DESCRI P11 ONTitle of the Invention Wettable Hydrogel Contact Lens and
Met hod For Produci ng Sanme Technical Field [0001] The present invention
relates to a hydrogel contact |lens that can maintain an excell ent degree of
anti-contam nation property and wettabd1 I ity by effectively conprising an
ionic 10 hydrophilic polyner that is a conpound having a hydroxyl group and
an anionic group and a nethod of manufacturing such a contact |ens. More

specifically, the present inventdi eny el atestte @ tydrogel contact |ens nade
to conprise an ionic hydrophilic polyner in a copolyner having at |east a
cationi c nononer and an ani oni ¢ nononer as conponents, which is a

nmoi sturi zi ng hydrocel contact | ens showi ng an excell ent degree of shape
stabi |l ity @nderechanhecahvsttemgt h even after releasing the ionic

hydrophilic polynmer, and also a nmethod of manufacturing such a contact

| ens. 20 Backgr dletdanie HyDoox! Contact Leasseyd ¥eéhpg yredvrded $3i%
soft contact |enses and hard | enses. Soft contact |enses, in particular
wat er - €ont ai ni ng soft contact |lenses, are widely popul ar because they are
| ess foreign bad s%ns?tion and provide a confortable 25 feeling, although
t he feeliré% = G the I enses fluctuates to a | arge extent and exerts

U nous | TAACPPed BAGAMELELRI LT PULLA%, S BHBLUGE1OoROM B0tk onS

wearing a contac ens 1s srgnificant I nfl uenced

by the int?ﬂéﬁnééﬂ1ﬂylnkggncgﬂtéﬁéeif%ﬁ%fHEbﬁé%”bﬁ|dﬁﬂ1—c$ﬁ@éﬂﬁﬁéeioht i's
inportant for 2 the lens surface to be covered by tear fluid in order to

achi eve a sesgortalie Rv%@tiaﬁﬁll@ﬁyV\B?l’éﬂge@@iﬁieﬂqi doepsistiawewer iomhen a
wat er - cont ai ni ng soft contact lens falls short of npisture due to
evaporat i onyddvgrel liitc pslpeénghaar s 4 kempofhihddontiact al eydrexwkeggoup and
an anionic group and a method of manufacturing such a contact lens.
More specifically, the present invention relates to a hydrogel
contact lens made to comprise an ionic hydrophilic polymer in a
copolymer having at least a cationic monomer and an anionic monomer
15 as components, which is a moisturizing hydrogel contact lens showing
an excellent degree of shape stability and mechanical strength even

after releasing the ionic hydrophilic polymer, and also a method

of manufacturing such a contact lens.

20 Background Art
[0002] Contact lenses are roughly divided into soft contact lenses
and hard lenses. Soft contact lenses, in particular
water-containing soft contact lenses, are widely popular because
they are less foreign body sensation and provide a comfortable

25 feeling, although the feeling of wearing the lenses fluctuates to
a large extent and exerts various influences to the wearer as the
surface structure of contact lens changes. The feeling of wearing
a contact lens is significantly influenced by the interaction of

the contact lens and tear fluid. Therefore, it is important for



5 the noi sture shortage by absorbing noisture fromtear fluid, resulting in
reducing the thickness of the tear fluid |layer of the wearer' s eye. Then,
as aresult, the drying is accelerated to damage the feeling of wearing the
contact lens and, what. is worse, give pise to a risk of causing an

out break of disorder at the surface 10 of the keratoconjutnctive of the
contact | ens wearing eye due to nechanical friction. Additionally, in
recent yeahs 1dr¥i 8grofce U aet chenses wnd Lye rsunbagesothiker tt exirareval
factors including dry eye syndrone, in particular evaporative dry eye,
caused by fpepuiratitzpl&ofeof 1KA €fuidarEmly icoakadinyeper sdiralevegnputens aand
15 influence of air conditioning systenms has been apprehended. A dried

cont act | entegamogitwéningesdf: adhesconlofs fady swakees dfhmpagtufpuidette t he
surface of the contact |ens, which causes an unconfortable feeling of

weari ng t eyasoneaéen ehsland dpe6ingi spBii ithe SPhér ePBFRCTi teRS TRt y

i nportant to suppress drying 20 of the contact |ens and sﬁabi Ijj](’zie.éhe t ear
fluid Paydmefiod s¢sseachOr BRES wRArd P &e'S AOPEEr St 6XRBi htaf n- ot

confortabl e feel.ing.of ar.ing. the contact_ | . Ear _this. pyr. e, £Vall ous
Ceahni ques 08 BBGH (LR AR R RS T RAALRL ST T orrra T he

chni ques Ve =¥ ciide proving the
Cont act | GRS PoalEe ThE kG ARERaL T b S iy B 26 Lhecontact ore

contact lens'to re e tontam nation an

surface by idmrQviiRg bhRe,basedaty icdhthtsel énofaddie weent ast wbess, agdve
subj ecting the obtained contact lens to a hydrophilic treatnent. (0003] For

exanpl e, arwad efo coRt aknb A-Antractanl easbtbak sediicesded thethecsnufateon
of body wastes in tear fluid on the surface of the contact |lens due to the
el ect rioc  chiiriges dfertzhedoadynwasvesobyti@renmpanwiliensr weensnponevading to
quat ernary ammoni umions and carboxyl ions has been discl osed (Referenced
Pat ent Pubh¢czanigrall)friomiione thidifprandldes ant EERANGUESBEST nPFEVRAgCE he
anti-contam nation pr operté/ of a contact |ens caused Jgy tcgce str.ucteture of
the base naPRFriGl JERERSoRNA Q) REF TBFPBrdY 4PeSEbGHR? d 30 3 pr BV&EREY
property of maintaini t he .wet t abi.l i of the bhas ri t act
| ens. 10 (PDY4TYBeH ,merfellﬁloggrgf‘c}l Fo(\e/Y%%ojf%%lﬁ%{@aﬁi yi%![’y%](c)a#sraé%co% t act
| ens by addj i,styrizd - a: ﬁﬁ)@{ SO leppultave heen
di scl osed,géljﬁgjr%rl négjélaéHrret Org% %%%?%?%Hggllgé ydr!g(?ed. Iﬁ)p/atelr on the surface
of a contaghrel €S- MdH Lar bf@h)ﬁ%ti@yﬂin%els%{'sﬂzéﬁg h&atbdsn atp@ndtaidedpol wrer

to inpart effective lubricating ability 15(Referenced. Patent Publication
2) , a nethode@fcwitgnitl Leantdan §hpe qvisrgtbhelreonfor baldehesssand iheecar
nmoi sturi zing characteristic of a |lens surface by causing a certain
fluid to the surface of the contact lens, which causes an
uncomfortable feeling of wearing the contact lens and a poor
visibility. Therefore, it is vitally important to suppress drying
20 of the contact lens and stabilize the tear fluid layer of a contact
lens wearing eye in order to maintain a comfortable feeling of
wearing the contact lens. For this purpose, various techniques
have been disclosed, which include techniques of improving the
anti-contamination property, the hydrophilicity and the
25 wettability of a contact lens to reduce the contamination and drying
of the contact lens surface by improving the base material itself
of the contact lens and subjecting the obtained contact lens to

a hydrophilic treatment.

[0003] For example, a water-containing contact lens that reduces



poly (oxyethylene) -poly (oxypropylene) surfactant to be retained on the

| ens surface (Referenced Patent Publication 3) and a nethod 20 of

manuf acturi ng an ophthalmc lens by treating the ophthalmc lens with a
nmoi sturi zing agent. (0005] However, th@ nethod of Referenced Patent.
Publication 2 coats a contact |ens surface with an anionic polyner to
provide the lens surface with a wettabilitv but the pol ynmer does not

est abl i sh @Ry a2Bushentcah bonsban thstthe hanschaselusd esi dlhe smrifhate tdfe
polynmer is poorly retained on the surface. Additionally, the nmethod nerely
noi st uri zeshd henteos kand ame andclirerdectancothangp? e thRebady stafti e ing
effect of the entire contact lens. Furthernore, the lens surface is

el ect ri calforméingr godtiet hiang ohissludhineh dvat erndtitedMRORHER| P RtdhH of
proteins. Wth the nethod of Referenced Patent Publicati oq}zp t.he bond

bet ween t HRIREAWSpAPNEChRF| Fedh 431 561t 48TPERRCEEr FARN T & i 1% bond

roduced by a hydrophobi c i nteraction and hence the net is less reliable
!On ter EE o%f/) ‘st H%?‘ﬁ?? PP A biA i%teﬁgf}%qflﬁeo %?%%?Y%r{@gchﬁddi tionally,

there are reports.tha he_non-jonic, f t LAvient § enmpl oys
can i nduceargc.r;l._cé’r?écﬁﬁlﬁﬁlgk :818 gﬁ%%‘gﬁvaﬁeonfs%r(rzlaoﬁt%{%r é%ﬁ%x%gggége%.t#%us?pt h)é

met hod i s SfhY 12 Rreblem.of safely, Ehatnaeedsot-eshe i sgel vad.
The met hod of REFERENCED PATENT PUBLI CATI ON 4 causes 10 a contact lens to

nmove to a {arngerevteiie propbeteysr suhhasenungeaihd hetedbetitpfof the base
pol yvi nyl pyrrolidone that is enployed as noisturizing agent so that a
forei gn bathteensiatdfonheanocaaactylansse. Additionally, nmtin contained in
tear fluid can adhere to the contact |lens surface due to the stickiness of
pol yvilllyl pf@0@4] dBaeidss s methatsaopdowpreivdnpi the yetsaat iy paft @dCKREACE hi s
met hod i s enpl oyed. _ o

