}\r/avl\?(%tlager'et ai ning property. Although there
are various theottieselivedthat fi 16 dagietitatter 61 the freSimedp nRBYA R4S eye
sol ution containing hyaluronic acid for the treatnment of dry eye, it'is
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t he dryi |1 i ...On t hand P2Y2
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and is bel i eyeteatmentethdadplinistrationl of ad attifidiflaedraghitiahiophthaimichelugies e i on of
a chl ?él de ion or . the like. Aligand for a P2Y receptor is considered as
bei ngld nucPUBIESEanich ths exXereting Osgéwltar@opqn@taﬁ Bluges ¢l lifeadisiganazally eslected.
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and der i vat hyagronlvercilfas bdemgarieedlyi wed t yfthbiughchyaluronic acid does not have a

25P1 , P4-bi s(5' -uridyl tetraphasghat e .§(9il sqQ.cal l ed "diquafosal" or

"1 NS- 365") ﬁﬂ?ﬁ“?&oﬁip W LN 1s£HT0see dn fomea, Kty 4Pad8p(8993) NPL |y
recent year §)thhf Mh%ﬁ%ﬁic’[%&?& re?eﬁﬁ'ssﬁug%gﬁwﬁé? E%&%ﬁle@gﬁ&%éf{ the Xﬁr(?'gc action

of pronoting the secretion of tear, and ese receptof agoni s are
drawi hg at t @nd canexddbihaveiceBerd waterfrotainting ataperty. oAltHoyghethere drovartonpl e,

ATP an pr oBCETIEuLEE FREMSTE P! e Q1T RBE LGS sahUOF RePGTGRETRBC
suggest ed thad fdrhge S@&mEHt TAPEyd K5 bERVR R YR i i9 a P2Y2
receptor. In Corrn_ea, 23( ? 84}-,792 (2002) ( NPL 4%3@%{?&&@%%@?‘&3% hat an

opht hal ni ¢ B@lwenisacidsan alleviafg thi duvirieorfshe poroearetthe kenjsectivet i on of t ear

and 5aneliorate tocaonjiynctiyal epithelia i sorders..in clinical. tests.
However, there g?éﬁge??tﬁ?r%éaboama sie 1°E° rylsé’%obiﬂ t%?%??ﬂ%gwcr&ﬁ%?r ‘g%'“f Feat ed
sat i s2@ct orpurinewbdeptor hed altelievetentbeareslyagesi s ihQhe foRRHTERRE tHRf sctietofy €

and therefore the devel opnent of an ag{gnt for treatnment of dry eye having a

mor e pot entOftagdroridedpr o1 g likeondtligsnd den a BAY mecspioe évcadeidareded beiiglan

J ' | i cati. . 2004-504858 . (PTL 1) .. it i
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secreti on [A8OMRIEROCHINRLIT)nBataucleoNdus opitiaf 8D el dRk- Athiphaphdle (I?TP},J” ne
0

recept or (P%YZ recept.or). However, as nentioned in Dictionary

phar maceut i3§POSIRfa tiTipesphate (AT Bbayd derNefives) thenep dinmclpotidestypified byf
hyal ursponi c Iﬂ9i4§oi§(?aﬁri5ﬁﬂetpﬁ>h8§}ﬁﬁtea(§ls§%aﬂgcgj‘&ihya?osiol & ‘IR‘%U%?’B EH]CF the like
can act as agonists for a P2Y; receptor.
In recent years, it was found that these P2Y; receptor agonists have an action of
promoting the secretion of tear, and these P2Y receptor agonists are drawing attention

as novel agents for treatment of dry eye.  For example, Current Eye Research, 21(4),
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15agent is 0.2 ng/g (0.02% (ww) ), and it is not described or suggested
that a therapeutically effective concentration (no less than 0.1% (W V) in
terms of the concentration in an ophthal m c solution) of hyaluronic acid
and a P2Y2 receptor agonist are adm nistered in conbination. As
stated above, it is not found clearly as to what effect can be achi eved
when a 20P2Y2 receptor agonist and a therapeutically effective
concentration of hyaluronic acid are used in conbination. Cl TATION LI ST
PATENT LI TERATURE PTL 1: Japanese National Patent Publication No.

2001- 504858 25NON PATENT LI TERATURE NPL 1: Cornea, 12(5), 433-436 (1993)
NPL 2: Curr &/82-788 q2@I0h ANPIC¢ dissloses, thdt3{BY an@ 8TP3kd rrdMofe) thilRicrdion@fiéagnt
.Eye Research, Ff’i’%’ 4), 782-787 (2000 egP 4: Cornea, 23(8), 784-792 g)2t004)
NPL 5: Di ct iDFRPYS R Hieasintedbinsuasdsteddant the sacretiopof(iogoan beprvegtsd

| NVENTI ON TEGHM 6Ak 2 PROBEENbtor. Saek. I : gent
for treatnent ofagg%a eye hav%orﬁg %%%Tga’ggt h?%?%ﬁﬂ?&%%{’?éhﬁp@gﬁ,ﬁegn
action is arhatanephisalmigsqgnodn emtaisidg did @b stOpREBEdEMe secretio bftear @gent

i nventqrs have,.na i nt ensi ve .and ensi ve studies for the purpose of
sear chi%ng fWegoﬁge@éﬁeraé%cé’munf’ﬂyﬂtepgg‘%lﬁgaiso’ifllersd@fl Iteﬁ@ aresult, it was
found that, whenHowRNR tHepCSRISAI sa@eBivEre 8RR JaliBR@ R dagAb v tRhfact i ve
concentration, (0.1% and 100.3% of hyaluronic¢ acid or a salt thereof were

adni ni st er edatisfactasity Widitthe abavs-mensionpdagans feoitieatmenabbiltyssyer anthkzfire
pronotion of, t retign of tear in the rabbits . was observed. This

finding | ediqeo&'? %1281%1? Igtsoerﬁifl aigre‘R/tefﬁri ir %r.nerl’—iu(?ftc{ﬁ%ﬂe &%Véﬂg 8 MIYPORRTEHt or agoni st
and hyal ur osécgetivmiplombtién Sdloh HabBé@fenfindad.t her apeutical ly effective

concentration were administered in combination to eyes, a significant
amel i 3Pati ng ef f Briaparese Hlatiend! PesapPublidation N 200 t6P4858a@TbSeit ised in dry

eye nmodel s. gooested that hyaluronic acid can be added as an additive to a tear secretion promoter
containing a compound capable of activating a purine receptor (P2Y, receptor).
However, as mentioned in Dictionary of pharmaceutical additives, 220 (2007) (NPL 5),
the largest amount of hyaluronic acid that can be used as an additive in an ophthalmic
15 agent is 0.2 mg/g (0.02% (w/w)), and it is not described or suggested that a |
therapeutically effective concentration (no less than 0.1% (w/v) in terms of the
concentration in an ophthalmic solution) of hyaluronic acid and a P2Y, receptor agonist
are administered in combination.
As stated above, it is not found clearly as to what effect can be achieved when a
20 P2Y receptor agonist and a therapeutically effective concentration of hyaluronic acid
are used in combination.
CITATION LIST
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Meanwhi | e, when a P2Y2 receptor agonist and hyaluronic acid or a salt

t hereof at a concentration enployed for the addition as an additive
(0.002% were adm nistered in conbination to eyes, the above-nentioned tear
secretion pronotion action was not observed. Referring to this result, the
achi evemrent of the above-nentioned effect is a 20marvel ous result.

That is, the present invention provides an agent for treatnent of dry eye
(also referred to as a "present treatnment agent”, hereinbel ow) _
characterized by conprising a conbination of a P2Y2 receptor agonist at a

t herapeutically effective concentration and hyaluronic acid or a salt

t her eof at A&PLheMipeertarcaf pharmadeaticaledditivesd20r(200Hn, wherei n t he 25dosage

formis an | g . P2Y2 receptor agonist in the agent for

t r eat ment ogeﬁ&gﬁ%§%25€@§$%$ﬁ To the present invention is preferably a
compound regrespnced, broFIENOl | ow ng general formula [I] (also referred to
as a "present cogﬁound" col l ectively, hereinbelow or a salt thereof:

[ Cheni cal f or nul dhus, tieoBatchiforia noge! Brexe f-t@apmp® df dry pyeOheb@-: monhpotenin X
P ESSIL S, Bl R bl hy S BHRHP SPLEEM 0 Y The
SOLUTION TO PROBLEM

The present inventors have made intensive and extensive studies for the purpose
of searching for a novel agent for treatment of dry eye. As a result, it was found that,
when a P2Y receptor agonist and a therapeutically effective concentration (0.1% and

10 0.3%) of hyaluronic acid or a salt thereof were administered in combination to the eyes
of normal rabbits, remarkable promotion of the secretion of tear in the rabbits was
observed. This finding led to the present invention. Fufther, when a P2Y; receptor
agonist and hyaluronic acid or a salt thereof at a therapeutically effective concentration
were administered in combination to eyes, a significant ameliorating effect on corneal

15 epithelial disorders was observed in dry eye models.

Meanwhile, when a P2Y; receptor agonist and hyaluronic acid or a salt thereof
at a concentration employed for the addition aé an additive (0.002%) were administered
in combination to eyes, the above-mentioned tear secretion promotion action was not
observed. Referring to this result, the achievement of the above-mentioned effect is a

20 marvelous result.

That is, the present invention provides an agent for treatment of dry eye (also
referred to as a “present treatment agent”, hereinbelow) characterized by comprising a
combination of a P2Y, receptor agonist at a therapeutically effective concentration and
hyaluronic acid or a salt thereof at a therapeutically effective concentration, wherein the

25 dosage form is an ophthalmic agent.

The P2Y; receptor agonist in the agent for treatment of dry eye according to the
-present invention is preferably a compound represented by the following general
formula [I] (also referred to as a “present compound” collectively, hereinbelow) or a

salt thereof:



[Chemi cal formula 3] NH2

or a group represented by the follow ng fornula:
ON HH 10X2 represents an oxygen atom -NH or -CRIR2-; X3 represents a
formul a 4]

-group represented by the followi ng formula: [ Chem cal

[Chemical formula 1]

0
X'—P—X2?—P—0—P—Xx3 [I]

OH OH OH
[wherein X' represents a hydroxy group, a thiol group, a group represented by the

following formula:

) [Chemical formula 2]
o -
A H H 0 :lvl Ot1—
L
H OH © <'3HH - In

or a group represented by the following formula:

[Chemical formula 3]

NH,
N7
Py [
0 N'Q H O—T—O—O
H
| |
HH O OH| .
10 X2 represents an oxygen atom, -NH- or -CR]RZ-;

X represents a group represented by the following formula:



.---0 AHO H OHOH a group represented by the follow ng fornula: [Chem cal
formufa 5] 5 OHOH or a group represented by the follow ng fornula:

[ Chemi cal forrmula 6] 0 A HO A represents a group represented by the
following formula: 10[ Chemical fornmula 7] R3 HN '"\N O or a group

represented by the followng fornmula: [Chemical fornmula 8 NH2 NN \R5

[Chemical formula 4]

a group represented by the following formula:

[Chemical formula 5]

—0

or a group represented by the following formula:

[Chemical formula 6]

‘ w

- HO

A represents a group represented by the following formula:
10 [Chemical formula 7]

Y. R3
HN/

o) N

l

or a group represented by the following formula:



R 4N Y represents CO, CS or CHSR6; Rl, R2, R3, R4, R5 and R6 are the sane
as or"different fromone another and 5i ndependently represent a hydrogen
-atom a hal ogen atomor an al kyl group; and n represents an integer of 0 to
4] . The P2Y2 receptor agonist in the agent for treatnent of dry eye
according to the present invention is preferably

Pl , P4-bi s(5' -uri dyptetraphosphate (also referred to as "di quaf osol ",

her ei nbel ow), uridine 5 -triphosphate (UTP), adenosine 5 -triphosphate

10( ATP) or a salt thereof. The dosage form of the agent for treatnent
of dry eye according to the present invention is preferably an ophthal mc
sol uti on or [@renop#itthahuwia ] oi nt nent. The present invention also provides an
opht hal m ¢ sol ution Fgr treating dry eye, characterized by conprising a
conbi nati on of diqu sol or a salt thereof at a 15concentration of 1 to 5%
(wv) and hyaluronid acid or a salt thereof at a concentration of 0.05 to
0.5% (W v). resent invention further provides an ophthal mc

solution for treBt’ing y eYe, characterized by conprising a conbination of
di quaf osol or a salt thereof Sconcentration of 3% (wv) and hyal uronic
acid or a salt eof

present invem‘ion SNTI fu

as/concentration of 0.1 20to 0.5% (W v). The
whi ch conpri ses adm ni sterilng a P2Y2 receptor agonist at a therapeutically

N her provides a nethod for treating dry eye,
effective concentration an@® hyaluronic acid or a salt thereof at a .
t herapeuticaglly effecti concendration in conmbination to a patient in need
t her eof , whér& rﬁsetnFFeééoéggj’écfHﬁ%i s an ophthalmc agent. Also in the

ot hod for RSE RNGURY w8y RS BRARL Gl @ dtE AL BRI BNAN b e P2Y2

receptor agonist i’s preferab ove- nent1 oned present conmpound. Al so
i n t hed et hodepeandenttyempresent drhydenpen amenratialggenaitéh@r pn @kengroupyaidt i on, the
ﬁrfdrﬁergP? E&ﬁa@ ngi%cgicﬁ%%g Eably Pl , P4-bi s(5' -uridyl)tetraphosphat e,
The P2Y; receptor agonist in the agent for treatment of dry eye according to the
present invention is preferably Pl,P4-bis(5’-uridyl)tetraphosphate (also referred to as
“diquafosol”, hereinbelow), uridine 5°-triphosphate (UTP), adenosine 5’-triphosphate
10 (ATP) or a salt thereof.
| The dosage form of the agent for treatment of dry eye according to the present
- invention is preferably an ophthalmic solution or an ophthalmic ointment.
The present invention also provides an ophthalmic solution for treating dry eye,
characterized by comprising a combination of diquafosol or a salt thereof at a
15 concentration of 1 to 5% (w/v) and hyaluronic acid or a salt thereof at a concentration
of 0.05 to 0.5% (wiv).
The present invention further provides an ophthalmic solution for treating dry
eye, characterized by comprising a combination of diquafosol or a salt thereof at a
concentration of 3% (w/v) and hyaluronic acid or a salt thereof at a concentration of 0.1
20 to 0.5% (w/v).
The present invention still further provides a method for treating dry eye, which
comprises administering a P2Y, receptor agonist at a therapeutically effective

concentration and hyaluronic acid or a salt thereof at a therapeutically effective

concentration in combination to a patient in need thereof, wherein the dosage form is an
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tri phosphate, adenosine 5 -triphosphate or a salt thereof. Also in
the méthod for treating dry eye according to the present invention, the
-ophthal m ¢ agent is preferably an ophthal mi c solution or an ophthalmc

oi ntment. The present invention also provides a nethod for treating dry
eye, which 10i nvol ves adm nistering Pl, P4-bis(5 -uridyl)tetraphosphate or a
salt thereof at a concentration of 1 to 5% (wv) and hyaluronic acid or a
salt thereof at a concentration of 0.05 to 0.5% (w v) in conbination to a
patient, wherein the dosage formis an ophthal mc solution. The present
invention also provides a nethod for treating dry eye, which 15conprises
adni ni st er i nphtPalnfdagrng(5' - uri dyl )t etraphosphate or a salt thereof at a

concentration of ,3%.(wvV nd .hyal uronic acid oy a salt thereof at
concentration of .Ollgl%)e %?@W/g(f?/\‘%{f)ag% Cofif #4014 Yootgapf?é?rité?l‘fenf“ﬂ“« &d
thereof, Whep¥i feckhi6r 9208 foferablystha AbePLLAkiBh& Seldkt EQinoyHae present

i nvention al so provides a P2Y2 receptor agoni st and hyaluronic acid 20 or a

salt thereof forAlgsdnithe mhthod ferdraating duf exiraccesdngtp thelpiesérg timventigntthe P2Y2

nyalur ni oSt resiar st PR b o RRR TR B0

concentr at i giphosphatyhddhatine3;-trighekstak dhesdogegsrformis an ophthal nic
agent. Also in the P2Y2 receptor agonist and hyaluronic acid or a salt
t her eof 25accor ditg indhe methpd &ydreatingidsneyecascoiding to the pfesent éaventian, thhe P2Y2

t ' I : t] At d, . . Al inth
P r ocept o gl oS AN B T BRSPS SRRt csPhing (o

the present inveThd present heveRPRofRals@popides aagethbs foritfeafii@figr &) whith

1, P4- E s(5'- ulré(i dyl)tetraphgsphate, uridine 5 -triphosphate, adenosine

5 -tri éhos pypeppdmingsienng B fertas(p -uridyl)tempphosphate ra saitthereefetst or agoni st
and hyal ur oxj j | r.dj t ot ent invention,
The opht hal e aneie o 1% 32 byt A anBERRAEI T 4 Qg e B ARl ERh i
oi nt nent . 5aiHe0proe® BYit (w/vvierbmbinatdbs @ ppatidmlesherein the dosage form is an

Pl , P4-bi s(5' - u}Ei d?/l{?iet raphosphate or a salt thereof and hyal uronic acid or
a salt ther@Shaigic QIO "t he treat ment of dry eye by admi ni stering

Pl', P4-bi s(5' - uri W@ﬁ:%&&@ﬂh@%ﬁ‘o ﬁ‘bvfﬂe??lr{l%tﬁg'@fo?%;eaﬁﬂag fl’rv%ggc\gﬁtc ation of 1

to 5% (wv) and hyaluronic acid or a sa ereo t concentrati on of
0.05 19 0. 5ounwised admingsteriigrRitA’ éns(5 Windd@)atraptosplesagea Sar theiest am opht hal mi ¢
solution. 10The pr.esent,inventiqn al so pr.avides .

