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DESCRI PTI ON Tl TLE OF | NVENTI ON Opht hal m ¢ Sol uti on Cont ai ni ng

Hyal uronic Acid or Salt Thereof and 5Propyl ene dycol TECHNI CAL FI ELD

The present invention relates to an aqueous ophthal m c sol ution containing

- hyaluronic acid or a salt thereof at a concentration from0.03t0 0.5%
(w/'v) and propyl ene glycol at a concentration fromO0.1 to 1. i ch

conprises as a sole 1O0preservative, benzal konium chloride at mmmmm‘mmﬂ‘“HMl

concentration fromO0.001 to 0.002% (w'v) and conprises an ionic gogrllgggi ty

agent at such a concentration that an osnotic pressure ! '

opht hal m ¢ sol ution beconmes from0.9 to 1.1. In addition, the present

invention also relates to a nethod of inproving preservative effectiveness

of an ophthal mi ¢ sol ution contai ni NBESERIRFINY al ur onat e at j on
of 0.1 or 0.3% (wv) and 15benzalkoni um chloride as a sole Hmmmmﬁ,@h
0 4. 17
ettt

setting kinematic viscosity of the ophthalmc solution to 3.
to 30 me/ sTIHAIOBIMVENTION dri p of the ophthal mic sol utiom, whi ¢ -— —

conprises a step of. mi Xi.n odi,ym hyal urgnate in such an amount that a
concentration i nog’ﬂéalf}ﬁﬁg]ﬂg’f‘ﬁgg%g@ww BralyeqnisrdsidiordipltoTheresf and 3% (w v)

benzal &oni uPRophled Gtheol N such an anount that a concentration in the
opht hal m ¢ 20sol uti on becones from 0.001 to 0.002% (W v), propyl ene glycol
in such an AREHMICAREIERD:oncentration in the ophthal mic sol uti on becones

fromO0.1 to 1. O(Vﬁe\gér\ég tland an ii)ni c tonici tg alggnt .n such an anount that
an osnotic pressure ratt B STUAHEESHP AR PAYCOUS 8PRIhalBYC pRlbdRReontaiBing 0. 9 t o

1.1, a st ephyabyronit acidjos atshlf ehepddfaf a thiR R ' tdo 0 to 7.0,

and a step é_%gﬂof filling an eye d?op (e:ont a@ﬁ%ﬁﬂl%@ﬁb;@ﬁeﬂg‘gﬁ?ﬁg‘?m c

2

sol ution. enccRreiat Arqneentratiaqy fporaPel fosl.@PedivbOawhichicamiptise dsaaolesuch a

i /npt : tabl e feeli j f t hi
nere 10 B R A Bl e A o PO R ar Bt 0,08 40 BR002 et 400 i 1y
life. The neemiprisendn joaicitenicity agdnt ef iudB afcbABnEaNoRHE! Q?@snild?ﬁﬁﬁ@s%&x@r o dby

S ve

year with e(gfpté e cle of the, agi ng soci eh}/ or increase in wor I nvo

wi th video Ui %Péh? Amigsolution tegomes Fomi).ato b1 pehsaddition; theputsent inserdiohhe
nunber of egid fpi | .| : 10 m.l].ion or. nore ipn the United
States and 8 m | Fe?)g?lge%trlétﬁndt;gr(zﬁa é@l#g%%%wvﬁﬁ%ﬁgﬁenﬁﬁsr%a&iquthéﬂmﬂry eye has

not conpl etwlytiopeentatling sddiven hyalurdna® abeeondekiatieh 41RE ofl) B%ENHEvERES €S

ker at Pgonj ubnct i Ee .grgi bpe] i um di sorder and ultimately causes visual

i mpai T rent sCCPFHEYHRGcBloride a5 & splethresriIalve. spiting kinematic viseasityagfghopri atel y in
an early st@fehalfRrs8lu@iea M Y0GH i) ith Al ' ; e dry eye.
Cecul ar i nst(?lgll ei{lt [ .or? is currentl foﬁ@@tB??%ﬁ%,%ﬁ%&%bﬁ%‘H@ gg‘gléat ment of
dry eye, arfPhihplmigsalutionswhiphcombrises asteput) ofmbomng sidiir Gysleine@iRYalhur onat e

is wdely r.dry eye treatnent. \ As an ophthal m c sol ution
cont ai ni ng@%g?ol%% ﬁlf}%ﬁ ﬁ%lrt?ﬁ’g?a_ém(’ﬂ@ ths ?%Fftaélm%ogsloeihmrpe&@@ Orleer @-3%as a
' sodium hy awivpbaizelkofiniistide Bt iPfndunt i o' ULRGDR BL aifiBaitiier oOf
mul tl@;\e times, a multiple-dose type allow ng free opening andbres 984l | ng
of a <hp orsofukien begangs 8100 1ty 0HORYH(/ W, propylent ighyeoDinsUeh iy ah6um (hat
opht hal m c ' 0.3%.,and .t he |.ik and .a unit-dose type intended for
s !Ongl e dos e?%%iu%pﬂ%% th%ioﬁp%ﬁ?ff ﬁi“h?%g%wmfé fom 6._1 194 -0y é‘l"éﬁrﬁ{lfi)ﬁmm ni
opht hal m ¢ ienik tdnicity £geB0n sagklad Aot ke aALSMBYAIARIEratio of the ophthalmic
solution becomes from 0.9 to 1.1, a step (b) of adjusting pH of the ophthalmic solution
to 6.0 to 7.0, and a step (c) of filling an eye drop container with the ophthalmic solution.
25 BACKGROUND ART
Dry eye is a disease starting from such a minor symptom as dryness of an eye or
uncomfortable feeling as if something were in an eye, and aggravation thereof

significantly interferes with daily life. The number of patients suffering from dry eye

has increased year by year with emergence of the aging society or increase in works

-1-



Wth regard to the nultiple-dose type sodi um hyal uronate ophthal mc
solution, 'a cap is opened and re-seal ed, and therefore benzal koni um
chloride is added thereto as 20a preservative. On the other hand, since the
-unit-dose type is intended for single dose (disposable), no preservative is
added. It has been pointed out that such a preservative as
benzal koni um chl ori de has the possibility of inducing corneal danmage. For
exanpl e, as disclosed in Cinical and Experinental Ophthal nol ogy, 32,
180-184 (2004) (NPD 1), benzal konium chl ori de has 25been known to have the
possibility of causing corneal epitheliumdisorder in a

concentrati gRe e i.be reviously, since dry eye is
essentially a°§?§§§g‘g‘ng%°g@ﬁfg§%ﬁ@§nagso@ﬁ5e@| Suglb% fBFrsonsl é?’gB‘rltﬁ%F‘ngleuni t - dose
type sodi unmimbérof estirhated phtidied imane%alwm Rillibs ot Rk fQhe DR¥ES Sraftls ¥nf¥e
pati ents. Qﬁlilﬁ'he other hapd, in light of a problem of production cost and

i

the 1ike, 190 AT MOF.3IPQ 1 {8Patyr escri be a unit-dose type sodi um hyal ur onat e
opht hal m ¢ sol ut Théy ¥aly i re . .dt . | so possible
that incidence of coglrh (r?relgﬂlbidel%i%f@%%inggéﬁne@l?gll?%\aé:fagglegy% ﬁ%ﬂiﬁﬁf’ng a
concenbr at i kipvar that ¢y eye cawses keraionorgumive iepitieel s gisbyipearaniMiRate i Gauses
sol uti on. A%‘Faqlnlnﬁ ho ve@;1 ét{o a.concentration of a preservative in the
eye 5drop i S TowWe %‘H?er\é?es & fevét1§F’F%"@?‘?WBHE‘§'§“$EﬁW%ﬁI@H@Plﬁﬁﬁﬂyusénas t he
mul tipl e- dogglyt e, Wrbﬂoc&ﬁﬁn&ﬁre%Pﬁﬁééi‘ﬁijpdiséﬂae%ﬂ%%d Wdryleher e i's also a

bt ende I ents-ac

concern that, due to change in I ngre oX%anying decrease in
preservative, ph9eulacineiliation ipewpmtlyinesst céminos asphitdiedddiareamhdit bparydi f f er

fromthose tional ,sodi um hyal urqnate ophthal m c sol ution.
10Though Ja%;éeh%lsagﬁgéﬁglh?n PR al&lhﬁ‘g]}ig{%@%@l&lgﬁs gochyahirenaty is widelyveed

Pat eniOLayi fogdGpere thiatmed09- 196903 (PTD 2), and Japanese Patent Layi ng- Open
No. 2009-161454 (PTD 3) disclose an ophthal mc solution containing sodium
hyal uronat e, ben2&fkepithaiminsdutierecontaining sofivindnalgbnatoiherdinedier alse

letely g «QRAthal i c sol ution having sufficient

or eser vat | vereprearioidh a2l SR B Mhrid shhRBer Rt S s emiseoke same

as those ofusehierasfmmeripleaimis, s et Qed 4pOmm Ging L BLIhE aRPlchy B | ©
olution 1

concentration of benzal koni um chloride in the ophthalmc equal
to or | owerd ¢3R5 the bipBixalatn® aphthrinic STuBeT BNV, BRGLNENBpROBHRC Soludispanese

Pat Layi 004- 359629 PTD 2: Japanese Patent Layi ng- No.
2006 186003 Yo 5 Tksres Bae neyinfgdef b SNate o Gmisin@mREN PATENT
DOCUNMENT itiold. 1Y - i rent.al t | ogy ... 32, 180- 184
(2004) 25U R RENr e YRS AT SR BRI po RO (BB e 2

i nterestingvedaidet o search for an ophthal nmic solution having sufficient

preservative eff i veness_and havi hg physigchem cal properties the sane as
t hose of the con%thtr%?ﬁ‘i?o %m‘ﬂﬂﬁﬁﬁﬁ%&ﬁﬁé‘?@u@%{ﬁhﬁmﬁt%omadmimlwm e a

concent r at i Deapds a i C i i T T0,P LEM
The present i r?ve%??rasahg\%k%?gh%k%g%?%kggﬁﬁﬁgfﬁ%glsg&%cﬁ?’ﬁﬁ e
sol ut#®n t o WRsEYALYE00Quotherbthpr emiizsihdeothi umit@oboybe e HRAARERR sRgRabsdoes

not 5achi evg. suffjcient preservatjve effectiveness, whereas addrti on of
propyl ene if@gﬁagl é}oeﬁr8£eﬂqt’lveé%‘f'fid€§-e sufficient preservative effectiveness

even when a condeRisteeh 98; | i ] [ t. . 001%
(W V). On the ot thuﬁégn%@faﬁg&%@e@g%ﬁt%égf%S@]{?% Pilatide Basoc

more than 1he powsibilityof pydueing cgineabdamageadBedeiainpie, 20 dissldbdtial QlRGR LA
opht hal m ¢ BeHhleRfl 0BRSS 35, 180-184 (2004) (NPD 1), benzalkonium chloride has
25 been known to have the possibility of causing corneal epithelium disorder in a
concentration-dependent manner. As described previously, since dry eye is
essentially a disease accompanying corneal epithelium disorder, a unit-dose type
sodium hyaluronate ophthalmic solution is used for severe dry eye patients. On the

other hand, in light of a problem of production cost and the like, it is difficult to

-2.



