DESCRI PTI ON. HYDROGEL CONTACT LENS FOR SUSTAI NED DRUG RELEASE AND DRUG
RELEASE METHOD USI NG HYDROGEL CONTACT LENS FOR SUSTAI NED DRUG RELEASE
Techni cal Field [0001] The present invention relates to a hydrogel contact.
| ens for sustained drug rel ease and a drug rel ease nethod using the
hydr ogel contact |enses for sustained dﬂug rel ease, More icularly, the
present invention relates to a hydrogel contact |ens for sustained drug
rel ease that can suitably be used as a daily disposable contact |ens that
can rel ease an anionic ophthal Ri & dragfefflectivél ¥ in a relatively short
period of tinme and a drug rel ease nethod using the contact |ens. As cross
reference to other 15 applications, the present application clains a
benefit of L QK. J j ' : 3 iled
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on February entire c s of which are incorporate erein

by refer e”ﬁ%ﬁ%ol Iiﬁ@j ko, Mhiribe neberofsieantiaeh beos wearess has

reached to ons and contact | enses have been w dely acknow edged as
one of 4 he nost popul ar types of nedical equi pnent. Hydrogel contact |enses
take 70% or nore of the contact |ens market and dail y-di sposabl e-typed

hydr ogel costacicdensesichave the | argest share anong hydrogel contact

| enses. Cenerally, daily-disposable-typed hydrogel contact |ens wearers can
wear cont ad00Dehs&sef pred@nholmreent iday ratlateagesta [ ODOZICIQsNRAICH éens

di sorders include glaucoma, various infectious 2 diseases and allergies
Particul ar E9r Seatehred ejininedegises anfoRl 814l T3S MPdrtd An'ad

w dely observed in daily lives and there is a,large depand fo easy and
effective PHEFIPPEsCAYHH Hotl FHE eyéralergiBsd @%@9uﬁ?g$5ﬁ%gly ate in the
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allerg 1 SPrrT ati'ng S en admn ed so that

t he drug ng%ﬂé £ Q?s'ﬁﬁge& Qir%lgl eyiate theriddd tattag1 sideusld et a ofaitiRe
drug by adding a refreshing agent, a nucopol ysaccharide and. the like to
the drug ($€epdRaB08423383 Lo @ndP 200be 18448 anfathenic ophthalmic drug
effectively in a relatively short period of time and a drug release

method using the contact lens. As cross reference to other
15 applications, the present application claims a benefit of priority
from Japanese Patent Application No. 2009-037862, filed on February

20, 2008, the entire contents of which are incorporated herein by

reference.

20 Background Art
[0002] The number of contact lens wearers has reachedtolémillions
and contact lenses have been widely acknowledged as one of the most
popular types of medical equipment. Hydrogel contact lenses take
70% or more of the contact lens market and daily-disposable-typed

25 hydrogel contact lenses have the largest share among hydrogel
contact lenses. Generally, daily-disposable-typed hydrogel
contact lens wearers can wear contact lenses for 18 hours a day
at longest.

[0003] Ophthalmic disorders include glaucoma, various infectious



10 di scl osures of which are incorporated herein by reference) . [0004] JP
2004- 59583 A discloses a technique of alleviating tne irritating and
forei gn-body feelings of a drug containing sodi um cronogl ycate by
conpoundi ng the drug wih a refreshing agent, while JP 2005-187404 A
describes a technique of raising the vistosity 15 of lacrimal fluid by
nmeans of an additive of nucopol ysaccharide to suppress the absorption of

sodi um cronpgl ycate and alleviate the jrritation of eVﬁS. Fbmgxer .t hese
t echni ques &aRABES sHtd SHAQGHESy aPPBv e e ISSRSCRETnGYET FELEL 81 Sodi um

l'ycate and t ther_d dded i tual .
ise. ] 0008 LRESruHy 58 AT PALL CBERR Use "aRep VRRET RE o rdiide Lives
i ncl udi ng ggglﬁ{gﬁ@ 1§59ya1[b%e H?h‘%ﬁﬁ?&é g%%%%hg%ﬁ/ﬂﬂeéetﬁgﬂﬁéé L3l thave

been di scussed. For exanp report that the itchiness due

to eye allgpgi @?e CaN D18y 1SUPPT 85886k 25 b AGHReSE BT tRY Bolhi UEF fe@le—tdrepld ng
allergy in the Tormof 'eye-drops before an occurrence of allergy. However,

even ifs pahkenbSemidROCEPE SUSPENSi08ral fearimgtdiont age dEnses endut,
adm ni stration of eye-drops after an occurrence of allergy they may, nore
of t en t hanthat,dhey riel uct ardt troy Suspeas wiear adgicbatactd |sensbstarte tdrug
accept 3 adm nistration of eye-drops before an occurrence of allergy.
Thus, the peedentpvieetheedpiesldievddiienitbeeiragtatdragsid affeaas rﬂfg the
seasonal allergy in the formof eye-drops in advance have no%éggco

popul ar.  PEBOEPYWASAI DM QLN NRe 06 - sBf FBFOPP bT Y saég ey

q q . . .
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dPssoI%?ngdg%gigﬁggé iéfa%@#%%, G%E%ﬁ%gﬁéégggbggggﬁfgt%Yiggfgyéﬁgégbeutic

drug by Catt%io%QJCQﬁi 30l 4-88%8S 104 LoNt dddk the JMerapeubirCa dT&igi Hiavieg been
di scl osed (see JP 2004-307574 A and JP 2003-301014 ‘A, the contents of which

are incor paratied thagesnd byo refgr-enes) FThesenyechniguesigacendashgngdsd@ium
control, the release of the therapeutic drug by way of an ion exchange
reacti on lzrheioggenatheéconppooend snof:hehdérwpnrt abta kenseant ey icgiendandwhhke
ingredients of the therapeutic drug. JP 2004-307574 A discloses a contact

l ens for swét &0AGH187AG4r Bl daserivee yriadinalioper eifedsésingsthfeVihepapeltic

drug, an anionic drug having a carboxyl group, a sulfo group.and ,
ohosphabe GrodF AT LTBLEEalRY MPRRSIGE ATt Alfige of micopblysaciharide

to suppress the absorption of sodium cromoglycate and alleviate
the irritation of eyes. However, these techniques cannot
satisfactorily alleviate the irritating effect of sodium
cromoglycate and thus one or more other drugs need to be added in
20 actual use.
[0005] Meanwhile, various techniques of preventing allergies
including pollen allergy by using a drug for preventive
administration have been discussed. For example, there has been
a report that the itchiness due to eye allergies can be suppressed
25 by administeringadrug for treating allergy in the formof eye-drops
before an occurrence of allergy. However, even if patients who
accept suspension of wearing contact lenses and administration of
eye—-drops after an occurrence of allergy they may, more often than

not, be reluctant to suspend wearing contact lenses and to accept



20 nononer is used as a conmponent of hydrogel by 2 to 50 nol % and an

ani oni ¢ nononer i s conpounded with the cationic nononmer by 30 to 90 nol %
JP 2003-301014 A discloses a lens for an eye for sustained drug rel ease,
wherein the lens is an ionic |l ens made of a copol ynmer of a hydrophilic
nmonomer and a nethacryl ate having a phoé%hate group 25 in a side chain and
al so has a cationic substituent in the inside of the polyner. [0007] in
the case where a contact | ens as described in JP 2004-307574 A or JP

2003- 301013dmin kst drop £ @vegdrePe #sdos6 iy OFCUT¥eRee SR AdCEEi-zed A/ t hat
the ion interactions are strong so that . the rejeasecﬁgte can, be

l. d
down, whi chPPsPEFYRi%re HGragtewm §r ePBERT TS Y vy Foi° §0|roﬁ§esie-?l‘§'§ of

tinme, at |east over .24 hours ver,. wae 1 ens i '

