1 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 5
Technical Field [0001] The present invention relates to a hydrogel contact

| ens for sustained drug rel ease and a d?ug rel ease nethod using the
hydrogel contact |enses for sustained drug release. Mre 10 particularly,
the present invention relates to a hydrogel contact |ens for sustained drug
rel ease that can suitably be Jkéasa§y8 daFly 8iSp¥sabl e contact |ens that
can rel ease an anionic ophthalmc drug effectively in a relatively short
period of tinme and a drug rel ease nethod using the contact |ens. As cross
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has resached to 16 mllions and contact | enses have been w dely acknow edged

as one of the nost popul ar types of nedical equipnment. Hydrogel contact

| enses t akech@%ait mberdof the contact |ens market and

dai | y-di sposabl e-typed 25 hydrogel contact |enses have the |argest share
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contact |l ens wearers can wear contact |enses for_ 18 hours a day at |ongest.
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20 Background Art
[0002] Thenumberofcontactlenswearershasreachedto16rm11ions
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



20 actual use. [0005] Meanwhile, various techniques of preventing
allergies including pollen allergy by using a drug for preventive

adm ni strati on have been di scussed. For_exanple, there has been a report
that the itchiness due to eye aIIergieszcan be suppressed 25 by

adm nistering a drug for treating allergy in the formof eye-drops before
an occurrence of allergy. However, even if patients who accept suspension
of wearingigeasastane HAESadnParsicata mﬁSQ%ﬁQH@ﬂoG§eaﬁEé?r§heSr
occurrence of allergy the re often,thﬁg not, be reluctant_to
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t hem because they have to give up the correction of eyesight during t he
t r eat ment thEerdtdie iput poseatoinglicssel s nharhaddissat ésddcio ohat tterehdicqyges of
10 adm nistering a therapeutic drug by causing contact | enses to contain
t he t her apeetisctdrivg e theer ldivieites stle( sepi UL 204 BBy T4 catand IPe
2003-301014 A, the contents of which are incorporated herein by reference)
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a cationic mononmer s used as a conponent of hydrogel by 2 to nol %
and an ani;@ri €aHDAGNEEd I HreAFReURdedrstl hdheat Helh CediBimP¥od@uin0 90
nmol % . JP 2003-301014 A discloses a lens for an eye for sustained drug

rel ease, whemeghythee lgnsomsowdnirentheldng whde aofe fredpolgy agenof waile
hydrophil'ic nononmer and a nethacryl ate having a phosphate group 25 in a
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polyner. [0007] .In_the case where a contact | ens as described in JP
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a remarkabl e therapeutic effect and hence is not practically feasible.
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20 actual use.
[0005] Meanwhile, wvarious technigues 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 Dbyadministering a drug for treating allergy in the formof eye-drops
before an occurrence of allergy. However, even 1f patients who
accept suspension of wearing contact lenses and administration of

eye-drops after an occurrence of aliergy they may, more often than

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



10 [0008] The inventors of the present invention achieved the present
invention in view of the above-identified problem An object of the present
invention is to provide a technique of effectively adm nistering an drug
for treating allergies directed to seasdnal eye di sease with | ower
irritation. Mre specifically, an object 15 of the present invention is to
provide a hydrogel contact Iens for sustained drug release that can

ef f ect i vebyimiafiehset don afi e clnpnsgesinte as ocgcusenpewt @l rxay f ofhuseat i ng
allergies with lower irritation, while correcting the eyesight of the |ens
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disposablg Eon?aét | ens. 25 Means for Sol ving the Problem [0009] According

to thesinyepbePn.wHIAC L8Nk 8P P¥ALeh A-dNdr0gel cORLACt d ens dQk sug}l@yned
drug rel ease of sustainedly releasing a dose of drug, Wwherein the anount of

initial rekedaseolfuspdridvepelingdcohtabpoUterbd¥ouns aét&ivd hteStaebtbnt
wearing the hydrogel 5 contact |lens for sustained drug release is not nore

t han 50% efithheseofecpé-dhep gy whicont aiveey dibstdtel dfdrageb tdont detalisas f or
sust ai ned drug rel ease, and not |ess than 80% of the dose of the drug

cont ai ned thavyt %wgégélumbm serreehion of eusstiahtedudingtbe takesnents

rel eased at least in 14 hours after the start of wearing the hydrogel
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content ratio of the anionic nononmer is not |less than 15 nol % and not nore

t han 25 nby%e€kath¥e) I 0 THRgeCc akani qua®nererdesiy {01l ctherbydepgel
contact |lens for sustained drug rel ease according to the present invention
cont ai ns arlepserd T tdeughdoapent &t dregsiby omey of amrencexdoxyde geagpsohy 0.5
to 5. %0012] In the hydrogel contact |ens for sustained dru release
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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 ox JP 2003-301014 A is used for drug release control,

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



allergies with lower irritation, while correcting the eyesight of the |ens
wearer. Therefore, in the case of seasonal eye di seases such as pollen
allergy, an therapeutic drug for treating allergies can be adm nistered to
a patient wearing contact |enses beforetan 6 occurrence of allergy so that
the patient can easily conply with a prescription for drug adm nistration
even in the tine when the patient has |ower notivation on the therapy of

al l ergy, the feelesea hatpatdrebe showdd dowey ewticieliyp eftecivadairnstiowly er gy
in safe. 5 Partlcularly, according to the Present i nvention, a dose of an
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invention after exam ning various possible nmethods for releasing an

appropri ahgdanByed 0f it PHRiead1ygrbashelesed as allergy therapy in an
appropriate release tinme as well as minimzing the 20 irritation to eyes.