10range of kinematic viscosity and/or osnotic pressure ratio of the sodium
hyal ur onat'e opht hal mi ¢ sol ution described in "Hyalein(r) ophthalmc
solution 0.1% Hyalein(r) ophthalmc solution 0.3% Hyalein(r) mni
~ophthalmc solution 0.1% and Hyalein(r) mni ophthal mc solution 0.3%
medi cal supply interview form Novenber 2010 (Revi sed Seventh Edition)
(hereinafter also referred to as "Hyalein interview form )" is 1b5exceeded,
and have conpl eted the present invention in which the upper Iimt of an
anount of addition of propylene glycol is set to 1% (w V). In
addition, the present inventors have also found that a propylene

gl ycol - cont gjle SR | BERRA t .on i ess_ likely to
drip and |t§rlaI§E§i(§ghas a%g%?%%csyalto pﬁhﬂgﬁ%tgghrnea gé%il o oa (!h?,gp'?s agai nst
drying, as thentsbeThe@&Tﬂ,bES dlsatpessibl2 @MNaimdigence béc@h%%ﬁﬁhdlﬁ&&?ﬂ'ﬁsbﬂ@r isS
directed to, an ous .opht hal m c. sol ut| on containing hyaluronic acid or a
salt ther eof’"4reds 8W88HE P SPRSATFiAT R mesaryatye sna muttiple-dage Popyl ene

glycol at aoptERgiY soMitidd) fARMmIY; Hov&é%ell 1Pa/%éﬁMeMt}auo\MHf% Es%%gbggﬁthg%yg sol e
preservative, benzal koni um chl ofi1 de at concentration rom 002%
(w v) 8nd c@ﬁbrlﬁ lomeragy preém\'@tl\tecﬂffeciquemrﬁﬁmamt forngde aatlmnubnpler-amswy’pet hat

osmotic 25 i 0 t hal m,c solutlo cones from0.9 to 1.1
(her ei naftgfvﬂpﬁsg%scﬁ%%sp e% glfé&cﬁté?iplt TS, 3l§RsA coficgmd "l‘ [FaPRES s ol ut i on").
In additi onble@dwtxh@edemgdd;mymg debiRa iR PFRErIalVE rbhyaacﬁe§1 Sl pESHRfts O L he
pr esent ophq)]tgtgl m c_sol ution contprl Si ng a buffer and Ha i'n such
an anount t prhthalavesalutiondiffer flomdhgsemfa COUVCHUOHNWOQM hyaburpnaatnot her
enbodi ment gfp¢ t invention is directed to the present ophthal mc
solution co r}?ar;l?lhoggog%f\dédet ate at a concentration fromO0.001 to 0.1% (wW V).

In ad¥ti on, anoTHimlgheIarﬁmﬁSerMéntQfayﬁmEEOISHnQﬁ@FEOOhIM%@ @D $), qla;raﬁegeed to the
5present op]gaahal m ¢ solution in a _concentration of hyaldronic acid or
r

a salt the ?ntll'?yﬂgo & Mo12008- 1368WRIP 2), and Japanesa dgtent baying-ipeh dvo.
SPO ot oot igapt SAD') LRMBH kbt i RRIES Bl ARG HRBERR [ O

solution in which a conce tratlon propylene ‘o 0.75%

(W v). 10l rbeagalkoniom chdoridehand gropyleagintolothey BR dREBIREN silOMRBbIOR | S
di rected to hk}ﬁirhgreszq ht haBHJ ¢ solution | n_whi ch a concentration of
benzal koni uTRPEHBH B&oR SEPRL PRSSErY HiiMesT WWSS and having addi ti on,

anot hes enbgigsivenémiehl frbferlé 56 HMmd &Vtﬁﬂfé @f"th# Sorf ﬁﬁ&{a?go&&nﬁgaﬁ%h%?
opht hal m ¢ sol ution consisting essentia ?1 uronirc acid or a

t her eof 15a@phthalmitcsohitioatwhile & connerfirafidn bﬁbﬂlzﬁﬂmﬁmﬁwdhlo@dmﬁhéﬂﬂmm&lﬁﬁ@ at a
concentrati fromOo. 1.09 enzal konium chl oride at a
concentrat|%gutp%%e@‘%fﬁort%wﬁr%é’?%\é%)%\?g an ionic tonicity agent at such a
concentrat i OITATI@N DIIPti ¢ pressure ratio of the ophthalmc solution
beconmes fromQ0.9 to 1.1, a buffer and a pH adjuster in such an anpunt that
pH of the OPhIRNTR@CEMENTon becomes from 6.0 to 7.0, and an edetate at a

20conggnt r f R 0. 1% (Wi addi tion, another

enbodi m*antai5 ?hejgr egseeg[?a%en&lg‘g % é‘Y%zp%ﬁé%@o an aqueous ophthal mc
sol ution cAMED St i Ggpamesecudral b 1n§-fOﬂéMdeJQQO9Q9@§03d or a salt thereof at a
concentration from 0.1to 0.3% , propyl ene glycol at a concentration

from0.25 tiol3 75/ﬁRaﬂFiﬁ)PatmhﬂﬂnkﬁneuMQ:IRD@91ldé4559t a concentration from

0.001 to 0..9845%& nic tonicity agent at such a concentration

t hat osm)tlrggpressure ragmf%#ﬁt he opht hal mi c sol ution beconmes fromO0.9 to

1.1, a buf fPDdnd G—luﬁ)ddlaﬁtlﬁﬁﬁdﬁmdnfhl ha®foREPUN 1861@845111 L the ophthal mic
tration from

sol ution be from6.0 to 7.0, an edefate at a conce

0. 001é$o 0. @W@WOFMM”HO% the present invention is directed to a
met hod of iTEEEIMIGAL d@g KPH ve effectiveness of an aqueous ophthalmc
sol ution contai ning sodium hyal uronate at a concentration of 0.1 or 0.3%
(wv) and benzalAoatiove) it b arih@essisg fasle @ &afh matic
viscosity of .the o ht hal.m c_sol ut?gon to 3.0 ?‘g?iﬁ/?}itl’{:ﬁrﬁ@ﬁﬁt&g&nﬁ and
preventing Y ?cbe“t.‘)ﬂ’ tSprval pnelfectivenessand having Pmmhcmlca@rapmlwthéaam@hs 5

m xi ng sodit anmount t. centr t| on in the

opht hal i ¢ gﬁe%%@nédglgglgﬁoé%p%@gﬁ#gﬁmgpa@ OQM’\?)SO UB%X@I‘ Kéni um chl ori de
in such an anmount that a concentration in the ophthal mc solution becones
to 0.001 to 0.002% (W v), propylene glycol in such an anmount that a
concentration in the ophthal mc sol uti om becones from0.1 to 1. 0% (W v),
and an ionic tonicity agent in such an anmobunt that 10osnotic pressure ratio
of the ophthal m c solution beconmes from0.9 to 1.1, a step (b) of adjusting
pH of the ophthalmc solution to 6.0 to 7.0, and a step (c) of filling an
eye



drop container with the ophthal mc solution (hereinafter, also sinply
collectively referred to as the "present nethod"). I n addition,
in the step (a) of the present nethod, an edetate in such an anount 15t hat
-a concentration in the ophthal mc solution becones fromO0.001 to 0.1% (w v)
is preferably further m xed. In addition, in the step (a) of the
present nethod, propylene glycol in such an anmount that a concentration in
t he ophthal mi ¢ solution becones fromO0.25 to 0.75% (W vVv) is preferably

m xed. 20In addition, in the step (a) of the present nethod, benzal koni um
chloride in such an anmount that a concentration in the ophthal mc solution
becones fro : 9 €s.preferably m xed. ADVANTAGEQUS
EFFECTS OF IBQ)NI%EQNQ'%&% hg%ﬁgsﬁzﬁwc%%ﬁlggéﬁqﬁlwgregol ution achieves sufficient
preser vat i vEOUTHON VORRQABDERY conpri si ng propyl ene gl ycol despite the
fact that a conc%ﬂt rati on of benzal konjum chloride in the ophthal mc

solution is equaf ¢ Bregt iRygators hays founshihap g sgdiym hygluroaaterophthelmicnenat i ¢
viscosity agsluSsiRtwkickD F8s /1 \Helk : t 1thal gic sol ution
cont ai ni ng hygl ur oni qcagi@g%gr@év)gégnt?alt ﬂé@’gﬁc kﬁﬁlgrhg? Pl%?‘?aélpe%g]%e g mply
referréd toacdevg suffjci¢nt preservaticd effesfinerieas, Wieras hadition of propyRneg@sl on, as

is clear fr . dn did check tests and eval uatjon test of,
protective gﬁ%@?ﬂg%%%vreﬁgﬁcﬁ)%ip{%g@me %tgqcltw@\‘}fﬁsﬁzﬁveﬁ Whenpcopeentratipraf | at er
the present baphlkbaluff ehlsridedt I erbd® @b@f%%wz\})' an effect as less likeliness

of drip and protection of corneal epithelial “cells against drying. BRIEF
DESCRI PTI ON OF neikerdrang, thg present igveapdirs binavfionnd thaf ifeore ¢hanyl %a (wivppy| ene

i
gl ycol - cont ai.ni ' l.ur onat e .opht hal m | uti gn,.on coy neal
ool the i ol Piopi e BEbMERANA RS MBS R 0GR pivistrnalavable
repr e3@nt i ngmgebf kivierabiid VikaositPERZR GG febssEVBGR MENL Sodils IRRRS6tte
ophthal m ¢ sqlution is an aqueous ophthal'm c solution containing
10hyal ur oni ePhtbalagsolytiondescriied ie Syalein® opivdmia solutam (. 1%nHPalBR& 0 0. 5%
(wv) and p l,.ene gl vcaol,at..a.concentration from0.1 to 1.0% (wvVv),
characteri zé‘g@{a&mﬁ%‘ﬁ“q’%y%%hﬁﬁﬁﬁgc% Ioﬁk‘?héﬁmé SplEpE 8d Y and I‘b’@fe@@
preservat i vainiRehthaintie 3bu hLog 48 .at ' f 0. 1 to 0.002%
(w'v) and co:r%?’?ses an ioﬁ?lgbgg%ilngl&ltcsl s&g@ﬁ?%@%ﬁ%@%ﬁ@@% 2réa%t%i on that an
osnoti ¢ predeyised Saventh Béitiohp(hersindfiat alise referred iocs gl eiftatefvi MR % t O

1.1 IS t hat, the "agueous ophthal m.c solutjon” in the present
i nventh |son r%&tggds‘i‘dt %néa}??VSBﬂ?’R%?q%itEe BISSERTIBYEREORHY Yhich gheieaper limé of agehi ¢l e.

The presentampiiit béhddiGos6f propPABnEAYcd1gs ké‘f%jl%%y/ﬁf eat ment not only of
ker at oconj unctive epitheliumdi sorder acconpanyi ng such endogenous

condi tions as drlp asdgitionyie ppasentanvintors pavy asefounditiey e prosyendgdysel- and

St evens-Jo : . 20but , al f .kerat oconjunctive epitheljum

di sor der a%%%ﬁé?ﬁ%@g LIRS %@ﬁ%“ﬁﬁ%?%‘,‘“%? ?455 ﬂgelgs&flmp)g@c} Belspdayy
dr ug- i nduceah effect wapre®at doyndal SpItTRIIAN oS Bgafist GPhACE Wil e YescriBd 4. | | ke.
Such 29pr esent Oﬁht hal m ¢ sol ution achi eves sufficient preservative

ef f ecfPveness byNeBrathaiprRseRsinysationds diraetas to @b sii¢oms ohlthbladt selotsn a
trati : I i ide in th ht.hal.m | uti i |
Co o | oner SPihin SREBAGHMDEL S hitSol § achBeqintie e o PSid blyvp "

osmoti ¢ pr ewsiymepylers gyeul bomeshoasirdth R 0Ur@N| 96261, Wi RBBliCes3ghut | on.
In addition, theBeF)nr]esent opht hal m ¢ solution al so has such an'e fsect as

less |ikel i WASESVaMepbeagel kppigmeghiorisie asp censentratiorefipmiz001ao 082%%6 agai nst

drying. Th }’3411@‘ e acta ol . present invention Is conpound shown in
a éengr al qf“gyw a&?glsgsg drng\?vhira t&lﬁglt}p agen? OF such a concen aglon ’r%at osmotic
25 pressure ratio of the ophthalmic solution becomes from 0.9 to 1.1 (hereinafter also

simply referred to as the "present ophthalmic solution").

In addition, another embodiment of the present invention is directed to the

present ophthalmic solution comprising a buffer and a pH adjuster in such an amount
that pH becomes from 6.0 to 7.0.