(i Sposabl e COHPSET EREOPHa t1s et ROPROFoRS dpcur dFhaaPs e Phkbus,
and t hen d%ééﬁgﬁd’ it cannot be expected to provide a remarkable

t her apeuti ect and hence is not practically Disclosure of the Invention

Probl em t o (Bgo&P! Wednb¥oh Pt nivany iy r1Q-s[ 9008E » Theor nuentakeagkst hehey
present invention achieved the present invention in view of the

above- - -i daatif t € byyebleemeaAingbtectadf ldneepr esentedcaenttihen tirgattment
provide a technique of effectively admnistering an drug treating allergies
direct ed t eiskasonalf eye-digeagsehwchhid owey dissatats fonnavbe e lspe deidasialel v,
an object. 15 of the present invention is to provide a hydrogel contact

|l ens for stbeaiheed oy dgveelteie cohacceapn effeasigditydyelasee & catimsiite
drug such as a therapeutic drug for treating aller ies,mﬁtq}kﬁﬁﬁr £
irritati onfoRnFN® RWGMASE PhgIt heOeYEY dghite GF-SERELFEASTWeRr reWhHeies ©
particularly, .an object of the present, inyention.is to provi

hydr ogt(# c@ﬁf“ 8?3?%1%“5 ot %rbesrtaré) ¢ Ay ép’egggs%ﬂgt é%%igac?%llg%s%%%oose of
a therapeut,| . fo ' ' ' ' YeSherdogerd ot of
time and h%ﬁgggéﬁgthel éh%%aﬁféé{;{l% %égégkggaéfggdd{%ﬂdﬁé% %iésposabl e cont act

llens. 25 Maangy hproBelviongiihe Frobbemnt903%nhAacardiingdrdotrhectmmdiron,
there is provided a hydrodel contact |ens for sustained drug rel ease of

sust ai nedl ypyr ek€askngep. doseef tdrugiquber eira ddei gmedinto aforitnidli adher el ease
in atinme period of about 4 hours after the start of wearing the hydrogel
release of the therapeutic drug by way of an ion exchange reaction
15 ©between the components of the contact lens material and the
ingredients of the therapeutic drug. JP 2004-307574 A discloses
a contact lens for sustained drug release that gradually releases,
as the therapeutic drug, an anionic drug having a carboxyl group,
a sulfo group and a phosphate group in a molecule, wherein a cationic
20 monomer is used as a component of hydrogel by 2 to 50 mol% and an
anionic monomer is compounded with the cationic monomer by 30 to
90 mol%. JP 2003-301014 A discloses a lens for an eye for sustained
drug release, wherein the lens is an ionic lens made of a copolymer
of a hydrophilic monomer and a methacrylate having a phosphate group
25 in a side chain and also has a cationic substituent in the inside
of the polymer.
[0007] In the case where a contact lens as described in JP

2004-307574 A or JP 2003-301014 A is used for drug release control,

it is characterized in that the ion interactions are strong so that



contact lens for sustained drug release is not nore than 50% of the dose of
the drug contained in the hydrogel contact |ens for sustained drug rel ease,
and not |ess than 80% of the dose of the drug contained in the hydrogel
contact lens for sustained drug release is released at |least in 14 hours
after the start of wearing the hydrogel Contact lens for sustained drug

rel ease. [0010] More specifically, in the hydrogel contact |ens for
sust ai ned drug rel ease according to the present invention, the hydrogel
conpri ses hRCIklasonrECHOREr SLPTRY GPRg W EEh i1nPELEEt Hon SERFLain
ani oni ¢ nononer, ., the conponent ratio of the_ianic oners is | ess t han
5" 1ol % and “ROPR4H7E & HAHD2G mB YT EPELIFE 1o THE /¢ BF A ARt EFyP D Lre
nononmers c [ rogel., t ; ' i gni
Tonomer i 5 ABE F oSS R HAT L Hebociind et Camre than SRR S ar e 1o he

cationi ¢ MAQEE(s i1 [ o ThELNY drOgshir 6 Gt 86hgé 802 OEn SN AIRR LY, Ug
rel ease according to the present invention contains an anionic drug having

at | easy ORE GENNBF &L ARRXYLAIEOUPSOWL .25 reRabk8og. t IO ut it tdffect
hydr oael contact |ens for sustained drug release according to the present
i nvention, ahHehanteni e whtugdsctsiodilim Z@asdbiwgl ycat e or pot assi um

cronogl ycate. Advantages of the Invention [0013] According to the present
invention, there is provided a hydrogel contact |ens for sustained drug
rel ease of sustainedly 25 and effectively releasing a dose of an

t her apeut i ®18Fhgsree F cBlts N &#teri es with lower irritation, while
correcting thg}géesight of the lens wearer. .Therefore, in the case of

seasonal ey&° a58s5S et BRP Y TSGR E 18R t her apeutic drug for

treati al | can_be adm nist.ered pat i ent j es
bet or elon - 1S00H T arEalaTSa T ot gy 98 Phsrorhe s Tan Soh SR P A et ST
a prescri ptih%n&%nd{ﬁ'%Pﬂ&"&]ﬁh%%%begeei{?@nt{'fié“@ A4 mhenah hep patt ent
has | ower notivation on the therapy of allergy, and hence the patient can
be preventicwel yregeat ednagat NSt 24 105 Prdvi eafe tclantigoul afl yrraccovding to
the present invention, a dose of an therapeutic drug for treating allergies
is effectiwelynasdeednplat elrygr ebeasethtiimgbolerd8ehalinsecsed hat s@asomd Act

I ens according to the present invention can he feasibly used as a daily
di sposabl e eyentlaeeabensitil Jpwer irritation. More specifically, an object

15 of the present invention is to provide a hydrogel contact lens for
sustained drug release that can effectively release an anionic drug
such as a therapeutic drug for treating allergies with lower
irritation, while correcting the eyesight of the lens wearer. More
particularly, an object of the present invention is to provide a

20 hydrogel contact lens for sustained drug release that can release
a dose of a therapeutic drug for treating allergies in a relatively
short period of time and hence that is suitable for being used as

daily disposable contact lens.

25 Means for Solving the Problem
[0009] According to the invention, there is provided a hydrogel
contact lens for sustained drug release of sustainedly releasing
a dose of drug, wherein the amount of initial release in a time

period of about 4 hours after the start of wearing the hydrogel



Brief Description of the Drawing [0014] FIG 1 is a graph show ng the

rel ease ratio of sodiumcronoglycate in an eye. 15 Best Mde for Carrying
Qut the Invention [0015] The inventors of the present invention achieved
this invention after exam ning various possible nethods for rel easing an
appropriate anount of an anionic drug to be used as allergy therapy in an
appropriate release tinme as well as mnimzing the irritation to eves.
[0016] Firstly, the inventors of the present invention exam ned various
net hods f orowiomtty didrisngorheuahpimed of riginglaaseeisasetorosachat 20varfety

al | or gl 65 SHR G [0 1468 SFPar 69T bUEh H 1% POEGPRRg CoRE)R0, 1o0B0R

Normal 'y, in thg I ' ioni f t act
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an ion @XCPQgggsé a%cxféf@ag@a hetfig.fegatiyeduor sorponert start agr webkihbui d
so that the drug is released in a sustained manner. The tine of sustained

rel ease angnthgy@rsddl topithalc snkekeasedseaindy dihai ddlnmseary as a
function of the behavior of the contained drug in the |lens but can be

control | ed[bgidheMoressbenkfdensiyy iof thee hyatregieal coh0at8] laheredore, the
inventors tried to control, the release of the drug contained at and near
t he surfaceustaihed | dnsy arel adse pekceadeéng to the present invention, the
hydrogel comprises at least ionic monomers including a cationic
10 monomer and an anionic monomer, the component ratio of the ionic
monomers is not less than 5 mol% and not more than 20 mol% relative
to the total quantity of the monomers composed in the hydrogel,
and the content ratio of the anionic monomer is not less than 15
mol% and not more than 25 mol% relative to the cationic monomer.
15 [0011] The hydrogel contact lens for sustained drug release
according to the present invention contains an anionic drug having
at least one or more carboxyl groups by 0.5 to 5.0 mg.
[0012] In the hydrogel contact lens for sustained drug release

according to the present invention, the anionic drug is sodium

20 cromoglycate or potassium cromoglycate.

Advantages of the Invention

[0013] According to the present invention, there is provided a

hydrogel contact lens for sustained drug release of sustainedly
25 andeffectively releasing a dose of an therapeutic drug for treating

allergies with lower irritation, while correcting the eyesight of

the lens wearer. Therefore, in the case of seasonal eye diseases

such as pollen allergy, an therapeutic drug for treating allergies

can be administered to a patient wearing contact lenses before an



of the drug i mediately after the start of wearing the lens, for 10 the
control of the anmobunt of initial release, [0019] As a result of intensive
research efforts, it was found that controlling the anount of initial
release in a period between inmmediately after the start of wearing the
contact |ens and about 4 hours after thé start of wearing the contact |ens
is effective. 15 More specifically, it is effective that the anmount of
initial release of the anionic drug contained in the contact lens is,
linited tood¢@rommdeess olleheytot dhaqushei Pyt vdnt ardeagiédntarned YHtR he
contact lens and the remaining drug is released gradually. Ln view of

appl i cat i od WfeIHEPpiesehPT| Wtch‘ﬁqlétéaaéppyeﬂ?%pldégl?leet?@ecﬂﬂ?ﬁc?h? ens,
the remaining drug is_preferahle to be c lLetely released | er |

bet ween abBdtlaut r%g‘éﬁﬁr‘i‘ W@&F?na?fleﬁlr%)ﬁ e§ta§|yt°%fa \il/eeé:rqﬁ)rq‘iggp ﬁefl%g%?act
I ens. [0020] A hydrogel contact f I N r I%§,e- o i ng
to the pr eglé%tpaf%éhqglcgﬁ ]:8% n%%éng#}%ﬁ}&; 835%‘%@% |J§ﬁ1£g az:iLtqu eas%ﬁzggifghi C

mononers i . laﬂ}fat. I (GNORBE L @NGr &k N QR RN OBBHOSENSE an
conponesnt rﬁg%?gé%?at € ia]oc%i%g rlm oners iglglﬁlot IIless than 5 nol % and not nore

than 20 main%sebati Vet the tokakigyantitygdds the anmomErelgospdsed in
t he hydrogel . e content” ratio of the anionic nononer is not |ess than 15
mol . % and aekp®t€l ¥ hadl 2 aiih Bebati Y8 hours so that a contact lens
according to the present invention can be feasibly used as a daily
disposable contact lens.
10
Brief Description of the Drawing

[0014] FIG. 1 is a graph showing the release ratio of sodium

cromoglycate in an eye.