[0016] Firstly, the inventors of the present invention exam ned vari ous
met hods for controlling the anount of initial release of each of a variety
of ani oni Bidelgsurecdiidiy Igodindiosr onogl ycate that can be used to relieve

allergies such as pollen allergy but 25 are irritating to eyes. [0017]
Nor mal | y, PFAP{gB %?d%%§§ﬁd¥“¥5Wé§§?n6n§ﬁn5h96nlc drug froma contact |ens,
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interaCtiEgv¥££boﬁr§h(y¥éwogkcthe above-identified problem. An object of
the present invention is to provide a technique of effectively
administering an drug for treating allergies directed to seasonal
eye disease with lower 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 cbject 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 sustainediy 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



7 group in the lens material is isolated by an ion exchange reaction with
the negative ion conponent in lacrimal fluid so that the drug is rel eased
in a sustained manner. The tine of sustained rel ease and the quantity that
is released during that time vary as a Punction 5 of the behavior of the
contained drug in the lens but can be controlled by the crosslink density
of the material. [0018] Therefore, the inventors tried to control the

rel ease ofonhactr Lgneohtri sttt adtneghdrigarel fessuts deel gfonehdhpan80&ndft he
rel ease of the drugginnediately after the start of wearing the_lens, for 10
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limted to 1/2 or less of the total quantity of the drug contained inthe
contact | ens Apdrbhel resmtading aisuFdrs siiekaased gragusdiaasd.n vi ew of
application of the present invention to a daily disposable 20 contact |ens,
t he renmai M0AGOHr Wpries speefiéiabl byt olbeclsoripidiceieyl cehtasedlens afqeri od

bet ween about 14 hours and 18 hours after the start of wearing the contact
| ens. [O002OFtALRGdr ey *okraRa dWerdiog Sasthenprelpily rsieedsenacEbedi ng

to the present invention is made of hydrogel conprising at |east 25 ionic
mononer s PHEFEEFhCERE FTHiaL nsicteCRAE BRANGAT BRI P r & FRELEBHPonent

i f the ioni .S, I han, 5 nol % and han 20
o1 % 121 alTU8"80 THS Torar CHIAETRYTeh (HE RSNBREFE-CORpORGE e hELc

hycrogel SPRERECSLSrokalh ey bl eNORAS BTAREC Unu0oh dhoee AA8esd8 I %
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 dgroups 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 tc 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



[ 0021] lonic nonomers that can be used for the purpose of the present

i nvention include cationic nononers that can be dissociated into cations
and ani oni ¢ nononers that can be dissociated into 5 anions. [0022] Anionic
nononers that can be used for the purpoée of the present invention are not
subjected to any particular limtations so |long as they are nononmers havi ng
a substituent referred to as a so-called anionic group such as a carboxyl
group, a PREYpRAREe 1Df Grld@Frdor sa it oIyt PFF1eRkafipn 32 Dl % GERPAYNGHER S
include (neth)acrylic acjd, nethacryl oxyethyl succinic_acid,

(met h) acr i 8?%%‘%’9%?%“ ﬁﬁ?&s&ﬁ&ﬂea‘g‘ﬁé“ﬁ%‘ff’rﬁﬂac&? VG RyHeR HyimSH bEPhERE.
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nononer s havi hg a substitue erred to as so-Ca C group

i ncl udd ng paRt AFTPAL L) HOUD-NMHE R ITRYDBrasEREL { BF¥NBIBAO DI oF an
guani di no group or an am dino group, a 20 quaternary anmoni um group, a
sul f oni umtgegEPeutic OXONy UFB Y i tamd; alpbegpbeni sine gfaut vdixarpldes of
cationic nononers include vinyl benzyl trial kyl anmmoni um salts (amoni um
chl ori de crmpdetetvl se)eassmh ias adompl BEnaphrdi set bydpentsdntaniodiens sal t,
vi nyl benzyl dimethyl n-butyl amonium salt, methacryl am depropyl 25

tri met hyl 2gRABALDNE Khitbei Reesent Jinvgnbéazytan Peefadfihmyscdnis A daahd

et hyl net hagryl ates (ammpni um chloride in particular) such as

- bt hacr SLGRISERYE {SPHER Ty 1L STHroni um sal {

2- met hacryl oxyet hyl di met hyl et hyl amoni um salt and

2- methacryl oxyet hyl di net hyl - n-pentyl ammonium salt. 9 Methacryl am de
propyl trighieLRyh.a0PPoi Hip G Ay i5ip@rticularly preferable. [0024] The

mat eri al of the hydrogel contact |ens for sustained drug rel ease according
to the prggemni]i nvent n0Asi 5 ghapRcigshZesd dHe thalaset RatganbentodAlrh 0 Of
the ionic nononers including a cationic nononmer and an ani oni ¢ nononer is
desi gned sa@ocasgligchee nt dressyd.han 5 nol % and not nore than 20 nol %
relative to the total quantity of the nononmers conposed in the hydroge
contact |lens for sustained drug rel ease. Wiile the quantity of the anionic

drug contained in the 10 contact |lens can be increased when the content
rati olof BRETI YAFE FRRJIrRFLY B9 the Ites IRNEBFLAT exceeds 20 nol % the

| ar ger co ratio.of the ionic_nononers increases the water content

rat o of AREIEBniRS PURETPESr BHUCRS (PES TS b o TR LORsPEY B8 PGhiT ¢ may be
difficult . At r o al.ned ﬁﬂ% n t I -