[where n represents a natural nunber]. Hyaluronic acid having an average
mol ecul ar ‘'wei ght from 500, 000 to 3,900, 000 5is preferred as "hyal uronic
acid" in the present invention, and hyal uroni c acid having an average

- nol ecul ar wei ght from 500,000 to 1,200,000 is further preferred. Sal t
of hyaluronic acid is not particularly restricted, so long as it is a

phar maceutical |y acceptable salt, and exanples thereof include: salt with
such inorganic acids as hydrochloric acid, hydrobrom c acid, hydriodic
acid, nitric acid, 10sulfuric acid, and phosphoric acid; salt with such
organic acids as acetic acid, fiimaric acid, maleic acid, succinic acid,

G ucur ont ¢ aci d. 15 SdBHGHE o8l icA st s ERen i B i drpted tochgc o,
hi ppuri ¢ acprsert ophthnlnso estutioh E@ﬂ'ﬁsiﬂ%?&ﬂedét"&@_fam 8dticen®iiot frdn?609PkPNI C
acid, oleic 3§J&g gannlc acid, polygalacturonic acid, stearic acid, tannic
aci d, trlfla bt hanesul foni ¢ 15aci d, benzenesul foni ¢ aci d,

-t ol uenesul f oni i e thyl..sul f.at
: i 2o, AR oS o s AR BBS4 oo ur

napht hal enesul foni c acid, an osali cycli ¢ acl
sal t wPth netesgat ophtbalinde solntomin whiohl dencentrdtismef hyak@onis atidl oMatsiit such

hal ogen i on br.om i , .chlorine ions, and iodine ions; salt with
such an al kg}e?e%rfr%stfg(fmggl tloiqfﬁl/"dﬁ‘(v)sodi um and potassiunm salt with such an

al kal i ne earth nptaditgn ' [ . 20salt _wth iron,
zinc, and the like; salft wtﬁéﬁ%gﬂnt?ﬁ?g?ggga tﬂ*g\ngeflﬂﬁlg%h()%dgggﬁt%gtgm‘%es as

tri et hyl enedieagit aphthagmigrseluderhirwhich 2 candemiranidyi of mopwaw dlycol is from 0.25

1- deoxy- 1- ({]596%(% .qo) - 2-D-sorbitol,

2- am no- 2- (hydr oxmt hyl) -1, 3- propanedi ol , procai ne, and

N, Nbi $Qpheny| net hyddiitlon2aestRanatioaihdif of #Rbridst fbkeio %gﬁfr&%dst%'tﬁe shown i n
a general formula (2) below (hereinafter al'so re erreg 0 as "sodi um
hyal ur onat eP¥s§né optithalgtie sejutien inswhich etotmeatratiamoftbeazalkéniim chiveidpiehemt

Sinvention: g o1 foh 0 resents a natural nunber]. "Hyal uronic
acid or a salt tohér%e@fm‘?’ﬁ?'t he present invention may be in a formof a

hydrate or a sol InxdditichDérbtiter @BfR MK Bf the FRAREL inbEntioR Q8BirecPdd t@ré,pOpt i cal
isoner is present faor hyaluronic acid, the isomer or salt thereof is also

enconpassedqHOLHP K sglutioneopsigtingrassantialiy of byalutonicadidi driacalt thereef case
whereig pro. i i for_hyal uroni c acid, the tautoner or
salt ther eo%tcﬁrbghg#%%ﬂglﬁ]grgﬁ}p%g% %gﬁﬁ’wg Bfoéé g:ﬁlf’ 'yr?\‘?gﬁﬁ WRCe@han fropy e

where a pol §-inte pA%afvd' v bemtajicomiyrh chlogid® af AcdRbiti@ionTidm 691 €1.085% Pr esent

in hyal uronﬁgvgci d or a.salt thereof, a hydrate, or a solvate, those

pol ynor ph a BT VATt PRI S8ENt(3h SHSrARgBRERiratips thatpsmptic plesreTatiompdrsed i n
t he presentoihvdRtd &mtioﬂ%'egomémorﬁ%l.y {0, P,irhnlggf?e'f Bn(ig\%kl}éa:(rig&s eqi(ilx(?: SShem means

an individual crystal formin each stage cas & form
changes dep&neintthappHag cnatilthadme hdicsittrtemesd Rommpmts AGdhdiaSdetate at a

ot ot &2 noi o SafbS Moot 1% @i ey and the entire process thercof .

;viH%/ﬁl uroni ¢ aci dnQiddRiodaddotiid? @hB8HimenfBr t’ﬁleﬂ)esgr?t i%@nlt'i%g% difeeted't0 an - “O" dance
aqueous ophthalmic solution consisting essentially of hyaluronic acid or a salt thereof
at a concentration from 0.1 to 0.3% (w/v), propylene glycol at a concentration from
0.25 t0 0.75% (w/v), benzalkonium chloride at a concentration from 0.001 to 0.0015%

25 (w/v), an ionic tonicity agent at such a concentration that osmotic pressure ratio of the

ophthalmic solution becomes from 0.9 to 1.1, a buffer and a pH adjuster in such an
amount that pH of the ophthalmic solution becomes from 6.0 to 7.0, and an edetate at a
concentration from 0.001 to 0.1% (w/v).

In addition, the present invention is directed to a method of improving
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a method conmmon.in the field of synthetic organic chem stry, and can al so
be 5manuf actured in accordance with the net hod described in Japanese Patent
Layi ng- Open No. 1-115902. In addition, a product commercially avail able

- from Sigma and the |like can al so be enployed as "hyaluronic acid or a salt
thereof' in the present invention, and for exanple, "sodium hyaluronate"” is
comercially available from Si gna (catal ogue No.: H5388). 10Though the
present ophthal m c solution can also contain an active ingredi ent other
than "hyaluronic acid or a salt thereof,” it preferably contains
"hyaluronic acid or salt thereof' as a sole active ingredient. A
concentrati N ur.oni c id or a salt thereof' in the present

opht hal mi ¢ §%F%§’?%Vn e?tec Y%‘r‘?ﬁ)% 3qyesHpRhalmye solutign gontginipgrsedii. 1 to 0. 3%
(Wv), and hysliroaate bbpeatenaton &t.010bd 0896 W) B3 ¥nkatkdhium chloride I%‘&

af orenmentioned "concentration of hyaluronic dcid or a salt thereo means
both of a c¥eBeeryali s seting kipamatiowiscosityiofl thef aphehalmicrsplutiando 2.0 to 4.0 or

concentrati mahd aluroni c .acid.” For exanple, "0,1% (wWv

hyal ur oni ¢ g&t %W aysé%l?c{ P ljtéﬁeenrué’g “pr?égl?fsomarllmlffso Utlrg’gs%pwrtg gstep (a% of
concenbr at | mixing sédiyralhyslundreateini sdeK i @80t cordinirBgorR MG HRAmZOS 0!l ut i on
is 0.1% (wWv andba casg@vx/nere a concentration of "salt of hyaluronic acid"

i s 0. 1% (w $Aution becomgs FpQ hoF 8837V 51, beprabnpiun ehlgride i1 such an ameupt esent

opht hal m ¢ | ks om0 1. 0% (wiv) and pr rabl y, from0.25 to
0. 75% (w v) &gggﬁgrgpﬁ%ﬁ}obrﬁﬂﬁﬁ %D}ﬁtﬁ gmf]cssgal{?ug)&%%ﬂﬂﬁs 0 E)o(&iﬁ? ﬂtbggé‘b@?’)al formul a
(3) bel ow pmpylene gl3Folin s@h fmdranient Brat @ poRathSorai B kpthAmRHRH NY a

car bon nunbgr fro Preferred "benzal Koni um chl oride" in

8 1 : d. :

the present ?Cﬂ%ﬁﬁoﬁhé'géo gbﬁ%éw/wbﬁpﬁﬁ%lm%mtyiaﬂewn@whm amaunethgéner al
formultga (3) ot y .21 L eal sporeterred
"benzal koni ?Jm C%ﬁgé?g@ﬁ%@%@%%ﬁ%’ﬂ%@%éﬂtﬁ ?gé Pgé;?h%fs ﬁ%lraneﬁ'%? &gni’ ﬁtﬂ’m%fi de"
in the presthestiogipthef the oplstbhlutic ssluorstof.0r0 DOOMH & QefcPOLAinwAN eyand

f bl 0.001 to 0.0015% (W y), " Conpri b | koni
Chior 1 do. 45 RPREMEY wiB e A ol ion hesisancn AbevwRACalsRscivhal the
present ophiehatddite a§ BHeUptRBntGRME]"§eS benzal koni um chloride, while it

conpri ses none of benzethonium chloride, chlorhexidine gluconate, parabens,
sorbic acid and 1 asdition; inethe step (@)hif theorateaniethodpari edesaté i, sublo g ¥moaiid

chlorykge. 5 rLS | .oni oni ¢cj t. ent such. a concentration
that an os %’? EC%‘EUSIF %@Eﬂug’é‘a’lﬂgﬁ O@h%imﬁéohlbﬁflﬁg??ﬁ]%gaéw k}tqraé)ﬁo gé?fb ¥ #rom 0.9
to 1.1" in praferghlyefether mivednt i on nmeans that an osnotic pressure ratio of
t he present ophthalmc solution is adjusted within a range from"0.9 to

1.1" by further Baddiipn i thestepf@oithe prpsenheettiod, propyieheoglycalrin bwhi

15that an- oonguh Sl 88bhecRBalh RUREEPRRGS: Ll Bian boshra fid 3biad 73R can
readi |y be (wapispedferablymixeé. use of an automatic osnolarity analyzer.

The ig{)ﬂc tonicity ag,ent, used in the present invention refers to an ionic
toni cfty agent addiionnindhe sfep &, of thst piessntimethor obdndalkomiainaihloridetih suétde,

magnesi um i i . 20T nesent. opht hal m ¢ saq| ut.i on

pr ef er abl yc%ioﬁrr%?‘?l&l}sa?gcgﬁkﬁ] {er?@nlg%ge %@%Fﬁ%?oé?nq%ﬂbeg%ﬁs éﬂmm&? that pH
of the ophth80Hi% (86 it preferdbdy miesl. from 6.0 to 7.0. "Conprising a buffer
and a pH adj I ampunt _that pH of the ophthal m c sol ution
becones frdérﬁglfpgsT‘éaﬁwglEﬁﬁEﬁgsﬁFegﬁﬁENir Nntion neans that pH of the
present opht hal i | hs.adiusted, within.a range from 6.0 to 7.0" by
adding a buffer Wg?leoﬁ gg’fy %ﬁﬁl&‘g éyn%noacpﬁé'esp?gg%lﬁ?t% PRiVeeetyenesson, and
an ar Int ldiymml_ jrisirtazmropfimegltycdtdilc;l@ige ﬂaéh fadt mufie@nceﬂﬁat%npwba%ml 8fmi s not
particul ar it S ng as pH. of the present ophthal m c solution can
be adj usteﬁﬁr{ﬁlﬂ%ﬁ%ﬁﬂ?ﬁfﬁg‘éﬁutwn 1s eqiabtq qﬁlewe&@n@gém%f(wwewhﬁaitrm "in

e preseniGhiaR i eBsePEkHSE AR UTANATD N £l BE31, S0 phosphat ¢

di sodi um phosphate, sodi um acetat'e, epsilon- and the
like, and ep5iaining hydlwonirageicdorca sultithertsf (hareiriatieh flkd Mn’f@)lyefe@‘érfe%{o akh is noted
uffe [

that boric .aci,d and bor re nqt .included in the "b r* in the present
i nvention. “ﬁ%lgromc acu?_ oglzﬁhﬁmlc solution *).  In addition, as is clear from results in drip
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A "pH adjuster” . in the present invention is not particularly limted so
l ong as it 5can adjust pH of the present ophthal mc solution, and specific
exanpl es i nclude diluted hydrochloric acid, sodium hydroxide, and the |iKke.
- The present ophthalmc solution is substantially equal in kinematic
viscosity to the conventional sodi um hyal uronate ophthal mc solution. For
exanple, in a case where a concentration of hyaluronic acid or a salt
thereof in the present ophthalmc 10solution is 0.1% (wv), kinematic
viscosity thereof is within the range from"3.0 to 4.0 nun2/s" described in
the Hyal ein(r) ophthalmc solution 0.1% or Hyalein(r) mni ophthalmc

sol ution O. J vl nterview. for In addition, jn a case where a
concentr at i %Pr@cg? %i%idue?gﬁ]%g%{gftcp @fOtﬁyéva?l etff:gfh%l? gRspesl ﬁplﬁﬁ%‘a gedlowhich will

opht hal i ¢ _beHescribed later(th Pkt whhthkiniie ¥Bluti6n M&%Qﬁéuﬁ:b{aﬁ@ﬁ%@cc%s dsg W Lhin