P, Pa- bi 5( SRS Lo v B Pt B o SRk fhssrotana cRyesripinn € &ki d or
a sal t thergefs% e/ Y3 cofibinbor foeP3ARA inGeed ther€FewR¥rein REBL S 6t 39

Pl , P4-bi s(5" -uri aﬁlp)tetraphosphate or a salt thereof at a congentratl on of

3% (W v) arfd aydialmsriobutigni d or a salt thereof at a concentration of 0.1 to
0. 3% (10 b <o ekl 84 DS R YA L0 R0 SRS
agoni 3 ancbr a salt thereof for use in the treatment of dry eye by administering the P2Y; receptor
agonist at a therapeutically effective concentration and hyaluronic acid or a salt thereof
at a therapeutically effective concentration in combination, wherein the dosage form is
an ophthalmic agent.
Also in the P2Y, receptor agonist and hyaluronic acid or a salt thereof
25 according to the present invention, it is preferred that the P2Y; receptor agonist is the
above-mentioned present compound.
Also in the P2Y; receptor agonist and hyaluronic acid or a salt thereof
according to the present invention, the P2, receptor agonist is preferably P',P*-bis(5’-

uridyl)tetraphosphate, uridine 5’-triphosphate, adenosine 5 ’-triphosphate or a salt
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hyaluronic acid or a salt thereof for the production of an agent for
treatment of dry eye conprising the P2Y2 receptor agonist at a
therapeutically effective concentration and hyaluronic acid or a salt
thereof at a therapeutically effective concentration, wherein the agent for
treatment of dry eye has a dosage form of an ophthal mc agent. 20Also in
the use according to the present invention, the P2Y2 receptor agonist is
preferably the above-nentioned present conpound. Also in the use and the
P2Y2 receptor agoni st and hyaluronic acid or a salt thereof according to

t he present invention, the P2Y2 receptor agonist is preferably

( uridyl)tetheagiosphate, uridine 5 -triphosphate, adenosine 5 -triphosphate
250r a salt thereof . | so in the, use according.to the present

i nvention, the o%ﬁ?‘h‘&lqﬁ Eng@ﬁ?pt?rsa%%b? éP‘égV?%moaﬁFﬁ Pl %lht%@iﬁfpﬁti on or an

opht hal ni ¢ _gidatdiRBto thePeesBhtasGtioh e Bph Q%rﬁi'tcf]agexﬁrigf! gﬁ%@g%ﬁgﬁkthalmic

Pl , P4-bi s(5' - uri dyptetraphosphate or a sa reo _ onirc acid or
a salt ther edfitiéoer areontimdmnigraingnean agent for treatnent of dry eye

conpri sing P1, P4:bis(5' -uridyl)tetraphospt .or.a.salt thereof at a
concentration of TEG P%S%Q%TW%;S’ ﬁlﬁﬁpHg’é‘%frp%?ﬁ“gblsa(éi'H“%%tﬁtr%‘gloﬁpli%%?re%?a“at a
concentr at i geredf afd Bfaltrdn. 290 ¢ salt-thdrB6f R @5&1H thé R¥ARhPHr dyS9e BYOVI des
use of PI, P4-bjis(5' -uridyptetraphosphate or 5a salt thereof and hyal uronic

acid or a sadmmisksingd? .} drs(Femudyeanhogphete agesult tharcof ateatameetrafondfy eye

conprising PliP4-Rhi\s(3,-uridyl)tetraphosphate or a salt thereof at a
concentrat i g’ns é?@%*%&%ugﬁﬁ %%‘g?ru"ll’ garﬁ @’%%&9?8‘ %forﬁe%téﬁt‘tontqu)r 0P it %q
concent r at i on/vpin ddnibihadiod, Whereitd th} dosh¥ ADFAGHRAAUShERMELTSS 1 don! NVENTI ON 10As
menti oned bel ow, t he present treatnent ag}pnt can pronote the secretion of

tear L@markably LReIPEasnt invsnéebaleeprawidesdhiR’ this(s atridiilsesraphosphatmerraalt] v,

and is ther . Lo b I reat me of d eye. In
20di 5 on, - ateep T REEBReRRiANE Sl UELo R e VRRERED 57 at B oY anc
hyal ur oni ¢ aimitistering B ' tbid( frensdfl tettapR3¥Zhatesepialr thergOfMit St coabéhtiayish Uf oni ¢
acid or a sglt thereof for use in the treatnent of 15dry eye, and use of a
P2Y2 recept @J(" (&’@Brﬁﬂg%}’aﬁ@%%‘{lﬁ PoASA! therepiata aomnﬁrattqne}fébfl tof @p% (W/v) in

manuf act ur i e r f - rovi ded. BRI EF

DESCRI PTI ON iy %(%‘feﬁ{thg dg%fgg‘?&i“ %sarg‘g%hrﬂgdpﬁlﬁaﬁroﬁﬁg’tnr ating the tinmne

cour s€5 of a chantlee pmsenhanvestion atenpeeides aseaf ¥ BR Viereaéjiter agdngst addri ni strati on

o et kB b a2t Hisrdatiiar the BrSRRulon o 2 hgent o eatiment of dry eye <
comprising the P2Y receptor agonist at a therapeutically éffective concentration and
hyaluronic acid or a salt thereof at a therapeutically effective concentration, wherein the
agent for treatment of dry eye has a dosage form of an ophthalmic agent.

20 Also in the use according to the present invention, the P2Y, receptor agonist is
preferably the above-mentioned present compound. |
Also in the use and the P2Y, receptor agonist and hyaluronic acid or a salt
thereof according to the present invention, the P2Y; receptor agonist is preferably
PI,P4-bis(5’-uridyl)tetraphosphate, uridine 5’-triphosphate, adenosine 5’-triphosphate
25 or a salt thereof.
Also in the use according to the present invention, the ophthalmic agent is
preferably an ophthalmic solution or an ophthalmic ointment.
The present invention also provides use of PI,P4-bis(5’-uridyl)tetraphosphate or

a salt thereof and hyaluronic acid or a salt thereof for manufacturing an agent for
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cornea before and after the adm nistration of test drugs to eyes.
DESCRI PTI ON OF EMBODI MENTS The agent for treatnent of dry eye
~according to the present invention is greatly characterized by conprising a
conbi nation of a therapeutically effective concentration 250f a P2Y2
receptor agonist and a therapeutically effective concentration of

hyal uronic acid or a salt thereof According to the present invention, a

met hod for treating dry eye using a P2Y2 receptor agoni st and hyal uronic
acid or a salt thereof in conbination, a P2Y2 receptor agoni st and

hyal uronic acid or a salt thereof for use in the treatnment- of dry eye, and
use of a P2¥2atmenecqfdy eagomptisianl’,hbis(5 amidy] aaiaphosphatesal d satthesrestat hor
manuf act uri ng an agent_for_freatne f dry eye are al so _provided. |

The "P2Y2 ré& PB?@%B‘ i t§t5'9}° (W V§ H%CP fﬂ‘ai%r@mc 3 e padhthessofiata erpcentaatioar | y
limted, andrfRy b6 58My/cpmPoUNd as long as the conpound can bind to a P2Y2
receptor and can activate a signaling pathway downstream of the P2Y2
receptor. The P2Yhe breegr it \@ntiagelsd ptovides use of Bt Bbhiss redtdil ftgtrdphospherrodance

with the neth di s¢l osed.in Bi oorqg. d, Ch Lett. 11(2), 157-160 (2001)
or ' thedt i ket Sai tHerSRatE @ahﬁfﬂawﬁf@raégﬁﬁbwo amagp%ag&e*@gﬁ?@%f%e
present i nvasithiehs ofldi¢ el &ﬁﬁmsiﬁgmmegsﬂfd%%?ﬂo%m{e% aeRefdorlph MUl @
[I] or a salt thereof is preferred. In the pifesent c npoung, t he hal ogen
at om r ef er scensentrétionef Bie(vavpand hyatirpoiciasel ertaosalt thereohHatandameerdtation of 0dn

i odi ne aton}odg%t(gvvpresent conpound, the nunber of carbon atons in the

al kyl group 1 5™ nhot p>arti cularly limted, and the al kyl group is preferably

a linear or ADaANTAGEOKY EFFEQIS GRINWENITTON 6 carbon atons, such as a
met hyl group, an ethyl group, a propyl group, a butyl group, a pentyl
grouplOa hexyl gAementiared bebpw.opy pPregens (eatragnt agerh way pranetathe seardtionpént vyl

' [ o -1 - | - di hyl but yl .
gLou, 0 LBRNSABOND o b REEU RN 1,58 T 2ot

(a) One pre e present’ conpoun ltsepresent ed

by the genethateférercrpdoted tblbewhsrivel dpearioh igammunt bBddSeyeo! [O¥Eitiéla)method
represents fa %roup represented by the follow ng formula: [Chem cal fornula
9] A H11' 0i foTiepitng ary eye usingadyd ZF%CGP%@E@@&@%}WH@T@@P@M%@ splb thranead:

a P2Y; receptor agonist and hyaluronic acid or a salt thereof for use in the treatment of
15 dry eye, and use of a P2Y, receptor agonist and hyaluronic acid or a salt thereof for
manufacturing an agent for treatment of dry eye are provided.
BRIEF DESCRIPTION OF DRAWINGS
Fig. 1 is a graph illustrating the time course of a change in the tear meniscus
area value after the administration of test drugs to eyes.
20 Fig. 2 is a graph illustrating a change in scores of the fluorescein staining of the
cornea before and after the administration of test drugs to eyes.
DESCRIPTION OF EMBODIMENTS
The agent for treatment of dry eye according to the present invention is greatly
characterized by comprising a combination of a therapeutically effective concentration
25 of a P2Y; receptor agonist and a therapeutically effective concentration of hyaluronic
acid or a salt thereof. ~ According to the present invention, a method for treating dry
eye using a P2 receptor agonist and hyaluronic acid or a salt thereof in combination,
a P2Y; receptor agonist and hyaluronic acid or a salt thereof for use in the treatment of

dry eye, and use of a P2Y; receptor agonist and hyaluronic acid or a salt thereof for

-10 -



[Chenmical fornula 10] N H2 (a2) X2 represents an oxygen
atom’ (a3) X3 represents a group represented by the foll ow ng
formul a: 5[ Chemi cal fornula 11] H(-1 H HH OHCH a group represented by
the followng fornula: [Chemical fornula 12] O H OHCH 10or a
group represented by the following fornula: [Chem cal formula 13] ----O0

A HO :

manufacturing an agent for treatment of dry eye are also provided.

The “P2Y receptor agonist” in the present invention is not particularly limited,
and may be any compound as long as the compound can bind to a P2Y; receptor and
can activate a signaling pathway downstream of the P2Y, receptor. The P2Y,

5 receptor agonist can be screened readily in accordance with the method disclosed in
Bioorg. Med. Chem. Lett. 11(2), 157-160 (2001) or the like.

As for the P2Y; receptor agonist according to the present invention, the present
compound represented by the general formula [I] or a salt thereof is preferred. In the
present compound, the halogen atom refers to a fluorine atom, a chlorine atom, a

10 bromine atom or an iodine atom. In the present compound, the number of carbon
atoms in the alkyl group is not particularly limited, and the alkyl group is preferably a
linear or brémched alkyl group having 1 to 6 carbon atoms, such as a methyl group, an
ethyl group, a propyl group, a butyl group, a pentyl group, a hexyl group, an isopropyl
group, an isobutyl group, an isopentyl group, an isohexyl group, a t-butyl group and a

15 3,3-dimethylbutyl group.

(a) One preferred example of the present compound is a compound represented
by the general formula [I] wherein each group is as follows:

(al) X' represents a group represented by the following formula:

[Chemical formula 9]

20
or a group represented by the following formula:

-11 -



- 12- (a4) A represents a group represented by the foll ow ng
formul'a: [Chemical formula 14] /Y /R3 O\V (ab) Y represents CO CS or
-CHSR6; 5(a6) R3 and R6 may be the same as or different fromeach other and
i ndependently represent a hydrogen atom a hal ogen atom or an al kyl group;
and (a7) n represents an integer of 0 to 4. (b) Another preferred exanple
of the present conpound is a conpound represented by the general fornula
[1] wherein each group is as follows: 10(bl) Xl represents a group
represented by the following forrmula: [Chemi cal fornula 15]

(b2) X2 represents an oxygen atom (b3) X3 represents a group
repr esent edjdhéntibg fo@hdiowong formula: 15[ Chem cal formula 16] A HO H OHOH
(b4) A represents a group represented by the follow ng formula: [Chem cal
formula 17] NH;

. N/
)\ ’ ﬁ
H
HH 9O OH
H

(a2) X? represents an oxygen atom;
(a3) X* represents a group represented by the following formula:

5 [Chemical formula 11]

a group represented by the following formula:

[Chemical formula 12]

10 or a group represented by the following formula:

[Chemical formula 13]
ERVAN
HO

-12-



NH2 R4 (b5) R4 and R5 nmay be the sane as or different from each
ot her "and 5i ndependently represent a hydrogen atom a hal ogen atom or an
-al kyl group; and (b6) n represents 1. (c) Still another
preferred exanpl e of the present compound is a conpound represented by the
general formula [I] wherein each group is as follows: (cl) Xl represents a
hydr oxy group or a thiol group; 10(c2) X2 represents an oxygen atom -NH

or -CR1IR2-; (c3) X3 represents a group represented by the foll ow ng
formula: [Chem cal forrmula 18] A HH OHOH a group represented by the
following formula: [Chem cal formula 19] *----0 H OHOH or a

group represent edabyA trdpeedenislaqubiigrepessetied bylthh ondhg femu:a 20] HO
(a4) A represents a_group represented bythefollovvlngforrrula [ Chem cal
formula 21] [ Q%Sml%l formula'14]

(a5) Y represents CO, CS or CHSRS;
5 (a6) R® and R® may be the same as or different from each other and
independently represent a hydrogen atom, a halogen atom or an alkyl group; and
(a7) n represents an integer of 0 to 4.
(b) Another preferred example of the present compound is a compound
represented by the general formula [I] wherein each group is as follows:
10 (b1) X' represents a group represented by the following formula:

[Chemical formula 15]

(b2) X represents an oxygen atom,
(b3) X3 represents a group represented by the following formula:

15 {Chemical formula 16]




Qr a group represented by the follow ng fornula: 10[Chemnical fornula 22]
NH2 N'R5 R4 VNN 1 (c5) Y represents CO CS or CHSR6; and - 15- [ Chem cal
formula 24] O OHO 110 ,..,......... - yy... P01 HOIIO P S? O1HH

(b4) A represents a group represented by the following formula:
[Chemical formula 17]
NH2

L \H

(b5) R* and R’ may be the same as or different from each other and
5 independently represent a hydrogen atom, a halogen atom or an alkyl group; and

(b6) n represents 1.