ani oni c dﬁhge§g$gﬁéé$%$§§§eghgﬁgg g%%?%u%§%|o %%% 9$ﬁ%8§§ %.oﬁf&%a%gﬁgs.
Addi ti onalahy apbRepauafd i ino@it tde ANieniceier ugufhad sandey cantained,i n the
hydr ogel contact Fens for sustained drug releasée falls when the conteéent

rati o of therkpgi tnMeTRIrSpINascbebdisse imé 96 whall &¢ m)iricinengae be
possible to effectively rel ease 20 the drug. The water content ratio of the
cont az® | emsiadbsdomaobegeme i nsufficient to make the contact | ens unable
to feasibly function as soft contact |ens. [0025] Additionally, the

hydr ogel d8Ri&dt Higwd lver thgsiaverowy \f réiceRsesqrEot@y ey 1 ©xamphedent
invention is characterized in that 25 the content ratio,of the anionic
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desi gned $Q &S k0, bvearr}LoE;tt | ess thgﬂ' 15drn1})I %'%rc]: Llgot ms)r(?;it han 0250 gDIC(V
relative £6°Ch&" cat’onic nmonofkr " Thus, "The imt'erdet 3 %Wf?hé‘@'ﬁtg%ﬁ | ens
with the apL@NLGndEd &0 e B8R BCLT VBl ¥rd AUdTRA BS sLNEo ERL) O G IRNQRN 1S
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 quickly released into lacrimal fluid and

subsequently the anionic drug that is interacting with the cationic



10 excessively contained in the contact lens relative to the anionic
nmononmer. [0026] The anobunt of the cationic group in the contact lens in
excess can be adjusted within the content ratio of the anionic 5 nononer
that is between 15 and 25 nol % Then, ad a result, the quantity of the

ani onic drug contained in the contact | ens can be appropriately sel ected.

[ 0027] The rel ease control of the drug is influenced not only by the
content r gcgpoin tthe Lons dnatisiomdr $shigolatss by amdonoexphangmreagtion
crosslink of the material of the contact |ens. \Wien the content ratio of
the ioni c "Aohohi® §1e(9§ﬁ"58§e%|°1i’ r?qm?@w&r b@é‘iacéf&ﬁlaéc?l‘lléﬁimsgof shakydtearmed drug

rel ease i s not.| ess % and not m)rfklli%1 an 20 _nol %

h
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ef fect dug, e, 19 EoRRLLNK 9031 q BREONES R LITL LY, B 35 ve, [0028]

As the COI’l nic nononers I’ SES, eco

controd ”&% %Hét Béﬂ&@l@fuﬁfrﬁ@%@m@@ﬁd@:ﬁ&t agt th@nﬁeﬁé‘%ﬁﬂq%a@ﬁ'b%m c dr ug
may be nostly released in a short period of tine of about 4 hours because

the wat er cepmt-entedabiotiné déhesLioiacienddtheng theegsatorigruce the
crosslink density. Then, the object of the present invention of making the
cont ai ned [QQIL8HI CThemefoire, beheelivesetbhy mdtedmivecthanoll/he nrel caser sfaf t er
the start of wearing the contact lens is no |onger achievable. [0029] It is
pr ef er abl &betitug pentamehatand veaf thRsuatiassi ¢f 2Bedenasmnd Fhetied eaaei ous
ionic nononers contained in the caontact lens is de5|gned so as to be not

| ess t hanf5th8I %%dﬂ%‘éﬁd%‘}@éiﬁ RARCD5CIB| WAt &L VEAF6NE el dtMshi &°F

oMY PR cRnthEY 08 ShdRanledit M el i"r‘)Y%éﬁ%‘o'nZE? R hodr ogel ' by 2
to 50 mD' %gg@tll%gsgg LAd @ﬁlﬁ%aeaee géogg 432\&45;8&1&&%5%

nononer oas di scl osed |n contact | ens

made vv'thcbmr@nmn em@tam@nttmya_e\aﬁfm&qt r@&@fagéapheaf rfodl@ddlieen
di sposabl e contact lens because it is not in line with the objects 5 of the

present i nwertianelnfase thikeseatberhywdaegel cloatagitdotnsefiorasisbauned
drug rel ease according to the present invention is used as a daily

di sposabl ¢ bonracafiensheabtarhecfanicamiiogdrivg coritaaitnédnini s leef femitizet | ens
i's not released but a signlflcant part thereof may be left in the contact

| ens. 130 MogsopPERéfdrallyo be 1 &f Fasititie thydr Bé@l a‘@%lhlﬂ%c@f | EHs Rdr
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drug to be us e purpose ot the pregeh |on I'ncl udes one

havi ng at do%%%ktoi@nsoénﬂn&?e E:Qﬁglﬁﬂﬁg %u%oi(é( lreqEQu4Rs #fhcﬁlarmlyecutﬁvﬂeﬂ the
case of a daily disposable contact Iéns that is one of the objects of the

present i mreabboAcathenuse e dhr SddraNiiGvdntdohavbng @a€1Prdidsssddian one
carboxyl groups is preferable in view of the conpletion of the drug rel ease
in a peri edn2@chefaren abhouterddiraindy B uwousspreferable 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 moncmers is not less than 5 mol%
and not more than 20 mol?% relative to the total quantity of the