t he range f&gr’p " 17 aflo 30 nun2/s" 15described in the Hyalein(r) ophthalmc
sol ution 0. 3%% H\csﬁ—@/‘t I Fdiprotsstinn of saimeal enitieldicalls agairGt @86medi cal supply
interview f pRIEF DESCRIPHFORT t almc solution preferably conprises
an edetate at a concentrgct)lﬁocﬁs?%r}?%gl to 0.1% (W v). Here, "edetate" in

the présent invehig dis agmpb sbavihg dffedes by a peipdichehisbranmiiame 88ty aacetic
aci d) such gs rmnosodhlglg} edet at.e, 20di sodi um edet ate, trisodi um edet ate,
and t et r asot APORHE PRpL: i, golLtion, o sqraealprthelial cll dasnigadue tedming ldadydr at e
(her ei naf t efn WhigR thetdr@inaRedrdscifing SQfMPRglet ate hydrate”) is preferred as
"edetate" in_the present invention. hough a pharnmaceutically

accept abl e RE& EIQN OHEMBQRIMENTS he present ophthal mic sol ution as

necessary, the p ent thal mic solufion preferably does not 25 contain
an additive whi c?ﬁiggreﬁ%ﬁ%g‘b@f‘?? sjutin 5é@nagheons qehthalc polntiorerniainiag ef f ect

of the0pr eshyulurapitlabl Hialsal SherbdfAa cHEnltbidrl F6mM B 1Pk Yo lnfOES NOL
contain an additive not specified to be contal ned. ‘II e pr ser%t I nvention
provi des asPRPpeRe gveelpt agpreesntratian fodmthketopl. 0%e(wyv)opiurieadrivied its tHatitheon

descri bed nht hal i | utj i St | tially of
yal ar on ¢SmRS RRE 43 Bl T RO PRI RTS8 0 508
(W V), propgineatragiofd®m 6008 tEOIGBRIHAi A8 cHIPRSQ 2h i&gc %)ng%%%\ﬁ at such

benzal koni um chl ori de at a concentration fromO0.001 t ), an
i oni ¢ toni cf FQRCERERONAhatanOrmatie Bisswe ratioi afithe ¢phthadmicomhoionbepomesiiom r at i 0

i Ustar 1 e an Taae R AR R Rk PR Relfifs i g Bt 1 rom
6.0 to 7.0, refarsltcean ephehaimiz setutidon compebingatdt@asfarveRicl, 001 to 0.1% (wv). In
t he aqueous ophthal mc solution in the present enbodi ment as wel |,
griffr a(l:))I %041 ; szoa Ff‘eé‘fPﬂﬁh%lﬁ?%ipémlﬂiftﬁw@eafﬁﬁf%ﬁreammﬁtpott(?dayebg |2§ Irom

: o 0. Yoniufetiv 0 BE:R 0 . ene C is from.. 0
0. 75% (W V), and & C(t)lngg ?@??‘o‘lﬁﬁg?‘&fﬁg‘é’ﬁ%ﬁyk‘%%ﬁ“gﬂﬂng‘&‘%g8?‘?"(§é:°P§‘]“PP%?ﬁ 0. 001
to 0.0015% qrwieys (Xerd'phtha}imianyadmn&:),ﬁﬂj6@ﬁeh\sﬁncﬁ*61fne,_cirid\8¥é\%ﬁ_§-joﬁd30ﬁ BehdRbgs ent
met ho? means ttg;]?at ?sodl um hyal uronate ophthal mc sol ution conprising
benzafkoni u 0§t Keratacpniunciiye epithelim gisorst aspogiperying exogenogasanditions, i s
i mproved t owhigh $s pdieop&hi; ] i - i veness teest. (f.or exanple,
the preservat | ve.sI§ ef ?gf:\rt il‘;\}gdr%edggée?gg%%&’ S}rﬁgﬂé‘\rsg(iégg%%rﬁggreuﬁgﬁ&c%tg (JEMES, t he
15t h Edi ti omthedikholuchngresast ophttmimiznsoiinionekhiadsdi suffifer@bredefagser vat i ve.

"Preventingdrip’ | n'i’t het%rl.esent thra({j means that, in a case where an eye
drop cont ai nier 1 2o P EHIHNNR PORYIEE &hasy despite thetfactshatarrenesniration of i on and

t hereaft er wnzalksdilnl RldrRIR iR BRI AhitG i i i & currence
of such a phenonmenon that 20 th(% opﬁ’t’ﬁzsloﬁnﬁlgﬁggoﬁq%t8n°rr%esrqﬁ%l}/@b?%m atip
end ofdt he @®), whip itdwakiriematic alsooxitytand osnibat Bereséudé Htib allswe@weaRd as
conpared w I.: al uronat.e opht hal m c_sol uti on_not contai ni ng
propyl ene ch‘g?liQ gglaﬁg%ﬁﬁ s nl&fl%f p'{ﬁr?gﬁﬁws@ﬁtprwtmshahnwi sabitienatsat

ot her than tmeducharefcusORa IkeliRERHRLKRR] i M &1 col , and
an ionic tonicity agent can 25eall so be g}%gg%&%@hiog@%%g liegﬁ*‘cj}a?cgkyedet ate
in such an %&ABSrdryingat a concentration in the sodi um hyal uronate ophthal mc
sol ution becorresrﬂerhgmltomom 10 0.1% vv/.vzl i s preferably m xed. The
step (b) of the preséntORERHE M HereseRAVFRiion 1harompoudshawpin agesseler to a
sodi um hyal uronate ophthalmc solution to thereby adjust pH wthin the

range from
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"6.0 to 7.0". So long as pH of the sodi um hyal uronate ophthal m c sol ution
can be adjusted within that range, an amount of addition (concentration) of
a buffer and a pH adjuster is not particularly limted. An eye
- drop container filled with the sodi um hyal uronate ophthal mc solution in
5the step (c) of the present nmethod is not particularly limted so |ong as
it is normally used as an eye drop contai ner, and an eye drop contai ner
made of polyethylene is particularly preferred. The present nethod can al so
conprise step(s) other than steps (a), (b), and (c). Though results of
preservatives-effectiveness tests, kinematic viscosity 1lOnmeasurenent tests,
drip check val uation test of protective effect on cornea

epi t heli al %gﬁﬁﬁ*gzg%g [ as formul ati on exanpl es are shown bel ow, these
exanpl es are for betjer understandinggﬁ{ the present i
intend to limt thejscope of the pres [ nvention. Exa
15[ Preservati ves- Ef flecti veness Tests] Preservatives-effectiveness tests

ntion and do not

wer e conducted to check influence by pro on| preservative
ef fectiveness of a hyal uropgyacid o ' Lon, reparati on of
Sanpl e) <Conparativeg Formuljations 1, . of} sodi um

hyal uronate, 0.7 g qf sodi d mghloride, 0.2 g
of epsilon-am no cagr oi i ) edetate hydrate, and 0. 0025
g of benzal koni um chl orjnde QHC12) wer i g0l vegyyj n water| to obtain a 100 niL
product, followed by addiN f diluted fochj oric acid and/ or
sodi um hydr oxi de. A

25Conpar ati ve Fornﬁfgtion 4 olesul tant produc® havijng pH of 7.0 was
enpl oyed as Conparative Fornulation 1 <Conparative Fornul ations 3, 4>
Conparative Formul ations 3, 4 were prepared as in Conparative Formul ati ons

1 and 2 above, e anpunt of diti on of benzal koni um chl ori de
(C12) was set t@ﬁ%&%ﬂ%&g&Q 3rn%1fr§ltl}u61?1bei Here, 0.3 .g of sodium

hyal uronate, 0.7Hgalofordosbidinaviig & heteagendlectlaOieiBhORdth 808,000 YEPboo Bo@ 9 of

epsi | og-am no caproic acid, 0.0l g of sodiumedetate hydrate, 5 and 0.001 g

of ben2al kolfiRisfEERd 8y hyaluraniogcidieinethe pesentievention ead dyaluronihacid havng 80 ni

product, fo aedid| ! rochd oric acid and/ or
SRR o B LA 30600 R 1,200 BAFR AL 60

sodi um hydr oxi A result a ‘ation 2>

Fornul ati on 2 waSalpofipaheoniagcidris ket padiailirbrredrialedy® 108€ a9k idhat an anmount
of 10additiagn of sodi rm hyalﬁronate was set to and an anount of

. 0,1
addi tion ofP SFUHGRII Arcemtrble isalb apéféammgtl@eqofﬁrzyh?ﬂeosﬁitzwgla sychest Met hod)

Preservat i vggr&ahi i ; J iascenformty w.th
Preservati ves-%tnfiﬁc}ségﬁ %?ctf'gr;i% gmggﬁfdrgetg'glglz&%Cg%’a{{ﬁggé&ﬁﬁglﬂ%%%cp%cé‘iﬁ’a, t he
15t h. Qi t i osulfiBictaside ambiptiospharicsawidsisalp bwithrsaéle orgafictadida as Ackaid ABKRIS fumaric
Phar macopoei a%) . .In t@e resent, test, Escherichia Coli (E. coli),
Pseudononas A& HYFITSsL- suscinicacidicifsie 251d, tartanin ardcastipia acidyglagenic agidaur eus) |
Candi da_al bplaadteptdnic #id)ghititonic 04, ©RPRIIIE A4S, AbBGheshRoniBa8a! L&y,
enpl oyed as_test strains.

hippuric acid, 1,2-ethanedisulfonic acid, isethionic acid, lactobionic acid, oleic acid,

pamoic acid, polygalacturonic acid, stearic acid, tannic acid, trifluoromethanesulfonic
15 acid, benzenesulfonic acid, p-toluenesulfonic acid, lauryl sulfate ester, methyl sulfate,
naphthalenesulfonic acid, and sulfosalicyclic acid; quaternary ammonium salt with
methyl bromide, methyl iodide, and the like; salt with such halogen ions as bromine
ions, chlorine ions, and iodine ions; salt with such an alkali metal as lithium, sodium,
and potassium,; salt with such an alkaline earth meéal as calcium and magnesium; metal
20  salt with iron, zinc, and the like; salt with ammonia; salt with such organic amines as

triethylenediamine, 2-aminoethanol, 2,2-iminobis(ethanol), 1-deoxy-1-(methylamino)-

-8-



(Tes't Results) 20Table 1 shows test results. In Table 1, "ND." indicates
that no mi'croorgani smwas detected. Table 1 . | ngredient Fornulation 1
Conpar ative Conparative Fornulation 2 Conparative Fornulation 3 Conparative
- Fornulation 4 Formulation 1 Fornulation 2 Sodium Hyaluronate 0.3%0.3%
0.3%0.3% 0. 3% 0. 1% Sodi um Chloride 0.7%0.7%0.7%0.7%0.7% 0. 7% Pot assi um
Chl oride 0.15% 0. 15%

2-D-sorbitol, 2-amino-2-(hydroxymethyl)-1,3-propanediol, procaine, and N,N-
bis(phenylmethyl)-1,2-ethanediamine; and the like.
Sodium salt shown in a general formula (2) below (hereinafter also referred to

as "sodium hyaluronate") is preferred as "salt of hyaluronic acid" in the present

5 invention;

HO
@]
L~
H
H (2)
HN\”/CH3
0 Im

[Where m represents a natural number].
"Hyaluronic acid or a salt thereof" in the present invention may be in a form of
a hydrate or a solvate.

10 In a case where a geometric isomer or an optical isomer is present for
hyaluronic acid, the isomer or salt thereof is also encompassed in the scope of the
present invention. In addition, in a case where a proton tautomerism is present for
hyaluronic acid, the tautomer or salt thereof is also encompassed in the present
invention.

15 In a case where a polymorph and a polymorph group (a polymorphic system)
are present in hyaluronic acid or a salt thereof, a hydrate, or a solvate, those polymorph
and polymorph group (polymorphic system) are also encompassed in the present
invention. Here, the polymorph group (polymorphic system) means an individual
crystal form in each stage in a case where a crystal form changes depending on

20  conditions and states for manufacturing, crystallization, storage, and the like of those

-9.