lens by adding a moisturizing agent to a prepared contact lens have

been disclosed, including a method of forming a hydrated layer on
the surface of a contact lens with carboxymethyl cellulose that
is an anionic polymer to impart effective lubricating ability
15 (Referenced Patent Publication 2), a method of significantly
improving the comfortableness and the moisturizing characteristic
of a lens surface by causing a certain
poly (oxyethylene) -poly (oxypropylene) surfactant to be retained on
the lens surface (Referenced Patent Publication 3) and a method
20 of manufacturing an ophthalmic lens by treating the ophthalmic lens
with a moisturizing agent.
[0005] However, the method of Referenced Patent Publication 2 coats
a contact lens surface with an anionic polymer to provide the lens
surface with a wettability but the polymer does not establish any
25 chemical bond with the lens base material so that the polymer is
poorly retained on the surface. Additionally, the method merely
moisturizes the lens surface and hence cannot improve the
moisturinzing effect of the entire contact lens. Furthermore, the

lens surface is electrically charged with anions, which can induce
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precipitation of proteins. With the method of Referenced Patent
Publication 3, the bond between the hydrophilic £ilm and the contact
lens surface is a fragile bond produced by a hydrophobic interaction
and hence the method is less reliable in terms of stability and
durability of the wettability. Additionally, there are reports
that the non-ionic surfactant that the invention employs can induce
an anaphylactic shock when administered excessively. Thus, the
method is accompanied by a problem of safety that needs to be
dissolved. The method of REFERENCED PATENT PUBLICATION 4 causes
a contact lens to move to a large extent on the eye surface under
the effect of polyvinylpyrrolidone that is employed as moisturizing
agent so that a foreign body sensation can easily arise.
Additionally, mucin contained in tear fluid can adhere to the
contact lens surface due to the stickiness of polyvinylpyrrolidone

so that a poor visibility is anticipated when this method is

employed.

Prior Art Publications

Patent Publications

[0006]
REFERENCED PATENT PUBLICATION 1l: JP 10-253931 A
REFERENCED PATENT PUBLICATION 2: JP 2001-508555 A
REFERENCED PATENT PUBLICATION 3: JP 2002-504238 A

REFERENCED PATENT PUBLICATION 4: JP 2008-532060 A

Disclosure of the Invention
Problem to be Solved by the Invention
[0007] An object of the present invention is to provide a hydrogel

contact lens having an improved and durable wettability both on



REFERENCED PATENT PUBLI CATION 4: JP 2008-532060 A 25 Disclosure of the
Invention Problemto be Solved by the Invention 5 the surface and in the
i nside structure of the contact |ens and showi ng an excel |l ent degree of

anti-contam nation property, shape stabblity and nechani cal strength, and a

met hod of manufacturing such a contact |lens. 5 Means for Solving the
Probl em

the surface and in the inside structure of the contact lens and
showing an excellent degree of anti-contamination property, shape
stability and mechanical strength, and a method of manufacturing

such a contact lens.

Means for Solving the Problem
[0008] According to the present invention, there is provided a
moisturizing hydrogel contact lens characterized by comprising an
ionic hydrophilic polymer that is a compound having a hydroxyl group
10 and an anionic group.
[0009] According to the present invention, there is also provided
a method of manufacturing a moisturizing hydrogel contact lens,
characterized in that a component of the hydrogel contact lens is
a copolymer comprising at least a cationic monomer and an anionic
15 monomer and that the method comprises the steps of:
causing paired ions of the monomers to form ionic bonds; and
making the contact lens comprise an ionic hydrophilic polymer

that is a compound having a hydroxyl group and an anionic group.

20 Advantages of the Invention
[0010] Thus, according to the present invention, it is possible
to obtain a hydrogel contact lens showing an excellent degree of
wettability, anti-contamination property, shape stability, and
mechanical strength by making the hydrogel contact lens comprise

25 an ionic hydrophilic polymer that is a compound having a hydroxyl
group and an anionic group both on the surface and in the inside
at the time of deacidification and desalination of paired ions of
the cationic monomer and the anionic monomers that are components

of the contact lens base material and also a method of manufacturing



[ 0008] According to the present invention, there: is provided a

nmoi sturi zi ng hydrogel contact |ens characterized by conprising an ionic
hydrophilic polymer that is a conmpound having a hydroxyl. group 10 and an
anionic. group. [0009] According to theopresent invention, there is also
provi ded a nmet hod of manufacturing a noisturizing hydrogel contact |ens,
characterized in that a conponent of the hydrogel contact lens is a

copol yner oLl sbRgzat 1east a. cationic nmononer and an anionic 15 nononer
and that the nethod conprises the steps of: causing paired ions of the

MOT. 101El arooS 110 Troy meicbbiicabontsinand trakimeddng coneatctiohersn compravse an
i onic hydrophilic polynmer that is a conpound having a hydroxyl group and an
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the present invention, it is possible to obtain a hydrogeg cgﬂgact | ens
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contact |ens base materi al ang a?so a method of manufacturing such a
contact | ense141004ddi dhendethod raceshginged 0i die: priesephiilavepbl pneeahs

TPreve retained in a state of being bonded to moisture in the contact lens

10 and the retained ionic hydrophilic polymer is released gradually

and continuously so that the contact lens can sustainedly maintain

its wettability. Additionally, since a part of the comprised ionic

hydrophilic polymer is bonded to the side chain of the cationic

group that is a component of the contact lens by ionic bonding,

15 the present invention can provide a hydrogel contact lens whose
anti-contamination property, shape stability and mechanical

strength are hardly degraded even after gradually releasing the

ionic hydrophilic polymer.

20 Brief Description of the Drawings
[0013] FIG. 1 is a graph illustrating the release rate of the ionic
hydrophilic polymer having a hydrophilic group and an anionic group
that is to be gradually released into a phosphoric acid buffer
solution.

25
Mode for Carrying Out the Invention
[0014] According to the present invention, a hydrogel contact lens
is made to comprise an ionic hydrophilic polymer that is a compound

having a hydroxyl group and an anionic group in the inside of the



t he productivity of manufacturing contact |enses because a step of
conprising an ionic hydrophilic polyner, an ionic bond formation 5 step by
way of a deacidification and desalination process and a high pressure steam
sterilization step that is legally provided for contact | enses can be
conducted as a single step. [0012] Additionally, the conprised ionic
hydrophilic polynmer is retained in a state of being bonded to noisture in

the contachnkers 10nands t i Ftaivied wieoks i hydyophithe qultamr liesig.el eased
gradual Iy and continuously so that the contact |ens can sustainedly

mai ntai n ifo916eet abild tye Asabdiranalakyngsa ioelr:pdr grofiptdied compniisedci oni ¢
hydrophilic polyner is bonded to the side chain of the cationic group that
is a conpamenp diatt kencombaet! alsemsnbgl hyshiophbéadiprl yEs: ihel piegemthan

i nvention can provide a hydro% contact | ens whose anti-contam nat,iaon
property, ®fapeastadienay, srdlrbenani CHIOISELEAGE FaRe*Har 4F Y le G &det even
after gradually releasing the ionic hydrophlllc
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anionic group in the inside of
alginate such as, sodlum.alglnate, potassium alginate, triethanol

10 alginate and ammonium alginate can preferably be used for the
purpose of the present invention. Water soluble alginic acid and
sodium alginate can more preferably be used for the purpose of the
invention.

[0016] Alginic acid is a straight chain polysaccharide formed from

15 G-gquluronic acid (G), D-mannuronic acid (M) and uronic acids of
two different types . It is a complex block polymer in which the
homopolymer fraction of mannuronic acid (MM fraction), the
homopolymer fraction of guluronic acid (GG fraction) and the
fraction where mannuronic acid and guluronic acid are arranged at

20 random (MG fraction) are bonded randomly. The gel’s potential and
the gel concentration of alginic acid are greatly influenced by
the quantitative ratio of M and G, and the manner in which they
are arranged. It is known that the gel concentration rises when
the G ratio is high.

25 [0017] While the M/G ratio of alginic acid is not subjected to any
particular limitations and can be selected appropriately for the
purpose of the present invention, it is preferably 4.0 or less,
more preferably 2.0 or less. According to the present invention,

an ionic hydrophilic polymer is prepared with a buffer solution



contact lens to inprove the wettability of the contact |ens. [0015] Wiile

t he conmpound havi ng a hydroxyl group and an anionic group that can be used
as ionic hydrophilic polyner include xanthan gum carrageenan, cell ul oses
conprising a carboxyl group, alginic 5 @acid and al gi nate, hyal uronic acid
and hyal uronate, chondroitin sulfuric acid and chondroitin sulfate,

2- met hacryl oyl oxyet hyl phosphochol i ne pol yner as well as

2- et hacr yhaybexystby| a phosphesholdongobit ybn redtacttyd atrepcopal yioerc al ginic
acid and al gi nate such as, sodium al ginate, potassiumalginate, triethanol
10 al gi natgdasghamendanmalrgi saieédenmprefebapllyy e Qiséd T o whe powopese of
the present invention. Water soluble alginic acid and sodi um al gi nate can
nore pref eraffeyabéyused f@3F tché .Pumgose BiRChheoFRERTGRPIPOSYEL - RPgithi ¢

acid is a straight chain polysaccharide formed from G quitronic aci G,
D- mannur ofi-6 @€v e (Mheartile dopé crivedunibdd 6P G e flmse"i‘q‘g‘iﬁé g}' A th’é%a

conpl ex bl ock pal ymer in which the ho ol r fraction of r-qQni.c_acid
(NM'fréctﬁbﬁygW(H%fhﬁ%ﬁﬁ%F?ﬁ@Flﬁﬁgcf?o DY Iqﬁg&nF8ng%?g %%%??#gggﬁéﬁﬁ and
the fractian ere nuronic_aci.d an i; Ur Qnj id a anged. at. 20
random ( M3 8t?8H§%%%gkﬁoﬁaﬁﬁcﬁgﬁﬁéﬁ¥§ﬂl¥h§8%é?égéggbﬁgﬁ??gl and ?ﬁgggel
concentrat | f. i pLC: ael re i pf | yenced oy Hhey, quaat iitatiicve
rati o of %ﬁ%#%fig%dg%ﬁégﬁg%ﬁﬁf?ﬂ'mﬁﬁ%ﬁ'tﬁéy are arranged. it ié_kﬁg“n
that the gglq,cRRGaRLr gL G s 1SesaM@DE REr& radd 0. Dsw N gh th25e001 7 s | e
the NNC4 ratio of alginic acid is not subjected to any particul ar

limtati onsaramé Ganribatseal est ety agps ops iat elxeefserivehedpiunpseseabion he
present invention, it is preferably 4.0 or less, nore preferably 2.0 or

| ess. 10Accpoadialg Tloe hhdrpges eontinvdmnisorscardimant e thedrsseant En PPyt s
prepared with a buffer solution 8 and enployed as a Iiguid conposjtion,
and t he prefefienbloniconpydeephati tepdt e GiOdddBapreT efB3BI §7 b BBt o
7.0 wWv% nore preferably by 0.03 to 5.0 w.v90, much re preferably,