(c) Still another preferred example of the present compound is a compound
represented by the general formula [I] wherein each group is as follows:
(chH X! represents a hydroxy group or a thiol group;
10 (c2) X> represents an oxygen atom, -NH- or -CR'R?-;
(c3) X? represents a group fepresented by the following formula:

[Chemical formula 18]

a group represented by the following formula:
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HO OOHOH PO 01 HOIl O\ ../ PHNI QONHTri HSi...... ? HH OHOH
Pl - (uridine 5 )-P4-(2' -deoxycytidine 5 )tetraphosphate [Denufosol]
“Pl, P5-bi s(51-uridyl)pentaphosphate [ Up5U]

10

[Chemical formula 19]

or a group represented by the following formula:

[Chemical formula 20]
A

'_O\g&y

HO

(a4) A represents a group represented by the following formula:

[Chemical formula 21]

3
/Y R

o

or a group represented by the following formula:
[Chemical formula 22]

NH,
TN
R"/KN l T>_R

(¢5) Y represents CO, CS or CHSR®: and

-15-
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0 HOHOHOH OHOH P I , P6-bis(5' -uridyl)hexaphosphate [Up6U] [ Chem cal
formul a 27] 0O HOMOO HO11 O .."*" 0O HOI10 OHOH 01 HO'N. 117.0
“OHOH P . P7-bi s(5' -uridyl)heptaphosphate [Up7U]

(c6)R', R?, R?, R*, R® and R® are the same as or different from one another and
independently represent a hydrogen atom, a halogen atom or an alkyl group.
Specific preferred examples of the present compound include the compounds
mentioned below and salts thereof.
5 . Pl,P3-bis(5'-uridyl)triphosphate [Up3U]
[Chemical formula 23]

0 0
HN l
o N'H H
HéHO OH
H

« P! P*bis(5 -uridyl)tetraphosphate [diquafosol]
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[Chemical formula 28] O HN O 1 HOIl 0O\ /oN' POIHO HHOIO P O1HH
H011" 700HOH P 01 HOL.,70 P I-1H OHOH P
-, P4-bi s(51- adenosyl )t etraphosphat e [ Ap4A]

[Chemical formula 24]

« P'-(uridine 5")-P*-(2'-deoxycytidine S'tetraphosphate [Denufosol]

-17-



[Chem cal formula 29] NH2 < HH OHOH NH2 N H OHH Uridine 5" -triphosphate
[UTP] © [Chem cal formula 30] O

[Chemical formula 25]

« P! P’-bis(5 -uridyl)pentaphosphate [Up5U]
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LTTErnd HOFl-O;ll-O-Pl -0 OHOHCOH 0 H

[Chemical formula 26]

. p! ,P6-bis(5'-uridyl Yhexaphosphate [Up6U]

-19-



[Chemical formula 27]

OH

OH

» P! P"-bis(5"uridyl)heptaphosphate [Up7U]



OHOH  Uri di ne .5'-0-(3-thi otri phosphate) [UTPyS] [Chemi cal formula 31] O
11117 HS-Pi -0-P -0-P Il OHOHOH Uidine 5 -(3,y-imde)tri phosphate
[,y-imde-UTP] [Chem cal fornmula 32]

[Chemical formula 28]

« P! P*-bis(5'-adenosyl)tetraphosphate [Ap4A]

-21-



000 I'I'HITT HOPI -N-PI -0-P-0 OHOHOH OHOH Uridine

5'-(13, 7-net hylene)tri phosphate [13,y-nethylene-UTP] [Chem cal formula 33]
"0 000 1112H HO-P-C -P-OG-P O Il OHOHOH H O H CHOH  Uridine
5'-(13,y-difluoronethyl ene)tri phosphate [13,y-difluoronethyl ene- UTP]

[ Chem cal fornula 34]

[Chemical formula 29]

* Uridine 5°-triphosphate [UTP]

-22.



000 11F211 HO -P --C -P -0-P O I OHOHOH OHOH  (N)-Met hanocar ba- UTP
[Chenical fornula 35] O OHOH  L-a-threofuranosyl - UTP [ VRS- 2488]
[ Chem cal formula 36] HO 5-Bronouridine 5 -triphosphate [5-Br-UTP]"
[Chemical formula 37] 111111

[Chemical formula 30]

* Uridine 5°-O-(3-thiotriphosphate) [UTPyS]

[Chemical formula 31]

* Uridine 5’-(B,y-imide)triphosphate [B,y-imide-UTP]

-23-



HO 11-0-11-0-P1 OHOHOH NH OHOH 5-Ethyluridine 5 -triphosphate
[5-ethyl -UTP] [Chemical fornmula 38] 000 HO-P-O-P-O-P O ||l OHOHOH
-4-Thiouridine 5 -triphosphate [4-thio-UTP] [Chemi cal fornmula 39] 000 11

[Chemical formula 32]
O
o) 0] 0
I I
HO T N F|> 0 FI’ O
OH OH OH

* Uridine 5’-(B,y-methylene)triphosphate [B,y-methylene-UTP]
[Chemical formula 33]

5

|

v

|

O
O——1V—=0

!

* Uridine 5°-(B,y-difluoromethylene)triphosphate [B,y-difluoromethylene-UTP]
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ii HOP-OP-OPO Ill OHOHOH HO H OHOH  4- Hexyl t hi ouri di ne
5' -triphosphate [4-hexylthio-UTP] [Chenical fornula 40] 000 I11111 HO

"-P-OGP-OP O Il OHOHOH

[Chemical formula 34]

0 0

I Fa ”

I
HO—P—C —P—0 T
0

OH OH

. (N);Metﬁanocarba-UTP

[Chemical formula 35]

0 0 0
I I I
Ho—T——o——T—o——T
OH OH 0

* L-a-threofuranosyl-UTP [MRS-2488]
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OH Adenosine 5' -triphosphate [ATP] [Chenmical formula 41] 000 111111
HOP-OP-OP O Il OHOHOH OHOH Adenosine 5 -0-(3-thiotriphosphate)
[ ATPyS] [Chemical formula 42] NH2 HS-P- O P- O P OHOHOH

[Chemical formula 36]

0
|

* 5-Bromouridine 5’-triphosphate [5-Br-UTP]
[Chemical formula 37]

0 0
I I I
HO—I— —T—O—F'J-——o
OH OH OH

* 5-Ethyluridine 5’-triphosphate [S-ethyl-UTP]
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NN <N 0 H

[Chemical formula 38]

* 4-Thiouridine 5’-triphosphate [4-thio-UTP]
[Chemical formula 39]

* 4-Hexylthiouridine 5’-tﬁphosphate [4-hexylthio-UTP]

-27.



OH OH  Adenosine 51-(13,y-imde)triphosphate [13, 7-im do- ATP] [ Chem cal
formula 43] NH2 000 Hii HOP-N-P-O-P-0- || OHOHOH 5 (N)-Methanocar ba- ATP
‘[Chem cal formula 44] NH2 111111< 000 HO -P -0 -P -0-P-ON------ L% -e-- -
/.. 111 OHOHOH

[Chemical formula 40]

* Adenosine 5’-triphosphate [ATP]

[Chemical formula 41]

01
Ho—T—o—T—-o——T—o
OH OH OH

* Adenosine 5'-O-(3-thiotriphosphate) [ATPyS]
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H OHOH 2-Chl oroadenosi ne 5' -tri phosphate [2-chloro-ATP] [Chem cal fornula
45] 7 11l OHOHOH HHr, ---...., ---.. HH OHOH 8- Br onpadenosi ne
-5'-triphosphate [8-brono-ATP] [Chemical formula 46] Br H

[Chemical formula 42]

NH,
N AN
L1 T
H§—P—Q0—P—0—P—0 N N/
| | | H o H
OH OH OH
H H
OH OH
* Adenosine 5'-(B,y-imide)triphosphate [B,y-imido-ATP]
[Chemical formula 43]
NH,

* (N)-Methanocarba-ATP



HH OHOH A conpound which is particularly preferred as the P2Y2 receptor
agoni st according to the present invention is diquafosol, UTP, ATP or a
.salt thereof. 5A conmpound which is nost preferred as the P2Y2 receptor
agoni st according to the present invention is diquafosol or a salt thereof.
The present conmpound can be produced in accordance with conventi onal

nmet hods whi ch have been enployed in the field of organic synthetic

chem stry, such as the nethods disclosed in Nucleic acids research, 15(8),
3573-3580 (1987) and Bioorg. 10 Med. Chem Lett. 11(2), 157-160 (2001).

Al ternatively, comercially avail able conmpounds, such as products

manuf act ur edCrditicslabsiniay 4% gma, may be used as the present conpound.

Among the exanples of the present conpounds, particularly diquafosol and a
salt thereof can be produced by the nethod disclosed in JapamNte hbtlonal
Pat ent 15Publication No. 2001-510484. A sodiun1sa|t of UTP (cdatal og No.
u6625), a sodiunlsalt of ATP (catalog No.: A7699), a lithiumisalt of ATPyS
(catalog No.: A1388) and the |ike are connerC|aIIy avdi Sima.
Hyal uroni c aci d toObe usedoin the @gent for treatnmepf of ¢ry eyejaccording
to the present invgntion ig a conp und represent ed t he foltagjng gener al
formul a [II] Hol-Chpoicgl £ Lnu% sherei n m r eRr hat ur a
nunber] . FNaIuronéc aC|d ét e u ed |n t e presen iinventi ®h is
preferably hyal uro 5aci g, havi n n aver g . cull ar wei ght of 500, 000
to 3,900,000, nore refera ﬁy hyaﬁaéonic a" an aver age nol ecul ar
wei ght of 500, 000 to 1, 200, 000.

OH OH

» 2-Chloroadenosine 5’-triphosphate [2-chloro-ATP]
[Chemical formula 45]

1
HO_T_O—T—O_
OH OH

» 8-Bromoadenosine 5’-triphosphate [8-bromo-ATP]
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The salt of the present conpound or hyaluronic acid is not particularly
linited, as |l ong as the salt is a pharnmaceutically acceptable salt.
"Exanples of the salt include: salts with inorganic acids such as
hydrochl ori ¢ acid, hydrobrom c acid, hydroiodic acid, 10nitric acid,

sul furic acid and phosphoric acid; salts with organic acids such as acetic
acid, fumaric acid, maleic acid, succinic acid, citric acid, tartaric acid,
adi pic acid, gluconic acid, glucoheptonic acid, glucuronic acid,
terephthalic acid, nethanesulfonic acid, lactic acid, hippuric acid,

1, 2- et hanedi sul f onj ¢ acid, isethionic acrd | act obi oni c acid, oleic acid,
panoi c acrdlcﬁﬁﬁW@%@ﬁéﬁbﬂéhrc acid, stearic acid, tannic acid,

15t ri fl uor onet hanesul foni ¢ aci d, benzenesul f oni ¢ acid, p-toluenesul fonic
acid, sulfuric acid lauryl ester, nethyl sulfate, naphthalenesulN@@rc acid
and sulfosalrcylrc aci d; quaternary anmoni um salts with methyl bifom de and
met hyl iodide; salts mnth hal ogen i ons such as a bromne ion, a ¢hlorine

ion and an iodine ion; salts with alkali netals such as Nixthi i um and
potassium salts wyh al kalg earth petal s such as cal ci 20gdpd magri@si um
nmetals salts with iron zqu and t Irke sal t sbBi nmoni and salts

Wi th organic égp h as trret enedi ani ne, 2-am now&t ha P

2, 2-i m nobi s("é¥han _TEny 'T‘ fﬁ‘ﬂa )-2-D—sorbiNoI, N

2- am no- 2- ( hydr oxy thyI) 1} 3- propa edrol
N, N- bi s(phenyl met h@H - 1, 2- epjlganedi agie. t he present
conpound or hyal uronic acrd sodiumsalts ar Particularly,
when the present conpound is di quaf osol, a tetrjasodium salt of di quafoso
which is represented by the followi ng formuld (fsinply dierred to as

"di quaf osol sodi um', hereinbelow) is preferredOH Cheni@4dl formula 48] 0 HN
0

A compound which is particularly preferred as the P2Y) receptor agonist
according to the present invention is diquafosol, UTP, ATP or a salt thereof.

5 A compound which is most preferred as the P2Y, receptor agonist according to
the present invention is diquafosol or a salt thereof.

The present compound can be produced in accordance with conventional
methods which have been employed in the field of organic synthetic chemistry, such as
the methods disclosed in Nucleic acids research, 15(8), 3573-3580 (1987) and Bioorg.

10 Med. Chem. Lett. 11(2), 157-160 (2001).  Alternatively, commercially available
compounds, such as products manufactured and sold by Sigma, may be used as the
present compound.

Among the examples of the present compounds, particularly diquafosol and a
salt thereof can be produced by the method disclosed in Japanese National Patent

15 Publication No. 2001-510484. A sodium salt of UTP (catalog No.: U6625), a sodium
salt of ATP (catalog No.: A7699), a lithium salt of ATPyS (catalog No.: A1388) and
the like are commercially available from Sigma. |

Hyaluronic acid to be used in the agent for treatment of dry eye according to the

present invention is a compound represented by the following general formula [11]:
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NaOMD O NaO, O NaO, _ Il 0 0 NaO Il O pHN ()N

10

20

[Chemical formula 47]

[ HO
O L~
H
: [
HN\Tr/CH3
/ O
_Jm

[wherein m represents a natural number].

“Hyaluronic acid” to be used in the present invention is preferably hyaluronic
acid having an average molecular weight of 500,000 to 3,900,000, more preferably
hyaﬂuronic acid having an average molecular weight of 500,000 to 1,200,000.

The salt of the present compound or hyaluronic acid is not particularly limited,
as long as the salt is a pharmaceﬁtically acceptable salt. Examples of the salt include:
salts with inorganié acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid,
nitric acid, sulfuric acid and phosphoric acid; salts with organic acids such as acetic
acid, fumaric acid, maleic acid, succinic acid, citric acid, tartaric acid, adipic acid,
gluconic acid, glucoheptonic acid, glucuronic acid, terephthalic acid, methanesulfonic
acid, lactic acid, hippuric acid, 1;2-ethanedisulfonic acid, isethionic acid, lactobionic
acid, oleic acid, pamoic acid, polygalacturonic acid, stearic acid, tannic acid,
trifluoromethanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, sulfuric
acid lauryl ester, methyl sulfate, naphthalenesulfonic acid and sulfosalicylic acid;
quaternary ammonium salts with methyl bromide and methyl iodide; salts with halogen
ions such as a bromine ion, a chlorine ion and an iodine ion; salts with alkali metals
such as lithium, sodium and potassium; salts with alkali earth metals such as calcium

and magnesium; metals salts with iron, zinc and the like; salts with ammonia; and salts
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10

with organic amines such as triethylenediamine, 2-aminoethanol, 2,2-iminobis(ethanol),
1-deoxy-1-(methylamino)-2-D-sorbitol, 2-amino-2-(hydroxymethyl)-1,3-propanediol,
procaine and N,N-bis(phenylmethyl)-1,2-ethanediamine.

As the salts of the present compound or hyaluronic acid, sodium salts are
preferred. Particularly, when the present compound is diquafosol, a tetrasodium salt

of diquafosol which is represented by the following formula (simply referred to as

“diquafosol sodium”, hereinbelow) is preferred.

[Chemical formula 48]

As the sodium salt of hyaluronic acid, a sodium salt represented by the
following general formula [III] (also referred to as “sodium hyaluronate”, hereinbelow)

is particularly preferred:

-33-



QHOH | oN H OHOH 10As the sodiumsalt of hyaluronic acid, a sodium
salt represented by the follow ng general fornula [I11] (also referred to

as "sodi um hyal uronate", hereinbelow) is particularly preferred: [Chem cal
formula 49] COONa OH OH OH [wherein n represents a natural nunber].

The present conmpound, hyaluronic acid or a salt thereof may have the form

of a Shydrate or a solvate.

[Chemical formula 49]

—

HO
o
L~
H
! ]
HN\”/CHg,
-1 H OH O _In

[wherein n represents a natural number].
The present compound, hyaluronic acid or a salt thereof may have the form of a
5 hydrate or a solvate. _

When the present compound or hyaluronic acid has a geometric isomer or an
optical isomer, the isomer or a salt thereof is also included within the scope of the
present invention. When the present compound or hyaluronic acid has a proton
tautomer, the tautomer or a salt thereof is also included within the scope of the present

10 invention.

When the present compound, hyaluronic acid or a salt thereof, a hydrate or a
solvate has a crystal polymorphism or a crystal polymorphism group (a crystal
polymorphism system), the crystal polymorphism and the crystal polymorphism group
(the crystal polymorphism systém) are also included within the scope of the present

15 invention. The term “crystal polymorphism group (a crystal polymorphism system) as
used herein refers to the individual crystal forms in the individual steps of changing the
crystal forms and the whole of the process depending on the condition and state of
production, crystallization, and preservation of the crystal (this state includes the
formulated state).