.0. 15% 0.15% - -.Propylene dycol - - - - 0.25% 0. 25% Epsi | on- Am no Caproic
Acid 0.2%0.2% 0.2% 0.2% 0. 2% 0. 2% Sodi um Edet ate Hydrate 0.01% 0. 01%
0.01% 0. 01% 0. 01% 0. 01% Benzal koni um Chl ori de (Cl12) 0.0025% 0. 0025% 0. 002%
- 0.002% 0. 001% :

10

15

20

25

crystals (the present state including also a formulated state) and the entire process
thereof.

"Hyaluronic acid or a salt thereof" can also be manufactured in accordance with
a method common in the field of synthetic organic chemistry, and can also be
manufactured in accordance with the method described in J apanese Patent Laying-
Open No. 1-115902. In addition, a product commercially available from Sigma and
the like can also be employed as "hyaluronic acid or a salt thereof” in the present
invention, and for example, "sodium hyaluronate" is commercially available from
Sigma (catalogue No.: H5388).

Though the present ophthalmic solution can also contain an active ingredient
other than "hyaluronic acid or a salt thereof," it preferably contains "hyaluronic acid or
salt thereof" as a sole active ingredient.

A concentration of "hyaluronic acid or a salt thereof" in the present ophthalmic
solution is from 0.03 to 0.5% (w/v), preferably from 0.1 to 0.3% (w/v), and further
preferably 0.1% (w/v) or 0.3% (w/v).

The aforementioned "concentration of hyaluronic acid or a salt thereof” means
both of a concentration of "hyaluronic acid (free form)" and a concentration of "salt of
hyaluronic acid." For example, "0.1% (w/v) hyaluronic acid or a salt thereof”" means
both of a case where a concentration of "hyaluronic acid (free form)" in the ophthalmic
solution is 0.1% (w/v) and a case where a concentration of "salt of hyaluronic acid" is
0.1% (w/v). _

A concentration of "propylene glycol" in the present ophthalmic solution is
from 0.1 to 1.0% (w/v) and preferably from 0.25 to 0.75% (wiv).

Benzalkonium chloride is a compound shown in a general formula (3) below:

R
ke o

[where R represents an alkyl group having a carbon number from 8 to 18].

-10-



.0. 0612%[1Iuted.HydrochI oric Acid/Sodium Hydroxide gq.s. g.s. .S, Q.S. ¢

10

20

25

Preferred "benzalkonium chloride" in the present invention is benzalkonium
chloride in which R in the general formula (3) above represents "CioHys" (hereinafter
also referred to as "benzalkonium chloride c1m2ym.

A concentration of "benzalkonium chloride" in the present ophthalmic solution
is from 0.001 to 0.002% (w/v) and preferably from 0.001 to 0.0015% (whv).

"Comprising benzalkonium chloride as a sole preservative" in the present
invention means that the present ophthalmic solution comprises benzalkonium chloride,
while it comprises none of benzethonium chloride, chlorhexidine gluconate, parabens,
sorbic acid and a salt thereof, chlorobutanol, boric acid, borax, and chlorite.

"Comprising an ionic tonicity agent at such a concentration that an osmotic
pressure ratio of the ophthalmic solution becomes from 0.9 to 1.1" in the present
invention means that an osmotic pressure ratio of the present ophthalmic solution is
adjusted within a range from "0.9 to 1.1" by further adding to the present ophthalmic
solution, an jonic tonicity agent in addition to propylene glycol or the like. It is noted
that an osmotic pressure ratio of the present ophthalmic solution can readily be
measured with the use of an automatic osmolarity analyzer.

The ionic tonicity agent used in the present invention refers to an jonic tonicity
agent of sodium chloride, potassium chloride, calcium chloride, magnesium chloride,
or the like.

The present ophthalmic solution preferably comprises a buffer and a pH
adjuster in such an amount that pH of the ophthalmic solution becomes from 6.0 to 7.0.
"Comprising a buffer and a pH adjuster in such an amount that pH of the ophthalmic
solution becomes from 6.0 to 7.0" in the present invention means that pH of the present
ophthalmic solution is adjusted within a range from "6.0 to 7.0" by adding a buffer and
a pH adjuster to the present ophthalmic solution, and an amount of addition
(concentration) of a buffer and a pH adjuster is not particularly limited so ldng as pH of
the present ophthalmic solution can be adjusted within that range.

Specific examples of the "buffer” in the present invention include sodium

phosphate, dibasic sodium phosphate, disodium phosphate, sodium acetate, epsilon-
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g.s. Purified Water g.s. q.s. q.s. g.s. g.s. gq.s. pH 6.07.06.07.06
6.0 Results of Preservatives-Effectiveness Tests : Log Reduction E.
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4.16.1 2w.ND. ND. 6.1 ND. NND. N.D. 3w N.D.

2.3 N.D. N.D.
N. D. ND. ND. ND ND ND ND P aeruginosa 1w 2.2

N.D. N.D.
N.D. N.D.

amino caproic acid, and the like, and epsilon-amino caproic acid is particularly
preferred. It is noted that boric acid and borax are not included in the "buffer” in the
present invention.

A "pH adjuster" in the present invention is not particularly limited so long as it

5 can adjust pH of the present ophthalmic solution, and specific examples include diluted
hydrochloric acid, sodium hydroxide, and the like.

The present ophthalmic solution is substantially equal in kinematic viscosity to
the conventional sodium hyaluronate ophthalmic solution. For example, in a case-
where a concentration of hyalurdm'c acid or a salt thereof in the present ophthalmic

10 solution is 0.1% (w/v), kinematic viscosity thereof is within the range from "3.0 to 4.0
mm?/s" described in the Hyalein® ophthalmic solution 0.1% or Hyalein® mini
ophthalmic solution 0.1% medical supply interview form. In addition, in a case where
a concentration of hyaluronic acid or a salt thereof in the present ophthalmic solution is
0.3% (w/v), kinematic viscosity thereof is within the range from "17 to 30 mm?%s"

15 described in the Hyalein® ophthalmic solution 0.3% or Hyalein® mini ophthalmic
solution 0.3% medical supply interview form.

The present ophthalmic solution preferably comprises an edetate at a
concentration from 0.001 to 0.1% (w/v). Here, "edetate” in the present invention
means salt of edetic acid (ethylenediaminetetraacetic acid) such as monosodium edetate,

20 disodium edetate, trisodium edetate, and tetrasodium edetate, and a hydrate thereof.
Disodium edetate dihydrate (hereinafter also referred to as "sodium edetate hydrate") is
preferred as "edetate" in the present invention.

Though a pharmaceutically accéptable additive can be added to the present
ophthalmic solution as necessary, the present ophthalmic solution preferably does not

25 contain an additive which is not specified to be contained and influences an effect of
the present ophthalmic solution, and further preferably, it does not contain an additive
not specified to be contained.

The present invention provides as a preferred embodiment of the present

ophthalmic solution described above, an aqueous ophthalmic solution consisting

-12-
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3.N.D. 2.4 2w ND. ND 2.55.6 ND. 4.4 3w ND ND 2.6 ND. N D
7 w

5,
4, 4w N.D.  ND. 3.1 ND. NND. 5.5 S. aureus 4w 1w 4.8 5.4

essentially of hyaluronic acid or a salt thereof at a concentration from 0.03 to 0.5%
(w/v), propylene glycol at a concentration from 0.1 to 1.0% (w/v), benzalkonium
chloride at a concentration from 0.001 to 0.002% (w/v), an ionic tonicity agent at such
a concentration that an osmotic pressure ratio of the ophthalmic solution becomes frorﬁ
5 0.9 to 1.1, a buffer and a pH adjuster in such an amount that pH of the ophthalmic
solution becomes from 6.0 to 7.0, and an edetate at a concentration from 0.001 to 0.1%
(w/v).  In the aqueous ophthalmic solution in the present embodiment as well,
preferably, a concentration of hyaluronic acid or a salt thereof is from 0.1 to 0.3% (W/v),
a concentration of propylene glycol is from 0.25 to 0.75% (w/v), and a concentration of
10 benzalkonium chloride is from 0.001 to 0.0015% (w/v).

"To improve preservative effectiveness" in the present method means that a
sodium hyaluronate ophthalmic solution comprising benzalkonium chloride at a
concentration not higher than 0.002% (w/v) is improved to pass the defined
preservatives-effectiveness test (for example, the preservatives-effectiveness tests under

15 Japanese Pharmacopoeia, the 15th Edition) without increasing an amount of addition of
a preservative,

"Preventing drip" in the present method means that, in a case where an eye drop
container is filled with a sodium hyaluronate ophthalmic solution and thereafter an |
instillation operation is performed, frequency of occurrence of such a phenomenon that

20 the ophthalmic solution runs down from a tip end of the eye drop container along the
outside (drip) is lowered as compared with a sodium hyaluronate ophthalmic solution
not containing propylene glycol.

In the step (a) of the present method, an ingredient other than sodium
hyaluronate, benzalkonium chloride, propylene glycol, and an ionic tonicity agent can

25 also be mixed, and in particular, an edetate in such an amount that a concentration in
the sodium hyaluronate ophthalmic solution becomes from 0.001 to 0.1% (Whv) is
preferably mixed.

The step (b) of the present method means adding a buffer and a pH adjuster to a

sodium hyaluronate ophthalmic solution to thereby adjust pH within the range from

-13 -
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15

20

25

. D. C. albicans 4w 1w 0.5

"6.0t0 7.0".  So long as pH of the sodium hyaluronate ophthalmic solution can be
adjusted within that range, an amount of addition (concentration) of a buffer and a pH
adjuster is not particularly limited. _

An eye drop container filled with the sodium hyaluronate ophthalmic solution in
the step (c) of the presént method is not particularly limited so long as it is normally
used as an eye drop container, and an eye drop container made of polyethylene is
particularly preferred.

The present method can also comprise step(s) other than steps (a), (b), and (c).

Though results of preservatives-effectiveness tests, kinematic viscosity
measurement tests, drip check tests, and evaluation test of protective effect on corneal
epithelial cell, as well as formulation examples are shown below, these examples are
for better understanding of the present invention and do not intend to limit the scope of
the present invention.

Examples

[Preservatives-Effectiveness Tests]

Preservatives-effectiveness tests were conducted to check influence by
propylene glycol on preservative effectiveness of a hyaluronic acid ophthalmic solution.

(Preparation of Sample)

<Comparative Formulations 1, 2>

Here, 0.3 g of sodium hyaluronate, 0.7 g of sodium chloride, 0.15 g of
potassium chloride, 0.2 g of epsilon-amino caproic acid, 0.01 g of sodium edetate
hydrate, and 0.0025 g of benzalkonium chloride (C12) were dissolved in water to
obtain a 100 mL product, followed by addition thereto of diluted hydrochloric acid
and/or sodium hydroxide. A resultant product having pH of 6.0 was employed as

Comparative Formulation 1 and a resultant product having pH of 7.0 was employed as

Comparative Formulation 2.
<Comparative Formulations 3, 4>
Comparative Formulations 3, 4 were prepared as in Comparative Formulations

1 and 2 above, except that an amount of addition of benzalkonium chloride (C12) was

-14-
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.0.6.0.5 1.1 0.5.0.5 2w 1.51.90.91.81.22.4 3w2.41.81.63.13.23.9
3.2 5.82.34.34.04.9 A. niger 4w 1w
set to 0.002 g.
<Formulation 1> ‘
Here, 0.3 g of sodium hyaluronate, 0.7 g of sodium chloride, 0.25 gof
propylene glycol, 0.2 g of epsilon-amino caproic acid, 0.01 g of sodium edetate hydrate,
5 and 0.001 g of benzalkonium chloride (C12) were dissolved in water to obtain a 100
mL product, followed by addition thereto of diluted hydrochloric acid and/or sodium
hydroxide. A resultant product had pH of 6.0.
<Formulation 2>
Formulation 2 was prepared as in Formulation 1 above except that an amount of
10 addition of sodium hyaluronate was set to 0.1 g and an amount of addition of
benzalkonium chloride (C12) was set to 0.0012 g.
(Test Method)
Preservatives-effectiveness tests were conducted in conformity with
Preservatives-Effectiveness Tests defined in Japanese Pharmacopoeia, the 15th edition
15 (hereinafter also simply referred to as "Japanese Pharmacopoeia"). In the present test,
Escherichia Coli (E. coli), Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus
aureus (S. aureus), Candida albicans (C. albicans), and Aspergillus niger (A. niger)
were employed as test strains.
(Test Results)
20 Table 1 shows test results. In Table 1, "N.D." indicates that no microorganism

was detected.