0.05 to 3.RPREMAR% ARMERTPRESPSR! ¢ TRAIIGEHIOE POPyREF Fg %%d%%eﬁyﬁgﬁggp han
50.01 wv%_ it is rised in the hydrogej I t ittle
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ke oy bl gt LS ELi Eantt B i sheRIe camle |
an excgessi ¥6- a0 Niexbi@t E8Mof the cationic monomer that can be used for the
purpose of the present invention include dimethylaminoethyl methyl
hydroxide (meth)acrylate, dimethylaminoethyl methyl chloride
methacrylate, dimethylaminoethyl methyl sulfate methacrylate,
methacrylamide dimethylaminopropyl methyl chloride and
20 vinylbenzyl triethyl ammonium chloride. Specific examples of the
anionic monomer that can be used for the purpose of the present
invention include ethylene-based unsaturated carboxylic acids such
as (meth)acrylic acid, 2-(meth)acryloyloxyethyl succinic acid,
2-(meth)acryloyloxyethyl phthalic acid and
25 2-(meth)acryloyloxyethyl hexahydrophthalic acid; sulfonic acid
monoesters such as methacryloyloxypropyl sulfonic acid, vinyl
sulfonic acid and p-styrenesulfonic acid; and phosphoric acid
monoesters such as 2-acryloyloxyethyl acid phosphate and

2-methacryloyloxyethyl acid phosphate. Of these, monomers having



10 [0018] The hydroofel contact |lens according to the present invention
preferably conprises at |east a cationic nononer and an ani oni ¢ nononer as
conponents. The cationic nonomer to be used for the purpose of the present
invention is preferably selected fromndnoners having a quaternary ammoni um
salt in the side chain. 15 Specific exanples of the cationic nononer that
can be used for the purpose of the present invention include

di met hyl ani pegbbyd1 @%bhpﬁlaﬂwg&@xw@bi@%ah 86t Yhat gurghgebhytresronestehy|

met hyl chl oride nethacryl ate, dinethyl am noethyl nethyl sulfate nethacryl
ate, met haeryhadbde dimetdayhianinopsopydr et bykfehbbl v deddat sxgesisayicdanr yi
triethyl ammoni um chl oride. Specific ex-anples of the anionic nononer that
can be usemlfagrhveheoptinposel @iic henmmesentihenyehey oare mIRe etRYPene- based
unsaturated carboxylic acids such as (neth) acrylic acid, 2- (neth),
acryloyIo%ﬁ@ﬁhﬁﬂc§ﬁé&inthea%@%ﬁo%ﬁt¥%hﬂﬁ$lgcp§lg??oﬁ?k@?&@ A c-hci d
and 25 _2- (neth) acryl oyl oxyet hyl hexahydrophthalic acid; sufoni.o.acid
nonoesPer é’rselfﬁgfagéynéQ et IH?F%XW%? egﬁg?%mchg(ﬁodl?gvlfl%%’ SI{J%]Taotﬁji‘}ce acid
and p-styren quoQLc aci d; and_phosphoric acid nonoesters such as

2-acryl oyl& 2?%§P’é8pﬁcpﬂ8%%m%fé and 2- net hacryl oyl oxyethyl acid

phosphat . @ dinesg, JIRNRIREShaYh Mhd RCaRPoNYE HIdUp o2r Sofbaieiablyr used
l}’ é (0] ? ? In I'S

for the purpos he presen ention. The cationi C nononer

pref erabl y, added excasshbwebydt ghald ¥aet@rdtortanhoshei sRMYTRT sonheroéhey are
added. More specifically, the conposition ratio of the anionic nononer is

pref er abl ys$AHz@ 9he A% -dmitenfirefrdabbyodértp, Sharsh¥per etabi Vet yoande
cationic nononer. [0019] The cationic group and the anionic group of
conponént stiof macbent @zl skeasgtlodrdiagonbatheé epsesenimPrveddi od Mot idni ¢
bonds so that the anti-contam nation property, the shape stability,and 10
t he nechaﬁanﬂSsﬂnﬁyﬁyﬂmedfthéanﬁfa@td¢%ﬁkﬁ%§%9QWﬁ&no@§&.d?ﬁ@lF8ﬁ¥&°Bonds
are formed by way of a,deaqidifiﬁation ﬁ?d desalinag%ﬁnt rocess .of Bgired

i ons of t HRXGRTDALCPYHBRP 12RE Phé MnFahi BT iyt ot act Ceds art er
a process of fydration arid syell Lng Jhe Lxeaspl Mg ot ba8ISdnaRs T org
excessive cationic groups form ionic bonds with the ionic
15 hydrophilic polymer that is a compound having a hydroxyl group and
an ionic group comprised therein, and are retained in the structure
of the contact lens so that the wettability of the contact lens
is sustainedly maintained.
[0020] A composition ratio of the anionic monomer relative to the
20 cationic monomer that is less than 50 mol% unfavorably affects shape
stability because the number of ionic bonds formed by paired ions
in components of the contact lens is reduced. On the other hand,
a composition ratio of the anionic monomer relative to the cationic
monomer that exceeds 95 mol$ cannot maintain any excellent
25 wettability because there arise a shortage of formation of ionic
bonds with the ionic hydrophilic polymer.
[0021] For the purpose of the present invention, a hydrophilic
monomer having at least a type of hydrophilic group in the molecule

can be copolymerized in order to provide the obtained hydrogel with



15 hydrophilic polymer that is a conpound having a hydroxyl group and an
ionic group conprised therein, and are retained in the structure of the
contact lens so that the wettability of the contact |lens is sustainedlv

mai nt ai ned. [0020] A conposition ratiolaf the anionic nononer relative to
the 20 cationic nononer that is | ess than 50 nol % unfavorably affects shape
stability because the nunber of ionic bonds forned by paired ions in

conponent $,.QfrbRe1¢0ML ACt RS fiis EREMEELs &N tihe mtdrephiand, manooeposition
rati o of the anionic nononer relative to the cationic nononer that exceeds
95 ol % cannQtuderni(ntahnaanyl exaeldiening? mowetmeabi kit decause there arise a
shortage of formation of ionic bonds with the ionic hydrophilic polyner.
[0021] FomN,thelipetpgdecoflahedpr(@Sdnat , i&nledﬁri%w,et@%yl@?hﬁﬁrﬂ%t%ﬁ‘@%@) ’
having at |east a type of hydrophilic group in the nolecul e can be

copol yner i feth)acovder eeipr o bize e S Red RYBPBGEPA W Y H ta PR

DL P g BRI SEEID S5 kBl A0 TR
2- hyd t hyl | t i E [ ' I I
@nﬁréfﬁéggﬁ@ta%e R 180 0PYEEP b We halT o At éﬁ%éﬁbﬁgg%%%ﬁiﬁ%%m@?g o
vi nyl - cont.ai_ni r : Vi )

v eon EL DA ARRAREA S csyahds, ML RAE Rl 19980akNE) ana
N-V|nyl.-hhf%{ﬁ@jfgﬂg@mi@g.and N-vi nyl f or mam de. (0022] For the purpose of

the present i1 nvention, alkyl 10 (neth) acrylate can be copol ynerized in
order to ipoave tbe she engtghsshapenst pbiebehy andedtexi bidlikyl of the
obt ai ned copol ynmer. Exanples of al kyl (meth) acrylate include straight
chai n,10br anoied) ahailatanchc peldopcdlykele 1 ¢atim) oxdey 50 dePsedk W FEFRYPth,
(meth) abrylate, ethyl (math) acrylate, propyl (neth) acrylaée i - propyi
15( met h) aghgpatssali-loiny lRndndtRx1BEyFat el therghaingst KPPadfate,

t--butyl (ggénrl];))leasc roX‘.l aa_%[_}%’(l p(?nnett)(ll) agz_[?fg_g?:e aicr{é/llua ee’sttrggLrgTEE hc\'ﬂain, branched
chahnandcyclicalkyl(meth)acryatessudhasnethyl(meth)acrylate,
ethyl (meth)acrylate, propyl (meth)acrylate, i-propyl

15 (meth)acrylate, n-butyl (meth)acrylate, i-butyl (meth)acrylate,
t-butyl (meth)acrylate, pentyl (meth)acrylate, trimethyl
cyclohexyl (meth)acrylate, t-butylcylcohexyl (meth)acrylate,
hexyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, cyclohexyl
(meth)acrylate, heptyl (meth)acrylate, octyl (meth)acrylate,

20 nonyl(meth)acrylate,decyl(meth)acrylate,dodecyl(neth)acrylate,
lauryl (meth)acrylate, tridecyl (meth)acrylate, tetradecyl
(meth)acrylate, methoxy diethylene glycol (meth)acrylate, ethoxy
diethylene glycol (meth)acrylate, 3-methyltridecyl (meth)acrylate,
6-methyltridecyl (meth)acrylate, 7-methyltridecyl (meth)acrylate,