20 Hyaluronic acid and a salt thereof can be produced in accordance with

conventional methods employed in the field of organic synthetic chemistry, or can be
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When the present conpound or hyaluronic acid has a geonetric isonmer or an
optical isomer, the isomer or a salt thereof is also included within the

- scope of the present invention. Wien the present conpound or hyal uronic
acid has a proton tautomer, the tautoner or a salt thereof is also

i ncluded within the scope of the present 10i nventi on. When the present
conpound, hyaluronic acid or a salt thereof, a hydrate or a solvate has a
crystal pol ynorphismor a crystal pol ynorphismgroup (a crystal

pol ynor phi sm systen), the crystal pol ynorphismand -the crystal pol ynorphi sm
group (the crystal pol ynorphismsystem are also included within the scope
of the presgrdudsi meaendridante Withetht erethddcdipslbadd indhyamesePatsimIgyingeOpen Koy st al

ol ynor phi s as used herein ers.tq the individual,L crystal forns
e Ve Pnat 10830 R R Al TRSTER G ot be 1o e SFRISTHEVGRan®t 1 he

process depgagichfinRicitineaeaasle b IcAREn$aatufe CindVoRAME §io@ik or the like. = For
crystallization, and preservation of the crystal (thi's state includes the

formul at ed Sxammy, a Pgrymbalt oftiyelusenie acidd catalogiNo.t HE3&Yfis ceammbrighoduced i n
accor dance V\é,é[ﬂg ][%qpovrg tional nmethods enployed in the field of organic
synt het’i ¢ c?iemg ry, %N be produced in accordance with the nethod

di scl osed i n Japhne @rddatitantentiay, th teaperthbiictetizdd BY 98mphidial HcoMbmatighd and
a salt thereof to be used in the present invention may be a comrercially

avai | abl e pPloalieY: easriphaonrstat atherapentically effegive eancerzationkad hfgrraanpi e,
a sodium s a%(;id 8; %P&gﬁ?{%{é;egphtca ﬁl%%ﬁg%tﬁl%gﬁ le?fgc N\(/)e' %o\?lél%rﬁigag 31;’ {Seﬁ Cg{tr(gg :iﬁ(l:a!tt%l‘ {h)ét

S5avail abl e from € present 1

- "char act er i z erixdayophtimhhicsigegt @ngeizhignal? vhreatptar RbYidst hes SRtPeuf@IRi St at a
t her agguti c%l |°¥i' effective concentration and hyaluronic acid or a salt

thered? at SHfqH¥F SPRAGRIrALAN apddivplurenic, acid o asalt thareefiet a therepenticallya mat t er
that a m _Xeéi?‘é&]b& B@x#dghﬁatﬁglqgtadrﬁﬂfméfeé 'apgné?‘till?%,Y %ﬂdré?qgoelr%]fqu toaaggl(%{‘rgrt th ar®

t herapeutically 10effective concentration an yaluronic acld or a salt

t hereof at ephtimémapaegeni cahprisiigf £ P2Y i reeeptonagoistat h eierapeuachliyificgved at one

time, and also refers to a matter that an .ophthal m ¢ agent conprising a
P2Y2 recept ‘Eﬂnc%fa@ﬁ‘iogtanéla“ Qp%ﬁ%lfrﬁbé%ﬁ“it EQmpyisisg thyakurqric agid é‘éﬁﬁ?lg&emf&h@ an

opht hal m ¢ @eRBEukAPEfedg BYAnHLOM Ereaaghﬂnﬁgfr@d &ggrtateté%%c?& uét ti6a|"1’191. and

f
therapeutical ly effective concentration are adm nister separ
sequehdi al | y. 15Inrthe heesent éseention, ihvetetin Stherepeatitaiyneffdchies apesehiratidd”y

ef fective copcentration” refers.to a concentratiqon a ich nmedj ci hal
agent exhi b ts> Ohaecoﬁlﬁgr_;}}:?él(%laga?%&lérﬁﬁcﬁFWﬁF?g’?élF E’Sflg’it%&%%%c gifat friion

medi ci nal  agembf insantepivith e AddLHRPiREET theichiNa@iRistered to thelePe t he present
invention, the specific "therapeutically effective concentration"” of the

P2Y2 recept or addrihepreaeny invgnijord dsespdtifly 'dherapraticglpestfastive henceotrptionids t o

be 20sel ect P2Y2 receptor aoni,.st, the dosage forns of the present
tr eat nent éggﬁ?v%b%&?%tg?#%és. = r‘agxg%ﬁflgl,ngvﬂ?etﬁe brpss E’g% CPEPEIRE O DGoni st i s
di qua2®sol selecedagltic RIY r@éﬁptortaﬁsmktlﬁfeamugé £t of eef f6dehy ReRBAEIIhAL | ON

is 0.01 to 20% (W v), preferably 0.3 to 10% (W v), nore preferably 1 to 5%

(W v) when el hdioresampleivharthe £2¥e reespet agonist is diquatosol or a salt
thereof, the therapeutically effective concentration is 0.01 to 20% (w/v), preferably 0.3

to 10% (w/v), more preferably 1 to 5% (w/v) when an ophthalmic solution is selected
as the dosage form, and is 0.01 to 20% (w/w), preferably 0.3 to 10% (w/w), more

25 preferably 1 to 5% (w/w), still more preferably 3% (w/w) when an ophthalmic ointment
is selected as the dosage form. When the P2Y} receptor agonist is UTP, ATP or a salt
thereof, the therapeutically effective concentration is 0.01 to 30% (w/v), preferably 0.3
to 20% (w/v), more preferably 1 to 10% (w/v) when an ophthalmic solution is selected

as the dosage form, and is 0.1 to 30% (w/w), preferably 0.3 to 20% (w/w), more
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as the dosage form and is 0.01 to 20% (ww), preferably 0.3 to 10% (W w),
more 25 preferably 1 to 5% (ww), still nmore preferably 3% (ww when an
~ophthalmc ointnent is selected as the dosage form Wen the P2Y2 receptor
agonist is UTP, ATP or a salt thereof, the therapeutically effective
concentration is 0.01 to 30% (wWv), preferably 0.3 to 20% (wW v), nore
preferably 1 to 10% (w v) when an ophthalmc solution is selected as the
dosage form and is 0.1 to 30% (ww), preferably 0.3 to 20% (W w), nore
preferably 1 to 10% (W w), when an ophthalmc ointnent is selected as the
dosage form In the present invention, the specific "therapeutically
ef fective corefemblyaltiod®% o¥/whywher andphthalimdc omtmestak seledted eotheidosfkedbrm.o 5%

(W v), preferabl .05 to 1% (wWv), nore preferably 0.05.to 0.5% (W y)
still nore pref e?‘%%\efrﬁs.elf ipge l.og%h(:\ﬁf?f‘)lgﬁh raé’ﬁ“%‘?ﬁ%‘ﬁﬁﬁ%ﬂi’%c%?ﬁ%étmypg
sel ect ed ashydl@rodSa9eof DEM thaef isD.G @%%Qwﬂa@‘,’/?x(ewrmly ORsethaRa Pivit) Ombre
5% (Ww), nore preferably 0.05 to 1% (ww), still nore preferably’0.1
0.5% (w w) Wwrederably Gefetod]. 396 terio), $18] meteapretatally Ot lhio UD$awev Fwhen aThe
concenkrat i 2 di I t hereof',. " roa Salt thereof',
TATP op 3 s PR finie SUBHALR3RM0 B o uRHkab O g ing 1 4 oo B6F R ' (e

present i nvpreférably 000y 96 (Whe, ﬁx_@&‘;@@fdf@l’éli[ym% 186 (Wee), 5@ MdRé prfsably of
di quaf osol, UTP, ATP or hyaluronic acid. In the present invention, "dry

eye" is def Prda Oayo (a/vorivham an aye vermenoissgleciedgs ithe dasage foreh. a cor neal and
conjunctival epi I by: I f LS WY LS o] ni ed by
an ocul ar disco ggkbﬁaﬁgﬁeﬁﬁgf %‘lqg%f?g glr&'a S%ﬁté}%é?dyf @M}?aﬁibﬁr?ﬁ%g%reg% nt

15i nvent i on“AfiElondeslt kerafocofhyaluesniv atidorsi salt sherdSES)n thendehsmvengdnudes
bot h igar- deficient dry eye gnd evaporative dry éEe;ye. Tear-deficient dry
eye i $Ucl as@RY Pedhs sansetiralion pba fise S ped salf ehdigpafgsdnUsPnadBms and

non- Sj ogrenhﬂm%%i&ype dry eye. Non-Sjogren syndrone-type dry eye

i ncludes: dry eye associated with a tear gl and di sease such as congenital
al acrima, 20sar chbi thepresentamengionf tdry eyeSuis defisdd abi‘achsenid Bl crssviagai ed
wi th bone marrow transpl antation, dry eye associ ated with tear, organ

obst ruct i on'°8Y CQWCEEE{&‘? ‘é?anréﬁWﬁ‘dﬁﬁ@eﬁ@‘@\‘}%ﬁﬁ’sbyJYﬂﬁWé‘éﬁacé‘gfﬁd‘ﬁ’h’ﬁb 1St rachona

or the | i KeicBaf¥e b?as Bua SSathioR hRSidBTESARE, ¥ N Figf tion
caused_by di abetes, kgr atorefractive spréery LAS k: q}%sdé??yélgg{hgﬁjgﬁgﬁi n
si tu k&r at omvertiesi is§ludes keraso¢ankunctizntid siwa ¢k CS2.5Ed aproriatludes ity teye i ncl udes
dry eye assogi at wi.th tthe decrease in an oily layer caused by nei bom an
gl and dysf u%eﬁcﬁe&g,gryb?yeepaﬁlgr'ei"?ﬁ%atbvre cfrﬁg?’?'i ke; dry eye associated with

I nconpl et e wi nki Tigar@efitREOIP ot & G¥RIfied IGlOEYE9e causREtdRyHEsRRRAI al mos,

| agopht hal nos or the |iKke; dryﬁg%/e associated with deterioration of the
stability obndeme andnnnetiogign shrdramartypr) dof eyeoniNeotSipgisd syndhogedype dry

associ at ed é‘)\ﬂetigclﬁ&%: dry eye associated with a tear gland disease such as congenital alacrima,

to
to

20 sarcoidosis, and graft versus host disease (GVHD) associated with bone marrow
transplantation; dry eye associated with tear organ obstruction caused by ocular
pemphigus, Stevens-Johnson syndrome, trachoma or the like; dry eye associated with
the decrease in reflex tear secretion caused by diabetes, keratorefractive surgery
(LASIK: laser(-assisted) in situ keratomileusis) or the like; and so on.

25 Evaporative dry eye includes dry eye associated with the decrease in an oily
layer caused by meibomian gland dysfunction, blepharitis or the like; dry eye
associated with incomplete winking or incomplete eyelid closure caused by
exophthalmos, lagophthalmos or the like; dry eye associated with deterioration of the

stability of tear induced by the wearing of contact lends; dry eye associated with the
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decrease in the secretion of nucin froma goblet cell; dry eye associated
wi th 'VDT operations; and so on. In the present invention, the term
"treatnment of dry eye" is defined as the inprovenent of all of pathol ogical
synptons and/ or observations associated with dry 5eye through the pronotion
of the secretion of tear or the |ike, and includes the inprovenent of

subj ective synptons associated with dry eye, such as a feeling of dryness
of eyes, an ocular disconfort, a feeling of fatigue in eyes, a feeling of
heavi ness, a photophobia feeling, eye pain and blurred vision (hazy
vision), as well as the inprovenent of hyperem a associated with dry eye,
ker at oconj ufileareasgin b iseqieliqreet marin fiore eedblgheelk drveye associated wathpyBEent
treatment a .may. be fornmulated into a m xed opht hal m ¢ agent by m xi ng
t he P2Y2 regéﬁ%%ggaH@ﬁPéﬁ; hyal uronic acid or a salt thereof, and a

phar maceut i cal | yira@e gpisediligveadeh,tthy rin0giahigént i dresfd) QY H66haa gemer al |y
used techni que. Alternativel a pharmaceutically acceptable additive may

be added t oiepEverBmS phal éﬁ%g‘é}ﬁ)g’é@oﬁﬂ@@o@ﬁ apd/ar opssavations hesoeipted vl dry
thereof, r eé%etﬂdu\éﬁg?/ mr%gtiaﬁ Bt IS SELEACH oflelt &lr zlﬂé nﬁ@.yaé}a%n&ﬁ&&l{h@t edAnaS

si ngl e-entity opht C agents using a generally used technique.

opht hal m ¢ sxpravément ob shjécsiiva gymploynsdisspradted elithatry @ys auth kdefeelihg 88 an
active i ngrgdi ent can be ‘{)rep&a\r ed in af:Cﬁrdan%e_ wth the nethod disclosed
in Japanesed2BREH S¥ APAtRHAISSOBHP LA TesHN&IGT T25Ebs 1m xsa0A feeling 9hipan,

" DI QUAS( ) i ., ani:396 i b DS i di um
as an acti vg&ib%é?gég}p gﬂﬁ%ﬁg(%&éa%ggﬁﬁ’eegf \?g!tnic%hrgqg?;rg# g@%‘%}’ %ﬂﬂg}gﬂi’%ﬁ;ﬁ%}l%ﬁal |y
avai | abl e. tha imgdhivenent, ofihypSrapamassopited avitti drysyk Litdratosorg amdttivahepiihpelball y
hyaluiﬁnic gci or ﬁfsalt t hereof as an active ingredient, such as

"Hyal ef n(r) “OYAREHRAPATL %0l uti on 0.1% , which contains only sodi um

25hyal uronat e asTRpragdnt ¥eatiRal AhERhy 8L GmAORNEE b AlrhRBd 8phiflalhie any) . and
"Hyal ein(r) Mni ophthal mc solution 0.3%, which contains only sodium

hyal ur onat eb¥asixng teth2Ve reqegros @gemist, hyaluronomanidor asilothersof,Gnd% (W v), are

al so commergi al | vaj |l abl e. ... In the present invention, the present
roatmont - agtareseetidly fafans addisys Pabftr RATEG By Ry aboT e rode. of
admi ni str at feekhi@le. t PMateprRISERT a bh@RidBRIcalY@BEeptdbld ARt vORH) 8E alldiilth kikeal | ON

(including topical admnistration to eyes in the formof an ophthal mc
oi nt nkhit ), BINciSEERRTAgPs oryid yipmie peidi s, sal dhereels rasnedtivalys and the

COn NSty eaBh A0 W b AARCAUTL AR ARY SPhin e gk SLsibg's ! 2t on
generally used technique. '
An ophthalmic solution comprising only diquafosol or a salt thereof as an active

ingredient can be prepared in accordance with the method disclosed in Japanese

20 Natjonal Patent Publication No. 2003-160491.  In Japan, “DIQUAS® ophthalmic
solution 3%", which contains only diquafosol sodium as an active ingredient at a
concentration of 0.3% (w/v), is commercially available. In addition, in Japan,
ophthalmic solutions containing only hyaluronic acid or a salt thereof as an active
ingredient, such as “Hyalein® ophthalmic solution 0.1%”, which contains only sodium

25 hyaluronate as an active ingredient at a concentration of 0.1% (w/v), and “Hyalein®
Mini ophthalmic solution 0.3%”, which contains only sodium hyaluronate as an active
ingredient at a concentration of 0.3% (w/v), are also commercially available.