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

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



[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 |imtations and may be an anionic
therapeutic drug for treating allergy, fainly 25 directed to seasonal eye
di seases. Anionic therapeutic drugs for treating allergy that can be used
for the purpose of the present invention include tranilast, acitazanol ast
hydrat e, [t@vbbabastioelhyrrwigori de, anl exanox and ol opat adi ne as well as
sodi um cromgl ycat e and potassi um cronogl ycate. For the purpose of the 12
present i ﬁ@@%ﬁﬁ/oﬁow alﬁm@ﬁlPéSth@tuféaih € |45R% &Pt hg PHEPApRUPT cthi ug for

treating aller and n acterial dru el ecte

| oot | 052 BFR SR SEIR G et M1 B H T HoPPERGLY Aty P6 sagmretated
tosuf | oxagi g, E%Eg_ﬁné Qﬁé’%ﬁfc!nfé GRS r%att %CEax? Sel gcied frnam

pi renoxi né; gl utathi onge, or an an -1n ory ana ge5|c séPECted
from pg angprghsen, bronfenac sodi um dlclofenac sodium etc. Am xture of
two or nore than two of the above |isted drugs nmay al so be used. [0032]

Al though godkgm ciramRdleymahembss kil @& e ekbackbyerHd dihgiareulr endr ug
for seasonal eye disorders, pollen allergy in particular, it is highly

conplalne@rbﬁepatimﬂﬁnijm&cameenmﬁ st eictedt b iaoy pheniadhanildteradions
However, the present invention can dissolve the problem [0033] The anount
of the anisenilendrag dmi ainsetohpmarhykiroged alsubshiagent eysfwesst diongst o
the present inventigon is preferably 0.5 to 5.0 ng fromthe vi ewpoint that
the drug PsSP5CBéleff @RtPNAEt )ﬁ%ﬁ%’d’ @é‘ﬁ;ﬁl éfePyCREPRBREEITPL4 & PIPSPREGES,

the t f th t act d the effect of f
cyesi B SFREPGPBG=cARL 6 97T at EAGTEOCEHEL oy P Smeg gripe 4o

f orei gn- bq%gFﬁﬁgE%ﬂglgo fﬁt > 18VE ﬁ&&%thgitEQ%CO§1§%§§u?er'Od after the

start of wea e confact Tens noun he cont ai ned ani oni c

drug exceqgdeth) Qc lloWO@ﬂE 1%58&&1&@@96 Qﬁegﬁpsgffﬁwmaﬁn@a‘ﬂ Active

when t he anDunt f s” below When sodi um crono cate i s considered,
t he armunph@fsphheeanlmmdiryu@xy&tmmespt@iﬁi@béq’ld 105 %ﬁrtthalar@yng The
anount of the drug to be taken in can be appropriately adjusted by the
quantity ofretkeabdeioni c nononmer conposed in the hydrogel contact lens for
sustai ned drug release that is provided in excess. [0034] Since the present
i nvent? on [apagﬂd@@%@hﬁpqg@emltchamg:anlget@s%d dain yhei specadt é?fc@g?act

|l ens that can effectively rel ease an .anionic dr%g in 14 to 18 hours, the
cont act Iéﬁ?sﬁBEd%nY%P%%%{éFﬁ %9?é¥§ﬂ@§5l ANy BABRAEY ?Idﬁﬂ&ﬁFGﬁPBSdrug

and (o1 2258 § 8Lyl R Lebabrsly BOLLS o Bot Linp amsar, iy
provi ded ig, %é@@éa &@@ﬂﬁlQpgggubeiﬁéiﬂﬁﬂﬁ@*@%ﬁgﬁmonlunlgroup 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, methacrylamide propyl
25 trimethyl ammonium chloride and vinylbenzyl triethyl ammonium salt
and ethylmethacrylates (ammonium chloride in particular) such as
2-methacryloxyethyltrimethyl ammonium salt,
Z2-methacryloxyethyldimethylethyl ammonium salt and

2-methacryloxyethyldimethyl-n-pentyl ammonium salt.



[ 0035] Mbnoners that can be used for the purpose of the present invention
and a contact |ens according to the present invention can be manufactured
according to the description of JP 2004-307574 10 A. [0036] Mononers t hat
an be used for the purpose of the presefit invention include hydrophilic
nononer s, hydrophobi ¢ nononers and crosslinking nononmers in addition to

i oni c nononers including cationic nononers and ani oni c nononers. 15 [0037]
It is sufMerehaaryianide propyphttinetiarorenondunehlosddeors phetpanpassy of

t he present |nvent|on that soft hydrogel is obtained by hydrating the

pol ymer tR&F ?§a9%?a|ned by polynerization and that, at the sane tine, the

§ﬁf§to?id:?§8%ﬁts e L S SR R Ch %aprt”" Habrotne
oy PR LA U LIS
2, 3- d'fhyd'tﬁéycﬂfrﬁi@dt(%ﬂ) 69rt)ﬂeaic?m1@mBHbM§§:QWn%’1%ﬂEM%%I &5@1&1?&&%%

acrylanlde 25 2-pol ypropyl enegl ycol (net h)acryl ate di mret hyl acry anlde
N, N- di net hyihined e byl anheeorand 18- désydidd 50! &daebe THé: Qe sBDERar FaRol wo of
t hese hydrophilic nononmers maybe used in conbination. [0038] A hydrophobic
nononer candbeotiseare otltamtabmctlte redbel veohtd ethe rtattizd. fourantthéypufpole of
controlling the sustained release 14 of the anionic drug contained in a
contact | BABCREESreRpacss thethy dvsirodgedvenniart 1rme far cfusdaiinas drugi o,