25 2,11-dimethyldodecyl (meth)acrylate,
2,7-dimethyl-4, 5-diethyloctyl (meth)acrylate, pentadecyl
(meth)acrylate,stearyl(meth)acrylate,i—stearyl(meth)acrylate,
allyl (meth)acrylate, phenyl (meth)acrylate, phenoxyethyl

(meth)acrylate, benzyl (meth)acrylate and isobornyl



cycl ohexyl (nmeth) a crylate t-butyl cvlcohexyl (nmeth) acrvlate, hexyl (neth)
acrylate, 2-ethylhexyl (nmeth) acrylate, cyclohexyl (neth) acrylate, heptyl
(meth) acrylate, octyl (meth) acrylate, 20 honyl (meth) acryl ate, decyl
(meth) acrylate dodecyl (math) acryl atled , lauryl (nmeth) acrylate, tridecyl
(meth) acrylate, tetradecyl (math) acrylate, nethoxy diethylene glycol
(meth) acrylate, ethoxy diethylene glycol (neth) acrylate, 3-nethyltridecyl

(neth) acriyateacbynetdyl tridecyl (meth) acrylate, 7 -nethyitridecyl (neth)
acrylate, 25 2,11- d| met hyl dodecyl (meth) acryl ate,

2, 7- di net mo]}2435 dicatthyhaclyl . f¢methe) pacpybate) tpenpade@yt syl caor il at e,
stear yl (meth) acrylate, i-stearyl (nmeth) acrylate, allyi (nmeth) acrylate,
phenyl ( nmmli)tiiunytéoaal phepescylatrising m@mﬁpnaéty%@ e b‘é??ﬂrllynler%t [ in
acrylate and isobornyl 11 (neth)acrylate. éB!El Addi t.i onal | for the
pur pose oforndes FPedBREOVAVERR iR éerﬁjisttlapﬁﬁcﬁp ]PecIP%%réarHcfﬁgl ng component

EQhg:ﬁﬁggfﬁ%@eﬁ%}eﬁgaiggﬁ% S pophePh et PapLes of HAERAM iifing
anpl esof t hecr \ |
cr ogg Imlﬁ%ﬁ’cé%zl t%lé] c%g np’ﬂ%%%’ 3%0% %? rBDIt Sgg:y 3{“@ baseds such

di et hyl eneg| ye%?!y‘i'e%@%&%@%ﬂﬁé@h ééfﬂa{%,eneel ycol di (net h) acrvi at e,

diethyleneglycoldi (meth)acrylate,
triethyleneglycoldi (meth)acrylate,
10 propyleneglycoldi (meth)acrylate,
dipropyleneglycoldi (meth)acrylate,
trimethylolpropanetri (meth)acrylate,
pentaerythritoltri (meth)acrylate,
pentaerythritoltetra(meth)acrylate and
15 dipentaerythritolhexa (meth)acrylate; and vinyl-based
cross-linking agents such as allyl methacrylate, diallyl maleate,
diallyl fumarate, diallyl succinate, diallyl phthalate, triallyl
cyanurate, triallyl isocyanurate, diethylene glycol bis(allyl
carbonate), triallyl phosphate, triallyl trimellitate, diallyl
20 ether, N-N-diallylmelamine and divinyl benzene.
[0024] The improved wettability of a hydrogel contact lens
according to the present invention is achieved by comprising an
ionic hydrophilic polymer, that is a compound having a hydroxyl
group and an anionic group, in the contact lens structure. For the
25 purpose of the present invention, the expression of “comprise”
refers to that both
(a) an ionic hydrophilic polymer that forms ionic bonds with
an excessive cationic group that does not participate in the

deacidification and desalination process of paired ions of



10 propyl enegl ycol di (net h) acryl ate, dipropyl eneglycol di (neth)acryl ate,
trimethyl ol propanetri (nmeth)acryl ate, pentaerythritoltri(neth)acrvlate,
pentaerythritoltetra(nmeth)acrylate and 15

di pentaerythritol hexa(nmeth)acryl ate; ard vinyl -based cross-1inking agents
such as allylnethacrylate, diallyi nmaleate, diallyi fumarate, diallyi
succinate, diallyl phthalate, triallyl cyanurate, triallyl isocyanurate,

di et hyl ene glyeehtBi s€athylcontactcardenahe), triallyl phosphate, triallyl
trinellitate, diallyi 20 ether, N-N-diallylnelamne and divinvl benzene.

[ 0024] The i nproved setibabiltydrophiaibydriogelr ot dees hefist ascondilmgitco t he
present invention is achieved by conprising an ionic hydrophilic polyner,
that is alconpenddibavihgn alhyerioyylcaptass aragsancardhi € #rdup, in the

contact lens structure. For the 25 purpose of the present inv%nt itorl, t he
expr essi orexgfst donpresbydredet sce-adiatl Hst Ftructure. ?%)e &YH6ie oS

hydrophilic polynmer that fornms ionic bonds.wth an excessj i_oni.c._group
that dées IFSICHANG EP gt PERSERE HEGH i) ¢5t FoM- ARd rdlezsea(d ?éﬁa |%r¥9 épldrhoocogss

of paired gfnﬁ%fyhg %2c88928€efé§sCéoﬁg¥iééDQBQEBnhénﬁyaPQphilic polymer.
[0025] As described above, the ionic bonds of paired ions of the
contact lens components are formed by way of a deacidification and
desalination treatment of paired ions of the cationic group and
10 the anionic group in the contact lens after a process of hydration
and swelling. According to the present invention, at the same time
the ionic bonds are also formed between the ionic hydrophilic
polymer and the contact lens components, and further the ionic
hydrophilic polymer is taken into the contact lens polymer chain.
15 As a result, the power by which the ionic hydrophilic polymer is
retained in the contact lens structure is improved to make it
possible to sustainedly maintain a moisturizing effect.
[0026] The contact lens according to the present invention shows
abondingeffectthatjisstrongerthanexistingcontactlensessince
20 the ionic bonds of side chains in addition to the copolymerization
mediated by way of a multifunctional cross-linking component exist
in the contact lens, so that the anti-contamination property, the
shape stability and the mechanical strength are not affected by
environmental changes such as changes in the temperature and the
25 pH value, and maintained to a constant level. Therefore, size
change and degradation of the mechanical strength of the contact
lens do not occur even after the ionic hydrophilic polymer that
is taken is released gradually. Furthermore, the ionic hydrophilic

polymer that is bonded with cationic groups of the contact lens



(b) an ionic hydrophilic polyner that does not formany ionic bond and is
taken into the contact |ens polyner chain, exist in the hydrogel contact

| ens structure. The contact |ens according to the present invention is
characterized by the nethod of making a3contact |ens conprise an ionic
hydrophilic polynmer. [0025] As described above, the ionic bonds of paired
ions of the contact |ens conponents are forned by way of a deacidification
and desal ipabbaBnt kel REALs @Oft RA FEEhiNS cofi ctihendatiisonbe grieumeandvea t he
anionic group in the contact |lens after a process of hydration and

swel |i ng. gAeeardingai® Hdlel phesientcdnveent Lens it at heasanef tdeyma hendeni c
bonds are al so forned between the ionic hydrophilic polyner and the contact
| ens conparendsstaredifitrteheont et ilenisc Hirrsdids, cthpe Mereabid i ieh thet o
the contact: |ens polyner chain. 15 As a result, the power by which the

i oni ¢ hydropiiactc lppbyhermaintaingched in the contact lens structure is

inproved to nake it possible to sustained y maintain_a.npisturizi f.fect.
(0026] S Thd 008t acdte91€ieS ratR 516 ‘i%‘aga‘fjcfﬁtéﬁé:aﬁ%é@eﬂé %ﬁ@giﬂ%‘ﬁl% (}_‘V\réeagg[begﬁdi ng
effect th i s stronger .than, existi cont a | ens: i (Mol (Y nds
of side c%rniopﬂa h‘g‘?ﬂfoho?%c ﬁ?@décr)%% et %St%%ﬁl@n’gg?g%ﬁiggcm%} 3@%&2
mul tifunctj l.cr - 1.1 nki C (o] i i acthd ensctsiot hat
the anti-con %r?’it%gﬁ?%n&%%%%n (EH% Egﬁ%%%el%}téa%io}n?? i/legﬁﬁ thlé rrechcani cal

strength argnotafbegkedcby enyi rommental rhanges suabsas whdrgehd n the
tenperature and the 25 pH value, and maintained to a constant |evel.

Ther ef or e, d&d Q1 iGhange canthdagsatata oot rehemart hay balcostiuetgtha béne he
contact lens do not occur even after the ionic hydrophilic polymer that is
t aken lios releasettgradualf] yakEngt biee noreiadonans lepdcgphel P8 1€BaPonent s as
aresult of formng ionic bonds is not released even gradual |y and held in
t he cont actydershiili capst smer ofnddinggsbeRdel ftoénﬁﬁigsi-ﬂ?écihﬁ’rtdr% PYoREECE

| ens. Therefore, the wet Lability of the contact |ens is nai ?t %g?ﬁg. 5
[0027] Best ddacid ke tdercpart Peart b ahdf de<t it &St Pés or

n

f ti f ic. b bet ween t he i.qni i . a08nt ion
o on o Singiil €y AP BEEed B8: O BUOKBLORY LhE PR IR! 1808ntion
aff ects th?r&ﬁ:{e@% 'ma%t oir@NiE Qgggﬁin%\h{:ﬂlé iherd. & Giididd eatricer sand

desal i nation may be conducted al one, 10 the treatnent of naking

the conf ach,|ensr CUY IS8 ¥ ireRiedhydr ophété npalhameionandtt henst eptof a
formng ionic bonds by way of a deacidification and desalination treatnent

are pref er hfye €onsiuet ech ajortthe nsage themtofide hiérqeirpoise mofl wite grtesent
invention fromthe viewpoint of exerting the above described effects.