1.6.1.5 1.01.2,-0.2 -0.2 2w 3.4 3.21.93.20.00.4 3w4.2 4.4 2.4 3.9
0.10.7 5.3 N. 3.0 4.7 0.1 0.9 Determ nation (Based on Japanese
Table 1
Ingredient Comparzftive Comp@tivc Comparz?tivc Comparalxtive Formulation 1 | Formulation 2
Formulation 1 | Formulation2 | Formulation 3 | Formulation 4
Sodium Hyaluronate 0.3% 0.3% 0.3% 0.3% 0.3% 0.1%
_Sodium Chioride 0.7% 0.7% 0.7% 0.7% 0.7% 0.7%
Potassium Chloride 0.15% 0.15% 0.15% 0.15% - -
Propylene Glycol - - - — 0.25% 0.25%
Epsilon-Amino 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%
Caproic Acid -
S“:;’;i‘::m 0.01% 0.01% 0.01% 0.01% 0.01% 0.01%
Benzalkonium | 6 0025% | 0.0025% | 0.002% 0.002% 0.001% | 0.0012%
Chloride (C12)
Diluted
Hydrochloric
Acid/Sodium q.s. q.s. q.s. q.. q.s. q.s.
Hydroxide
Purified Water q.s. q.8. g.s. q.s. q.s. q.5.
pH 6.0 7.0 6.0 7.0 6.0 6.0
Results of Preservatives-Effectiveness Tests : Log Reduction
Iw 4.3 4.5 2.2 2.3 4.1 6.1
£ Coli 2w N.D. N.D. 6.1 N.D. N.D. N.D.
3w N.D. N.D. N.D. N.D. N.D. N.D.
4w N.D. N.D. N.D. N.D. N.D. N.D.
iw N.D. N.D. 2.2 5.3 N.D. 2.4
P. aeruginosa 2w N.D. N.D. 2.5 5.6 N.D. 4.4
3w N.D. N.D. 2.6 N.D. N.D. 4.7
4w N.D. N.D. 3.1 N.D.. N.D. 5.5
1w 4.8 5.4 3.0 5.1 2.2 4.3
S aureus 2w N.D. N.D. N.D. N.D. N.D, N.D.
3w N.D. N.D. N.D. N.D. N.D, N.D.
4w N.D. N.D. N.D. N.D. N.D. N.D.
1w 0.5 0.6 0.5 1.1 0.5 0.5
C. albicans 2w 1.5 1.9 0.9 1.8 1.2 2.4
3w 24 1.8 1.6 3.1 3.2 3.9
4w 3.2 5.8 2.3 4.3 4.0 4.9
iw 1.6 1.5 1.0 1.2 -0.2 -0.2
] 2w 34 3.2 1.9 3.2 0.0 0.4
A. niger -
Iw 4.2 4.4 24 3.9 0.1 0.7
4w 5.3 N.D, 3.0 4,7 0.1 0.9
Determination
(Based on Japanese Pass Pass Fail Pass Pass Pass
Pharmacopoeia)
(Discussion)

As shown in Table 1, it was clarified that the sodium hyaluronate ophthalmic
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Phar macopoei a) Pass Pass Fail Pass Pass Pass (Discussion) As shown in
Table 1, it was clarified that the sodi um hyal uronate ophthal mc solution
satisfied the criteria defined in "Japanese Pharmacopoei a Gener al
~Information Preservatives-Effectiveness Tests Category |A" within the pH
range allowable in the presence of 0.0025% (w v) benzal koni um chl ori de (pH
6.0 and 7.0), however, it did not satisfy the criteria at pH 6.0 in'the
presence of 0.002% (w v) benzal koni um chl ori de 5and did not have sufficient
preservative effectiveness. Then, preservative effectiveness at pH 6.0 at
whi ch preservative effectiveness was weaker was evaluated in the presence

f 0.25% . l.ycol. .Then,, . it. larified that the 0.1% (wW v
god i um hy gY\/%JO\r{%)trll ar S%Bg%%tﬁgg#c %§18ﬁﬁ?qe‘g‘n I é}?i‘f‘\lg@fsﬁl%&%%‘;?@o%‘? iqeé?ﬁahlrg?mﬁi’é?ﬁag es e)

Phar macopoePrséeaes Effafiosens Tas Caessy YAl Wis: Felefl t
Category I A" at 10a concelnt ration of Dbenzal koni um cpﬁ%%ﬁgﬁg’?abg@%ot_ﬁé% (w'v)

and the 0. 3DEESACT P 087 W (WYl henzatkanduro whiomiale (pId 65bandt 7.9 hewevesfit did riohe

iteria al - i l.kopi h{ ori f 0.001% (W
ond that borfishr? eARRESEHING MindbreRERe B SRR Ll R Rohwatloridinyn « v
foregobng, and didmoshovenuffividnt phetemaive e fqtiomesgneTEhy srebervitiie hyal uronic

aci d opht halétp c. solution achieved sufficient 15preservative effectiveness
even t hough®H3rEveRsse e 8 2 wiash presereative eifenti vanpssrwaseveslier was evatnated002%

wv) or |lo j G0N} ' t Test] Ki.penmat] igcosity
asur anent g PESRE TR PR BlopENERRNDE " Men PR dREFIRY B Y% ot
hyal ur oni ¢ @¥vilsasipkm hyaloranateadphtliabnici solutioh ghtigited pyd @terigby'gapandshad been

bl ended in case that_os |§ pressure ratio_thereof was adjusted fromO.9

to 1.1. (Pr EIRoNaSFens AR Wﬁ?%@tiﬂésﬁfeﬁm%ﬁsdﬁﬁsl@ﬁom.113" g of
di ugphyal i i |.oi=Agi ' i . f di
sodi unphyal ¥EsHBh®atich- o benikGRgh cm%ﬁag‘ro?ggﬁflgfg%)gaﬁgﬁ& (816% g(%?) 50 ﬁl,%ﬁ hum

chloride, 0.0015 g of benzal koni um chi SO m
edet at e hydhyplweongie epkthslsut veldtiomsatiafied the@ritdriazilso @ akofcemtrapsmwetict

hydr oxi de.  BetRs o B A Geah 001 1 B Bt 6018 oot essur e rati o
of 1.0 was BRRrodRe eBRciveresP AR ViR foRgB 2t W4Y shown that, by adding
propylene glycol, the hyaluronic acid ophthalmic solution achieved sufficient
15 preservative effectiveness even though the concentration of benzalkonium chloride was
set to 0.002% (w/v) or lower.
[Kinematic Viscosity Measurement Test]
Kinematic viscosity measurement tests were conducted in order to check
kinematic viscosity of a hyaluronic acid ophthalmic solution in which propyléne glycol

20 had been blended in a case that osmotic pressure ratio thereof was adjusted from 0.9 to
1.1

(Preparation of Sample)
<Comparative Formulation>
Here, 0.3 g of sodium hyaluronate, 0.2 g of epsilon-amino caproic acid, 0.8 g of
25 sodium chloride, 0.0015 g of benzalkonium chloride (C12), and 0.01 g of sodium
edetate hydrate were dissolved in water to obtain a 100 mL product, followed by
addition thereto of diluted hydrochloric acid and/or sodium hydroxide. A resultant

product having pH of 6.5 and osmotic pressure ratio of 1.0 was employed as a

Comparative Formulation.
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<Formul ations 1.to 5> Formul ations 1 to 5 were prepared simlarly to
Conpar ati ve Formul ati on above except that an anount of addition of sodium
chl ori de and propyl ene glycol was varied as appropriate to adjust osnotic
-pressure ratio to 1.0 (see Table 2). 5(Test Method) Accordi ng to page
4 of the Hyalein interview form allowable ranges of osnotic pressure ratio
and kinematic viscosity of the 0.3% (W v) sodi um hyal uronate ophthal mc
solution are "from0.9 to 1.1" and "from 17 to 30 mR/s," respectively.
Then, osnotic pressure ratio of the sodi um hyal uronate ophthal m c sol ution
was 10adjusted to "0.9 to 1.1" with the use of propylene glycol and an
ionic tonicity a nd ereafter kinematic viscosity of the osnotic
pressure ratio mgg&%%%%&PQEEOPf is noted that, in the kinematic viscosity

measur enent  t est Folsiulgioakil o }5i\ﬁeﬁ@gf@m@knﬁuﬁg&%t@&%adﬁ%ﬁ&ﬁ% gb@fe 30C
was neasured in accordance with "Japanese Pharnmacopoei a General Tests,

Vi scosi ty DEtEPhinAkAN apouvkehasiditioneisedisim ghlntidesandgmepyticneygl @anivas aasied

15Tube. " In Lt i essure ratio; was ed with the use of
an automati %?%?@rgﬁ tto%ﬁg}rglg(%sﬁogic p?%%‘ﬁﬁf%@? t?r ]eﬁl?sﬁfzq%g%&éy Inc.) in
accordance w t h (Trapsiedwd) Phar nacopoei a General Tests Csnolarity

+Determ nation." ResHJ ts%:BTa%e ﬁ shows results. Table 2 Bl ended
I ngredi ent  For nilFSTFi88 1B ofi the Elyalsimintesyiewrform milomiabletraeges 2f Psmetid at i on -

o Cor T L ghgh, SO IALASHTND it 00002

ophthalmic solution are "from 0.9 to 1.1" and "from 17 to 30 mm?s," respectively.
Then, osmotic pressure ratio of the sodium hyaluronate ophthalmic solution was

10 adjusted to "0.9 to 1.1" with the use of propylene glycol and an ionic tonicity agent, and
thereafter kinematic viscosity of the osmotic pressure ratio was measured. It is noted
that, in the kinematic viscosity measurement test, kinematic viscosity at a measurement
temperature of 30°C was measured in accordance with "Japanese Pharmacopoeia
General Tests, Viscosity Determination Method I Viscosity Measurement by Capillary

15 Tube." In addition, osmotic pressure ratio was measured with the use of an automatic
osmolarity analyzer (manufactured by Arkray, Inc.) in accordance with "Japanese
Pharmacopoeia General Tests Osmolarity Determination.”

(Results) |

Table 2 shows results.
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‘O. 29% 0. 2% 0. 2% Sodi um Chl ori de 0. 8% 0. 7% 0. 6% 0. 5% O. 4% 0. 3% Propyl ene
A ycol - '0.25%0.5%0. 75% 1% 1. 25% Benzal koni um Chl oride (Cl12) 0.0015%

0. 0015% 0. 0015% 0. 0015% 0. 0015% 0. 0015% Sodi um Edet ate Hydrate 0.01% 0.01%
~0.01%0.01%0.01%0.01% Di | ut ed

Table 2
C ti .
Blended Ingredient ompara.we Formulation | | Formulation 2 | Formulation 3 | Formulation 4 | Formulation §
Formulation
Sodium Hyaluronate 0.3% 0.3% 0.3% 0.3% 0.3% 0.3%
Epsilori-Ami
perion-Amino 0.2% 0.2% 0.2% 0.2% 0.2% 0.2%
Caproic Acid
Sodium Chloride 0.8% 0.7% 0.6% 0.5% 0.4% 0.3% -
Propylene Glycol - 0.25% 0.5% 0.75% 1% 1.25%
Benzalkonium 0.0015% 0.0015% 0.0015% 0.0015% 0.0015% 0.0015%
Chloride (C12) T s R o S T
Sodium Edetat
fum Edctate 0.01% 0.01% 0.01% 0.01% 0.01% 0.01%
Hydrate
Diluted
Hydrochloric s
Acid/Sodium q.s. qQ.s. q.s. q.. q.8. q.s.
Hydroxide
Purified Water q.s. q.s. q.5. g.s. q.s. q.s.
pH 6.5 6.5 6.5 6.5 6.5 6.5
Osmotic pressure
. 1.0 1.0 1.0 1.0 1.0 1.0
ratio
Kinematic Viscosi
R Y 25 .26 27 28 30 34
(mm?/s)
(Discussion)