t he amount of a hydrophobic dru that |s taken in and the |ike can be

adj ust ed B§lG&PRg aWW&'B BRoBiRT theaifreis éiFuﬁy‘El‘P%EﬂﬁHtﬁ% %ﬁﬁﬁers

t hat can bg ﬁégﬂ or th pur osee%{ br r esent vention |gh

trifluorosPHyf bt %f&%ﬁaé?t %Icfo fré ﬁgc?%/ eeloﬁéthl
th I t I t

ot hacr y1 SRR SE Ry h ST 1ef éft% alt&e%%agt%y o) a8 P B gy

crosslinki-pgi BDRPMEHe Gahikemdaghets ¥ BdduLimRl QebarcSiass ks o Bet he
material of the contact |ens. The content ratio of the crosslinking nononer

i s preferahkycostasorieddhan edook%hel atdss ik deastelyal s aiant tohatyhe
nmononmer s conposed in the hydrogel contact |ens for sustained drug rel ease.
Wien the bendehfiqblt dto gontrohelor ssstnkedgdmonosBeaercerd s li®smby t he
hydrogel contact |ens containing the crosslinking nononer may be poorly
feasi bt e £8F Pretic druddeahdearabedsrd Afde ceirtchat ded qfehém@étmbonar d.

Ex I f I t hat b df th f th
rosnt i AVERETSN PHERE4ETBL U iT o e g Hoth S8 S GERCALE fyeenggPycol
di th I

ai (et h) g B R O o A R A S S A R e b8 e
to a stock.gekulhon 08 SHRRNLLMJ epsese moﬁté%ort&né@%ote@eb%q%a@t

| ens according to the present I nvention nore confortable when it is worn.
25 Ment hoheleagphgiatind wag hbkeohddt HapReivsedtsneLie-tdeNs, ¢anchgeadded

as the refreshing agent. Wen nenthol is added to a stock solution for
shi pn&int , the dsupr efBraablapeaddedtahtarattie cobfthotcamraett Nans0a0i8o angd may
be added at a ratio of about 0.005%if a remarkable refreshing effect is
not to bebegpwet dgsufificient 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



Exanpl es [0041] As nentioned below, the present invention is described in
greater detail byway of exanples. However, the present invention 5 is by no
nmeans limted to the described exanples. [0042] (Eval uation Method)
Measurenent of the anount of taken-in §6Hiun1cronnglycate I n each exanpl e,
t he contact |ens containing sodium 10 cronogl ycate was i mmersed in
physi ol ogi cal salt solution for not |less than 48 hours to rel ease all the
sodi um cr eHEgEFEER Y comitaiined in theeceshrattlemhgeilataovenke pipspolienieal
salt solution. After the rel ease, the sodium cronoglycate in the

physi ol ogi'e8P™Satt sol ution was quantified by neans of high performance

l'iquid 15 h HP ilabl.e f JASCQ, CORPORATI dth
quant | 1 o8008 Lo TRes SHELEF rf Rt Gt MR of S8t G cF OrogiYodte
taken in E%?&&Q”&%‘Etbé ea{lﬁj%it%%%lit%ﬁs%s gﬁtgﬁtrﬂ@fé%f A0 5 o QI UM
cronogl ycate 1n the eye A white tane rabbit was treated to keep wearing

a contact phehKe £ O At M NHSQUIHMEr aRBIbYCALEs [ OMTI)OULS saRdsal 0 &8
hours, and the taken-off contact |ens was i Mmersed in physiol ogical salt
sol uti on HOEn¥8t P Thicoahebedsainld cbheal asai i nghes edhuare rismylosaabe
contained in the contact lens into the physiological 25 salt solution. The
sodi um cr eppgbyradece el walseddadit o t he physi ol ogical salt solution was
guantified by high perfornmance qurid chromat ography (HPLC, available from
JASCO COR {1 ONpeangleage (ippiacl ed vhae Eruwhs sdénslnehedd &0t walyeh#i ni ng
quantity of the sodiun1ca$gﬁgl cate taken in the contact |ens. The rel ease
t

16 ratio WAS GEREFHY el LEREFNIAGCREERt PRy . 2330 A4 pe stability

10 intermolecular crosslink of the material of the contact lens. When
the content ratioc of the ionic monomers composed in the hydrogel
contact lens for sustained drug release is not less than 5 mol$%
and not more than 20 mol%, the water content ratio of the contact
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 meonomers 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



The size of the contact |ens was neasured by nmeans of a contact 5 | ens
projector with the contact I 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 |ens wastfrated as "0" when the size and
shape did not change and as "x" when a size change and/or deformation was
observed. 10[0045] Evaluation of confortabl eness of wearing the contact

| ens in t REMPPHRE| 31 Fekrf Fongewe gglative to thengntherndg wesomesaPEd to

o G AT B AR S R A e
I d I t ed "0" wh th t it
cval o I, COPAS LEBRCARRNL 3050 Bhen 7, AT ASSISRLE Ll

felt the BEEFE@%P@ c%ﬂﬁ:/aﬁ%ft i?ﬁsfftgo%ju%%' bpdy, 1,88l 1,09 11 91*5}551:9{%188%8’8& and

as "x" when the wearer clear t the rrritati on and/or

forei gn- begyrheplreRant[ HOAGIt 1\ er TRAUHRNEhEAkIthe h d.roge_:[r@mtact lens
wat er - cont ai ni ng copol ynmer in the contact | ens was dried under reduced

pressur e d@brreestdampercatur ecl oasa geyomhichqnitghthe 2brasshit Herwehie onei ght
(W2) of the copol yner was neasured. Thereafter, the copol yner was i mrersed
in pure wasefl andafddily shitspcsadd enicohtaatetenandal hethe kmiweiighdr(dd) of
t he copol ymer was neasured. The water content ratio was determ ned from

t hese wei GRREabyeEsimg-ihedant de8hohd Bet oveleaseqd dou7p wageiféeankent

ratio (meig&%@%h: %égm - &%%Gg%%yx 123 Vﬂ:mgi ht_ when saturated wth water
W2: wei ghPewheh"the”t difsY dfat8§ SARTATT et2F 0048