Zwi tter i onsmpanaberd armBd “By o ninkylse N e bt REPCPEASOF Avsira tHery end
sol ution containing the ionic hydrophilic polymer at a tenperature of ,30C
or higher afettingie plovEdss . ofhRyBFEPEHHCEHR Sweths nFUHSwEVePLOERES 5

'\[/iegpv\g:;?;[’]?r g;g%gigls}r;ﬁ%ﬁiqorﬂggtggggsJ?rérﬁ ‘B{eefv%re%%o%nzogfoéapzisgﬂ% CIJ@'Phtehe

20 process more efficiently. more preferably, the immersion process
is carried out in a buffer solution containing the ionic hydrophilic
polymer at a temperature of 100°C or higher. Particularly, the
immersion process is preferably carried out at a process temperature
between 100°C and 150°C, and the process time is preferably between

25 10 minutes and 60 minutes. While a contact lens according to the
present invention is subjected to a sterilization process with
high-pressure steam, the process of making the contact lens comprise

the ionic hydrophilic polymer, the ionic bond formation process

by way of a deacidification and desalination treatment and the high



20 process nore efficiently, nore preferably, the inmersion process is
carried out in a buffer solution containing the ionic hydrophilic polyner
at a tenperature of 100C or higher. Particularly, the imersion process is
preferably carried out at a process tengerature between 100C and 150C, and
the process tinme is preferably between 25 10 m nutes and 60 m nutes. Wile
a contact lens according to the present invention is subjected to a

sterilizabhaasRrecossaisie Al ghapr 68 spc-icame bhef prackssofdutakiangst he
contact |ens conprise the ionic hydrophilic polyner, the ionic bond

formati onzpseagss Hyepasraf theadedeiwgbfintadf ommpined des dihiengtriogin ctigatyent
and the high 14 pressure steamsterilization process are preferably
conduct ed Maseapsé fiigtab 5y e Her strephis iawpited shdprpfevdHglahe of 120°C
productivity. Mre preferably, the step is conducted under conditions of
120C and 30dni3Auiesutgsf{0028) According to the present invention, an ionic

hydrophilic polyner that is a conpound havi ng,a hydroxyl_ grqu .
a%i on!oé gr[(%’%ei]g AGCOFed WPt ARg BRATSIC S0V ittjjﬁnf’;n%n e}r‘/r%rf%/ce%ap dé{:go%glﬁalqucui d.
conposition.. The ffer solution 0 I j ect n
pa:nt)i cul ;rpqliyf'ﬁetralg#%?\slss% Fgrrq!ﬁogrslét agfel 2 ﬁ%ﬁpﬁg’%ﬂ&%ﬁ rgrgg%%ggaﬁgacl;rﬁy@aﬁd
hysi ol ogi ¢al : .Exa f j BBCcH udenbiqri c
gc%/d buf?eqﬁ%ggrﬁ?%}ﬁég%ﬁéofgﬁgﬁ gp%ﬁfd&{)gkggﬁgglﬁ?o%ﬁm?ﬁgoni c agﬁj buf f er

sol ution, &Gidddsq+achd M bRk reel shiamormestis cappduhaédiars aot uhiwreanst so
on, fromwhich an appropriate buffer solution may he selected for use.

Boric aci dolmruichetisall bii Dimi Sapt@iersabllypremplsoyed trdntibe ¥bewpoi nt of
the content of the ionic hydrophilic polyner in the nvdrogel contact |ens.
More poef estabie ccdndiidat. @ yisufd ey siod iagiom lilych et dord ¢ BEpEraad dftsheal t s
(sodi um borate, anmoni um borate, borax, etc. ) any of, Mi%% he useg

al one or amiffasselukire 1oE1wHE PRy B PBL ERB oM Ce ORI FTRTRIN Y 160291
Additionally, one or two or re agen ch a rfactants, _tonjgi

agents, stabiiqZPAGURGSA §,argﬂg-ntlél ‘Fr’ecﬁ ?)P%?e’égseoi]t‘%loéldl v |EI %‘%i%%%%‘é%#%? and

P oot A Rty R e PR

appropriate buffer solution may be selected for use. Boric acid

15 buffer solution is preferably employed from the viewpoint of the
content of the ionic hydrophilic polymer in the hydrogel contact
lens. More preferable candidate buffer solution includes boric
acid and its salts (sodium borate, ammonium borate, borax, etc.),
any of which may be used alone or any two or more of which may be

20 used in combination.
[0029] Additionally, one or two or more agents such as surfactants,
tonicity agents, stabilizing agents, chelating agents,
solubilizing agents, and cooling agents may be compounded with the
buffer solution containing the ionic hydrophilic polymer according

25 to the purpose of the use thereof.
[0030] Among surfactants, non-ionic surfactants may preferably be
employed. Examples of the non-ionic surfactant include
polyoxyethylene polyoxypropylene glycol, polyoxyethylene alkyl

ether, polyoxyethylene alkylphenyl ether, polyoxyethylene



10030] Among surfactants, non--ionic surfactants may preferably be

enpl oyed. Exanpl es of the non-ionic surfactant include pol yoxyeth:yrlene
pol yoxypropyi ene cjl ycol., polyoxyethyl ene al kyl ether, polyoxyethylene
al kyl - phenyl ether, pol yoxyethylene 13 5ol yoxypropyl ene al kyl ether,

di et hanol am de lauric acid and pol yoxyet hyl ene hydrogenated castor oil.

[ 0031] Exanples of the tonicity agent include potassiumchloride, sodium

chl ori de, kupyebl oehaes1 nasiadn siktabeol ooy | Bnerix glojicblarand
glycerin.pﬁgggz?ggxgkples oﬁa?%e stabilizing agent and the che.gating agent

i ncl ude sedilyxedehal ene Clygdostextatienl caslcbirt esl.citric acid and the salts
t her eof . [ 0033] Exanpl es of the solubilizing agent include

pol : yr oxy etOBILEnExEnp(126) 0§ ditisi tami it elueat el npbidrePAY R BRELS IO 1415
propyl ene glycol. &0034] Exanpl es of the cooling agent iPcIude 1- nent hol ,
d- ment hol sadlivwesbherida. cardhigit ANLogaMEhol2IBeBoRedl L Betgdhst¥0iq™e cool
mnt, fennel oil, mnt oil, eucalyptus oil and geraniol oil. 15 [0035]
Water Pn I%di0deP s 9L 8GGREY " di vi ded into binding water that is bound to

ol ecul ar [ct&aéz itﬁgéj;né]{]egseﬁ\éﬁ%}g% sz)tfha 4158 5 tag&lf@%ndﬂﬁﬁebgﬂﬁlé§iﬁ<§'fald‘!§ﬂ9ed

to a | arge ydroxyl “groups 1 n the hydrogel.” The

content: r.ati f _hindin t o dwmdriege 1dLB0 EDEFEASES Aty a
| arge nun5§%h§¥ﬁhﬁgﬁgg$lg%%@%gé’e |§fgizo éggagggg?ﬁe gontent rati o of

bi ndi ng watid d-s dhvekeseby . proportional to the diffusion coefficient of
water, the notions of water nolecul es are suppressed when the content ratio
of bindi ngrowxar EsabDds 80 thakolheievapey agean ofclwateepotapxpethylene
suppressed. That is, a contact |lens according to the present invention is
made t0 25(2Wnprdrde tam monbolhyde pphelyetipolenregliviesl pedaPEeRPSEAE havi ng
a hydroxyl group and an anionic group with an aimof introducing hydroxyl
groups i nt®ly¢ml contact |ens structure. As many hydroxyl groups are

[t roduced) o408 CRRLENL 1 a1 of bl 16 vet o D he Soke! oL flRcnon,
dl-menthol, o-camphor, dl-camphor, d-borneol, bergamot oil, cool
mint, fennel oil, mint oil, eucalyptus oil and geraniol oil.

15 [0035] Water in hydrogel is roughly divided into binding water that
is bound to molecular chains and free water that is not bound. The
bond is influenced to a large extent by the number of hydroxyl groups
in the hydrogel. The content ratio of binding water due to hydrogen
bonding increases when a large number of hydroxyl groups exist.

20 Because the content ratio of bindingwater is inversely proportional
to the diffusion coefficient of water, the motions of water
molecules are suppressed when the content ratio of binding water
is high so that the evaporation of water can be suppressed. That
is, a contact lens according to the present invention is made to

25 comprise an ionic hydrophilic polymer that is a compound having
a hydroxyl group and an anionic group with an aim of introducing
hydroxyl groups into the contact lens structure. As many hydroxyl
groups are introduced, the content ratio of binding water in the

contact lens structure rises to make it possible to improve the



16 ability of retaining water nol ecul es. The exi stence manner of binding
water and free water in a contact |lens structure can be anal yzed by thernal
anal ysis. Binding water is fused at the | ower tenperature side of OnC while
free water is fused at or around 0'C, 536nd the peaks can be confirnmed by a
thermal analysis using differential scanning calorimetry (DSC) . The
retentivity of wettability of a contact |lens is enhanced when the content
ratio of hindiRg watestisnNef Jass bascd0%s becausextibeenurbeanoérwater

nol ecul es captured by the contact |ens increases. The contact lens 10 is
dried qui eknyihg degeadend hierdeeelditeg oh weapnpgct heermbrttadictiugrs cand o&l | ow
adhesion of dirt when the content ratio of binding water is |ess than 20%
because t kealymbdrbyfrhaanerl amwiletises Baplinedapyr he encaet fhmdover

decreases. 15 Exanpl es 0036] Now, the present, invention will be ri bed
further b;ﬁwréﬁgg%aﬁﬁﬂégfo%%ﬁ)wé\g?—stﬁ%pwﬁEFErﬂaflb \ésﬁﬂlﬁ%tdf’vﬁ\%ﬁ%u%?%eﬁg |

present invention. te, however,_that, the_ex ovi.ded to make
the preéserft® nPEERSe&_T I §° (HyEr STy & gﬁg%‘%;t Q{I%}s%élc%plgselg}& 20 the
present inyentiaon..s.not _limte e |l e I (- < | uation
Met hods> %ﬁe&?tnéc lﬁ%dsf ﬁrénlg?\l/éll ua]\tlglh']é)lr?[1 et&eqﬁhgygggs' Z%}Eégrﬁi/eﬁce%&%zmgvﬁ(/ \%e\?e

appl i ed a%éé%(ﬁﬂ%{%gdgffgrccﬁ*}@d@ﬁ:bﬂg { beo hyviQgelneant ast coenses 2ocio
according to Exanpl €s and Conparative Exanples in a swollen state. [O03E]

<Water Vetdabjihiding water is not less than 20% because the number of water

molecules captured by the contact lens increases. The contact lens

10 is dried quickly to degrade the feeling of wearing the contact lens

and allow adhesion of dirt when the content ratio of binding water

is less than 20% because the number of water molecules captured

by the contact lens decreases.