In the present invention, the present treatment agent is administered topically to

eyes. Examples of the mode of administration of the present treatment agent include
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In the present invention, the dosage formof the "ophthal mc agent" is not
5 parficularly limted, as long as the agent can be used for topical

-~adm nistration to eyes. Exanples of the dosage forminclude an ophthal mc
solution, an ophthalm c ointnment, an injection, an adhesive patch, a gel,
and an intercalating agent. Anong these dosage forns, an ophthal mc
solution or an eye ointnent is preferred. The dosage forns can be prepared
usi ng conventional techniques that have been generally enployed in the art.
10l n addition to these preparations, the present treatnment agent may be
formul ated into a preparation for intraocular inplanting or a preparation
that i s nodpéulednstdlation (incldingubpiadlladministratiair togeydeln the fyrns yBareopHtRibBjc such
as a mcrosphere. . The .ophthal mi ¢ sol ution can _be prepared using

addi tives vvﬁ’ingrﬂerﬁ}‘f é“%‘i"&ﬁlé‘FPY/als?‘BF‘é‘Bftéa&mPr BARITTALORYO HseRpringtiv sasadodi um

chloride, pgiragiehdh @hRibERiANEhdREOR SRR & &ﬁEJirl%ngre?éﬁéd‘?_ri ng agents

such as sodi um phosphate, sodi um acetate and epsilon-a ocaproi c acid;

surfactant s suchlnatbe prdsymixyedninphcthe desgbifomm ofithedobbthhimic peéntdisyot 40
stearate and oll%(l_?xgetth Ier]e h%g&h?gen tedbcast oi l.; s‘%abi.l i zi ng agents
such a8 sodPUHTERTY 4PE°5ft "S¥ Y SRR be 43 197 [piea) agpipistalieRie e¥ich as
benzal koni uakaah¢le§ bt 0hep F6rab RIS ah @PHiHaBHIc sBARIoRHuY GdHIRaIRfC bifBnent,

opht hal m ¢ 20sol uti on may be any one, as long as the pH value falls within

t he opht hal # E¥fchign.a2aashesivs patelh ggs!. apd @njistersatasinglaggntpr dfwangishgsediosages.
The eye oin t,.C r [ i.cl h s been used
general l vy, I?E@E agsoq)\%??gﬁﬁe%ﬁg){ ﬁegﬂ%&lﬁgﬁl}i lgp geaf%rzrst%#i %e ég’sage fOriS can The

i nj ection cenpieparpd egiag ecnwestiogal aschaddes thee hhvwbechgepsale einployed acthedrd r om
25tonjcity agents such as sodiumchloride; bufferi ng agents such as sodi um
phospht e Hopdn these prsparstions g wnh reement agest may bedeetlatad énto and

t hi ckeni ng | 4l . i . | ht.ercal ati ng
agent can b@g %ﬁ%‘é@gg tglld%f)u vg‘?{él?ﬁﬁ% %ﬁ?ﬁ?ﬁlﬁtﬁ%fgﬂt){sg%%dég%g%db et86’§| yner
such as hydsuipleforpgiugdelivery sgsemtPDS) xyclpaopylicrogiteyd. cel | ul ose, a
copr 6551 ng. and HEt SRS A .5 PBOTAEEY VS Bl TS i B TR 3

bi nder, a séephiddi fEd A8 Moend sBEh &Nodirh @Plg%gi@,%?tgsilﬁlb&lbﬁéf@%d?y be used,

if necessary. The preparation for intraocu anting can pr epar ed
usi ngl&a 5bi wdeentrattaid]pcapiol Yuifering agentasuplo by $aittm phasphdte, paliyglagetaleiandaci d,

he pr esent ONTERETREP DRt Bt dih g e sr B ERY sorblan FoRbolagient may
vary properpolyckgPen sieaatetindtgotydi9shgrné By dogERIaY &fdtorloflesEbishb ettt t he
condition, age and body weight of a patiéent to which the present "treatnment
agent is tcubleassodium citrate and sodium edetate; and preservative agents such as
benzalkonium chioride and paraben as required. The pH value of the ophthalmic
20 solution may be any one, as long as the pH value falls within the ophthalmically
acceptable range, and is generally preferably 4 to 8.
The eye ointment can be prepared using a vehicle that has been used generally,
such as white petrolatum and liquid paraffin.
The injection can be prepared using an additive that is properly selected from
25 tonicity agents such as sodium chloride; buffering agents such as sodium phosphate;
surfactants such as polyoxyethylene sorbitan monooleate; and thickening agents such
as methyl cellulose as required.

The intercalating agent can be prepared by pulverizing and mixing a

biodegradable polymer such as hydroxy propyl cellulose, hydroxy propyl methyl
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10adm nistered, the directions by a physician, and the |like. For exanple,
when an ophthalnlc solution or an ophthalmc ointnment is selected as the
~dosage formof the present treatnent agent, the ophthalmc solution or the
opht hal m ¢ oi ntment can be administered topically to eyes in 1 to 10

di vi ded doses per day, preferably 2 to 8 divided doses per day, nore
preferably 4 to 6 divided doses per day. The dosage 15regi nen neans the
dosage regimen for a m xed ophthal m c preparation conprising the P2Y2
receptor agonist at a therapeutically effective concentration and

hyal uronic acid or a salt thereof at a therapeutically effective

concent r at i eallulase, \a/e:htboasvmj’ﬂqaorﬂxmergﬁ pobgicngiv dodd withclesgresent whmpburahand

opht hal m ¢ agent conprisin 2 recegtor agoni st at a therapeutically

t
effective cGRERHSFRERBH DG 36 tﬁ%‘l RAW %{g}éfhﬁreg’o??p"i”i%ﬂlﬂ’& 2brden ar oni ¢
acid or a satdbillZney £ht, @tpfﬁai]lﬁk@lhglagéﬁt'o&:%é Mk@frfa@%% 'ugﬁi ceRLLation are

admi ni stered separately and sequéenfially. Hereinbelow, the results of
phar macol ogi cal tE@tpSCMIOprfelpatraQQUdm impdantingsan be psdpared. ushtgvnever t hese

o esent i v e 8 PR ERRicr e LR A G e Pl A, irete apid-gredic
present 25i avidnbpomeES AMRIES ;BxBFy’ﬂlrdﬁlﬁmségl cal test 1] The change in
the tear fluid volune can be eval uated by nmeasuring the value of a tear

Meni scus ar ea stap H‘@@rweﬂwn&emlouothéﬁééﬂ regdmenof e prEent tra@jmentRgent, m#8( 3) |

area val ue arverornt eehdf R GRESEAR oRRIa 95, B Soh<aaie whi ch

is a P2Y2 ragcemd)uso@gmglstqfaqmderaodmmmalpumﬂm@tmﬁ@g&& ivesbeval uated in
accor 3nce wi.th.the thod. K of Murakami et al. (Ophthalmc Res., 34,

371- 374 (20891 )mste.rrsfi«'}@ e fBecHons hup ®hyrrien, anhibe dike slf@rqxgmp eepdienghon

nmet hod) ovh ggi) hos

buffer sol ut ﬂ‘myg‘hg@%%’z@u aéorl %rlr?c?: agr%ﬁ%% Sa%% &ﬁfum

chl ori de angreaenskteatinans gengy, thgep’hthadﬂn@sdddeniot ﬂletobﬁthbfrﬁlubﬁlﬁﬂienﬁ@ﬂntﬁd on to

repare an ot oni ¢ ,and neutral .aquequs, solution (1 nm), which was used as
: 350 di quaf Iaira}mg%rag fﬂﬂ“&?@ﬁ'g?ﬁl’qﬁlﬁ?gﬁﬁﬁl‘jﬂﬂﬁeé’ﬁé’ﬁeﬁpé days Pref“{l!@éﬁ 24a 8 ar'tjl ficial
tear sol uti Qﬂladed%fsés p%@@ﬁf’%oreg %th%?ég so f\)ﬂe%cho@%é(agge Op%gtﬂstag

Phar maceutl cal O d. was u I um hyal urona

sol ut itén, H;gahel n(ear)s prﬂosmge rdgimem fartai miked. optthaimicfrepatatioacoaipdi sl tHe by
Sant en Phar euti cal Test nmet hod and_ dr.ug

admi ni stratf oh? W@FW%?gofSS,Kaba %@/SaPF'&H'Tag}’é @ge%“%%?q}i‘f’f'lﬁff‘“@ﬁ aﬁﬂﬁy?rb&?mc acid

admi ni st er egr D&lOtharebfaa tHBAP& RIS PSR el BREINLAYE,| ag or mal
mal e white rabbits (40 eyes gf 20 }(raabbl tg in tnota , %q%%:%?%é?aph of

the tear merfiggaesiorazrseinsviicnimenhtivlmic gand lcempnslng ﬂmdtmul rateptbri agohise
eyelid was f the s |ned ear i scus art i.n the

phot ogr aph %Agagtﬁ%g a0 Caﬁ %Csllvﬁﬁo?‘?‘?gg BYhaT %‘?gptgggfl%?g@n SHBPEHRE r esul t ant
val ue2@as ehyllwyeid sdkl @& a salt thereof at a therapeutically effective concentration are

administered separately and sequentially.

Hereinbelow, the results of pharmacological tests and preparation examples are
shown. However, these examples are included merely for aiding the understanding of
the present invention and are not to be construed to limit the scope of the present

25 invention.
EXAMPLES
[Pharmacological test 1]
The change in the tear fluid volume can be evaluated by measuring the value of

a tear meniscus area stained with a fluorescein solution (Exp. Eye. Res., 78(3), 399-407
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20basel i ne. Subsequently, an artificial tear solution, a 3% di quafosol

sodi um opht hal mi ¢ solution and a 0.1% hyal uroni c acid ophthal mic solution
~were administered as follows. Artificial tear solution single

adm nistration group: the artificial tear solution (50 pL) was instilled
into eyes once (eight eyes of four rabbits per group). _

D quaf osol single adm nistration group: a 3% di quaf osol sodi um opht hal m ¢
25sol ution (50 pL) was instilled into eyes once (eight eyes of four rabbits
per group). Hyal uroni ¢ acid single adm nistration group: the 0.1%
sodi um hyal uronate ophthalmc solution (50 !IL) was instilled into eyes
once (ei ght (8Y@4Q).ofTHeputhe raab:mouseemé @ Cé}ﬁ!agﬁpyn the Riaguehissied draz valie efter the ear

sol ution condi nat.i,on_ad tr s after the

St i ot ot rone kRl o b oL i il r Y5 Sr<gpl AL 1d ) o
eyes, the arbiiubChylurb@as t&@eﬂiﬂa@@vz{lﬁﬁe@hﬂ adR$danBS (ith [tBImiefHod. T WBSrakShight
eyes of four rabbits per _gro uaf osol / hyal uroni ¢ acid conbi nation

adni ni st r at bl é@@fﬂbﬁlmﬁ }&@5 rﬁ4n9? b§7$gir’q()@r)) tiaginasnel male ivdntegabhitse 3%

di quaf gsol §BW? oI ution (50 !'IL) into eyes, the 0.1% sodi um
hyal ur onat e "op m c so on (50was instilled into eyes (eight eyes of

four rabbits per Rjguafpgol sodlum (30ig) Waesipsmtvetlcmhbhos;fhhtefbuffeaholhﬁam ag®l ution

singl e adm ni strati roup, the diquafosol single adm nistration group,
and the hyaPglsHie °§@1 e sSOR I CHlQR %!kpléﬁml%éq Hlepnd B Rhipdiustirg ageat 35

m nutes aft gferd AfteddMRirsdui@hd é?)'ihtlcﬁ‘l tQ'p b h&?(s@ﬁ)‘ﬁgi Jhd%%luﬂaf ebits éoth{'o)n was
instilled onto a tear neniscus of wer eyelid, and a p tograp of the

tear meni sckmdi)awhiel was tikedf dsm?r%shquan“om sediumatphthaimictsotut@yieh ittds was t aken.

On the other, hand, _with re ect t he di qug;lfosollthe artificial tear
sol ut ?Qn cor%ﬁu%‘?m%%aléa%sa PPatq %‘réfﬁ’i“@ﬁp O-ard mansfagtyed apdseld bedanishoni ¢

aci d conbi nahheihcadlanEs! [al AR ulQd" AkPa séfﬁmwmahﬁ&m@%ﬂﬁﬁaml Wies @ftef

t he adm ni stratlo% of the first agent, the samé procedure as or the groups
each admi ni sHéalerm wiphthabmisisolgkien le&hfrrmasfap@lrefcbmdesold ¢ ESaitermPhamaceitival)
The change ICn (g t ear (genl scus area before and after the adm ni strati on of
each of the 8r’ WBISE%l cul ated as "A tear meniscus area val ue". The A

t ear neni scmsesafr@a,oa%ghg% AmisReRtisERstHAyent value is shown in Fig. 1. In
Fig. 1_ each value is an average value a standard error with respect to 8
ex arrpllé s. (Resul $s9.1% fluorescein solution (3 pL) was administered onto a tear meniscus of
the lower eyelid of each of normal male white rabbits (40 eyes of 20 rabbits in total),
and a photograph of the tear meniscus that was stained with fluorescein accumulated in
the eyelid was taken. The area of the stained tear meniscus part in the photograph.was
calculated using image analysis software, and the resultant value was employed as a
20 baseline. Subsequently, an artificial tear solution, a 3% diquafosol sodium ophthalmic
solution and a 0.1% hyaluronic acid ophthalmic solution were administered as follows.
* Artificial tear solution single administration group: the artificial tear solution
(50 uL) was instilled into eyes once (eight eyes of four rabbits per group).
* Diquafosol single administration group: a 3% diquafosol sodium ophthalmic
25 solution (50 uL) was instilled into eyes once (eight eyes of four rabbits per group).
* Hyaluronic acid single administration group: the 0.1% sodium hyaluronate
ophthalmic solution (50 uL) was instilled into eyes once (eight eyes of four rabbits per
group).

* Diquafosol/artificial tear solution combination administration group: Five
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ILn the diquafosol single adm nistration group, an increase in the tear

meni scus area val ue was observed both 10 minutes and 35 minutes after the
adm nistration. On 25the contrary, in the hyaluronic acid single

adm ni stration group, a slight increase was observed 10 m nutes after the
adm ni stration and an increase in tear neniscus area value was not observed
35 mnutes after the admnistration. On the other hand, with respect to the
di quaf osol / hyal uroni ¢ acid conbi nati on adm ni stration group, an increase in
tear nmeniscus area.value to a greater extent than that in the di quafosol
single admnistration group or the hyaluronic acid single adm nistration
group was obseutesafiepdtetrdionisiratinnest thﬁé%:%@qunmlegdiam ephthdimiashiuntmirsfSOat i on
(i.e., 5 mnutes and 30 .pinutes after the.adm.ni stration of .the second
bgent) . wi't AL} EaBE s gl el Gh o enaed 2io SYer g v S i on
adm ni strat }&Bitg?ﬁlﬁoup}m y an al nost equivalent |evel of 5increase in tear
meni scus area value as that in the diquafosol single adm nistration group
was observed. (Dt Biapskiseifyyaluronic agil qearinagfipacadminisiatieegoupnFivemirgedund

Art™, hyal urgni .6l .does .not, hay ..secretion pranotiQn.action,
Nt un Py 1 pEOgf BSOS SRl RET AT B, RER GO Sk Henac e
the tear nethedcls sadied Wyaluténad optithaldhic solntibeS0aflt)avastingilRdThidl &5k adighan.

Nevert hel ess, when the 3% di quaf osol sodi um ophthal m ¢ solution and the
0. 1% sodi unf¥fy &f {rus Fhbéts BphEREPI ¢ sol ution were administered in

conmbi nati on, sur@fis ; ' ki e val ue was
observed in a pewlgq?e%%% %’getﬁe %@ﬁ%&g}t@gg&gﬁ%%ﬂ%@ﬁ%&&%@@r £ ?%ﬁﬁ%f t he :
first agent dignafo88 smgheddasinikfrafisregrouheanddht hyatuoaid aid sihgleh@nfinissatiagent
conpared with that achiev by. the single adnmnistrations of each of the
opht hﬁ mic %rapﬁtk%dﬁgl}l@ﬁnggﬁéﬁﬂnm eﬁ?rt ¢ admInigrtioaet Bd  RUgressiHbiPlet 306

di quaf osol - adh)maRRNRAIA Fa £l HEhQRsTnd %D IS A ¥ PHBBHHACR A

opht hal m ¢ sol ution are adm nistered 1 n conbi nat y | arger
| evel of preanmemscusftaredrwisenatsoem dceamubuied indhakydid wistakerac HDethed by

singl e 20adnm ni.strations of each.of .t he ophthal m c sol utions,. was observed.
Ao St at o aBBvEE MG Rt st Becfiart TR R e e SEaiettogn

promot i on agdrhiaRtre@éh BBupaRd EHqMRRR /By &T8réaid £4E B APindINAdhin®rafion

t herapeutically effective concentration and hyaluronic acid or a salt
thereb? at grovhdlapaytes end Py muinptet afies dhe adrasngiration of therferstagentithe ssmed i n

exor bi tal 1R RPEAR PeETert B pRteres rith 8T el G Y bsed as a
nmodel for eEahlatibmgethday apeutic effects on corneal epithelial disorders
i nduced by dry eye, and has al so been used as a nodel for eval uating
t herapeuti c ef f ebeschapgimthe faar Bsniseusagembalpss qndrafiss the adprinistatien of edck .
Sci ., 42( 1)0f HO drugs was calculated as “A tear meniscus area value”. The A tear meniscus area
20 value at each measurement value is shown in Fig. 1. In Fig. 1, each value is an
average value + a standard error with respect to 8 examplés.
(Results)
In the diquafosol single administration group, an increase in the tear meniscus
area value was observed both 10 minutes and 35 minutes after the administration. On
25 the contrary, in the hyaluronic acid single administration group, a-slight increase was
observed 10 minutes after the administration and an increase in tear meniscus area
value was not observed 35 minutes after the administration. On the other hand, with

respect to the diquafosol/hyaluronic acid combination administration group, an increase

in tear meniscus area value to a greater extent than that in the diquafosol single

-41 -



100 (2001)). Using a dry eye nodel which is additionally applied airflow to
the rat nodel, it was exam ned whether or not an inprovenent effect on
-corneal epithelial disorders could be achieved by the adm nistration of a
P2Y2 receptor agonist at a therapeutically effective concentration and

hyal uronic acid or a salt thereof at a 5therapeutically effective
concentration in conbination. (Method for producing dry eye nodel s)

Using a male SD rat, a rat nodel fromwhich an exorbital lacriml gland was
exci sed therefromwas produced in accordance with the nethod by Fujihara et
al. (Invest. Ophthalmol. Vis. Sci., 42(1), 96-100 (2001)). That is,

sor nnopent y ladmasstidfiad grovipsireheblydwonicacidasingle agmisisgativar @bupmas bhesved, an

exorbital lacrimal.gland s .excised fromthe rat, . and then ai ow (for 8
Woeke) s T 1 BGPTSR BEE SRR AQTV G R E 3 EBRRe 41 SbIVMEFS a
di sorder. (RFEOhPbERR:AMakON oFBHcROEndlBeht)e IARRrABANES ttRidtAfosol/artificial

Phar macol ogi cal test 1, a 3% di quafosol sodi um 15o0pht hal m ¢ sol ution was

prepared. " S@f solghen ecambinationddaunisiraipragrdupodnly by aBaastequiPhlzninieed wfi cal

Co., Ltd. was _used as an.artificial tear .solut.ion, and " lein(r.
onht naPin o TRSE B 28 B0 atrealts S BB Sy s A M it 1 ca
p
Co., Ltd. wasoupseg obser@ied.0. 1% sodi um hyal uronate ophthal m c sol ution".