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



(Exampl e 1) 2- hydr oxyet hyl nethacrylate (HEMA) (46.2 g: 0.35 nol),

2- hydr oxypropyl nethacrylate (HPMA) (37.6 g; 0.26 nol), nethacryl am de
propyl trinmethyl anmonium chloride (MAPTAC) (12.2 10 g; 0.055 nol) ,

met hacryl oxyet hyl succinic acid (I\/DESA)I?(B. 2g; 0.013 mol),

et hyl enegl ycol di net hacryl ate (EDMA) (0.8 g; 0.004 nol) and

azo-bi s-isobutylonitril (AIBN) 3000 ppm (external) were mxed to the ratio
shown in P&BEENt HMterHdianat ed drorordisodrud Honpt himitedhéprmy therpbenthe! v
subj ected to nitrogen substitution. After the 15 agitation, the nononer

m xture sOFHEIGIF MAEApURT iAHS TV BeY R AR I iRarshdrd AR sréected

h [ i, t-hi f.50 00C f, 24 h
bt Ai - BOPYEP T THEL bt Ay NEAF DOIaf waC -CBR Bl 0 Pt ETGr at ur o and

t aken out I pal.yner J sef. | St Ll wat er
at about %%(%ngéggﬁgg’t da%;-%oxuérés}%o%gg{'f oa\ggg% rTF(ﬁ]g/dr ataletg‘n?ngz%s?\?/g_ fqgn. The
contact | gagewasqdt £eah 8l t&hHOMHA ?1%QQEH%EEP@%YC@£%K DSCG) by i mrersing
the contact lens into 10 nL of 0.05 wt % aqueous sol ution of sodium

cronogl ycaheiphiapaagedatsrpdvancesat 285G E0sd 3 rbaupsand®04dn 2brbxaanhe 2)
HEMA (46.2g; 0.35 nol), HPMA (37.6g; 0.26npl), MAPTAC (12.9 g; 0.058 nol),
MOESA (2. 5ogiug, 0diclmdignacEDMAL WO, S&1g;. 0ACKktnde) odndvABNnEHO G hmmtwo

(external) were nmixed to the ratio shown in Table 1 and agitated for about
1 hour, wiRifl ENBephgvealisted (dHrugsy maygadgh) betwdedo nitrogen substitution.

After the itatiaon, the mxture was polynmerized, hydrated and swol |l en, and
treat ed td%ﬁaﬁ ai t@&&ﬁ@nﬁ@%%g%‘&%‘?& 56 IBAmOME 25 pD0SBI eSSt @il e 3)

eSS 9o et U s SR LS S ™
(exter na{/\k_a‘ﬂ@&@uﬂlf,ediit_ 0; ¢ hey ity %@@qggg}ea Eggﬁst%ew i aled f ap about

1 hour, il'e belng satisfactoril ect to nitrogen substitution.
After theiagitatien wHditalinxhuseees. PAowERErZethe p&@@@hedi&%ﬁw ken, and

treated to contain sodiumcronoglycate as in Exanple 1. [0051] (Exanple 4)
15HENA (54i4gplOedPhaobyiobHMA (37. 69; 0.26nmol), MAPTAC (6. 65
[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 to3.0mg. The amount of the drug to be taken in can be appropriately
adjusted by the guantity of the cationic moncmer composed in the
hydrogel contact lens for sustained drug release that is provided

in excess.

[0034] Since the present invention provides a technique relating



g; 0.03 nol), MOESA (1.5 g; 0.007 nol), EDVA (0.7 g; 0.003 nol) and Al BN
3000 ppm (external) were mxed 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 pol ymeri zed, hydrated
and swollen, and treated to contain sodiumcronoglycate as in Exanple 1.
[ 0052] (Exanple 115:(%; HEMA (41.6g; 0.32 nol), HPMA (37.6g; 0.26 nol), MAPTAC
(24. 2 25gtooaldapdby)dismEsbles cpntgetoleny ﬁmy,caEDMAéf(e@.tgvg;lyor@@aaﬁ%l)
and Al BN 3000 ppm (external) merg mxed to the ratio shown in Table 1 and
agi tated PBrARBEUC ETHBUP LA &° B s BRP SPRLEGT 1SR S OBPER (T UCPBLAFR T 0gen
substitution,,After, the itation, the mxture S poly ized héarated to
becore svdl T Sh GHEE RadEaig <TeURoiRGrR SBHTUT SHoRoGT JCaT LA (BB o 1.
| 0053] (g Qfg%i RAMR SRk 'E'E%é?- 1% 2228 ”Dtg%e i 1£82020En0- 15
mol ), MAP gg ( .%E%g; O.fg'nnﬁ),' A (713 g 0o , 1 (6. ek
0. 004 =l Ea@ﬂgp&%ﬁc&%’%ﬂi’ﬁmé @éh) cYREt&cN I@r% tiﬂla_tth%sr trb_@i&@@“@n' n
Table 1 and agitated foor about hour, while being satisfactorily subjected
to nitrogercesbsheéds i oh. bA tedratiike1ggisinaiion, the mi xture was pol yneri zed,
hydrated to becone swol |l en and made to 10 contain sodi um cronoglycate as in
Exanpl e 1[0PBB%4Monomers that can be used for the purpose of the present
invention and a contact lens according 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 icnic meonomers including
cationic monomers and anionic monomers.
15 [0037] . It 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 amolecule. 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-polypropylenegiycol (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 contrel the water

content ratio for the purpose of controlling the sustained release



(Conpar ative Exanple 2) : HEMA (40.0 g; 0.51 nol), MAPTAC (11.37 g;