15 Examples
[0036] Now, the present invention will be described further by way
of examples demonstrating preferable embodiments of the present
invention. Note, however, that the examples are provided to make
the present invention easily understandable and that the scope of
20 the present invention is not limited with the examples only.
[0037]
<Evaluation Methods>
The tests and the evaluation methods as described below were
applied as the methods for evaluating the hydrogel contact lenses
25 according to Examples and Comparative Examples in a swollen state.
[0038]
<Water Wettability>
Each sample hydrogel contact lens was subjected to a treatment

of making the contact lens comprise an ionic hydrophilic polymer



Each sanpl e hydrogel contact |ens was subjected to a treatnent of naking
the contact |ens conprise an ionic hydrophilic polynmer haying a
hydrophilic group and an anionic group, and then the noisture on the
surface of the treated hydrogel contactl1ens was w ped away. Thereafter,
the contact angle was neasured by a drop nethod using Contact Angle Meter
CA-D Type (available from Kyowa 5l nterface Science C. o., Ltd, ) 10039]

<Measur emgnt;; af @H%@%p}@flﬂ@dj&@ﬁi laing Bal ¥Ae6xic group Eachl sérpl eHeydr odel
contact |lens was subjected to a treatnment of naking the contact |ens

conpri se awiisenire bydraphidrifacpobymeie 1lrdrneidnydrhydt ophitaat dregwp ward an

anionic group, and then the noisture on the surface of the treated hydrogel
cont act | erpenasway pedhawapftTherdad taomtacheaedht 4S MEASURES PYnfefdé® in a

o
1:1 solution of nethanol - phosphoric acid buffer solutio BS (- and the
i oni ¢ hydmsyshiodi &5 pog yrrirtamds Aegteatie ber By iay Yor H?&ﬁlg?éﬁ% Sﬁ‘émiﬁé’é’ﬁﬁa
sterilization at: 121C for 20 ninqiﬁs. The ionic hydrophilic polyner in the
ext r acPed ItGFtd RasCytRRti FPed Wit a hi gh performance |iquid
chronatogrqugé (HPLC, LC 2000PIus: available from JASCO to neasure the
content of % oni ¢ hydrophilic polynmer in the contact |ens structure.

20[0040] <Mpasuneqent gt Boleased QuaphidonidficHpdlighaibi ¢ Pol yer>

Each sanpl ydrogel contact ens was subjected to a treatnent of making

the contact |engLeMpiSe BidtoR L cbydsephichisaapob yspsctaviog ardydraphi | ic
group and an ani onic group, and then the noisture on the surface of the

treated hyslf egelingonhactoh st Vs swicpegdravayan Therieahtydrophhéicopeherer | ens
was i mersed in a phosphoric acid buffer solution (PBS N) )at 37C. 30
m nut @9, Thdwiurg 22 Hyorophidihogreyp 8ahdats , artiprHeucs oab dapd hBaRstAet er
the start of the immersion, the ionic h¥gég Qélquégn fn26n£gc%hfens as
moisture on the surface of the W g
wiped away. Thereafter, the contact lens was immersed in a 1:1
solution of methanol-phosphoric acid buffer solution (PBS(-)) and
the ionic hydrophilic polymer was extracted by way of high pressure
15 steam sterilization at 121°C for 20 minutes. The ionic hydrophilic
polymer in the extracted liquid was gquantified with a high
performance liquid chromatography (HPLC, LC-2000Plus: available
from JASCO) to measure the content of the ionic hydrophilic polymer
in the contact lens structure.
20 [0040]
<Measurement of Released Quantity of Hydrophilic Polymer>
Each sample hydrogel contact lens was subjected to a treatment
of making the contact lens comprise an ionic hydrophilic polymer
having a hydrophilic group and an anionic group, and then the
25 moisture on the surface of the treated hydrogel contact lens was
wiped away. Thereafter, the contact lens was immersed in a
phosphoric acid buffer solution (PBS(-)) at 37°C. 30 minutes, 1

hour, 2 hours, 4 hours, 8 hours, 12 hours and 24 hours after the

start of the immersion, the ionic hydrophilic polymer in the



18 extracted liquid was quantified with a high performance liquid

chromat ography (HPLC, LC-2000PI usz available from JASCO to determ ne the
rel eased quantity of the ionic hydrophilic polyner at each of the tine
points. The release ratio at each of thestinme 5 points was cal cul ated based
on the released and the content quantity obtained. FIG 1 sunmarily
illustrates the obtained results of Exanples 2 and 4, as well as

Conpar at i & tpsamelke 11quvbi &8s Takd sk ik islammarthl ¥ Bhgwspéheoresitd s 2phiolirs, 8
hours and 24 hours after the start of the i mersion. 10[ 00411 Rel ease ratio
(% - rel easethaGuarbphy (BPLE, COHBTOKIG) 160200428 £Sap&ABt@bitldty>
15Two hydrogel contact |enses were prepared and subjected to a treatnent of
meki ng t helomntdcke thasrebrprdd euantibni ef gy dphillci BY3ePyiel 1 ®aA ngrer
hydrophilic group and an anionic gr oug. The surface noisture (I't,zf one of the
two cont actt eesbesf vidie Wiiped Al andheneml Bt L6t 1Pnen SAse Of nhet s n a
phosphoric acid buffer 20 sol ution (PB -) ) at 37'C for .24 hours.. The

i anat &r | GTOATHE Ny FagEn DNt RO Setis CRET SHEASE AT e el A ot
after the immersion into PBS (-) to evalu e S it {oni c
hydr ophi | i%ptad&esfﬁerbg‘ff;t ef ?‘ﬁé“%relllé’asl\éﬁtuhgg%gg%.g B\hga{ﬂ?ng 0 4 "%%SQI\A]/aésyg?ﬂven
when t he i dija e g}%g]%l centact el ensyMase OrZp25 an
or smal | er "be glréeéqa%] %gf éé?g%hgelg%réeé:gfo |ntoVI§BS(-)%V\ﬁer ea‘g a ?ati ng of
"x" was giyenmhen 15henehangs exeeaded2 Ghian o 80435 and 24 hours after

the start of the immersion.
10 [0041]
Release ratio (%) = released quantity (g) / content (g) x
100
[0042]
<Shape Stability>
15 Two hydrogel contact lenses were prepared and subjected to
atreatmentofnmkingthecnntactlenscompri&aanionichydrophilic
polymer having a hydrophilic group and an anionic group. The
surface moisture of one of the two contact lenses was wiped away
and then both of them were immersed in a phosphoric acid buffer
20 solution (PBS(-)) at 37°C for 24 hours. The diameter of the hydrogel
contact lens was measured before and 24 hours after the immersion
into PBS(-) to evaluate the lost quantity of the ionic hydrophilic
polymer after the release thereof. A rating of "o" was given when
the change in the diameter of the hydrogel contact lens was 0.2
25 mm or smaller before and after the immersion into PBS(-) whereas
a rating of "x" was given when the change exceeded 0.2 mm.
[0043]
<Evaluation of Anti-contamination Property (protein)>

Two hydrogel contact lenses were prepared and subjected to



<Eval uation of Anti-contam nation Property (protein)> Two hydrogel contact
| enses were prepared and subjected to :1.9 a treatnent of making the
contact |ens conprise an ionic hydrophilic polyner having a hydrophilic
group and an anioni c group. The surfaceoami sture of one of the two contact
| enses was wi ped away and then both of themwere i mersed in a phosphoric
acid buffer 5 solution (PBS (-)) at 37 CC for 24 hours. Then, each of then

before and 24 howrs &f kilkihhe HdBEK S @N 1A @ocRBYike)arasni abybabetiilito a
publicly known artificial protein solution at 37C 2C for 8 hours, and

rinsed w ta1PBSE- haviStbs eguerdghy,lithgranpi &hdi ah pridbreig gvasicext Taet ed
into an aqueous sol ution of 1% sodiumlauryl 10 sul fate-1.% sodi um hydrogen
car bonat e suaifdceheoi sher@rot eine bfi the s cactedt! Lguses was quidaed Bed by a
McroBCP. nethod. A rating of "0" was given when the difference in %he
adsor bed guahthep bbthreof eflrebetasice ARG TaREer Nt APIAFRIY v 35D E1
was 10% or snaller, whereas a rgtinngf "x" was ﬁ%ven when .t he d&Ifcﬁ%PCG
exceedad FOUHtisPObRRT (LByAltudl | orf OB 2AMTUEont AT RatIBH BFopeFt y (195 d) >
Two hydr odel ntact |epses re _prepared.an ject t : of
meki ng t h@”@o%t%a uFéngg}g%ﬁp%%emi?we iSOl C lﬁl;?gr %g ] fcﬁ%sol%ncg%ﬂi%\% %ﬁ;

hydr ophi | 1.2 SEQYR1 Nl Bl LAY C190URL 108 201 SUrdace Toret ure” ol sone of
the two contact ['enses was w ped away and then both of them were i mrersed

in a phospharic acid hutLar,sehubhon ( PBEubEeghes? S, f oth4 haurisialhen,
each of them before and 24 hours after the imersion into PBS (-) was

i ncubat ed g3 id pubkicsitrakrewn id bhiagadods pbiusbbubifol? abd3ug 12C-¥br 8
hours, 25 and rinsed with PBS () . Subsequently, the contact |enses were

i mer ged isulafutsellgt sodioh Wydbdsudaarb8hack, seshirbeni the AncaLiinglisf the:
was given when the difference in the dyeing conditions before and after the
i nrer si on ¢rtEPRI Lijupdsiatorushsafied byvhdf EaoRCA method. A rating of