(Test nmethod and drug adm ni stration nethod) 20To the rats for which a
corneal epi {ABPEssIONYi sor der was induced, the artificial tear solution, the

3% di quaf osol sodi | ug] nd e 0..1% hyal uronic acid
opht hal m ¢ sol ut :‘;Lglrﬁggvr\]gggécgl ntlmnlgesC?1 girl egh%ﬁ%d %‘gtl 1%}%811 aﬁ';]éefo.es foffiave a

Artificial teaasecsaontprémotongltionadAiciali s thkioor, Gyeluponié held aphihhingical tear
soluti.on (5 uLg.was instilled into both eyes 6 tines per day for 6 weeks

| y
(ei ghttOeyes seJptignydid nphingreass ibie tegr sigpyscus area valueyyy gll 3p grinateg after the ngl e

adm ni strat i gn; -t j I 1 0, ton (5
gL) was ins'%1 @Ppg%ﬁ Pﬁrtl'o Iga%hé%sz%g{e#?ﬂ%%pde{égﬁ%&fs g@n%jh%@asmice%og t%O%eyes of
four rats pemnd thedupd) sodiindiyafuste spinigdlmiadstiitions wesdt adamningtevedin t he 3%

di quaf osol sodj.um. opht hal .m'lc ol ution (511#%@\/\/&5 instilled into both eyes
6 times per “YaYE ?88‘1%‘&%% V¢ BiZ5RE NGSTFESC BY lCRMFNISCHSATFRYalYg Wapgbserved in

Artificial aﬁleﬁo@pétw&érpm Baliay ik &e%hﬁn&%ggbﬁaf 'h@fqr gigkmﬁhrﬁtdq@ﬁfe@r oup:

the artificial tear solution and the 0.1% sodi um hyal uronate ophthal m c

sol ut 16n ( 5afkerithe ddminteragon ofvbe dirstagentldoatparat with that achiewedoyt thesmglrer day

for 6 weeks (six eyes of thr r er oup) . . .

Di quaf osol / # ’!“{ﬁtrﬁﬁ?rbs (ﬁa‘éh Eﬁﬁﬁl{’agt_?‘ﬁlg’ﬁc égﬁﬁt’ﬁgét r B9t "_tj‘?réitrit. iscapsideypd

di quaf osol  gfadiwheh e RdidliaosdPddiiR BpRitdihReofibioasa Fhdion HydHienat e
ophthal mc solution were instilled m?q both eyes 6 tines per day for 6
weeks (ei ghhyabyresatepplitbalmic solution are administered in combination, a remarkably larger

level of promotion of tear secretion than sum total of those achieved by single

20 administrations of each of the ophthalmic solutions, was observed. As stated above, it
was suggested that a remarkable tear secretion promotion action can be achieved when
a P2Y; receptor agonist at a therapeutically effective concentration and hyaluronic acid
or a salt thereof at a therapeutically effective concentration are administered in
combination.

25 [Pharmacological test 2]

A rat model from which an exorbital lacrimal gland is excised therefrom has

been generally used as a model for evaluating ther'apeutic effects on corneal epithelial
disorders induced by dry eye, and has also been used as a model for evaluating

therapeutic effects of P2Y; receptor agonists (Invest. Ophthalmol. Vis. Sci., 42(1), 96-
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10rats per group). Anong the rats for which a corneal epithelial

di sorder was induced, those rats to which no drug was administered for 6
-weeks were defined as a non-adm nistered group (eight eyes of four rats per
group). Six weeks after the initiation of the instillation into eyes, an
affected part of the 15cornea was stained with fluorescein, and the
occurrence of the corneal epithelial disorder was determ ned in accordance
with the nethod by Murakam et al. (Journal of the Eye (Atarashii Ganka),
21 ( 1), 87-90 (2004)). That is, with respect to each of an upper part, an
i nternedi ate gart and a lower part of the cornea, scores of the degree of
st ai ni ng wi 00 f300d))es &bing avby @yeetodehwhiztt i additional Yaappheditflow e therrat er i a
menti oned 20b Ielgv¥ and the .average val ue. of the sur#et otal of the scores was

cal cul at ed. MoJChk oK sramiped WL opnovan ynprgyerent gifect angorael spighelial e 0. 5

was set. (Dafsgfdets@uldBe shidved bpthedidnfilst@tigh BES P2Y, receptor agonistht aSPAr sely
st ai ned, wherein dot-shaped stained parts were di stanced ?r%m each 25ot her

2: the degr Berapeuideally ifieetiveeconaerdwtian end Wyelueonic sader afaltterestiaped st ai ned
parts re ' n oceach other .. . 3:. densely stained, wherein
dot-shgged s%ga?’%‘g%éaggreﬁga\?grcé)nge el f%mglrﬁl@g%ot her (Results) A
graph of ca(Methad éet grodieigsdeiege siodeR) Ng scores for each group is shown in
Fig. 2. Inthis %raph, each of the scores is an average value a standard

error for 6 or 8UsR&mpnels SD5AS agpimpén ram ovhich & exorbital lagmendhglindrveasi ¢ aci d
o Rough St thartflof v ICed DFabANALORR 8L RIBAIO T BRI S0l O 97 OUP

al t hough the tendency o rovenent uorescel n starni ng scores wa

observed, tfevistmOmvieimol ihdci.c40{1 h96cldts20et Bd ahatheisomnspaiylstascal |y
Si gnif{%cant S.not observed. On the other hand, in the
di quatBsol /?f{f@ﬂﬂ%?ﬁ@ &1 (¢ 8ivBigaasrrlaestssiai an perbitah lagria glandveask abl e

o Ovement o4l SR S U OALI S50 SR ol LA,
t est (when wwonpacecomdahepithelialatisaderi ni st ered group)). (Discussion) As
apparent f r&pu}g Bleep%rba i\(/)g-mne%g\otd)oned results, it was denonstrated that a

~ In the same manner as in Pharmacological test 1, a 3% diquafosol sodium

15 ophthalmic solution was prepared. “Soft Santear” manufactured and sold by Santen
Pharmaceutical Co., Ltd. was used as an artificial tear solution, and “Hyalein®
ophthalmic solution 0.1%” manufactured and sold by Santen Pharmaceutical Co., Ltd.
was used as a “0.1% sodium hyaluronate ophthalmic solution”.

(Test method and drug administration method)

20 To the rats for which a corneal epithelial disorder was induced, the artificial tear
solution, the 3% diquafosol sodium ophthalmic solution and the 0.1% hyaluronic acid
ophthalmic solution were administered in the following manner.

* Artificial tear solution single administration group: the artificial tear solution
(5 pL) was instilled into both eyes 6 times per day for 6 weeks (eight eyes of four rats

25 per group).

' * Hyaluronic acid single administration group: the 0.1% sodium hyaluronate
ophthalmic solution (5 uL) was instilled into both eyes 6 times per day for 6 weeks

(eight eyes of four rats per group).

* Diquafosol single administration group: the 3% diquafosol sodium ophthalmic
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15severe corneal epithelial disorder that cannot be treated by the single
adm ni stration of each of the ophthal mc solutions can be inproved by the
~adm nistration of the 3% di quaf osol sodi um ophthal mic solution and the 0.1%
sodi um hyal uronat e ophthal mi ¢ solution in conbination. In other words, the
adm nistration of a P2Y2 receptor agonist at a therapeutically effective
concentration and hyaluronic acid or a salt thereof at a 20t herapeutically
ef fective concentration in conbination is expected to have an excel | ent
therapeutic effect on dry eye associated with severe corneal epithelial

di sorders. [Pharmacol ogi cal test 3] For the purpose of examning as to
whet her or Adttiem (5 Werwassastiliedtintarbotiestiescutimes par dagifore® wiesk soleibt wed ofhen a
P2Y2 recept ?(L q&gﬁ&st at, a therapeutically effective 25concentration is
conbi ned w hyaFu "acid or a salt thereof at a concentration which is

enpl oyed as an ad@klrﬁﬁéd@l,te&rﬁﬁldtﬂoﬁﬂlvﬁﬁkﬂxﬁ@a@iﬁ c@nﬁ'ﬂ?&"cmn'aﬂmﬁrﬂ@tr&ﬁﬁr rgﬁp'tl%é:us
area value after the sequential ocular instillation of the 3% af osol

sodi um and BRdIcH trapsrlyten and thy 8110 st hyakirenass glahtbdmm sdzlheomeﬁmnaL fienner

as in Phar ar t|on met.h

di quaf gsol n@& b%%g‘%t%l e%ﬁ}rlﬁocjzb Oého{' :ég“nrg o SR% S G yreeks (ts%eey%ﬂghﬁeefrfﬁ@r as in
t he above- npasrtgrmmad Phar macol ogi cal test 1. A 0. 002% sodi um hyal ur onat e
opht hal m ¢ sol uti epared by diluting "Hyalein(r) ophthal mc

sol ution 0.3% n@ﬂﬂ]ﬁ%&?ﬁw@%ﬁ@ agisl omiyinatina asmiplstiahercgoupcthe 3%o. , Lt d.

W t h physi ohaghead] t b t ho od)
Wth respect at 0 ﬁéorsﬁgih%ht&m?tsg@; bi tgﬂ‘?gj /é%e@ﬂg]fh%%; eb?lfq’st,m 'S ot al ),
a phot ogr apsolgionawtreanstittediirsc bsthtrsto6 emdseenday for Stwedks gﬂ%l@tfey@s of féfir Was

t aken Q)n t he sane rragner as in pharmacol ogical test 1. sequently, the 3%
di quatbsol EERGEMBSpht hal i c sol ution and the 0.002% hyal uronic acid

ophthal m ¢ sol ut AGRnWeHraRd8? Whithel @thdall epillee 1fapcll 5@:‘%{‘% Hﬂ&{dr ﬁl%gef‘ ﬁats

phot ograph of the tear neniscus was again ta en m nu
adni ni st r attoovhich no drug Bisqafinisetedsfonq vecekslwierd ddfinet 208 ngh-@UpriniklRRAd3%
di quaf osol sodi e solution (50 pL) was instilled into eyes once

(eight eyes®gFP ?ed%}%%y%%] W 35 PERBENR)-. 15 Hyal uronic acid single
adm ni stration ggjQumseks %r%@ﬁ?tr@ti%ﬁ@'f'tﬁ@ 1|fi¥ﬁlléffoﬂriﬁ‘ltoeey9§)%gﬁe@?e8 ﬁrqlowtﬂ on (50

4) was_ instilled into eyes once (eight eyes of four rabbits pe
Di quakdsol /9eyRaarasHiainekvith Suetsboean, iapd thiodcnirsnoeatf tbﬂC(g‘l’lO‘cﬂ[EpltEehaé m nut es

after the i % uaf sqdi mohhalmc qut (50
1S, L1 kb ataRlodle SOkl R PRBIRL TG SR 20, 0,
was instil IteeEyatAataeysis Gaakgh1(@),89- qof(zfoom)) r arhalls,smﬂﬁespé&wéach(o?%%u' ts)
upper part, an intermediate part and a lower part of the cornea, scores of the degree of
staining with fluorescein were determined in accordance with the criteria mentioned
20 below, and the average value of the sum total of the scores was calculated. In each of
the scores 0, 1, 2 and 3, an intermediate value 0.5 was set.

(Determination criteria)
0: not stained

1: sparsely stained, wherein dot-shaped stained parts were distanced from each

25 other

2: the degree of staining was moderate, wherein some of dot-shaped stained

parts were adjacent to each other

3: densely stained, wherein dot-shaped stained parts were adjacent to one

another
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The change in the tear neniscus area before and after the adm nistration of
each of the drugs was calculated as a "A tear neniscus area value". The
‘results are shown 25in Table 1. [Table 1] G oups A tear neniscus area

val ue (M) Hyal uronic acid single adm nistration group -0.497 D quaf osol
single admnistration group 1.127 Di quafosol /hyal uronic acid conbi nati on
adm ni stration group 0.928 (Discussion) As apparent fromTable 1, in the
di quaf osol / hyal uroni ¢ aci d conbi nati on 5adm ni stration group, although an
increase in the tear neniscus area values to a greater extent than that in
hyal uroni c acid single adm nistration group was observed, the action was
equal to or (Resms) t han that in diquafosol single administration group. In

h ds, i hat. the 0.002% sodi um hyal. te ..
ophthal i ¢ sol ut kG ABE A DI R B BmETeoRea eEh ERliRon SO0 D8t ¢ ne

3% di quaf osgl  &PGhiThsH RAEPGIhE sdoR&ak bh aQBragd\allB Btd QARKErE&eNor b br BAS
denonstrated that a renmarkable tear secretion pronotion action is achieved

when a P2v2¢cx@erlptor agonist at a therapeutically effective concentration

and hyal uroni c agi -1 he -her. ical. .f e
concen?ration ar%saaﬁgﬁﬁéﬁgbggi?hﬁggég'Ag fb% %ggﬁ&kﬁﬁgﬁé%gﬁg%}@%ngg%t 1),
15 and t hat tiehdiquassobsingle adafinistahyecupyaithotidtethP2fdechecefprowawnt i at a
therapeutically effective concentration and hyaluronic acid or a salt
t her eof at gueﬁﬁf@éhﬁtﬁlatqgéﬁommo ST thREPTaCeBENt Sapd can hecepsidered as

admi ni ster egeihg sﬁgmaﬂﬁgf-gﬁ{ﬁca.{np VA TRGBLRIEE ! of ﬁ?etotﬂ;r hand, in the

diquafosol/hyaluronic acid combination administration group, remarkable improvement
10 in fluorescein staining scores was observed, wherein the improvement effect was |
statistically significant (p < 0.05, multiple Tukey’s test (when compared with the non-
‘administered group)). | '
(Discussion)
As apparent from the above-mentioned results, it was demonstrated that a
15 severe corneal epithelial disorder that cannot be treated by the single administration of
each of the ophthalmic solutions can be improved by the administration of the 3%
diquafosol sodium ophthalmic solution and the 0.1% sodium hyaluronate ophthalmic
solution in combination. In other words, the administration of a P2Y; receptor agonist
at a therapeutically effective concentration and hyaluronic acid or a salt thereof at a
20 therapeutically effective concentration in combination is expected to have an excellent
therapeutic effect on dry eye associated with severe corneal epithelial disorders.
[Pharmacological test 3]
For the purpose of examining as to whether or not an increase in tear meniscus
area values is observed when a P2Y, receptor agonist at a therapeutically effective
25 concentration is combined with hyaluronic acid or a salt thereof at a concentration
which is employed as an additive, the time course of a change in the tear meniscus area
value after the sequential ocular instillation of the 3% diquafosol sodium and the
0.002% sodium hyaluronate was evaluated in the same manner as in Pharmacological

test 1.