As is clear from Table 2, it was shown that, with a concentration of blended
propylene glycol being 1% (w/v) or lower, kinematic viscosity of the 0.3% (w/v)
sodium hyaluronate ophthalmic solution was within the allowable range (17 to 30

mmz/s), while kinematic viscosity exceeded the allowable range of kinematic viscosity

at a concentration equal to or higher than that. In addition, it is estimated from the

results above that, with a concentration of blended propylene glycol being 1% (w/v) or
lower, kinematic viscosity of the 0.1% (w/v) sodium hyaluronate ophthalmic solution

will also be within the allowable range (3.0 to 4.0 mm?%s). From the foregoing, it was

10

shown that, in blending propylene glycol in the hyaluronic acid ophthalmic solution, a

concentration of blended propylene glycol should be 1.0% (w/v) or lower.
[Drip Check Test]

A drip check test was conducted in order to check influence by propylene glycol

on drip of a hyaluronic acid ophthalmic solution.
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. drochl ori ¢ Aci d/ Sodi um Hydroxide g.s. g.s. g.s. g.s. 9.s. g.s. Purified
VI_\Zter g.s. g.s. g.s. g.s. g.s. g.s. pH 6.56.56.56.56.56.5 Osnotic
pressure ratio 1.0 1.0 1.0 1.0 1.0 1.0 Kinenmatic Viscosity (m2/s)

(Preparation of Reagent)

¢ Propylene Glycol Free Formulation

Commercially available "Hyalein® ophthalmic solution 0.1%" was employed.
* Propylene Glycol-Containing Formulation
5 Sodium hyaluronate (0.1 g), a buffer (epsilon-amino caproic acid), sodium
chloride, propylene glycol, benzalkonium chloride (C12), and sodium edetate hydrate
were dissolved in water to obtain a 100 mL product (osmotic pressure ratio: 0.9 to 1.1),
followed by addition thereto of diluted hydrochloric acid and/or sodium hydroxide. A
resultant product had pH of 6.5.
10 (Test Method)
An eye drop container made of polyethylene was filled with each of the
propylene glycol free formulation or the propylene glycol-containing formulation of
SmL, and 5 healthy subjects performed 6 times an operation the same as the operation
performed at the time of ocular instillation. For each operation, whether or not drip (a
15 phenomenon that the ophthalmic solution runs down from the tip end of the eye drop

container along the outside) occurred was evaluated.

(Results)
Table 3 shows results.
Table 3
The Number . Propylene Glycol-Containing
of Times of Propylene Glycol Free Formulation Formulation
Measurement Drip Without Drip Drip Without Drip
1 1 4 0 5
2 0 S 0 5
3 1 4 0 5
4 0 5 0 5
5 0 5 0 5
6 0 5 0 5
Total 2 28 0 30
20
(Discussion)

As is clear from Table 3, with the propylene glycol free formulation, there were

some cases of drip, whereas with the propylene glycol-containing formulation, no drip
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25 26 27 28 30 34 (Discussion) As is clear fromTable 2, it was shown
that, with a concentration of bl ended 5propyl ene gl ycol being 1% (wv) or
| ower, kinematic viscosity of the 0.3% (w v) sodium hyal uronate ophthal mc
- solution was within the all owabl e range (17 to 30 m®2/S), while kinematic
viscosity exceeded the all owabl e range of kinematic viscosity at a
concentration equal to or higher than that. In addition, it is estimated
fromthe results above that, with a concentration of bl ended propyl ene

gl ycol being 1% (wv) or 10 lower, kinematic viscosity of the 0.1% (w V)
sodi um hyal uronate ophthalmc solution will also be within the all owable

3.0 /s). the f j , o0t h that, in,
b1 o g pr s PostTY, Blom e Biee0 g, S AhGii, ik g sheseah AR Ic OGR4
concent r at i exhiifedtimprsieehent Miﬁ%&oﬁlpﬁfe@'wi%hﬁlB'c@im%tiénQ%}rgl‘Md{-ﬁc 24iq | over .
n oraer

[Drip Check Test]  15A drip check test was conducted i to check

i nfl uence b9PYEhalG soketion ipvdiclono propplené glycolykadiheemblended. d opht hal i ¢

solution. (Prep j nt opyl ene cql _.Fr Formul ati on
Commercial ly avaﬁvgh{aggn %gﬁgﬁg%ﬁ&vgﬁﬁg%{%%”?g %R‘ﬁﬁhalcé"ibd was enpl oyed.
Propyl @ne G ycol EGduitainnen@f brvtettivatifoct on2oetiddNegihelil cen a8 cofiubte®in 2
buf fer (epsi Idon- am nha %Oibc aci d), sodiumchl|oride, propylene glycol,
benzal koni uPH E%tf’(fmd&é“‘ﬁ ¢ by aigorydene sty winseniaming halurenietid aphthebhiced i n

wat er to obsmhty ( [ ressure ratio: 0.9 to 1.1),
fol l owed by addi@%‘%%%e?@?%ﬁggegic{%iui{;g%dﬁglg’rcgrgmgd??d{: aci d and/ or sodi um
hydr oxi de. A res{llestaviethodpduct had pH of 6.5. 10(Test Met hod) An eye

drop cont ai ner of palyethylene was filled with each of the propyl ene
gl ycol free for W%Q} b Heﬂ Gomealkenithelial cells REGERT:RYKEN nul ati on of

5m., apd 5 BRR i e RITE! } an _operati t he,sanme .as the
operation pefr%ﬁg%&rr}é%ég?itt ’gaqgalﬂﬁe@egfh&%g%égr&k@??? F%@F%ﬁ.a%?veg% € gdlat i on,
whet her or eedis/vetil) pnd eulfibeh Enone donint AeSHEMECORRS MaditinG T (b hekt dayns down

ner al ong the outside) occufred was

eval uat od.  REHIE -0 NES TG eI YIEM ¥ SbPise mPHamESening! Ti mes. of

0.25% (w/v) propylene glycol, 0.03% (w/v) sodium hyaluronate, or 0.25% (w/v)
propylene glycol and 0.03% (w/v) sodium hyaluronate, and thereafter the corneal

15 epithelial cells were cultured for one hour (hereinafter, each also referred to as a

- "propylene glycol alone group,” a "hyaluronic acid alone group," or a "propylene

glycol/hyaluronic acid combination group"). It is noted that a group that a culture
medium was replaced with a D-MEM/F12 culture medium not containing a tested
substance and thereafter the corneal epithelial cells were cultured for one hour was

20 defined as a "vehicle group”.  After culture, a culture medium of each group was
replaced with a D-MEM/F12 culture medium not containing a tested substance and
then cells were dried for 7.5 minutes. After drying load, cell viability was measured
using Cell Proliferation Assay Kit (manufactured by Promega, catalogue No.: G3580)
(corresponding to absorbance of 490 nm).

25 (Results)

Fig. 1 shows test results.

(Discussion)

As is clear from Fig. 1, decrease in cell viability of corneal epithelial cells due

to drying load (see the vehicle group) was not sufficiently suppressed by treatment of
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'NEas‘urerrent Propyl ene @ ycol Free Formulation Propylene Q@ ycol -Containi ng
Formulation Drip Wthout Drip Drip Wthout Drip 1 14052 050531
4054 05055005

propylene glycol alone or hyaluronic acid alone (see the propylene glycol alone group,
the hyaluronic acid alone group). On the other hand, it was confirmed that,
surprisingly, decrease in cell viability was significantly suppressed in the propylene
glycol/sodium hyaluronate combination group. From the foregoing results, the
5 propylene glycol-containing hyaluronic acid ophthalmic solution is considered to have
~ an effect to protect corneal epithelial cells against drying.

[Formulation Example]

Though a drug according to the present invehtion will be described further
specifically with reference to formulation examples, the present invention is not limited

10 only to these formulation examples.
(Formulation Example 1)

In 100 ml of an ophthalmic solution (0.1% (w/v))

sodium hyaluronate 01g
epsilon-amino-caproic acid 02¢g

15 sodium chloride 06¢g
propylene glycol 05¢g
benzalkonium chloride (C12) 0.001 t0 0.002 g
sodium edetate hydrate 0.001to0.1g

~ diluted hydrochloric acid q.s.

20 sodium hydroxide qg.s.

sterile purified water q.s.

The 0.1% (w/v) sodium hyaluronate ophthalmic solution having pH from 6.0 to
7.0 and osmotic pressure ratio from 0.9 to 1.1 can be prepared by adding sodium

hyaluronate and the above-mentioned ingredients other than that to sterile purified

25 water and sufficiently mixing those.
(Formulation Example 2)
In 100 ml of an ophthalmic solution (0.3% (w/v))
sodium hyaluronate 03g

epsilon-amino-caproic acid 02¢g
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056 0505 Total 2 28 0 30 (D scussion) As is clear from Table 3,
with the propylene glycol free fornmulation, there were sone cases of drip,
whereas with the propyl ene glycol-containing fornulation, no drip was

- observed. Fromthe foregoing, it was shown that the present ophthal mc
solution exhibited inprovenent in drip as conpared with the conventi onal
hyal uroni ¢ acid ophthal mc solution in which no propyl ene glycol had been
bl ended. [Evaluation Test of Protective Effect on Corneal Epithelial Cell]
5Eval uation test of protective effect on corneal epithelial cell was
conducted in order to study influence by a propyl ene glycol -containing

hyal uroni ¢ aci d opht hg‘lﬁ@ ion on corneal epithelial cell damage due
to drying | oad. (Test Wﬂﬁﬁﬁ)r 40 imortalized hur’rQr? &orneal epithelial
cells: (HCE-T: R KEN pf¥BvRRegBdbce Center, Japan” é\lo RCB2280) were
seeded to a 96-well|l plate (1x104 ceIIs/vveII) and cultured for one day in an
SHEM cul ture nmedi um @PZ@}IFQHW(@XPMG?W@ (GIR3 cul ture mBdi0Uino G2 gepl aced with
a DMEM F12 cul ture 0.25% (W vVv) p lL.e | ycol, 0.03%
(w/v) sodi um hyal t uonat eweﬁag&%%a% v) propyl ene B%@&? Bgré 0. 03% (W v)
sodi umbhyal ur onat e, addutedhhyc&aéﬁleﬂchdsie corneal 15epjgtshelial cells were
cultured for one hour ; fter each also referred to as a "propyl ene
gl ycol alone group,"” yerogHiec acid al one groupds.or a "propyl ene

gl ycol / hyal uroni ¢ aci group”). It is n ted that a group that a
cul ture nedi um was regkeﬁg@h\%@{lﬁ%ger VEM F12 cul turg imedi um not cont ai ni ng
a tested substandbe 913&6 ey smlliuramyalhmmmrm&ialrﬁnlsbhmlohaﬂav % ﬁmr@ to

cul tured fo5 hour. was 20def i s a "vehicle group culture, a
culture medi gf“’é‘&ﬁﬁpﬁﬁ%‘%r%s&] a‘@édl Gantbe niemsTedhy F@n&:mdmne medi um

not cqot ai nh?ﬂu@nﬁt@%@%e%ﬂg@é %ﬁﬁox?éaqn%@gﬁn&%ltﬂé t%rtﬁatgg IS%gilef Arifie
m nutes. After vl abl was neasure gpltfleifi
Proliferati B’ﬁte}\%‘g %Pl@nt(mmnatimc ed by Prorrega cat al ogue No.: G3580)
(correspondh@gUlquﬁRﬁm%iB%nA‘?O nm. 25(Results) Fig. 1 shows t est

results

The hyaluronic acid ophthalmic solution according to the present invention
achieves sufficient preservative effectiveness by conté.ining propylene glycol despite
15 the fact that a concentration of benzalkonium chloride in the ophthalmic solution is
equal to or lower than 0.002% (w/v), while it has osmotic pressure ratio and kinematic
viscosity allowed as the hyaluronic acid ophthalmic solution. In addition, the
hyaluronic acid ophthalmic solution according to the present invention has such an
effect of less likeliness of drip and protection of corneal epithelial cells against drying,
20 and hence it is expected to serve as an ophthalmic solution capable of more effectively

treating dry eye.
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(Di scussi on) . As is clear fromFig. 1, decrease in cell viability of
corneal epithelial cells due to drying | oad (see the vehicle group) was not
sufficiently suppressed by treatnent of propylene glycol alone or

- hyal uroni ¢ acid al one (see the propyl ene glycol alone group, the hyaluronic
acid alone group). On the other hand, it was confirmed that, surprisingly,
decrease in cell viability was significantly suppressed in the propyl ene

gl ycol / sodi um hyal uronat e conbi nati on group. Fromthe foregoing results,

t he 5propyl ene gl ycol -contai ning hyaluronic acid ophthalmc solution is
considered to have an effect to protect corneal epithelial cells against
drying. [Fornul ati on Exanpl e] }fﬁ&ﬁygh a drug according to the
present invention will be descri bed fg specifically with reference to
formul ati on exanples the present invention is not limted 10only to these
formul ati on exanpl e (Formul ation Exanple 1) In 100 mM of an ophthal mc
sol ution (0.1% ?ﬁ// V) adusars pptbalmie Sﬂia&l@ﬂcolltégmegélyalummrbewmnhereaf:| do. 2

g 15sodi um ghl r 0 enzal koni um chl or.i de

(C12) 0. 001 ftgl Cgﬁ%ég‘g’g“& it u(?n@%{ kG g@; F‘%‘% B’(?%?Sgﬂe? opl aiaﬁ%‘felnh?’é%f‘

hydr ochl orlﬁ:ora&ldtq ISO%ZQ!é\Qdcmnpding‘ oxideq.s. sterile purified waterq.s.