15 Best Mode for Carrying Out the Invention
[0015] The inventors of the present invention achieved this
invention after examining various possible methods for releasing
an appropriate amount of an anionic drug to be used as allergy
therapy in an appropriate release time as well as minimizing the
20 irritation to eyes.
[0016] Firstly, the inventors of the present invention examined
various methods for controlling the amount of initial release of
each of a variety of anionic drugs including sodium cromoglycate
that can be used to relieve allergies such as pollen allergy but
25 are irritating to eyes.
[0017] Normally, in the process of releasing an anionic drug from
a contact lens, the drug contained at and near the surface of the
contact lens is guickly released into lacrimal fluid and

subsequently the anionic drug that is interacting with the cationic



to the cationic nmononer. [0021] lonic nononers that can be used for the
purpose of the present invention include cationic nononers that can be

di ssociated into cations and ani onic nononers that can be dissociated into
ani ons. [0022] Anionic nmononers that can be used for the purpose of the
present invention are not subjected to é%y particular Iimtations so |ong
as they are nononers having a substituent referred to as a so-called

ani oni ¢ group such as a carboxyl group, a phosphate 10 group or a sulfo
group. Exa#spbes iof tbedtﬁrrﬁom@ﬁ@réa?rﬁcﬁl dgelerad by agriph Sxabpgde reaction
met hacryl oxyet hyl succinic acid, (nmeth)acryl oyl oxyethyl ph ate and
(nEth)acrngPm AT L PP osPhatBRoORet hady PS%&%?ﬁfﬁiéﬁ%g?ﬁigﬁéggg $§ug
parti cul ar referaple. 1

I 5 [,0023 tioni ; {
t he purposégc#g%3ﬁ§ eSent4 éboﬁggbggkggﬁgﬂ FEESOErgESE&%%eQQr iggfgor

Ctéd to any particular

Li m tat] ong, 390t @S d1eNa S [NAIRISRANNEna: SHhstiivianls Faheried to

as so-calle roup including an a nium group h may

tertiary apknp,groupay & 9uanidicn@cgiayRear daiy afmh Ao Wrputa 2 be
guat er nary anmoni um group, a sul foni um group, an oxoni um group and a

phosphoni upbgt eeP1 e EXRFIR RS Boseatiin@NHenBRBYNEE Sthaahatderiadlnyi benzyl

trial kyl amoni um salts (anmonium chloride in particular) such as

vi nyl benzylfodiagt Mykpenibyk, axineoninirarsgalts, triipyl beozght b ety Ineleasy of
ammoni um sal t, nethacryl am de propyl trimethyl annpni unchl ori de and

vi nyl benzytherdetigyd oo diat sakdtneardtee Isyirfachart Yhates s(@ithbhe G leHS6r i de
in particularg such as 2-nethacryl oxyet hyl tri methyl annpniuq& g@lt,

2- met hacr yPéxyee Tl idmapietryly afhdhi s sfiartand wearing the lens, for

2- met hacryl oxyet hyl dj net hyl - n- pentyl anmoni,um salt. Methacryl am de propyl
trimethyl y&ﬁﬁ%ﬁm ‘Bhl%ﬁgi%*éei oaaﬁiocfﬁ!lgﬁtgag‘r&? Fabfe, [OOZZ]_The rrgterp?/al
of the h.ydr%gb C%”staa%es'ﬁ%soERatg}x{é&é%q%%e g Letease %‘ER%[@%GBQ 5o he
pr esent |nJen |6n I's characterized in that the confent ratio o tﬂe i onlic

mononer s i neludbng; fqCatk Ofh S ANITEM ;aNd 127 aBLABI ¢nMBNEERLod Shéleségned so
as to be not less 5 %DI@band not nore than 20 nol % relative to the total

quantity ofikeireROYELScLOMPRSedaid dhavddydhggehe canttantt lens &nd about
sust ai ned drug release. Wiile the quantity of the anionic drug contained in
t he 4 hours after the start of wearing the contact lens is effective.
15 More specifically, it is effective that the amount of initial
release of the anionic drug contained in the contact lens is limited
to 1/2 or less of the total quantity of the drug contained in the
contact lens and the remaining drug is released gradually. In view
of application of the present invention to a daily disposable
20 contact lens, the remaining drug is preferable to be completely
released in a period between about 14 hours and 18 hours after the
start of wearing the contact lens.
[0020] Ahydrogel contact lens for sustained drug release according
to the present invention is made of hydrogel comprising at least
25 ionic monomers including a cationic monomer and an anionic monomer.
The component ratio of the ionic monomers is not less than 5 mol%
and not more than 20 mol% relative to the total quantity of the

monomers composed in the hydrogel. The content ratio of the anionic

monomer is not less than 15 mol% and not more than 25 mol% relative



10 contact |ens can be increased when the content ratio of the ionic
nononers of the lens nmaterial exceeds 20 nol % the |arger content ratio of
the ionic nononmers increases the water content ratio of the contact lens to
reduce the crosslink density so that it nay be difficult to control the
sust ai ned drug rel ease and al nost all 1% the ani onic dr ug may be rel eased
in a short period of tinme of about 3 hours. Additionally, the quantity of
the anionic drug that can be contained in the hydrogel contact |ens for
sust ai ned o uthe elagdse ifalmbsomnhen the content. ratio of the ionic nononers
goes below 5 nol % so that it may no | onger be possible to effectity I

rel ease 20L9®R1ldr GgnigHecRRRErS ddtte sy REi 856 ?ﬂ’é PR IEn Sl S may
becone insufficient to make the contact .| ens unabl i QL nctLQn as
soft cont acEeFEHs INVERHLST lﬂ&EP?F&%HOﬁlctrﬁoéI%ed:rsog{lge c%%ﬁlféagk ¥er)§gg %r
sust ai ned drug rel.ease accardi t esent dny i 03 § a i zed
in that 251?1ﬁ§ c(:‘%fﬁoenn ¥4 %8(189 gtC h@oéﬁlﬁ%g%c mnod%%@%gb?éﬁﬁgangﬁgﬁers
that t es%%/%@‘l % of the contact lens is designed so as to be not |ess
than 13 nonto and not nore than 25 nol %relative to the cationic nononer.

Thus, the [pbesACKhOBNOE hbCokor aglat ens Wet iséhef@anitoni pudpugecart bee
effectively forned as the cationic nononer is 10 excessively contained in

t he contacprkesst rielatitient aré heotasubiectadnoneny p§00R6}1athe iavsantlons t he
cationic group in the contact lens in excess can be adjusted within the
content ratbolaofg tdwe tariyorice Bonononerhaiag iesSBesheErens DS I *°
Then, as a result, the quantity of the anionic drug contained in th

contact | eAssSeafdbkedpptopriatBIopPs SMedt 8d. 2[ 98793 Thed T¥irase p&’@rﬁpﬁﬁteof

the drug is influenced not only by the content ratio of the.ionigc _nononers
but al Js(g byrPHE 2B ?ntetiml Bar E?‘ﬁ@gf?ﬁkogfsq(ﬁb I?%)toé(}elr% lcr)j?:riltuhéa cont act
| ens When the ntent.ratio,of the |qQni sed: kn the hydrogel
cont act Ier{gleitﬁ agﬁgija? nae%lc(ij’r u%etrmea\dér sggﬁysg%ﬁgge%gggjqﬂqgnggl%l % and not

e | he SR e L AP pr 1, Uhacsgntagloylosminys o
optimally expLesst¥e Methacryloxyethyl succinic acid is particularly
preferable.

15 [0023] Cationic monomers that can be used for the purpose of the
present invention are not subjected to any particular limitations
so long as they are monomers having a substituent referred to as
so-called cationic group including an ammonium group which may be
a tertiary amino group, a guanidino group or an amidino group, a

20 quaternary ammonium group, a sulfonium group, an oxonium group and
a phosphonium group. Examples of cationic monomers include
vinylbenzyl trialkyl ammonium salts (ammonium chloride in
particular) such as vinylbenzyl dimethylpentyl ammonium salt,
vinylbenzyl dimethyl n-butyl ammonium salt, methacrylanide propyl

25 trimethyl ammonium chloride and vinylbenzyl triethyl ammonium salt
and ethylmethacrylates (ammonium chloride in particular) such as
2-methacryloxyethyltrimethyl ammonium salt,

2-methacryloxyethyldimethylethyl ammonium salt and

2-methacryloxyethyldimethyl-n-pentyl ammonium salt.