"O"wasgivenwhenthedifferenceintheadsorbedquantityofprotein
before and after the immersion into PBS(-) was 10% or smaller,
whereas a rating of "x" was given when the difference exceeded 10%.
15 [0044]
<Evaluation of Anti-contamination Property (lipid)>
Two hydrogel contact lenses were prepared and subjected to
atreatmentofnakimgthecontactlenscompriseanionichydrophilic
polymer having a hydrophilic group and an anionic group. The
20 surface moisture of one of the two contact lenses was wiped away
and then both of them were immersed in a phosphoric acid buffer
solution (PBS(-)) at 37°C for 24 hours. Then, each of them before
and 24 hours after the immersion into PBS(-) was incubated into
apublicly known artificial lipid solution at 37°C +2°C for 8 hours,
25 and rinsed with PBS(-). Subsequently, the contact lenses were
immersed in an solution of 0.1% Sudan Black-sesame oil. A rating
of "o" was given when the difference in the dyeing conditions before
and after the immersion into PBS(-) was not observed, whereas a

rating of "x" was given when the difference was observed.



rating of "x" was given when the difference was observed. LU [0045]
<Mechani cal Strength> Two hydrogel contact |enses were prepared and
subjected to a treatnment of making the contact |ens conprise an ionic
hydrophilic 5 polyner having a hydrophi2ldic group and an ani oni c group. The
surface noisture of one of the two contact | enses was w ped away and then
both of themwere imersed in a phosphoric acid buffer solution (PBS (-) )

at 37' C fqpo44jhours. Then, each of the hydrogel contact |enses before and
24 hours after the inmmersion into PBS (-) 10 was cut to show a
dunbbel | - kiikehshapel wst heragtii>dt h of 2.0 nm and the test sanple was pi nched

at the top and bottomends by neans of a jig. The test sanple was s gqict ed
to breaki ng tesTwahley@rodrel tC@sittas;éni#’éS%é”Qr@sPé&PPB?db’f‘%%la‘ﬁ@eﬁi:reé# and

br eaki ng el ongation when pulled at a constant rate by neans . of r. i ng
tester AGS S0NIMEnY af Zikabod e 677 SHF had2d CHPor4t %/rb APAC RIS I?lo]ﬁ%‘lg@'

was given when the differences hoth in the hreakjn d
br eaki Ag SIONGEE BAVHBE of eh%(ﬁh‘)%]t]e]rc the uipm%lrgstégngrll%%ﬁg%@' V\/atlgl%lo% or
smal l er, whereas at.ratin fo"o X" i t if apGesd exegeded
100 20( 00HG) “eB0L8H UALT O b1 Lt Sice S R, ARy a5 ANees

The quantity; qf bi adipng pat gLy, apd-d hatnfsdar ea waprbsphoni saapie dyfifagel
contact |lens structure was neasured, and the ratio of binding water in the
hydrogel cQntaGl,) epss 81y UGkUs e WaEs r2d4 eadhesl. atBekn, each of the hydrogel
contact lenses before and 24 hours after the immersion into PBS(-)
10 was cut to show a dumbbell-like shape with a width of 2.0 mm and
the test sample was pinched at the top and bottom ends by means
of a jig. The test sample was subjected to breaking test where the
testsamplewastestedforbreakingstrengthandbreakingelongation
when pulled at a constant rate by means of a breaking tester AGS-50NJ
15 (available from Shimadzu Corporation). A rating of "o" was given
when the differences both in the breaking strength and the breaking
elongation before and after the immersion into PBS(-)was 10% or
smaller, whereas a rating of "x" was given when the differences
exceeded 10%.
20 [0046]
<Observation of Existence Forms of Water Molecules>
The quantity of binding water and that of free water in a
sample hydrogel contact lens structure was measured, and the ratio
of binding water in the hydrogel contact lens structure was
25 calculated.
[0047] The observation was done by means of a differential scanning
calorimeter (DSC) (DSC6200, available from Seiko Instruments Inc).
Asamplehydrogelcontactlenswassubjectedtx>atreatmentofnmking

the contact lens comprise an ionic hydrophilic polymer having a



[ 0047] The observation was done by neans of a differential scanning
calorineter (DSO (0506200, avail able from Sei ko instrunents Inc) A sanple
hydr ogel contact | ens was subjected to a treatnent of making the contact

| ens conprise an ionic hydrophilic polyter having a hydrophilio group and
an anionic group. Then, the surface noisture of the contact |ens was w ped
away. Then., a center part thereof was cut out and conpletely sealed in a
her”EtiCahpﬁréﬁﬁifgc%&%ﬁbﬁﬂﬂﬂgnQﬁﬂbﬁﬂﬁﬁroﬂﬁﬁ rhshacthd ensfamsmbheture
subjected to 5 a thernmal anal ysis under conditions of a tenperature range
bet ween - o20€nandodOi-asiavel lwaas wd peeinpergt UTleemi sA mepntate pefrtsthereof. The
ratio of binding water to free water was cal cul ated based on the area
‘ratio of wabecpeakubfahi ndimyletetler saeleheinoneheteeiperatif S&3d of VC and
that of free water at or. around OC. 10[0048] <Lens Trjal> . %1 ensory
test of t@sumguRhBafieetoH igteiveal NIRRTy ColEactNFe ity SH&Y W e

subjected to a treatnent .of naking the.contact |enses.cQ I i.oni.c
hydr ophi | iEctPBryfe A RaViSRg HW IS ngﬁﬁ?PFégg?dﬁ%m%ﬁﬁfﬁfﬁ%g%%% ?gﬂﬁﬁgﬁﬁlmas

contuc o Th% LR TEE VLS LT A SR B0 S, B

a
per sons) otipar e rogel contact |enses

(Compar at e, GX3TBI €21 ML QIRCLSLBIE ALY U ANLC WakdEORBL hee@Obs@ drhat

is a noisturi "zing agen wearers were asked in the formof a 20

Quest i onnaiy£,10, 8valivat e thepd £nses Ul ng Wheceval tiat ileowest aertas th isinonwn
bel ow. | point: given when the feeling of wearing hydrogel contact

| enses wassie! tar o°t eeAapaned ®fthrédesdtest iatg caf aweanidng®@Aydr ogel cont act

| enses not conprising he noisturizing agent 25 0 point: given when the
feeling of[omE]l ng hydrogel contact |enses did. not differ fromthe feeling
of wearing hydrogel contact |enses not conprising the noisturizing agent.
--1. poi nt<Lgjivydiriwhiéen the feeling of wearing, hydrogel contact |enses was

worse i f Conpar%S Qgﬁgérkh%egﬁekkngegéixga%ﬂé“%éQﬂ¥h%g%% wearing hydrogel

contact lenses that were subjected to a treatment of making the
contact lenses comprise an ionic hydrophilic polymer having a

15 hydrophilic group and an anionic group was conducted. The lenses
were worn throughout a day and disposed (by 20 persons), and then
they were compared with hydrogel contact lenses (Comparative
Example 2) not comprising any ionic hydrophilic polymer that is
a moisturizing agent. The wearers were asked in the form of a

20 questionnaire to evaluate the lenses using the evaluation standard
shown below.

1 point: given when the feeling of wearing hydrogel contact
lenses was better if compared with the feeling of wearing hydrogel
contact lenses not comprising the moisturizing agent.

25 0 point: given when the feeling of wearing hydrogel contact
lenses did not differ from the feeling of wearing hydrogel contact
lenses not comprising the moisturizing agent.

-1 point: given when the feeling of wearing hydrogel contact

lenses was worse if compared with the feeling of wearing hydrogel



22 contact |enses not conprising the noisturizing agent. The fol | ow ng
rating system based on the obtained questionnaires was enpl oyed. C70097?:
gi ven when the total. points of 20 persons were 15 points 5 or nore.