The 0.1% (W v) %ign éml 61ateohthalmc sol ution hawn(g pH from6.0 to
7.0 and osnoti cstbe Ui qrisierat g preeatratiom fram 000 e 04403 mive) apa sedeli ng
sodi um hyal ple@paki®eafid t he above-mentioned ingredients other than that to

sterile purified 25water and sufficiently mxing those. (Fornulation
Exanple 2) In 10® ImHC(Wmaty ageint fdunh e condeutration that Boshwiti¢)press@d iratid of

hyal ur onat no- capr Oi 0.2 g sodiumchloride0.5 g
propyl ene g’y %@Biﬁ% r%ﬁCRB‘ﬁFB‘ Gp & :1 e (C12)0.001 to 0.002 g sodium
edet ai@ hydrate0. 001 to 0.1 g 5diluted hydrochloric acidqg.s. sodium

hydr oxi deq. s. .
2. The ophthalmic solution according to claim 1, comprising a buffer and a

pH adjuster in such an amount that pH of the ophthalmic solution becomes from 6.0 to
7.0.

15 3. The ophthalmic solution according to claim 1 or 2, comprising an edetate at
a concentration from 0.001 to 0.1% (w/v).

4. The ophthalmic solution according to claim 1, wherein

a concentration of hyaluronic acid or the salt thereof is from 0.1 to 0.3% (wihv).

20
-5. The ophthalmic solution according to claim 1, wherein
a concentration of propylene glycol is from 0.25 to 0.75% (wiv).
6. The ophthalmic solution according to claim 1, wherein
25 a concentration of benzalkonium chloride is from 0.001 to 0.0015% (W/v).

7. An aqueous ophthalmic solution, consisting essentially of:
hyaluronic acid or a salt thereof at a concentration from 0.03 to 0.5% (w/v);

propylene glycol at a concentration from 0.1 to 1.0% (Wiv);
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sterile purified waterq.s. The 0.3% (w v) sodi um hyal uronate

opht hal m ¢ solution having pH from6.0 to 7.0 and osnptic pressure ratio
fromO0.9 to 1.1 can be prepared by addi ng sodi um 10hyal uronate and the

" above-nentioned ingredients other than that to sterile purified water and
sufficiently m xing those. | NDUSTRI AL APPLI CABI LI TY The hyal uronic
acid ophthal m c solution according to the present invention. achieves
sufficient preservative effectiveness by containing propyl ene glycol
despite 15the fact that a concentration of benzal konium chloride in the
ophthal mc solution is equal to or | ower than 0.002% (wv), while it has

osnotic pressur LQ -and . kin tic Vviscosit) e hyal uronic
acid opht hal ni e % %@‘?%‘?%H’ ‘ihﬁa’ré%gﬁ?ﬁc%?e d ‘é°’h€i§?’31r@(ﬁ¥¥§%a@$ E‘HP( ‘hal mi ¢

sol uti on accor di aigiohiz tohiitpagae bt such ¥BhiRah@bthatalostibtR freGhredhtid 855

| i kel i ness tg]fa déi p. and protection of corneal epithelial cells against

dryi ng, 20alhg oRBthalic solugor heromes fromp08de vd:as an opht hal mi ¢ sol uti on
capabl e of nore gfiggtiuel eat i A . 1. AR
aqueous ophthal mc solaitr}%{?l%-I %%ﬁ%glﬁ?%%{%yﬁﬁpém%p g(';{)?éh%?phéh %glllct S({lﬁé(fneof at
a conceént r apdcomes from ®0 087 0pall 5% (W v), and propyl ene glycol at a

concentration 5fro .1 to 1.0% g,w/ él%? corrgri Si ng; benzal koni um
chloride at a coft¥Htaastdrpneensation diom ¢-80ptddbs (Wrly) as a sol e
preservative; and an ionic tonicity agent at such a concentration

that an osnotic é)ressure ratio of the ophthal mc solution beconmes fromO.9
to 1.1. 10 . ZThemrhtimbinicralution ascdrdinigdo clatm 0 dhegirt o cl ai m 1,

conprising a buffer and a pH .adjuster.in suc n amount that pH of the
opht hal i ¢ sol ut%%‘?Pcﬁlétéa&‘r?&soﬁ‘?/gh{%@o“ﬂ%orﬂié .s%%reo?%ﬁmm © @éut i on
accordong to cl ai gnkeftratdn T PrIyIchE Dis&Fh 8t 739 ation from
0.001 to 0.1% (W v). e4.mTr{11e ggﬁ{yhal ﬁ%‘?ycc%sgl uti g?é@?&?ﬁﬁg&f%gl aiml,

wherei n a concend $ACFRiFAtioN of panaatkonium ghlotdois fram 0K tto D06 8%f(w/e). f r om 0. 1
to 0.3% (wv 20 5. The ophthal mic solution according to claim1l, wherein a
concentration of propylene glycol is from0.25 to 0.75% (w V).

6. The ophthalnmg s@lmathmﬁﬁ@%ﬂﬁ@gegavﬁi@ieﬁeét,ive\ﬁ@@srcﬁiaﬁ agméouzoncentration
of benzal koni um chloride is fromO0.001 to 0.0015% (wv). 7. An aqueous

opht hal mi ¢ Rhthalmisolwipagsostaining soswn hyallranatsiat alpadentrativrcof 1% (Wvia sal t

concon?r at | REARYigh Bbrids T by rd Spanad kil ineBEB N G torthe’ =

concent r at i aphtlialmiv D1 tb G.(IJtoOlCXBﬂi_nGW, ¥nd preventing@ipi IhCop IRl RIE ol@gpnt at
such a concentration that an osnotic pressure rati o of the ophthalmc

sol ution betHRES & om 0.9 to 1.1; _ a buffer and a pH adjuster in
such an amount thgkp oy oPhnikiAg sORMRAMrSnaAO LR B RREGEATES o R0 fiaBob® 7+ O

and
in the ophthalmic solution becomes 0.1% (w/v), benzalkonium chloride in such an

20 amount that a concentration in the ophthalmic solution becomes from 0.001 to 0.002%
(w/v), propylene glycol in such an amount that a concentration in the ophthalmic
solution becomes from 0.1 to 1.0% (w/v), and an ionic tonicity agent in such an amount
that an osmotic pressure ratio of the ophthalmic solution becomes from 0.9 to 1.1;

a step (b) of adjusting pH of the ophthalmic solution to 6.0 to 7.0; and

25 ‘ a step (c) of filling an eye drop container with the ophthalmic solution.

10. A method of improving preservative effectiveness of an aqueous
ophthalmic solution containing sodium hyaluronate at a concentration of 0.3% (W/v)

and benzalkonium chloride as a sole preservative, setting kinematic viscosity of the
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an edetate at a.concentration fromO0.001 to 0.1% (W V). 8. The

opht hal m ¢ sol ution according to claim?7, wherein a
concentration of hyaluronic acid or the salt thereof is fromO0.1 to 0.3%
~(w'v), 10a concentration of propylene glycol is fromO0.25 to 0.75% (wWv),
and a concentration of benzal koniumchloride is from0.001 to 0.0015%

(W v). 9. A nethod of inproving preservative effectiveness of an
aqueous ophthal mi ¢ sol ution containing sodium hyal uronate at a
concentration of 0.1% (w v) 15and benzal koni um chl oride as a sole
preservative, setting kinematic viscosity of the ophthalmc solution to 3.0
to 4.0 m/ d .prevent | dri.p ob the ophthal m c solution, conpr.ising:
a step (a) §Pht§$l)r(xla lﬁéglgﬁ%ﬁ {?Ekglﬁf)épmr(&taé‘%img‘ée%ﬁgg;ﬂpafr%ﬂﬂ’hﬂ?}h{llcéo ution,
concentr at i edmpfisihfre opht hal m ¢ sol uti on becones 0. 1% (w v), benzal koni um
chloride in such an 20anpunt that a concentration in the ophthal mc

sol uti on becones 2FkEHRRfoBxingsodivpohyalunansty in prcbpwlagrangthat otoricantsatioh an

anount that; at i in. the al m.c sql ut.ion.becones fromO0.1 to

0% (w vy . "o PR RO Bl Becolis Bt (P T P kP R e sucos o |

pressube r atmountthatreeconpdtitfadbiricoptohdlini O lRammEesmes #6mD.6o 1 @ ologhe, @ Step

(b) of adjustj H of the ophthalmc solution to 6.0 to 7.0; and 25a step
S

(c) of fill R eneglyeel dbsiichian@mannt that heonspmfraiioniin thesephthalmie.

10. A netho : b i } f tiveness, of an _aqgyeous

opht b i ¢ Solption BRGEHEL Bonf . C3E1 6% (W5, S0l 88 Mnk e RFRG Feeiin SIS Susmm

0.3% (w v) thatlabesmatidmrssura rati of ind@pathaimisebritipr &@5€O\ELIlVe, setting

ki nematic vi scosit%/ R&)%h . gQphthalmc solution to 17 to 30 m®/s, and
epiR) ofpMined

preventing drip 8f ngPl of he entuhalmicoiphtionitng:0 to 7.0;and step (a) of
m xi ngosodi um hygl : t jon in the
opht hgl m c sol u%/i Sﬁbgg&fﬁglsl fﬁg%((\%?e?@%@%&%ﬁ@%ﬁ%&%ﬁ{éﬁrﬁ&%’og'gfoﬁh such an

S5anmount that a concentration in ophthal mc solution becones from0.001 to
0.002% (W v), propylene ol in such an_a nt that a concentration in
the ophthal nmic ng'ut?ig%mg%%gﬁ‘é?r&P%m gl?ﬁntgé’qigﬂw/b@("wpv), and an ionic
tonicity agent i th$dRpad), aBisbite iD@AlchaR BRARE tht P& iohdh g of the
opht hal m ¢ sol utign to}_)gQQ to 1.1; a sﬁ%ﬁtg%&lg“%dj usting pH
of the opht ARNthalmie solutiorobecomesfromt GO ®; 0. W wiQds fitrther fijedof filling an
eye dygp container with the ophthalmc solution. 11. The nmethod according
to clarm9 or 10, wherein in the step (a), an edetate in such an
anount that a con2enThahkbd kéokdifg APBahRbH: §0SPhdtEinon becomes from 0. 001
to 0.1% (wv) is further mxed. 15 12. The method according to claim9 or
10, wherein in thg stepéa)s propylenyg glygelipysheinen ghgundithat a cencdntratiomimtheit t hat

a concentr atj i . Lkc i C s from0.25 to 0.75% (w v)
is mxed 2 @alﬁ%gﬁfﬁﬁ%%g%ggba%%&?go @?%\%ﬁ]wgvrgg? m{¥d- wher ei n in the
step (a), benzal konium chloride in such an anount that a concentration in
t he o%t hal m c s% utjron b%cgrres fromO0.001 to 0.0015% (w v) is m xed.
.~ The method according to claim 9 or 10, wherein
in the step (a), benzalkonium chloride in such an amount that a concentration in

the ophthalmic solution becomes from 0.001 to 0.0015% (w/v) is mixed.

- 26 -