0. 051 nol ), nethacryl oyl oxyet hyl phosphate (MOEP) (5.41 g; 0.025 nol), EDVA

15(0.7 g; 0.004 nol) and AI BN 3000 ppm_(external) were mxed to the ratio

shown in Table 1 and agitated for aboutt¥ hour, while bei ng satisfactorily

subjected to nitrogen substitution. After the agitation, the m xture was

polynmeri zed, hydrated to becone swollen and nmade to contain sodi um

cronpgl ycafeths amiBismsireg] copbpbnss|in CRPatactveSE #fIrddng to thepwa

(51.2g; 0.39 nol), HPNA (35.4g; 0. 24 nq%%, MAPTAC (6.4 g; 0.028 EDI), MOESA
§; B8BTS te

(6.4 g; OPB28SHBI JRVEDMLT0. & DG R ABN SB606™BBRT (8%t 2r nal )

i i 0. shown in Table. d_agi d ,
Whi Lo bt AYECaPRrRT S s SREE T et if 7Bt A b e A adiiball o

agitation, .t ) X 4 &%é? I ted
to contaiﬁsgggiagill 6&3%%3?@%@?@*§§£in%%3§ X?%Q%sg¥0 6i Tﬁt@?m? e c%ﬁ?gct

| enses; of cExapBl 85ed #Or THERIMYRRALE the2PredBLt R dies i9fc1s@di UM
cronogl ycate they contained werée made to differ fromeach other as a
function etifFbecguentylnetifadhegacat,i agicbamppdaridepnt ai ned i n excess by
changing the total quantity of the contained ionic nononers. For each
exanpl e, shéogaapineyhairylwt<d methnl nedhsodivlater ombgtytateghachylpgkbease
ratios 4 hours, 14 hours and 18 hours after the start of wearing the
contact | EAEt-AYtyk| reldhachiel atrapdesizaBi MethaGeytabdserved. 1t was

confirmed that.  all_the contact | enses can pr i cal be used. I n other
wor ds, ea@ﬁhgah?ﬁﬁ%m%EPF?¥ﬂkﬁﬁﬁa%ﬂ ra#ﬂﬁﬁﬁﬁsaFﬁﬁigﬁien in the contact

| an . Sese She: | . .
of T octTy oitbbadh | 26 cbdE PEEL 8 o AP BaNL bl e 880 SiRbrll EMar | g
eval uat ed 28550 fxanps| %P%’rgé{@ri%lag]? of e the taert Acls | eRge0fo HuRarati e

Exanple 1 was [ess stab ecause of an increased anpbunt of ionic npbnomers.

The quant bEytBE Eh6sET Ugkildy tiRhdmtie pbhereeabagtnbensod tEempanakbye
Exanpl e 2 was not sufficient and the contact | ens was not effective because

t he contemtlrative bd the toiahicontemamer wae tonohargecompadad/ert ahichat of
the cationic nononer. Additionally, the release tine of sodium cronoglycate
was not | bydropah cnhtectr e dohenvtaigregd dong redepgre Iharhehe vngent| ens
unsuitable to be used as daily disposable contact |ens. Since the contact

|l ens b¥ CaRparaPfvENExarpI el I ing MONoBGHt SRR AtTOHT ¢ Grolydrgel

tribut itively take i di . lycate, th tact | did
not cont afAT4eEaT LPRP erth bR 1 CHOTeItP L BHoUrDEiTe B St dHdy
ffecti : ' | ti
clfertl veness ngd A0BEL-EL G bR e SOd P EEITERl HEal £ohEhBRseel ol o
Exanpl e 1nand .t hata@fi dhercentastihensy doncrrRar ahhy e-dxaapliged idt kthe eye

of the wearer.
purpose of the present invention include bifunctiocnal 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.



[0059] As seen fromFIG 1, the contact |ens of Exanple 1 was proved 21 to
be feasible for practical use as daily disposable contact | ens because of
the satisfactory release tinme of sodium cronoglycate. To the contrary, 70%
of the drug contained in the contact | s of Conpar ati ve Exanple 1 was
released in the initial 4 hours because 5 of the increased quantity of

I oni ¢ nononer contained in the contact lens. It was proved that the contact
| ens of Cbnparative Exanple 1 m ght be poorly feasible for practical use.
The cont act s_of Conparative Exanple 2 rel eased the drug contained over
a very | off §aB@E?8d of time as shown in JP 2004-307574 A It was proved that

10 he congagh, ! S1onghe RS, BRALe duniabaBechess deaslily (L,
Ex. 2 Ex. g%egr)éerdfj@:%ic'iog?'wa@(o% examples. However, the present invention
5 is by no means limited to the described examples.
[0042]
(Evaluation Method)

Measurement of the amount of taken-in sodium cromoglycate

In each example, the contact lens containing sodium

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
liquid 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



Conmp. Ex.2 Conmp. Ex. 3 total quantity ratio of ionic nononmers (nol% 9.97
10.10 10.10 5.14 19.00 23.28 12.88 8.13 quantity ratio of anionic nononers
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ratio was determined from the remaining quantity.
[0044]