[0028] As the content ratio of the ionic nononers rises, it becones
difficult to control the sustained drug rel ease of the contact |l ens and the
anionic drug may be nostly released in a short period of tinme of about 4
hours because the water content ratio of the contact 20 lens rises to
reduce the crosslink density. Then, thes%bject of the present invention of
maki ng the contained anionic drug to be released by not nore than 1/2 in 4
hours after the start of wearing the contact lens is no | onger achievable.
(0029] it Wetmrefdrabide phapyl e ioenbehtameaiisiofht feldhilenPRr 25CbRbEr in
the various ionic nononmers contained in the contact |lens is designed so as
to be not.PFeserdefir 15 mol % and not nore than 25 nol % rel ative to the

i oni W dryg is. si be .r el . i od
of time. | TOPRRL FhPaaRe T b EhE TR o T oier s 36 (8t ot Brou®
hydrogel b 9 . o irehat

the. cati ont S BRORSF by 48 To" 0 FLTAas i ae) Goad 1 5 JP 2004 509574 A "The

cont acts | epge MRGIR Wit ke ALHANIS IR0 h Sme POWBK LA IQL Pief@liabhenbaera
dai |y di sposabl e contact |ens because it is not inline with the objects of

t he presenininueahiBAicinbrtass Whedss tdiedydragelo bent@ciekenshdmrlS mols
sustai ned drug rel ease according to the present invention is used as a

dai |y di spasdbhet comtacthdrer®®, mallk trhéaanvenic thaigadent aivsed ity the the
contact. lens is not released but a significant part thereof may be left in
t he cont actohemsrs k®mfEER0] iTHeelhygrogehecerieartt densheC Ryt Tqelnash Rraect

| ens for sustained dr%gﬂ;elease acpording to the present inventugn i%Inot
subj ected £8l8A§epattiid@ &hel TrAtETbAS. TReVRVEN TG AEUIsE B2 HRCAMITbATE
drug is preferable for the purpose of the present .invention. ef.er e
ani oni ]io dr GQHFBCB&?&%&%P& Clb‘iﬁspﬁ?s(‘é’%gfl ilﬂ% Preséin r%ﬁ\%gn?fotﬁ{el nc nﬁ es
one havi ng %%0%8% L, PN§ Oh e rﬁ%ééﬁﬁELOggcggﬁgo%dkmﬁﬁQuEﬁe'fb aplegidlgt 10
the case of ~a dai y ‘di spoSabl e contac ens that 1s one of the objects of

the present.iRYedti o i UsBnBhe?D AMNkAM LMl havbRdcOReeRf #ix & tdTan
one carboxyl groups is preferable in view of the conpletion of the drug

rel ease i ntaecpebhodcl0 et weercabout thd andsdBi diowessiftg034) Wbkt el ta ntryug
havi ng a carboxyl group is preferable as an anionic drug to be used for the
pur pose of beheipfesent ticneenticoh, thdesuwhtagned Beugsesl dasenendsabpest et o
any particular limtations and may be an anionic therapeutic drug for
treatihy althergyiomat Mirnyg2Baditeeseédased siengordrewe rdPdeat ddmeaRf oy @it

t herapeutic drugs for Lreatin% all ergy that can be used. for thetRuEpose of
the presents PAVERt i dHdiidondd Lir ahf #8&12ntEdi% 2FahdS 138Oy Fgtg, that can

e L R o i ST e 208, oL o0 A e a5t sl
falls when the content ratio of the ionic monomers goes below 5
mol% so that it may no longer be possible to effectively release

20 the drug. The water content ratio of the contact lens also may
become insufficient to make the contact lens unable to feasibly
function as soft contact lens.

[0025] Additionally, the hydrogel contact lens for sustained drug
release according to the present invention is characterized in that

25 the content ratio of the anionic monomer in the ionic monomers that
takes 20 mol% of the contact lens is designed so as to be not less
than 15 mol% and not more than 25 mol% relative to the cationic
monomer. Thus, the interaction of the contact lens with the anionic

drug can be effectively formed as the cationic monomer is



1.2 present invention, an anionic drug is not limted to a therapeutic drug
for treating allergy and may be an anti bacterial drug selected from

| or nef | oxaci n hydrochl ori de, ofloxacin, norfloxac.in, |evofloxacin,

tosufl ozacin, etc., a drug for treating1 ataract 5 selected from

pi reno: dne, glutathione, etc or an arai-rnflarimtory anal gesic sel ected
from pranoprofen, bronfenac sodium diclofenac sodium etc. A m xture of
two or nore than two of the above |isted drugs nm flso be u ﬁd %0032

At hough SBERECHOmbEPPTEARETI S1 KRGWFOREG [6PFoLeLTEYa. (6 LHEr APEUCTE
drug for seasonal eye disorders, pollen allergy in particular, it is highly
conpl ai ned™ By Pati ents because of the irritation when admi nistered.

Hovever, tpgoRgpsant LAYERLion GAD dlissaliveqiBeoPE bR ool AA3311 e Agmount
of the anioni¢c drug contained in a hydrogel “contact. lens according to the
present inveplion-ds gy eferakly QidniA Bnd dth{&MAdg o icEwpoientnt ali d he
drug is to be effectivelyand conpletely released in 14 to 18 hours, the
transpa engyndhet henLontadethers asdahbe2efhers. offhearr est aonestileyeshght .
The drug can be irrtating to the eye and al so give a foreign-body feeling
20 to the eyentity hef ichiet hal omed elase pentadneditier thkecenbact ofenveardmeépet he
contact | ens when the anount of the contained anionic drug exceeds 5.0 ny,
wher eas t hepphor tarmiat dselesgect ed to be effective when the anmount falls
bel ow 0.5 . When sodi um cronogl ycate is considered, the anount of. the

ani oni ¢ dr (8023 nBhe prEPRFABIGAEG 26 e FGhgs FRELHADGRT BT (HE- Yy to
be taken in can be appropriately adjusted by the guantjty .o e cationic
monormer coﬁBSs%ﬁn?%n€E@“EVﬂﬁHgé%mhdkfﬁgtmPEﬁgeFBrggﬁs?%ﬁ%éﬁ;&%ﬁ% rel ease

t hat I & Pr g\rlli:gegoigc&gg%%?bsg?gf’%ﬁ]ofs Q%att}é%'gﬁ_eéf_eghe' Ventdon. PE OViydes, a
technique refating 51 0-a dally disposa ‘6 contact 1ens that can

ef fectivel yprelgase,@an aniPpirCdeugoh e Mbdheld Berpssetihen comd agidd

needs to contain a relatively snmall anount of an. anionic drug and rel ease
the drug atoathetaténel yohi ghstratedarughirs1eaasons hoe Duantitayn df fdied

cationic group of the hydrogel contact lens that is provided in excess
needs to bendehat invetey témml PO OOB5ltébremerscomaenttcamthe asetdhé oronthect
pur pose of the present
lens falls so that the drug release control effect due to the
15 crosslink density becomes optimally expressive.
[0028] As the content ratio of the ionic monomers rises, it becomes
difficult to control the sustained drug release of the contact lens
and the anionic drug may be mostly released in a short period of
time of about 4 hours because the water content ratio of the contact
20 lens rises to reduce the crosslink density. Then, the object of
the present invention of making the contained anionic drug to be
released by not more than 1/2 in 4 hours after the start of wearing
the contact lens is no longer achievable.
[0029] It is preferable that the content ratio of the anionic
25 monomer in the various ionic monomers contained in the contact lens
is designed so as to be not less than 15 mol% and not more than
25 mol% relative to the cationic monomer. When a drug is simply

to be released over a long period of time, it is sufficient to use

a cationic monomer as a component of hydrogel by 2 to 50 mol% and



invention. and a contact |ens according to the present invention can he
manuf act ured accordirva to the descriptionof: TP2004- 307574 10A. (0036]
Mononers that an he used for the purpose of the present invention include
hydr ophi | i ¢ nononmers, hydrophobi ¢ nononers and crosslinRing nononers -1,n
addition to ionic nononers including cattoni ¢ mononers and ani oni ¢
mononers. 15 [0037] It is sufficient for a hydrophilic nononmer to be used
for the purpose of the present invention that softhydrogelis obtained by
hydrati ng €dEePEId My arhanirsnebeas Aett R PE yRePfafPbROBhd FHATMSHt PY he

time,_the soft hydrogel Is added | i i gpi¢_d

nd- has i 30 dR Uoel brasraRe LRER ore 1 ALOIAPP! 730 br GUSo R RF ettt S, -

Exanpl es of the hydrophil] s include h ety ackyk ate,

e e

2.3 di hydr gxypooRYd IBLBLAE! Wl Bec2nBel %ifti@yﬁé‘*@e:&l yeak(patihkaer yhaters
-po Fﬁe

acryl am de, ypropyl enegl yco th)acrylate, N, N-dinethylacrylam de,

N, N- di et hyk rethace yban da and ot Vi T I pwer ghé €0nee Hy@roge Mych tihan1ews of
t hese hydrophilic nononmers may be used in conbination. [0038] A hydrophobic

mononer canfobeswsed il centr okl éhee Wwaderadont eot thatpefort tiheepuiposés
of control I i ngt he sustai ned rel ease
used as a daily disposable contact lens, all the anionic drug
contained in the contact lens is not released but a significant
part thereof may be left in the contact lens.