The tine course of a change in tear neniscus area values after the
sequential 20instillation of 3% diquafosol sodium and 0.3% sodi um
-hyaluronate into eyes was evaluated in the sane manner as in
Phar macol ogi cal test 1. (Drug reparation mnethod) A 3% di quaf osol
sodi um opht hal m ¢ sol ution was prepared in the same manner as in the
above- nenti oned Pharmacol ogi cal test 1.Hyalein(r) ophthal mc solution
250. 3% manufactured and sold by Santen Pharnaceutical Co., Ltd. was used
as a 0.3% sodium hyal uronate ophthal mi c solution. (Test method and drug
adm ni strati on net hod) Wth respect to each of normal male white
rabbits (18(Eyl$proybar8timaxhbﬂ1bé) i n total), a photograph of a tear neniscus
each of the drug 5in the sane manner

was taken before t#} dm n| f
as in Pharmacol odt gyl So §BH§’§WP\C§F° Yoa ‘E%H?Rfﬁ%ﬁ ’@StBF SYBEMFRRET
opht hal mi ¢ g@}rithe @Bo@nﬂeﬁthﬂ'xe@ p%maolgrdamést @C' 4 eaonabdil h@@hﬂ&hﬁ@ wer e

adm nistered in the foll ow ng manner, "and a phot ograph 0 tear neni scus
was t aken agghthalaflc soluitn wasprtepared by d11ut1ng “HyaleirfJ aphétfaba soiaitngl(lﬂ‘y”

adm ni gtration gl t.he, 3% uafosol sodi um ophthal.m.c 10sq tlon (50
pL) vvaé% i nsti aInP tur qaéld S%asb g% ‘fiﬂ‘aé%‘%e‘&"af ﬁ]Peg‘ciéﬂ?m Rhys g‘?g‘
Hyal ur oni c atesdmtmglaadadjg mrﬁxhrs&bul@ﬂmgﬂwdp the 0.3% sodi um hyal uronat e

ophthalmc solution (50 !'IL) was instilled into eyes once (6 eyes of 3
rabbits per groupyith respegtter easetal W@I‘Mblﬁtabbﬁ&(?d‘ eyesrbf hatrabbrs ihetal), st r at i on

group: Five t| n. he %d| uaf osol . sodi um

opht hal ni c g}(’{)’&} %{-‘a §$1 ?%E)e% mtepglcl!rl]s%tﬁl‘g%% %?ﬁnhw 238 %881‘%(}???% P, ﬁ%te

opht hal mi ¢ sammmamﬁer(aSGh gla)mﬂaﬂogmaitttdt l1ed Subtduends the3 % \eguabbsoBssdini t S
per gfrlﬁup) esul, t change in the tear neniscus area before

and affer t Pn%h %lﬂ’i“‘rﬁosl\t“il% gsrthe - OQ&é’rhYé¥ur9hlé agidephthamicslwionaverd as a "A
tear meni schfndfedey H HE folloWif %ﬁﬁﬂérta%daarﬁmoﬁgﬁm 6Pkh0 te-ra"??rlle%xs%us i@ Qéa?n 2]

Groups A tear neniscus area va
taken 35 minutes after the administration.

* Diquafosol single administration group: the 3% diquafosol sodium ophthalmic
solution (50 pL) was instilled into eyes once (eight eyes of four rabbits per group).

15 * Hyaluronic acid single administration group: the 0.002% sodium hyaluronate
ophthalmic solution (50 uL) was instilled into eyes once (eight eyes of four rabbits per
group).

* Diquafosol/hyaluronic acid combination administration group: Five minutes
after the instillation of the 3% diquafosol sodium ophthalmic solution (50 uL) into eyes,

20 the 0.002% sodium hyaluronate ophthalmic solution (50 uL) was instilled into eyes
(eight eyes of four rabbits per group).

(Results)
The change in the tear meniscus area before and after the administration of each

of the drugs was calculated as a “A tear meniscus area value”. The results are shown
25 in Table 1.
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(1=2) Hyaluronic acid single adm nistration group 0.559 D quafosol single
adm ni stration group 1.434 Di quafosol/hyal uronic acid conbination
~admi ni stration group 3.373 (D scussion) As apparent from Table 2, in the
di quaf osol / hyal uroni c acid conbi nati on 25adm ni stration group, a greatly
hi gher effect than the sumtotal of the "A tear nmeniscus area val ue"
observed in the hyaluronic acid single admnistration group or the

di quaf osol single adm nistration group was confirned. In other words, it
was found that the 0.3% sodi um hyal uronate ophthal mc sol ution can

remar kably pronote the tear secretion action of the 3% di quaf osol sodi um
opht hal mi ¢ §6&hl¢ilbn, as in the case of the 50. 1@6sod|un1hyaluronate

opht hal m ¢ sotution: rent-oned—aboeve—H—was—conr+red a?a: A—that
a remarkabl e |tear secreti org\é'r‘%grmtl on action gan lﬁ‘ete%rdﬁf’r@%’tj FHeF'E P2Y2
receptor agonist at a therapeutically effective concent r AMoh and

hyal ur oni ¢ acjildyavroaicssid single péminisiatian eeumpkut i cal |y efG.4%% i ve
concent r at i on Iiqeafaselisiigit sinedisiratiaogdoupat i onl 10[ Pr epar dtli2dn exanpl es]
The drugs of theupfoesidiytlurdiieadid oombinatiohe descri bed nnr%ﬁggecifically Mt h
reference to pdenaikaiticaeanpl es. However, the pr esent nt!onlls no
limted to the preparati on exanpl es. (FormufattTom exanpie 17 —an

opht hal m ¢ solution (the concentration of diquafosol 15sodium 3% (w V),

t he concent (iscassion) sodi um hyal uronate: 0.1% (wv)) In 100 m: diquafoso

sodium 3.0 g SOdlAéerngentLgom eT'tat‘;"‘le 1, in the diquafosol/hyaluronic acid combination

5 administration group, although an increase in the tear meniscus area values to a greater
extent than that in hyaluronic acid single administration group was observed, the action
was equal to or lower than that in diquafosol single administration group. In other
words, it was demonstrated that the 0.002% sodium hyaluronate ophthalmic solution
did not at all promote the tear secretion action of the 3% diquafosol sodium ophthalmic

10 solution.

As mentioned above, it was demonstrated that a remarkable tear secretion
promotion action is achieved when a P2Y; receptor agonist at a therapeutically
effective concentration and hyaluronic acid or a salt thereof at a therapeutically
effective concentration are administered in combination (see Pharmacological test 1),

15 and that the action is not observed when the P2Y, receptor agonist at a therapeutically
effective concentration and hyaluronic acid or a salt thereof at a concentration which is
employed as an additive are administered in combination.

[Pharmacological test 4]

The time course of a change in tear meniscus area values after the sequential

20 instillation of 3% diquafosol sodium and 0.3% sodium hyaluronate into eyes was
evaluated in the same mannér as in Pharmacological test 1.

(Drug reparation method)

A 3% diquafosol sodium ophthalmic solution was prepared in the same manner

as in the above-mentioned Pharmacological test 1. “Hyalein® ophthalmic solution

25 0.3%” manufactured and sold by Santen Pharmaceutical Co., Ltd. was used as a 0.3%
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0.1 g sodiumchloride 0.9 g 20sodi um hydrogen phosphate hydrateq.s.
sterilized purified waterq.s. Di quaf osol sodi um sodi um hyal uronate
-and the other conponents are added to sterilized purified water, and the
resultant mxture is fully m xed, thereby preparing an ophthal m c sol ution.
An ophthal m c sol ution having a di quafosol sodi um 25concentration of 0.5%
(Wv), 1% (wv) or 5% (w v) and a sodi um hyal uronate concentration of 0.3%
(wv) or 0.5% (wv) can be prepared by varying the amounts of di quafosol
sodi um and sodi um hyal uronate to be added. (Fornul ation exanple 2: an
ophthal mc ointnment (the concentration of diquafosol sodium 3% (ww, the
concent r at | sdiwn hgguionaieipphithalaigapbition. 1% (W w)) In 100 g: di quaf osol

sodi unB. 0 g,sodi u al uronat e0. 1 | igui.d paraffinl0 ng S5white

petrol at umq(.j%.st met@og'xn‘iﬁr&ﬁgagg%lfu%t%rﬂ?ﬁﬂgﬁg sodi um hyal uronate are added to

whi te petrol at umpaihdedpetio®afiabfidrinal WaleWhae eabbik { E¥leyee BPgeaHHISH Yor@nd t he
resultant mxture is fully m xed and then cool ed gradually, thereby

preparing ahPppgraph pf Tical meniseis, wantakphbefaranthe admiisteationivdepeigoighe drug

di quafosol .sofi C 1 H1R 09 V), c k& & R ) and a
sodi urﬁghyal lﬁlﬁgé\a & r%gr%r%g%% ?’aﬂt)l ongé?lggéﬁﬁ%}/’v)Su(J)Orég%l.gé%’\({% {Q}{ &ég%a(fggeo\{

prepar ed bysodaury opighélirec sstotiod sndothe 81340 dfyakiodnis aclt wphhaknis adiution kyead ur onat e
to be added.. |NDUSTRI AL APPLI CABI LI TY agent for treatnent of dry eye
char act er | Z&RiBipteseiigthe follgwang ByRBRGTadnbp PBStogrash of thevoarraesnus ag dd§nst  at

a ther apEUtéf%ﬁLéﬁer@Bfn%ﬁﬁﬂe%{e concentration and hyaluronic acid or a salt
t hereof at therapeutically effective concentration and havi ng a dosage

form of an opht heDijuefoagesigle atmprisrative growp: sleci %tdiquafadb] sakumrophthakaiol y
expectiba { GOBERE (DL Wan Bt RIS FECRERLS SYesa ey Biobis per group).  © ©
» Hyaluronic acid single administration group: the 0.3% sodium hyaluronate
ophthalmic solution (50 pL) was instilled into eyes once (6 eyes of 3 rabbits per group).
* Diquafosol/hyaluronic acid combination administration group: Five minutes
after the instillation of the 3% diquafosol sodium ophthalmic solution (50 pL) into eyes,
15 the 0.3% sodium hyaluronate ophthalmic solution (50 pL) was instilled into eyes (6
eyes of 3 rabbits per group).
(Results)
The change in the tear meniscus area before and after the administration of each
of the drugs was calculated as a “A tear meniscus area value”. The results are shown

20 in Table 2.

[Table 2]
Groups A tear meniscus area value
(mm’)
Hyaluronic acid single administration group 0.559
Diquafosol single administration group 1.434
Diquafosol/hyaluronic acid combination "
.. . 3.373
administration group

(Discussion)
As apparent from Table 2, in the diquafosol/hyaluronic acid combination

25 administration group, a greatly higher effect than the sum total of the “A tear meniscus
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20 CLAI M5 1. An agent for treatnent of dry eye, characterized by
conprising a conbi nation of a P2Y2 receptor agonist at a therapeutically

ef fective concentration and 5hyaluronic acid or a salt thereof at a
therapeutically effective concentration, wherein the dosage formis an

opht hal m ¢ agent . ' 2. The agent for treatnent of dry eye according
to claiml1, wherein the P2Y2 receptor agonist is a conpound represented by
the follow ng general formula [I] or a 10salt thereof: [Chem cal fornmula 1]
000 1111TT XlI-P-X2-P-O-P-X3 Il OHOHOH [wherein X1 represents a hydroxy

group, a thiol group, a group represented by the follow ng fornula:
15[ Cheni cal afeavauEaotxerved ipthehyghuserpe peigrsinga adndinbstration gialp @vhaig f or mul a:

[ Chemi cal f 8irqﬁgflo§olsslngle administration group was confirmed. In other words, it was found
that the 0.3% sodium hyaluronate ophthalmic solution can remarkably promote the tear
secretion action of the 3% diquafosol sodium ophthalmic solution, as in the case of the

5 0.1% sodium hyaluronate ophthalmic solution.

As mentioned above, it was confirmed again that a remarkable tear secretion
promotion action can be achieved when a P2Y, receptor agonist at a therapeutically
effective concentration and hyaluronic acid or a salt thereof at a therapeutically
effective concentration are administered in combination.

10 [Preparation examples]

The drugs of the present invention will be described more specifically with
reference to preparation examples. However, the present invention is not limited to
the preparation examples.

(Formulation example 1: an ophthalmic solution (the concentration of diquafosol
15 sodium: 3% (w/v), the concentration of sodium hyaluronate: 0.1% (w/v))
In 100 ml:
diquafosol sodium 30¢g

sodium hyaluronate 0.1g

sodium chloride 09¢g
20 sodium hydrogen phosphate hvdrate q.s.
sterilized purified water g.s.

Diquafosol sodium, sodium hyaluronate and the other components are added to
sterilized purified water, and the resultant mixture is fully mixed, thereby preparing an
ophthalmic solution. An ophthalmic solution having a diquafosol sodium -

25 concentration of 0.5% (w/v), 1% (w/v) or 5% (w/v) and a sodium hyaluronate
concentration of 0.3% (w/v) or 0.5% (w/v) can be prepared by varying the amounts of
diquafosol sodium and sodium hyaluronate to be added.

(Formulation example 2: an ophthalmic ointment (the concentration of diquafosol

sodium: 3% (w/w), the concentration of sodium hyaluronate: 0.1% (w/w))
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NH2 X2 represents an oxygen atom -NH or- CRIR2-; X3 represents a group
represented by the following formula: [Chemical fornula 4] A HH HH OHOH a

- group represented by the following formula: [Chem cal forrmula 5] OHOH 10or
a group represented by the following fornula: [Chemcal formula 6] 0 A HO
- 52 - Avrepresents a group represented by the follow ng fornula:

[Chemcal formula 7] R 3

In100 g:
diquafosol sodium 30g
sodium hyaluronate 0.1 mg
liquid paraffin 10 mg
5 white petrolatum q.s.

Diquafoso] sodium and sodium hyaluronate are added to white petrolatum and
liquid paraffin which are melted homogeneously and the resultant mixture is fully
mixed and then cooled gradually, thereby preparing an ophthalmic ointment. An
ophthalmic ointment having a diquafosol sodium concentration of 0.5% (w/v), 1%

10 (w/v) or 5% (w/v) and a sodium hyaluronate concentration of 0.3% (w/v) or 0.5% (w/v)
can be prepared by varying the amounts of diquafosol sodium and sodium hyaluronate
to be added.

INDUSTRIAL APPLICABILITY

An agent for treatment of dry eye characterized by comprising a combination of

15 a P2Y, receptor agonist at a therapeutically effective concentration and hyaluronic acid
or a salt thereof at a therapeutically effective concentration and having a dosage form
of an ophthalmic agent can promote the secretion of tear remarkably and can improve
corneal epithelial disorders rémarkably, and therefore is expected to be a novel agent
for treatment of dry eye.

20
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N or a group represented by the follow ng fornula: 5[ Chem cal fornula
8] NH2 NN )RS R4 7-%N Y represents CO CS or CHSRG; R, R2Z, R3, R4, R5
~and R6 are the sanme as or different from one another and independently
represent a hydrogen atom a hal ogen atom or an al kyl group; and 10n
represents an integer of 0 to 4]. 3. The agent for treatnent of dry eye
according to claim1l, wherein the P2Y2 receptor agonist is

- Pl,P4-bi s(5 -uridyl)tetraphosphate, uridine 5 -triphosphate, adenosine

5 -tr| phosphate or a salt thereof. 15 4. The agent for treatment of
dry eye according to any one of clains 1 to 3, wherein the ophthal m ¢ agent
is an ophthalmc solution or an opht hdllaAEMSi nt ment . 5. An

ophthal mc solution for treating dry eye, characterized by conprising a
20conbi nation of P, P4-bis(5 -uridyl)tetraphosphate or a salt thereof at a
concentration of 1, 1pmcag5ﬁﬁf6wrydtn@ﬂﬁofratﬁleyéOdHaﬁac@e@izeld9&c@mﬁﬁélh ghhereof at a
concentration of 0.05 to 5% (W v) . An ophthal mc sol ution
for treati ngombljlaé%Of%R&Ya@@@wlzmntﬁyaﬁ:@tmmp;@uh@lla eftcotings erancemirativh and

Pl , P4- hi s( 5] | ra th at a c ncentration

3% (W \l?/’) Bv‘ﬂyé ﬁcr%:ﬁlae%’:r Eﬁagahtgﬁorg}a‘rﬁ agf’ffr%P ﬁl?t}cgg ﬁ‘%otg’ *COREAA 8?1 ‘8}%\“8‘[’1 t@e 1to
0.5% (W/v) . dosage form/is af ofBthalgic hgéntt reating dry eye, conprising

adm ni stering a P2Y2 receptor agonist at a therapeutically effective
.concentration and hyaluronic acid or a salt thereof 10at a ther apeuti cally
effective concenpra

wherein the dosage ?hQQ %ngfogg%‘g%bf%%%a@ace&tdﬁ&% Cﬁﬂmqe%gle}#ﬁE ?ﬁ?od for
treating dryecepter agonst i gprmount acpreséntadhisyr thie foll dveinP2¥Reralcfoeptiar]ljagani st i s
a co ﬁunddﬁi‘%&l septed by the follow ng general formula [I] or a 15salt

t here E5PLf or mul a 9] :

[Chemical formula 1]

1 1
X—T—XZ——-T O—P—X® [I]
OH OH (l)H

[wherein X' represents a hydroxy group, a thiol group, a group represented by the
following formula:

15 [Chemical formula 2]

>
T
x
O
I—U—0
(@)
i

or a group represented by the following formula:
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QOO0 IITITT "xI _p_x2 P-0-p-x3 I'1l OHOHOH [wherein Xl represents a hydroxy
group, a thiol group, a group represented by the follow ng fornula:

« 20[ Chem cal fornula 10] H or a group represented by the follow ng
formula: [Chem cal forrmula 11] NH2 X2 represents an oxygen atom - NI1-1-
or -CRIR2-; 5X3 represents a group represented by the follow ng fornul a:
[Chem cal fornula 12] A

[Chemical formula 3]

NH,
N/_
)\ ( lcl)
O N H H O-—'T-—O——'
H
HH O OH
H

X? represents an oxygen atom, -NH- or- CR'R%;
X° represents a group represented by the following formula:

5 [Chemical formula 4]

a group represented by the following formula:

[Chemical formula 5]

10 or a group represented by the following formula:

[Chemical formula 6]

HO
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Hn OHOH a group represented by the followng formula: [Chem cal fornula
13] 0 10 or a group represented by the following forrmula: [Chem cal
~formula 14] 0 A HO A represents a group represented by the foll ow ng
formula: [Chemcal forrmula 151 R3S HN O 5 or a group represented by the
followng formula: [Chemcal fornula 16] NH2 NN RS R4

A represents a group represented by the following formula:

[Chemical formula 7]

Y. R3
HN/ ’

O T
or a group represented by the following formula:
5 [Chemical formula 8]
NH,

gus
R N T

Y represents CO, CS or CHSRG;
R', R%, R?, R*, R® and R® are the same as or different from one another and
independently represent a hydrogen atom, a halogen atom or an alkyl group; and

10 n represents an integer of 0 to 4].