Shape stability

The size of the contact lens was measured by means of a contact
5 lens projector with the contact lens in physiological salt sclution
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 periocd 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/ox
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 copeolymer was immersed in pure water and fully saturated with
water, and then the weight (W1} of the copolymer was measured. The
water content ratio was determined from these weights by using the

formula shown below.
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[0047]
water content ratio (weight%) = [(Wl — W2)/W1] x 100
Wl: weight 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 (MCESA) (3.2 g; 0.013
mol), ethyleneglycoldimethacrvlate (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 cbtain apolymer. The obtainedpolymer
was cooled to room temperature and taken out from the meld. 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
centact 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 mcol), 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
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subjected to nitrogen substitution. After the agitation, the
mixture was polymerized, hydrated and swollen, and treated to
contain sodium cromoglycate as in Example 1.

[0C50] .

(Example 3)

HEMA {46.2g; 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 ATIBN 3000 ppm (external) were mixed to the ratic 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 and swollen, and treated to
contain sodium cromoglvcate as in Example 1.

[0051]
(Example 4)

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
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
gs 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
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contain sodium cromoglycate as in Example 1.
[0053]
(Comparative Example 1)
HEMA (49.1g; 0.38mol), HPMA {22.2 g; 0.15mol}, MAPTAC (28.9
5. ¢g; 0.13 mol), MOESA (7.13 g; 0.031 mol), EDMA (0.7 g; 0.004 mol)
and ATIBN 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
10 contain sodium cromoglycate as in Example 1.
[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; 0.3%9 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 ratic shown in Table
25 1 and agitated for about 1 hour, while being sufficiently subjected
to nitrogen substitution. After the agitation, the mixture was
polymerized, hydrated and swollen, and treated to contain sodium
cromoglycate as in Example 1.

[0056]1 Thus, the contact lenses of Examples 1 to 5 were prepared.
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The quantities of sodium cromoglycate they contained were made to
differ from each other as a function of the gquantity of the cationic
monomer contained in excess by changing the total guantity of the
contained ionic monomers. For each example, the quantity of the
contained sodium cromoglycate, the release ratios 4 hours, 14 hours
and 18 hours after the start of wearing the contact lens, as well
as the shape stability were observed. It was confirmed that all
the contact lenses can practically be used. 1In other words, each
of them can release almost all the drug taken in the contact lens
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
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
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.
[0058] FIG. 1 shows the scodium 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

rel ease of DSCG (mm 14.4 14.4 14.5 14.0 14. 3 deformation 14.4
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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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for sustained drug rel ease ofl sustainedly rel easingla Beke |ofExdr g Exdher ei n
t he anpuntoai@handnridd bfdhic 5| red7edseoion jardiwne peri pdysf jabzus 4 hossr g iser the
start of | weakdstgoyhe hydrogel| contqct | ens for| sustgi ned drjug reljease i|s
not nore Elg,ﬁgm@(po(}/%&cthe dosg of the drug contgined|in the |hydrodgel contact
| ens for %&%&%‘ﬁ%w rug &%4‘335%.973”0'1%@ I 885 [ hag 80%0QF thgogose gf, the
drug cont aLned | n % roggl contlact | ens for sustlai ned
cationiC monomers (mo %)
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 | 14.3 14.4 144 13.8 14.1 154 142 14.0
of DSCG (mm)
shape | after release of | 144 14.4 14.5 14.0 143 | deformation | 144 14.1
stability | DSCG (mm)
evaluation 8) o] O O 8] X O O
evaluation of (8] 9] O o O A o b
comfortableness of wearing
water content ratio (%) 46.0 45.0 45.0 38.0 48.0 58.0 45.0 42,0
[0061]
HEMA: 2-hydroxyethyl methacrylate (hydrophilic monomer)
5 HPMA: 2-hydroxypropyl methacrylate (hydrophilic monomer)
MAPTAC: methacrylamide propyl trimethyl ammonium chloride
{cationic monomer)
MOESA: methacryloxyethyl succinic acid (anionic monomer)
EDMA: ethyleneglycoldimethacrylate (crosslinking monomer)
10 MOEP: methacryloyloxyethyl phosphate (anionic monomer)

AIBN: azo-bis-isobutylonitril (polymerization initiator)

DSCG: sodium cromoglycate (anionic drug)



10 drug release is released at least in 14 hours after the start of wearing

the hydrogel contact |lens for sustained drug rel ease. 2. The
hydrogel contact |ens for sustained drug rel ease according to claiml,
wherein t he hydrogel conprisses at |east ionic nononers
including a 15 cationic nononer and an ani oni ¢ nononer, t he conponent
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drug is sodium cronogl ycate or potassi um cronogl ycat e.
the hydrogel contact lens for sustained drug release is not more
than 50% of the dose of the drug contained in the hydrogel contact
lens for sustained drug release, and not less than 80% of the dose
of the drug contained in the hydrogel contact lens for sustained
10 drug release is released at least in 14 hours after the start of
wearing the hydrogel contact lens for sustained drug release.
2. The hydrogel contact lens for sustained drug release
according to claim 1, wherein
the hydrogel comprises at least ionic monomers including a
15 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, and
the content ratio of the anionic monomer is not less than
20 15 mol% and not more than 25 mol% relative to the cationic monomer.
3. The hydrogel contact lens for sustained drug release
according teo claim 1 or 2, 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.
25 4. The hydrogel contact lens for sustained drug release
according to any one of claims 1 through 3, wherein the anionic

drug is sodium cromoglycate or potassium cromoglycate.