10 [0030] The drug to be used for the hydrogel contact lens for
sustained drug release according to the present invention is not
subjected to any particular limitations. However, the use of an
anionic drug is preferable for the purpose of the present invention.
A preferable anionic drug to be used for the purpose of the present

15 invention includes one having at least one or more than one carboxyl
groups in a molecule. In the case of a daily disposable contact
lens that is one of the objects of the present invention, the use
of an anionic drug having one or more than one carboxyl groups is
preferable in view of the completion of the drug release in a period

20 between about 14 and 18 hours,.

[0031] While a drug having a carboxyl group is preferable as an
anionic drug to be used for the purpose of the present invention,
the drug to be used is not subjected to any particular limitations
and may be an anionic therapeutic drug for treating allergy, mainly

25 directed to seasonal eye diseases. Anionic therapeutic drugs for
treating allergy that can be used for the purpose of the present
invention include tranilast, acitazanolast hydrate, levocabastine
hydrochloride, amlexanox and olopatadine as well as sodium

cromoglycate and potassium cromoglycate. For the purpose of the



14 of the anionic drug contained in a contact |ens according to the present
i nvention. The water content ratio, the anmount of a hydrophobic drug that
is taken in and the |ike can be adjusted by using a hydrophobi c nononer.
Exanpl es of hydrophobi ¢ nononmers that 5 can be used for the purpose of the
present invention include trifluoroethylfethacrylate, nethacryl anide,

si | oxanyl net hacryl ate, nethyl raethacrvlate, n-hutyl nethacr ate,
tert-butyl nethacrylate, benzyl nethacrylate, ethylhexyl nethacrylate and
lauryl (meptdsecr yhaeetion( GOB88iMnEe ob3ld hRkinvy AoRbhed taA PeetdauEdCform
internol ecular crosslinks in the material of the contact iens. The content
rati o of tHEIEEEEsITGKIiNg AbhORSBY aNE PrePerabPRtABECHBE 221 KEN 91 Hor %6
relative to the total content of e noners conposed _in the.hydroge

cont act | ehSOF okor& siosiared gyﬁﬁoF%F%ﬁgéé'V@éﬂ?%ﬁﬁ%n60ﬁfgggofé “Patio of the
crosslinkind omer. exceeds .10 _nol % e I l.en Lni ng
t he crossl?%&$ﬁ§”ﬁ§ﬁ6ﬁero lﬁéaﬁégfI§E éa2¥g%§gf§FﬁgE§%%%é§§ ggggg%gguse

the hyd, rogele CON aclod 13 RBEONE, NGEdeaEHATRL e, G088 nking monomer's

that can be use ur pose of "the present invention include

bi functi Onahtfoma}%t%&aﬁ Heh138s et dienealy eobmdbr{ridfeagr prain€enac

met hyl enebi sacryl am de and propyl eneglycol di. (nmeth) ) acrylate (00401 A
ref r eshi ngsagent, sueh c¥snaensboiugarthe amdekti@eacsttock ogahatd drafrokwo

shi pnent of lenses in order to make the contact |ens according to the
present ingénthembore kiotfar tdallge whgnailsoisewesed. 25 Ment hol, canphor and
the |ike that can be used in eye-drops can be added as the refreshing
agent . Whef0f8RA1 hail theughdeddi @m acuareedkl a1 ts ilen Mg s AP pABNELLFELTY¥
preferably added at a ratio of not nore thaa,o.o % and qﬁg be %gded at_a
ratio Bt abBBFaBCBDEYIHUG [ mscspre FEPr 8LAPRYCET f I TE! ot Y9 he™

expect ed, p%%tgég %?Sit is highly complained by patients because of the

irritation when administered. However, the present invention can
dissolve the problem.
[0033] The amount of the anionic drug contained in a hydrogel
15 contact lens according to the present invention is preferably 0.5
to 5.0 mg from the viewpoint that the drug is to be effectively
and completely released in 14 to 18 hours, the transparency of the
contact lens and the effect of correction of eyesight. The drug
can be irritating to the eye and also give a foreign-body feeling
20 to the eye in the initial release period after the start of wearing
the contact lens when the amount of the contained anionic drug
exceeds 5.0 mg, whereas the drug cannot be expected to be effective
when the amount falls below 0.5 mg. When sodium cromoglycate is
considered, the amount of the anionic drug is more preferably 1.0
25 to03.0mg. The amount of the drug to be taken in can be appropriately
adjusted by the quantity of the cationic monomer composed in the
hydrogel contact lens for sustained drug release that is provided
in excess.

[0034] Since the present invention provides a technique relating



[0041] As nentioned below, the present invention is described in greater
detail by way of exanples. However, the present Invention is by no neans
limted to the described exanples. [0042] (Evaluation. Method) Measurenent
of the anmpbunt of taken-in sodium cronnga;cate In each exanple, the contact
| ens containing sodium 10 crontgl vcate s imersed i n physiol ogical salt
solution for not |less than 48 hours to release all the sodiuntronogl ycate

contained in the contact |ens into the physiol ogical [t solution After
the r el cask? 2 2 SOUICHPEPORBEI JERERCT e BRySFoPoGr LAFT SEFLY SETLEFER vas

tified. by, f high f l.i quid 15 gh h :
AVl | abl o F7 GPLTAGES CSRPORATECN BRA-Ee HUARL T Ed Vel D6 she derer hThed
th tit f Khi I - ' h . 43
Veasurenent STEFa 606 At 1 G AT Sak: G oragl Jeare 1 LA Eee B0k Wi L&

tane rabbif V\erélraec?tg‘:eq.i ﬁiESGPaM@.aF iRed aneentagion enshonbaitAtRdof the

sodi untr onogl ycat e ouars and also 18 hours, and the taken-off contact

lens wes i AEBY{SeM: idrPy IOk0gi 6ghrsgbl sohtddondmey 4B thasr prooidetiease
all the remaining sodi um cronogl ycate contained in the contact lens into

t he physi okegésalnsadd tsoln#t irenatThelgodinahi cr onogl ycate rel eased into the
physi ol ogi cal salt solution was quantified by high performance |iquid
chr omat ogr 890951 HPbGpmavai tiadt ecdr drel JASCOL CORPCRATHAN)Sad (he gugsernti ed

val ue was determ ned as the remai ning quantity of the sodi um crono-|ycate
taken in t hevenhiaetandrs COri@ctelleggeaccording to the present invention

can be manufactured according to the description of JP 2004-307574

10 A.

[0036] Monomers that an be used for the purpose of the present
invention include hydrophilic monomers, hydrophobic monomers and
crosslinking monomers in addition to ionic monomers including
cationic monomers and anionic monomers.