3. The agent for treatment of dry eye according to claim 1, wherein the P2Y,
receptor agonist is PI,P4-bis(5’-uridyl)tetraphosphate, uridine 5’-triphosphate,

adenosine 5’-triphosphate or a salt thereof.

15
4. The agent for treatment of dry eye according to any one of claims 1 to 3,
wherein the ophthalmic agent is an ophthalmic solution or an ophthalmic ointment.
5. An ophthalmic solution for treating dry eye, characterized by comprising a
20 combination of P’,P4-bis(5’-uridyl)tetraphosphate or a salt thereof at a concentration of
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Y represents CO CS or CHSR6; 10Rl1, R2, R3, -4, K R5 and R6 are the sane as
or different fromone another and independently represent a hydrogen atom
- a hal ogen atom or an al kyl group; and n represents an integer of 0 to 4].

9. The nethod for treating dry eye according to claim?7, wherein the P2Y2
15receptor agonist is Pl,P4-bis(5 -undyl)tetraphosphate, uridine

5'-tri phosphate, adenosine 5 -triphosphate or a salt thereof 10. The

met hod for treating dry eye according to any one of clains 7 to 9, wherein
the ophthal m c agent is an ophthal mc solution or an ophthal m c ointnent.
11. A method for treating dry eye, conprising adm nistering Pl,P4-bis(5'-
ur i dypt et r aptoopliate and hgalsedric ididpeafalatheacof@ane eoriaeatration af0.Q5 tc00.5% (W v)
and 5hyaluronic acid or a salt thereof at a concentration of 0.05 to 0.5%
(wv) in coMBYhation to a patient in need thereof, wherein the dosage form
is an ophthal mc sol ution. 12. A method for treating dry eye,
conprising adm nistering Pl , P4-bis(5% uridyptetraphosphate or a salt

t hereof at a con@enAn aphtbaulmu't s@l%iaém[w)reatidg Hysader oiractarizedity compaissgl
thereof at a oncentr Qn. 5%.(wW v ation to. a

a1 ont, WHERBTHHE o Eais s oLt aee s ESBRES] g coneentaidpgf
P2Y2 1 eceptwo é@%%&th ANEbrY AidbPNEAt Rerbaf a BorkBhiratidiesrant td @50 vj.n the
treatnment of dry  eye y adm ni stering the P2Y2 receptor agoni st a
therapeutical ly 15effective concentration and hyaluronic acid or a salt
thereof at a therapeu a ef ive concent r at | atlo

wherein the dos:;ge eﬂiﬁ?& %%He% #1 PivcOAgE e & mlm&erm% r% pg%rYZ
recept or agdhit attWefpaktitaln bﬂfec&tﬁﬂedzoﬁdﬁerﬁraﬁ@h tand h%l&ﬁi‘mcﬁé‘@@bﬂa Elegt ﬁh@re@f aim
13, wherein the P2Y2 rece tor agonist _is a conpound represented by the

20f ol 1@&wi ncet gehesppguticelinefiective Forpentatian i qopeipaion tp emateridn npest Wﬁxeaf :17] , 0

wherein the dosage form is an ophthalmic agent.

8. The method for treating dry eye according to claim 7, wherein the P2Y>
receptor agonist is a compound represented by the following general formula [I] or a
15 salt thereof:

[Chemical formula 9]

01
x1—T—x?———P 0 T X3 [1]
OH OH OH

[wherein X! represents a hydroxy group, a thiol group, a group represented by the
following formula:

20 [Chemical formula 10]

b
I
T
@)
I—1U—0
O
!
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X 1-1-x2-pi 0-p-x3 [I] OHOHOH [wherein Xl represents a hydroxy group, a
thiol group, a group represented by the following fornula: [Chem cal

- formul a 18] or a group represented by the follow ng fornmula: [Chem cal
formula 19] NH2 X2 represents an oxygen atom -NH or -CRLR2-; X3
represents a group represented by the followng formula: [Chem cal fornula
20] ----0 A H(-, ---w---, HSi...?4?

or a group represented by the following formula:

[Chemical formula 11]

NH;

N

J_

Q—e

o
IT—79—0

X? represents an oxygen atom, -NH- or -CR'R*-;
5 x? represents a group represented by the following formula:

[Chemical formula 12]

a group represented by the following formula:

[Chemical formula 13]

10
or a group represented by the following formula:
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KH OHOH 10a group represented by the following fornmula: [Chemcal fornula

21] 6-0 H OHOH or a group represented by the follow ng formula:
- [Chemi cal formula 22] --0 0 A 5HO A represents a group represented by the
following formula: [Chem cal fornmula 23] Y HNR3 or a group

represented by the followng formula: 10[ Chem cal fornmula 24] N H2
N------ INIVRS5 RAN. . ------ .. Ni'l

[Chemical formula 14]

A w

HO

A represents a group represented by the following formula:

[Chemical formula 15]

3
/Y R

or a group represented by the following formula:

[Chemical formula 16]

Y represents CO, CS or CHSR6;
10 R, R2, R? , R4, R’ and R® are the same as or different from one another and
independently represent a hydrogen atom, a halogen atom or an alkyl group; and

n represents an integer of 0 to 4].

9. The method for treating dry eye according to claim 7, wherein the P2Y,
15 receptor agonist is Pl,P4-bis(5’-uridyl)tetraphosphate, uridine 5’-triphosphate,
adenosine 5’-triphosphate or a salt thereof.

10.  The method for treating dry eye according to any one of claims 7 to 9,
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41 Y represents CO, CS or CHSRG6; R, R2, R3, R4, R5 and R6 are the sane as
or different fromone another and i ndependently represent a hydrogen atom
-a hal ogen atomor an al kyl group; and n represents an integer of 0 to 4].
15. The P2Y2 receptor agonist and hyaluronic acid or a salt thereof
according to claim 13, wherein the P2Y2 receptor agonist is

Pl , P4-bi s(5" -uridyl)tetraphosphate, 5uridine 5 -triphosphate, adenosine
5'-triphosphate or a salt thereof 16. The P2Y2 receptor agonist and
hyal uronic acid or a salt thereof according to any one of clains 13 to 15,
wherein the ophthal mc agent is an ophthal mc solution or an ophthal mc

oi nt ment . 1Gvherein the dphthanie2)¢entrie e pplohalagonolstionnd ah yphthalatic oinamest. or a
salt thereof for use in the treatnment of dry eye by adm nistering

Pl , P4-bi s(5 -uridyl)tetraphosphate or a salt thereof at a concentration of
1 to 5% (wv) andihyalMempi for%aﬂné’ﬂry%y%?&ém%ﬂﬁ%ﬁchlmﬁfﬁsté*i pCENbik@kl on of
0.05 to 0.5% (W v) in conbination, wherein the dosage formis an

150pht hal ni arigphigirephesphate or a sal@heraoft wcangentpation afganisét (wivdlahd/al ur oni ¢
acid or: a s hereof for e ip_the treatnent dr ye hy adm ni stering
51, pacBi o TYMRR LETtBfeb e onb el B ol S s R B RO AT of
3% (W v) ango Ayatidnt Gheed AGdréofDWhereiitht dbheeBim & arfoAREARSEMIERH, on of 0.1
to 0.5% (w v) iIn conbination, wherein the dosage formis an ophthalmc

sol uti on. 19. Use of a P2Y2 receptor agonist and hyaluronic acid or

a salt thereof f ri.ng.an ent for.treatnent of dry.eye,
conprising the P3%2n?‘&ﬁ%g?%?orérﬁgtﬁr?%gg%ggt Cozin?rﬁsé?gd%%ﬂ{nils&?ﬂqu}d e}%/ f@%@i ve
concent r at i ardgetriptakptanbca st tHerosf A asnteritheioRF 384 (viv) AeT Bpewbhial | y
effective concentration, wherein the treatnment a((gwent has a dosage form of

an ophPhal nPeidggaelt thereof at a concpnratiphef (sl toadeYr @/ Hpintcombtindtion10 a patiettei n
gener al f or e 1T Sare ok R S RS il a 251 000 11 1311
Xl - P- X2- P- O P- X3
. 13, A P2Y, receptor agonist and hyaluronic acid or a salt thereof for use in the
treatment of dry eye by administering the P2Y; receptor agonist at a therapeutically
15 effective concentration and hyaluronic acid or a salt thereof at a therapeutically

effective concentration in combination, wherein the dosage form is an ophthalmic agent.

14.  The P2Y, receptor agonist and hyaluronic acid or a salt thereof according
to claim 13, wherein the P2Y receptor agonist is a compound represented by the
20 following general formula [I] or a salt thereof:

[Chemical formula 17]

0
X1—T—X2—P 0—P—X3 [1]
OH OH Cl)H

[wherein X' represents a hydroxy group, a thiol group, a group represented by the

following formula:
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11 OHOHOH [wherein X1 represents a hydroxy group, a thiol group, a

group represented by the 5following fornula: [Chemical fornula 26] 0 PIO
~--444411101..r H OHCOH or a group represented by the follow ng formul a:

[Chemical formula 27] NH2

[Chemical formula 18]

or a group represented by the following formula:

[Chemical formula 19]

NH;
NZ
44L\\ ‘ ﬁ
0] N H H 0] T 0 .
H
] !
HHA O OH
5 : ;
X? represents an oxygen atom, -NH- or —CRIRZ-;
X? represents a group represented by the following formula:
[Chemical formula 20]
10 a group represented by the following formula:
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sc) 111 OH X2 represents an oxygen atom -NH or -CRLR2-; X3
represents a group represented by the following fornula: [Chem cal formula
~ 28] *--0 A HO HCOHOH a group represented by the follow ng fornul a:

[ Chemi cal formula 29] O

[Chemical formula 21]

or a group represented by the following formula:

[Chemical formula 22]

5 HO

A represents a group represented by the following formula:

[Chemical formula 23]

3
/Y R

@) N

|

or a group represented by the following formula:
10 [Chemical formula 24]
NH,

N | N\>~R5
R“J\N T

Y represents CO, CS or CHSR®;
R’ R% R}, R*, R® and R® are the same as or different from one another and

independently represent a hydrogen atom, a halogen atom or an alkyl group; and
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§ OHOH or a group represented by the followi ng formula: [Chem cal fornula
30] 0 A HO A represents a group represented by the foll ow ng
-formula: 10[ Chemical forrmula 31] HN O or a group represented by the
following formula: [Chemical fornmula 32] NH2 N )RS5 R4 Y represents CO CS
or CHSR6; RI, R2, R3, R4, R5 and R6 are the sane as or different from one
anot her and 5i ndependently represent a hydrogen atom a hal ogen atom or an
al kyl group; and n represents an integer of 0 to 4].

n represents an integer of 0 to 4].

15. The P2Y; receptor agonist and hyaluronic acid or a salt thereof according
to claim 13, wherein the P2Y, receptor agonist is P],P4-bis(5’-uridyl)tetraphosphate,

5 uridine 5’-triphosphate, adenosine 5’-triphosphate or a salt thereof.

16. The P2Y; receptor agonist and hyaluronic acid or a salt thereof according
to any one of claims 13 to 15, wherein the ophthalmic agent is an ophthalmic solution
or an ophthalmic ointment.

10
17. A P2Y; receptor agonist and hyaluronic acid or a salt thereof for use in the -
treatment of dry eye by administering P’,P4-bis(5’-uridyl)tetraphosphate or a salt
thereof at a concentration of 1 to 5% (w/v) and hyaluronic acid or a salt thereof at a
concentration of 0.05 to 0.5% (w/v) in combination, wherein the dosage form is an

15 ophthalmic solution.

18. A P2Y, receptor agonist and hyaluronic acid or a salt thereof for use in the
treatment of dry eye by administering P’,P4-bis(5’-uridyl)tetraphosphate or a salt
thereof at a concentration of 3% (w/v) and hyaluronic acid or a salt thereof at a
20 concentration of 0.1 to 0.5% (w/v) in combination, wherein the dosage form is an

ophthalmic solution.

19. Use of a P2Y, receptor agonist and hyaluronic acid or a salt thereof for
manufacturing an agent for treatment of dry eye comprising the P2Y receptor agonist
25 at a therapeutically effective concentration and hyaluronic acid or a salt thereof at a
therapeutically effective concentration, wherein the treatment agent has a dosage form

of an ophthalmic agent.

20. The use according to claim 19, wherein the P2Y; receptor agonist is a
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31. The use according to claim 19, wherein the P2Y2 receptor agonist is

Pl ,P4- bis(5 -uridyl)tetraphosphate, uridine 5 -triphosphate, adenosi ne
-5'-triphosphate or a salt 10t hereof. 22. The use according to any
one of clainms 19 to 21, wherein the ophthal m c agent is an ophthal mc
solution or an ophthal mc ointnent. 1523. Use of PI

, P4-bi s(5" -uridyl)tetraphosphate or a salt thereof and hyaluronic acid or a
salt thereof for manufacturing an agent for treatnent of dry eye conprising
Pl , P4-bi s(5' -uridyptetraphosphate or a salt thereof at a concentration of 1
to 5% (wv) and hyaluronic acid or a salt thereof at a concentration of

0. 05 to 0. 5%mpyunyl reresyted byghe follpwimmeenesgidormuladiiior asekt dgierphat e or a
salt thereo{Ch%nd h¥al lﬁrlo?"lgc acid or a salt thereof for nmanufacturing an
agent for t ea%arlu oI y] eye conprising 1, P4-bis(5" -uridyptetraphosphate
or a salt thereof.at a concentration of 3% (wv) and hyaluronic acid or a
salt thereof at aﬁconcentﬁati on o | 0.1 to 0.5% (wWv).

X3 [I]

X'—P—X2—P—0 !ID
OH OH OH

[wherein X' represents a hydroxy group, a thiol group, a group represented by the

5 following formula:
[Chemical formula 26]

. —ﬁ 7]

A Y H 0 |:’> 0 -
) H n
|
H OH O OH - -
H

or a group represented by the following formula:

[Chemical formula 27]
NH;
NZ
0 Ny H O—T-—-o__.
H
] !
HA O OH

10 ;
X2 represents an oxygen atom, -NH- or -CR'R*-;

X? represents a group represented by the following formula:
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[Chemical formula 28]

a group represented by the following formula:

[Chemical formula 29]

or a group represented by the following formula:

[Chemical formula 30]

‘ W

HO

A represents a group represented by the following formula:

[Chemical formula 31]

or a group represented by the following formula:
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20

[Chemical formula 32]

NH,

LI
R \N N
|

Y represents CO, CS or CHSRS:
R', R, R® R*, R’ and RS are the same as or different from one another and
independently represent a hydrogen atom, a halogen atom or an alkyl group; and

n represents an integer of 0 to 4].

21. The use according to claim 19, wherein the P2Y, receptor agonist is p! ph
bis(5’-uridyl)tetraphosphate, uridine 5°-triphosphate, adenosine 5’-triphosphate or a salt

thereof,

22. The use according to any one of claims 19 to 21, wherein the ophthalmic

agent is an ophthalmic solution or an ophthalmic ointment.

23. Useof P],P4-bis(5’—uridyl)tetraphosphate or a salt thereof and hyaluronic
acid or a salt thereof for manufacturing an agent for treatment of dry eye comprising
PI,P4-bis(5’-uridyl)tetraphosphate or a salt thereof at a concentration of 1 to 5% (w/v)

and hyaluronic acid or a salt thereof at a concentration of 0.05 to 0.5% (W/v).

24, Use of P],P4-bis(5’-uridyl)tetraphosphate or a salt thereof and hyaluronic
acid or a salt thereof for manufacturing an agent for treatment of dry eye comprising
P! P*-bis(5 -uridyl)tetraphosphate or a salt thereof at a concentration of 3% (w/v) and

hyaluronic acid or a salt thereof at a concentration of 0.1 to 0.5% (w/v).
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