15 [0037] Tt is sufficient for a hydrophilic monomer to be used for
the purpose of the present invention that soft hydrogel is obtained
by hydrating the polymer that is obtained by polymerization and
that, at the same time, the soft hydrogel is added in order to take
in an anionic drug and has at least one or more than one hydrophilic

20 groups in a molecule. Examples of the hydrophilic monomers include
hydroxymethyl (meth)acrylate, 2-hydroxyethyl (meth)acrylate,
2~hydroxypropyl (meth)acrylate,
2,3-dihydroxypropyl (meth)acrylate,
2-polyethyleneglycol (meth)acrylate, acrylamide,

25 2-polypropyleneglycol (meth)acrylate, N, N-dimethylacrylamide,
N,N-dimethylmethacrylamide and N-vinylpyrrolidone. Two Or more
than two of these hydrophilic monomers may be used in combination.
[0038] A hydrophobic monomer can be used to control the water

content ratio for the purpose of controlling the sustained release



16 ratio was determ ned fromthe remaining quantity, [0044] Shane stability
The size of the contact | ens was neasured by neans of a contact 5 |ens
projector with the contact |ens in physiological salt solution before and
after the rel ease of sodium cronoglycate. As for the size change before and
after the release, the contact |lens wasifated as "0" when the size and
shape did not change and as "x" when a size change and/or deformati on was
observed. 1010045] Eval uation of ccnfortabl eness of wearing the C01-1.8.Ct -
l ens in thefitiia isalioPeri dduefcartingy Anhanepnbeshg sl acCe&0489t bOwERR a
contact |ens containing sodium croraoglycate, and,the hrritation nd the

f or ei gn- bodyes X} i Hyentiogny, The WHerT Mt tp&ritda: of "RedPP Wyt wet 2

eval uated. The contact | ens was, rated as "0", when.t rm fel i r
any irri taPY%OWb‘?%%frP& BRgh-Ho i@@ef‘?n 9 e %%EgAc\é\g@hﬂegn R gs&%gﬁ §§
felt the irritation, and/ or. the i gp: [ 'S and
as "x" wheRStRS & drorp% 2 Tcg/n({ng%]f tEXQ8 i’eg%%.ﬂoﬁﬁ%o%lij hHBnEXd ekt

arer clear eilrritati /for 20 the

foreigns body, fgelingy 40046 Wt ehseoREephel8tdOent invention include

trifluoroethylmethacrylate, methacrylamide,
siloxanylmethacrylate,nethyln@thacrylate,n—butyln@thacrylate,
tert-butyl methacrylate, benzyl methacrylate,
ethylhexylmethacrylate and lauryl (meth)acrylate.

10 [0039] A crosslinking monomer can be used to form intermolecular
crosslinks in the material of the contact lens. The content ratio
of the crosslinking monomer is preferably not more than 10 mol%
relative to the total content of the monomers composed in the
hydrogel contact lens for sustained drug release. When the content

15 ratio of the crosslinking monomer exceeds 10 mol%, the hydrogel
contact lens containing the crosslinking monomer may be poorly
feasible for practical use because the hydrogel contact lens become
hard. Examples of crosslinking monomers that can be used for the
purpose of the present invention include bifunctional compounds

20 such as ethyleneglycol di(meth)acrylate, methylenebisacrylamide
and propyleneglycol di(meth)acrylate.

[0040] A refreshing agent such as menthol can be added to a stock
solution for shipment of lenses in order to make the contact lens
according to the present invention more comfortable when it is worn.

25 Menthol, camphor and the like that can be used in eye-drops can
be added as the refreshing agent. When menthol is added to a stock
solution for shipment, it is preferably added at a ratio of not
more than 0.01% and may be added at a ratio of about 0.005% if a

remarkable refreshing effect is not to be expected.



The wat er-containing copal ner in the contact | ens was dried under reduced
pressure at roomtenperature for a day and night, 25 and then the wei ght
(W2) of the copol yner was neasured. Thereafter, the copol yner was Lmre : Bed
in pure water and fully saturated with ﬁﬁter, and then the weight (W) of

t he copol yner was neasured. The water content ratio was determined from

t hese weights by using the formula shown below. [0047] water content ratio
(weight®g = [(W - W) /W] x 100 wei ght when saturated with water

W2: wei ght when the | ens was dehydrated and dried r[0048] (Exanple 1)

2- hydr oxyet hyl nethacrylate (HEMA) (46.2 g: 0.35 nol), 2-hydrxypropyl

met hacr yl at5°ERNA) (37.6 g: 0.26 nDII met hacryl ani de pr.opyl trinethyl

anmoni um CE(I)@H(]S/[%%ASL MAPTAC e(dlgsgfﬁ ;2;;_%%% ol . ) e 51? Sy[ig Xﬂﬁ)éld in

Succinic a eneg acry ate

(EDMA) (0, 85t g@%aﬁ.ﬂ%\% w@tﬁ}doP%‘?{a Eiebsow\é@\@y tfhé -EMn)t) 1308Rt peM

(external) were m xed he“ratio shown in Table 1 and agitated for about

1 hour 5 whi} e, heidn gt nghgrtly tsubheciesct ot td:egenesubstitution. After
the 15 agitation, the nononmer m xture solution was put into a contact |ens
form ng nofodoénd the tenperature thereof was raised within a range of 50 to
100C for 24 hours to obtain a polyner. The obtai ned pol ynmer was cooled to
room t enpefaralextaieh tekdredout fromthe nold. Then, the polymer was
imersed in distilled water at about 60C for about 20 4 hours so as to
becone hydtasedremen sy | téw: mwn&nﬁﬁaﬁakeanknmm. n sodi um
cronoql ycate (DSCG b e conta lens into 10 tnt 0,05 wt %
aqueous sol utiont %fe%ghi aF8n5P8§a}%HS PR N at for 3

hours. 10  cromoglycate was immersed in physiological salt solution for not

less than 48 hours to release all the sodium cromoglycate contained
in the contact lens into the physiological salt solution. After
the release, the sodium cromoglycate in the physiological salt
solution was quantified by means of high performance liquid

15 chromatography (HPLC, available from JASCO CORPORATION) and the
quantified value was determined as the quantity of sodium
cromoglycate taken in the contact lens.
[0043]

Measurement of release ratio of sodium cromoglycate in the eye

20 A white tame rabbit was treated to keep wearing a contact
lens containing sodium cromoglycate for 4 hours and also 18 hours,
and the taken-off contact lens was immersed in physiological salt
solution for 48 hours to release all the remaining sodium
cromoglycate contained in the contact lens into the physiological

25 salt solution. The sodium cromoglycate released into the
physiological salt solution was quantified by high performance
liguid chromatography (HPLC, available from JASCO CORPORATION) and
the quantified value was determined as the remaining quantity of

the sodium cromoglycate taken in the contact lens. The release



[0049] 25(Exanple 2) 12,1-r.NMA (46.2 g; 0.35 nol), HP1 4.k (:37,6 g; 0.26
mol ) nmripnc (12.9 ; 0.058 no 1 ) MOESA (2.5 g; 0.011 nol ) EDMA (0.8 g;
0.0011 nol) and AI BN 3000 ppm (external) were nixed to the ratio shown in
Table 1 and agitated for about 1 hour, while being satisfactorily 18
subj ected to nitrogen substitution. Afté@ the agitation, the m xture was
pol ymeri zed, hydrated_ and swollen, and treated to contain sodium

cronogl ycate as in Exanple I. [0050] S(Exanpl e 3) HEMA (46.2g; 0.35 nol)
HPMA (37. 6rpt ik 26mldetARTACI( £808 the CoUBOing JUaMBESX-12.1 g; 0. 009
nol), EDVA (0,8 q; 0.004 nol) and Al BN 3000 ppm (external) were m xed to
the ratio EWd4hl in Table 1 and agitated for about 1 hour, while being

satisfactorily 10 subjected to nitrogen substitution. After the agitation,

t he nixtur%ﬁﬁﬁéiﬂﬁﬂ¥ﬂéﬂﬂ&ed hydrated and swol | en, and treated to contain

sodi um or nog| ycafh % zI oj:E%(he contact[legxs.sl\]ras measured by means of a contact

5 lens projector with the contact lens in physiological salt solution
before and after the release of sodium cromoglycate. As for the
size change before and after the release, the contact lens was rated
as "o" when the size and shape did not change and as "x" when a
size change and/or deformation was observed.

10 [0045]

Evaluation of comfortableness of wearing the contact lens in the

initial period of wearing

A human being was treated to wear a contact lens containing
sodium cromoglycate, and the irritation and the foreign-body
15 feeling, if any, in the initial period of wearing were evaluated.
The contact lens was rated as "o" when the wearer felt neither any
irritation nor any foreign-body feeling, but as "A" when the wearer
felt the irritation and/or the foreign-body feeling to a slight
extent and as "x" when the wearer clearly felt the irritation and/or
20 the foreign-body feeling.
[0046]

Water content ratio

The water-containing copolymer in the contact lens was dried

under reduced pressure at room temperature for a day and night,

25  and then the weight (W2) of the copolymer was measured. Thereafter,
the copolymer was immersed in pure water and fully saturated with
water, and then the weight (Wl) of the copolymer was measured. The
water content ratio was determined from these weights by using the

formula shown below.



(Exanpl e 4) 15HEMA (54.4g; 0.42 nol), MEMA (37.6g; 0.26 nol.), MAPTAC (6.65
a;, 0.03 nol), MXESA (1.5 g; 0.007 nol), EDVA (0.7 a; 0.003 nol) and ATM
3000 ppm (external) were nmixed to the ratio shown in Table 1 and agitated
for about 1 hour, while being satisfactorily subjected to nitrogen
substitution. After the agitation, the 20 m xture was pol yneri zed, hydrated
and swollen, and treated to contain sodi umcronoglycate as in Exanple 1.

[ 0052] (Exanple 5) HEMA (41, 6g9; 0.32 nol), HPMA (37.6g; 0.26nmol), MAPTAC
(24.2 25g;[dpay nol ), MOESA (6.21 g; 0.027 nol), EDNA (0,8 g; 0.004 nol)
and Al AN 3000 ppm (external) were m xed to the ratio showmn in Table 1 and
agi t at ed fuateabowntenifourtinhilveldethy <ak (f act8r iy stibt 8@t ed to nitrogen

substitution. After the agitation, the m xture was polynerized, hydrated to
become swol | en aHWd mad€ight when saturated with water :

W2: weight when the lens was dehydrated and dried
5 [0048]
(Example 1)
2-hydroxyethyl methacrylate (HEMA) (46.2 g: 0.35 mol),
2-hydroxypropyl methacrylate (HPMA) (37.6 g; 0.26 mol),
methacrylamide propyl trimethyl ammonium chloride (MAPTAC) (12.2
10 g; 0.055mol), methacryloxyethyl succinic acid (MOESA) (3.2 g; 0.013
mol), ethyleneglycoldimethacrylate (EDMA) (0.8 g; 0.004 mol) and
azo-bis-isobutylonitril (AIBN) 3000 ppm (external) were mixed to
the ratio shown in Table 1 and agitated for about 1 hour, while
being sufficiently subjected to nitrogen substitution. After the
15 agitation, the monomer mixture solution was put into a contact lens
forming mold and the temperature thereof was raised within a range
of 50 to 100°C for 24 hours to obtain a polymer. The obtainedpolymer
was cooled to room temperature and taken out from the mold. Then,
the polymer was immersed in distilled water at about 60°C for about
20 4 hours so as to become hydrated and swollen. The contact lens was
treated to contain sodium cromoglycate (DSCG) by immersing the
contact lens into 10 mL of 0.05 wt% aqueous solution of sodium
cromoglycate prepared in advance at 25°C for 3 hours.
[0049]
25 (Example 2)
HEMA (46.2 g; 0.35mol), HPMA (37.6g; 0.26 mol), MAPTAC (12.9
g; 0.058 mol), MOESA (2.5 g; 0.011 mol), EDMA (0.8 g; 0.004 mol)
and AIBN 3000 ppm (external) were mixed to the ratio shown in Table

1 and agitated for about 1 hour, while being satisfactorily



contai n sodi um cronogl ycate as in Exanple 1. [0053] (Conparative Exanple 1)
HEMA (49.1g; 0.38 nol), HPMA (22.2g; 0.15nol), MAPTAC (28.9 5g; 0.13 nol),
MOESA (7.13 g; 0,031 nol), EDVA (0.7 g; 0.004 nol) and Al BN 3000 ppm
(external) were mxed to the ratio show in Table / and agitated for about
1 hour, while being satisfactorily subjé@ted to nitrogen substitution.
After the agitation, the m xture was pol ynerized, hydrated to becone
swol Il en and made to 10 contain sodi um cronoglycate as in Exanple 1. [0054]
( Conpai at | sebExetgd & @)pitrogen pERAt{ZOtDoRy; OI5erndh§, g1t 8T g;
0.051 nol), nethacrylyl oxyethyl phosphate ( P) (5.41 g; 0,025 ), EDVA
15(0.7 g; Bioparedids Hnd YeN13660 Bﬁ%%%%‘#eﬁl\%l%w%@ﬁél' SthSaF%g Stio
shown in Table 1 and agitated for about 1 ur, whil e being satisfactnrily
subj ect ed Fﬂnﬁ?ﬁo@%qfug%t?ﬁo@?ﬁ Y6 %eA?f’e?'nt RIS ati on, the mixture was

polynerize?oog rated to becone swollen and nmade to contain sodi um
cronogl ycate as in Exanple 1.

5 (Example 3)
HEMA (46.2 g; 0.35mol), HPMA (37.6g; 0.26 mol), MAPTAC (13.3
g; 0.060 mol), MOESA (2.1 g; 0.009 mol), EDMA (0.8 g; 0.004 mol)
and AIBN 3000 ppm (external) were mixed to the ratio shown in Table
1 and agitated for about 1 hour, while being satisfactorily

10 subjected to nitrogen substitution. After the agitation, the
mixture was polymerized, hydrated and swollen, and treated to
contain sodium cromoglycate as in Example 1.

[0051]
(Example 4)

15 HEMA (54.4 g; 0.42mol), HPMA (37.6g; 0.26 mol), MAPTAC (6.65
g; 0.03 mol), MOESA (1.5 g; 0.007 mol), EDMA (0.7 g; 0.003 mol)
and AIBN 3000 ppm (external) were mixed to the ratio shown in Table
1 and agitated for about 1 hour, while being satisfactorily
subjected to nitrogen substitution. After the agitation, the

20 mixture was polymerized, hydrated and swollen, and treated to
contain sodium cromoglycate as in Example 1.

[0052]
(Example 5)
HEMA (41.6 g; 0.32mol), HPMA (37.6 g; 0.26 mol), MAPTAC (24.2

25 g; 0.11 mol), MOESA (6.21 g; 0.027 mol), EDMA (0.8 g; 0.004 mol)
and AIBN 3000 ppm (external) were mixed to the ratio shown in Table
1 and agitated for about 1 hour, while being satisfactorily
subjected to nitrogen substitution. After the agitation, the

mixture was polymerized, hydrated to become swollen and made to



20[ 0055] (Conparative Exanple 3) HEMA (51.2w 0,39 nol), HPMA (35.4
g; 0.24 nol), MAPTAC (6.4 g; 0.028 mol), MOESA (6.4 97 0.028 nol), EDVA
(0.6 g; 0.003 nol) and AIBN 3000 ppm (external) were mxecito the ratio
shown in Table 25 1 and agitated for about ihour, while being sufficiently
subj ected to nitrogen substitution. AftéP. the agitatlon, the mxture was
pol yneri zed, hydrated and swollen, and treated to contain sodi um
cronoglycate as in Exanple |I. [0056] Thus, the contact |enses of Exanples 1
to 5 were queparedodi2é Tremquantate ess ofn Fodimprhecloenogl ycat e t hey
contained were made to differ fromeach other as a function of the quantity
of the cat [@Z nononer contained in excess by changing the total, quantity
of the contained ionic nononers For each exanple, the quantity of the

cont ai ned SeedmRAraErEnEFYatel) the rel ease ratios 4 hours, 14 hours and 18
hours after the rt of weari t act,lens,

stability were c}%ts@r\;ég.'lﬂ’ %@Q%Efrﬁm g%}%tfgl’lo’?%ewgghf g@*{%gnzggpgan
practically. I'n r; . (€ h ng. 3s@ . abaogbl al |

t he drﬁs’gjl tékﬁ‘ﬁ?ﬂ%&cg%ggt (Y}ng"éd@o Od?r%iringlgtlL'eeﬂtﬁi}Mrr% (pde?: %3 of bei ngl?vorn

in a day SQn&'?ﬂ']tBNi 806Gl 8stiMehY) herusedias teontagtatiienshbwn it eabment .
[ 00571 When anal yzed and evaluated as in Exanple 1, the shape of the

contact |ens;Qf Lpnparad ing Bxanpl @ howas hesse stabhie hedafsetofridly

i ncreased anount of ionic nononers, The quantity of the drug 15 taken. into
t he cont ackubgasted tComparatdere sBoatptet2owas Afdters rhii egénetand, t ke
contact |l ens was not effective because the content. ratio of the anjonic
nonomer wasikbere avae peElataniesde hdrasedt he Rt Y HoFemend made to

Additionally, the release tine of sodi um_crom)%l i/caie was not |ess than 24
hours Hhd Repteiner§ylighg- i qdrEeate as in bxample L.

[0054]
(Comparative Example 2)
HEMA (40.0 g; 0.51 mol), MAPTAC (11.37 g; 0.051 mol),
methacryloyloxyethyl phosphate (MOEP) (5.41 g; 0.025 mol), EDMA
15 (0.7 g; 0.004 mol) and AIBN 3000 ppm (external) were mixed to the
ratio shown in Table 1 and agitated for about 1 hour, while being
satisfactorily subjected to nitrogen substitution. After the
agitation, the mixture was polymerized, hydrated to become swollen
and made to contain sodium cromoglycate as in Example 1.
20  [0055]
(Comparative Example 3)
HEMA (51.2 g; 0.39 mol), HPMA (35.4 g; 0.24 mol), MAPTAC (6.4
g; 0.028 mol), MOESA (6.4 g; 0.028 mol), EDMA (0.6 g; 0.003 mol)
and AIBN 3000 ppm (external) were mixed to the ratio shown in Table
25 ].andagitatajforabout]_hour,whilebeingsufficientlysubjected
to nitrogen substitution. After the agitation, the mixture was
polymerized, hydrated and swollen, and treated to contain sodium
cromoglycate as in Example 1.

[0056] Thus, the contact lenses of Examples 1 to 5 were prepared.



20 the contact lens unsuitable to be used as daily disposable contact |ens.
Since the contact |ens of Conparative Exanple 3 did not contain any
cationic group that contributes to positively take in sodium cronPgl yeat e,
the contact lens did not contain a suffEéient quantity of sodium

cronogl ycate to show the effectiveness. “25 [0058] FIG 3. shows the sodium
cronogl vcate release ratio of the contact | ens of Exanple 1, that of t he
contact |ens of Conparative Exanple 1 and that of t he contact |ens

Conpar atlv@l%ﬁﬁlﬂ'—étzﬁeﬁn‘)f h'i@dé\}’@ GFO’Pﬂ%lV\%%ﬁ%r heyoa}a A é“eeﬁfef F‘S‘ﬂeFF% 1,
th t 1 be f |
16 ae o TUHERS SO L e Ot g i racansd SPeT R iy Ter Gt BB EPhER,

t f di t

e cont actoTaher SPREAELC T AR LBY LRI AD N agge)ggllg(il%ﬁje&%r}{ B Ee,”

hours becaeéﬁtginé&%ﬂ%r ﬁeﬁeﬁegganwaﬂ e@bni eRkGpIONOMRS feMaitied fi Ahthe
contact |ens. was proved that the contact |ens of Conpar ati ve Exanpl e |

m ght be p@@ﬁtéﬁﬁ&@%bahﬁmf&ron{@fg@%la%@ tsereTheseanttdets 4 ensref, Coiparat i ve
Exanpl e 2 rel eased the drug contained over a very long riod of tine as

shown i n JPh200H 130574 fAcrithanas aprtovEdvddnaind @ ieheonbatactenensisofiell
Conparative Exanple 2 mght be |ess feasible for practical use as dall%
di sposabl easotacthdmnstapdd60y wer€onpsersed.2 It was confirmed that al
the contact lenses can practically be used. In other words, each
of them can release almost all the drug taken in the contact lens
10 during the time period of being worn in a day so that it can
effectively be used as contact lens for treatment.
[0057] When analyzed and evaluated as in Example 1, the shape of
the contact lens of Comparative Example 1 was less stable because
of an increased amount of ionic monomers. The quantity of the drug
15 taken into the contact lens of Comparative Example 2 was not
sufficient and the contact lens was not effective because the
content ratio of the anionic monomer was too large relative to that
of the cationic monomer. Additionally, the release time of sodium
cromoglycate was not less than 24 hours and hence very long to make
20 the contact lens unsuitable to be used as daily disposable contact
lens. Since the contact lens of Comparative Example 3 did not
contain any cationic group that contributes to positively take in
sodium cromoglycate, the contact lens did not contain a sufficient
quantity of sodium cromoglycate to show the effectiveness.
25 [0058] FIG. 1 shows the sodium cromoglycate release ratio of the
contact lens of Example 1, that of the contact lens of Comparative
Example 1 and that of the contact lens of Comparative Example 2

in the eye of the wearer.

[0059] As seen from FIG. 1, the contact lens of Example 1 was proved



12.88 49.02 0.40 45 74 Conp. Ex. 3 8.13 100.0 0.002 98 100

10

21

to be feasible for practical use as daily disposable contact lens
because of the satisfactory release time of sodium cromoglycate.
To the contrary, 70% of the drug contained in the contact lens of
Comparative Example 1 was released in the initial 4 hours because
of the increased quantity of ionic monomer contained in the contact
lens. It was proved that the contact lens of Comparative Example
1 might be poorly feasible for practical use. The contact lens of
Comparative Example 2 released the drug contained over a very long
period of time as shown in JP 2004-307574 A. It was proved that
the contact lens of Comparative Example 2 might be less feasible

for practical use as daily disposable contact lens.

[0060]
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[Table 1]
Ex. 1 Ex.2 Ex. 3 Ex. 4 Ex.5 Comp. Comp. Comp.
Ex. 1 Ex.2 Ex. 3
total quantity ratio of ionic 997 10.10 10.10 5.14 19.00 23.28 12.88 8.13
monomers (mol%)
quantity ratio of anionic
monomers relative to 23.64 18.97 15.00 23.33 24.55 23.66 49.02 100.0
cationic monomers (mol%)
quantity of taken-in DSCG 2.50 2.80 4.00 1.20 2.80 5.50 0.40 0.002
(mg)
release | 4 hours after 40 43 44 38 46 70 45 98
ratio 14 hours after 82 83 84 87 85 100 74 100
(%) 18 hours after 95 95 96 92 96 100 78 100
before release 143 144 144 13.8 14.1 154 142 14.0
of DSCG (mm)
shape after release of 144 144 14.5 14.0 14.3 deformation 144 14.1
stability | DSCG (mm)
evaluation (o) o (@) 0] 0 X 8] 0
evaluation of (0] (0] (6] o o A (0] X
comfortableness of wearing
water content ratio (%) 46.0 45.0 45.0 38.0 48.0 58.0 45.0 420

[0061]

HEMA: 2-hydroxyethyl methacrylate

HPMA: 2-hydroxypropyl methacrylate

MAPTAC:

(hydrophilic monomer)

(hydrophilic monomer)

methacrylamide propyl trimethyl ammonium chloride

(cationic monomer)

MOESA:

methacryloxyethyl succinic acid (anionic monomer)

EDMA: ethyleneglycoldimethacrylate (crosslinking monomer)

MOEP: methacryloyloxyethyl phosphate

(anionic monomer)

AIBN: azo-bis-isobutylonitril (polymerization initiator)

DSCG: sodium cromoglycate

(anionic drug)



10MOEP: net hacryl oyl oxyet hyl phosphate (ani onic nonomer)

azo- bis-isobutylonitril (polynerization initiator) DSCG sodium

cronogl ycate (anionic drug) 23 CLAIIQS

Adai | ydi spont hi ehydr xnel contact |ens f@8 sustained drug rel ease of
snstsdAdi v rel easing a. dose of drug,. wherein the 5 anount of indtisi
release in a period of about. 4 hours after the start of wearing the daily
di sposabl e hydrogel contact |ens forrLswustaired drug rel ease i s not nore

t han 00% of the dose of the drug contained, in the hydrciel contact |ens
for sustained drug release, and not |ess than 80% of the dose of the drug.

contained 10 in the daily disposabl e hydrogel contact iens or sustiarilengd
drug rel ease is Yel eagedaaty Icéaprsphl e WERIS Laf era¢heSer BF° WehF Ty

the daily disposabl e hydrogel contact |ens,for_ sustainpe u se.. and
t hedai | ydi @?tp@?atlﬁlflafﬁ?d?ég%{‘sm%ﬁﬁ FF#E?%?@ satJStOSFn‘_ég Q%‘%{d %’Eg%dgag%e
conprises at |east_ionic nojrer s i.nclu [ and;ap

ani oni @ noABrert then Bﬁﬁgﬁﬁﬁfg?%% i0' Of Eljfrﬁ% p?eor?f?)tcd %l?n%%eé?g%@%ﬁot Tess than

5 mai % and,_not TQOLe than d%. r.elat i ve dhe totaldauant cbytattt bens

nononer s cBﬂf)oité%lr' noﬁﬁqeea}%gd%%og%%, hg%%ytﬂ%&éont ent HG}’Jr atio of the anionic

monomer i s pot_ | ass 1han, 15 20 dmld jandonolomEaahheln 25 nbk%ast atf veet o
nmer

t he cationi ¢ nono ,
drug contained in the hydrogel contact lens for sustained drug
release, and not less than 80% of the dose of the drug contained
10 in the daily disposable hydrogel contact lens for sustained drug
release is released at least in 14 hours after the start of wearing
the daily disposable hydrogel contact lens for sustained drug
release; and
thedailydisposablehydrogelcontactlensforsustaineddrug
15 release comprises at least ionic monomers including a cationic
monomer and an anionic monomer, the component ratio of the ionic
monomers is not less than 5 mol% and not more than 20 mol% relative
to the total guantity of the monomers composed in the hydrogel,

and the content ratio of the anionic monomer is not less than 15

20 mols and not more than 25 mol% relative to the cationic monomer.

25



23a , The daily disposable hydrogel contact |ens for sustained drug rel ease
according to claim1, wherein the hydrogel contact lens for sustained drug
rel ease contains an anionic drug having at |east one or nore carboxyl
groups by 0,5 te 5 0 ma. 53.The daily di3sposabl e hydrogel contact lens for
sustai ned drug rel ease according to any one of clains 1 through 2, wherein
the anionic drug is sodium cronoglycate or potassium cronoglycate-

2. The daily disposable hydrogel contact lens for

sustained drug release according to claim 1, wherein the hydrogel
contact lens for sustained drug release contains an anionic drug
having at least one or more carboxyl groups by 0.5 to 5.0 mg.

5 3. The daily disposable hydrogel contact lens for
sustained drug release according to any one of claims 1 through
2, wherein the anionic drug is sodium cromoglycate or potassium

cromoglycate.