"0" : given when the total points of 2@zpersons were not |ess than 10
points and | ess than 15 points. given when the total points of 20 persons
were not less than 5 points and | ess than 10 points 10"Ak": given when the

total poi ntstQft20REESONS: VRS NAting @88 1baBrOrpoimg sagut | ess than 5
points. "<"! given when the total points of 20 persons were less than 0
poi nts. The following rating system based on the obtained
questionnaires was employed.
"oo": givenwhenthetotalpointsof20personswere15points
5 or more.
"o": given when the total points of 20 persons were not less
than 10 points and less than 15 points.
"A": given when the total points of 20 persons were not less
than 5 points and less than 10 points
10 "A": given when the total points of 20 persons were not less
than 0 points and less than 5 points.
"x": given when the total points of 20 persons were less
than 0 points.
[0049]
15 [Manufacturing Hydrogel Contact Lenses]
For each sample contact lens, ethylene glycol dimethacrylate
(EDMA, available from Mitsubishi Rayon Co., Ltd.),
azobisisobutyronitrile (AIBN, available from Wako Pure Chemical
Industries, Ltd.) and pure water were added to a 100 wt% monomer
20 mixture solution of 2-hydroxymethacrylate (HEMA, available from
Mitsubishi Gas Chemical Company, Inc.),
dimethylaminoethylchloride methacrylate (DQ-75, available from
Mitsubishi Gas Chemical Company, Inc.),
methacrylamidedimethylaminopropylmethyl chloride (MAPTAC,
25 available from MRC UNITEC Co., Ltd.),
2-methacryloyloxyethylsuccinic acid (HOMS, available from
KYOEISHA CHEMICAL Co., Ltd.) and/or
2-methacryloyloxyethylhexahydrophtalic acid (HH, available from

KYOEISHA CHEMICAL Co., Ltd.) by the ratio shown in Table 1, and



[ 0049] 15[ Manufacturing. Hydrogel Contact Lenses] For each sanple
contact |ens, ethylene glycol. dinethacrylate (DVA, avail able from

M t subi shi Rayon Co., Ltd. ) azobisisobntyronitrile (ALEN, available from
Wako Pure Chem cal Industries, Ltd.) ar® pure water were added to a 100 wt %
nmononer 20 m xture solution of 2-hydroxynethacrylate (HEMA, available from
M t subi shi Gas Chem cal Conpany, Inc. ) dinethylam noethyl chioride

net hacryl ate ¢P@ 7B, r sMRi 4 e Friam Fboksabi shhu€es Gherdeal tCompanyn bne. )
met hacryl am dedi net hyl am nopr opyl met hyl chl ori de 04APTAC, 25 available from
MPG UNI TEGn@8 ormlt tktyre2-ofet hacing mdiexyet. hyTiserccithiecmastdre (waEvVBoured

avai |l abl e from KYCEl SHA CHEM CU Co., Ltd. ) and/or

2- met hacr yilngpl @pyéyhybhekarsdraophnal d € oaciarimg a spaipabl e s REGEFSHA
CHEM CAL Co., Ltd.) by the ratio shown in Table 1, and _ sti rretcgll at _.room
t enper at ufEoforo@Ut epREEI T HEBAGSr Cray bt APRUASUR # Ot APRE oSS

ingredients. Then, the m xture was poured into a pol ypropyl ene- made nol d
for foPnm ng &PEGRPadcCPBRRRSantehedt el‘jrg)r?]d%om temperature to 100C over 15

hours in wsbr ogen atnosphere to obtain a contact |ens nol ded body. (0050]
[ Preparati d Buffer Sol ution Contai ni ng ionic Hydrophilic Polyner]

M xt ures | gi ni Cj I ‘ol I avahh abh h1om Ki bun
Food Chemplipar%é.ﬂ,gltﬁf)g. bg é%%%?ﬁ%%ﬁ%t@%@%ﬁ?ﬁ Al gin 1%%%3?pt radenane,
avai | abl e g4gmtibun Food Chenmifa. Co., Ltd. (MGratio 0.5) ) , sodium
alginate B (Duck Alain 1.50M tradename, available from Ki bun Food Chem fa
Co., Ltd. (?)!/ @ixatireslof)al)ginisodeien (Duck Acid A: tradename, available

10 from Kibun Food Chemifa Co., Ltd.), sodium alginate A (Duck Algin
150G: tradename, available from Kibun Food Chemifa Co., Ltd. (M/G
ratio 0.5)), sodium alginate B (Duck Algin 150M: tradename,
available from Kibun Food Chemifa Co., Ltd. (M/Gratiol1l:1)), sodium
hyaluronate (FCH-80LE: tradename, available from Kibun Food

15 Chemifa Co., Ltd.), sodium chondroitin sulfate (available from
MaruhaCorp.),akmfferagentcontainingboricacid,borax,disodium
hydrogen phosphate and/or potassium dihydrogen phosphate, a
tonicity agent containing sodium chloride and/or potassium
chloride, a chelating agent containing sodium edetate (EDTA-2ZNa)

20 and/or a surfactant which was a non-ionic surfactant containing
a polyoxyethylenepolyoxypropylene block polymer (Lutrol F127:
tradename, available from BASF Japan Ltd.) were prepared to the
respective ratios shown in Table 1 and stirred at room temperature
for 30 minutes in order to obtain a uniform mixture of the

25 ingredients.

[0051]
(Examples 1 to 11)
Each of the obtained contact lens molded bodies was immersed

in a phosphoric acid buffer solution (pH7) at 60°C for 1 hour for



hyal uronate (FCH SOLE: tradenanme, avail able from Ki bun Food 15 Chenifa Co.
Ltd. ) , sodiumchondroitin sulfate (available froml')laruha Corp. ) , a
buf fer agent containing boric acid, borax, disodium hydrogen phosphate
and/ or potassi um di hydrogen phosphate, Za tonicity agent containing sodi um
chloride and/or potassiumchloride, a che.lating agent containing sodium
edetate (EDTA-2Na) 20 and/or a surfactant which was a non-ionic surfactant

cont ai ni NG,y Rk ¥AXKRY Ewb@m@ﬁgl y Gxicopehene, bl ek spatyemred Lata aha FEERT:
tradenane, "avail abl e from BASF Japan Ltd. ) were prepared to the respective

rati os shawiutnohadbecdirand shiiorgd Aydroom tienpet smer dafvging3g hvidues. i n

order to obtain a uniformm xture of the 25 ingredients. [005&1 Exanples 1
to 11) group Bachaof ahhenbbt@ina aehraecesers rbPaedboti & vﬁ(a@i rsed

in a phosphoric acid buffer solution (pl-17) at 60C for 1 hour fqﬁ 24
hydr at i on meimdteRel Pi FRE L YSaBS et 9 Makis thAngPRERF S FeRSpliPErd it i on

i oni B QRSTPHAE B QCB T VHEED 4 RPLOT oS30 UL S (8 R ottt
step of n%%;%%ytg§eggﬂg%ghi%gggtEBLQ5gi%@g%lination treatment and a high
pressure steam sterilization step simultaneously to prepare a
targeted hydrogel contact lens. The obtained hydrogel contact lens
was evaluated for water wettability, the ionic hydrophilic polymer
10 content, the released quantity of the ionic hydrophilic polymer,
the existence forms of water molecules and the lens trial by means
of the above-described methods.
[0052] Table 2 shows the results of the evaluations. All the
hydrogel contact lenses comprised the ionic hydrophilic polymer
15 to a large extent, and the ratio of binding water was high
accompanied therewith. Additionally, a high retentivity of
wettability was confirmed for all of them because they all showed
only a small released quantity of the ionic hydrophilic polymer.
Furthermore, the results of a lens trial were excellent to prove
20 thatthehydrophilh:polymercontentimprovedthefeelingofwearing
a contact lens.
[0053]
(Comparative Example 1)
A targeted hydrogel contact lens was prepared by way of a
25 process similar to the process of preparing the contact lenses of
Examples 1 to 11 except that polyvinylpyrrolidone (K-90: tradename,
available from Nippon Shokubai Co., Ltd.) as a hydrophilic polymer
to be comprised in the contact lens that comprised neither an

hydroxyl group nor an anionic group was employed. The obtained



5 conprise an ionic hydrophilic polyner, an ionic bond formation step by
way of a dea.cidification and desalination treatnent and a high pressure
steam sterilization step sinultaneously to prepare a targeted hydrogel
contact |ens. The obtained hydrogel cormsact | ens was eval uated for water
wettability, the ionic hydrophilic polymer 10 content, the rel eased
quantity of the ionic hydrophilic polyner, the existence forns of water

mol ecul es3adobbe Lensats i Blndy,dans 10btbherabover desertithad Inethodhe
[ 0052] Tabl'e 2°shows the results of the evaluations. Al the hydrogel

cont act |%gaﬁépﬁQmpéip&ibméméddﬂﬂehthydhephbﬂbasp@Iqm@mtﬂﬁytaf'aikarge
extent, and the ratio of binding water was hi gh acconpani ed therew th.

Addi t i onalhydroahhil gh petemti vithe axiwtenabi Eprysvwas wordl M@ e Salancof

t hem because they all showed only a small released quantit f the ionic
hydr ophi | ithiepdepsetrigurbheremre, ol Hde @@eﬂvﬁstﬁCéllP%ﬁsm?‘?l%/ Swer e
excellent to prove 20 that the hydrophilic I r cont.ent _inproved the
feel i ng of[ORSAdi ngien hoshcged F@ﬁ§§CEob%%ﬁ<&§§ﬁ§H§EFW?ré§§n6FS 1Y"AS ar get ed
hydr ogel contact .| ens S_prepar b f S.si.m {0 t.he
process ogwﬁﬁﬁﬁgﬁﬂﬁﬁ Pﬁ@y%%ﬁta%?fﬂéﬁéﬁ%%%ﬁ%ﬁxg%%?%EEQE?% %€‘§§%£§ﬁ£%%#

pol yvinyl pyfy gl dong, (&:90: [d.adenaie, ayabbabley fam N oret shakledal .,
Ltd. ) as aE%yé}dpthlc pol ymer t'o be conprised in the contact |ens that

conpri sed pgf‘d'tt*l @A YNy Hn@xyht 05 OUP PHHA BTy MALeRi Gagr orpl haso egpioyetke The
obt ai ned 5]hy rogeV contact lens was evaluated for water wettability, the

hydr ophi | i polgyaer reentapt oft eaf eh@ases quasdtt Yeok.t he hydrophilic
polymer, the existence fornms of water nolecules and the lens trial by nmeans
of theoabopmestgscri bed net hods.
(Comparative Example 2)
A targeted hydrogel contact lens was prepared by way of a
process similar to the process of preparing the contact lenses of
Examples 1 through 11 except that it was processed with a buffer
15 solution only as one not comprising hydrophilic polymer. The
obtainedhydrogelcontactlenswasevaluateﬂforwaterwettability,
the hydrophilic polymer content, the released quantity of the
hydrophilic polymer, the existence forms of water molecules and
the lens trial by means of the above-described methods.
20 [0056] Since the contact lens did not comprise any hydrophilic
polymer, the ratio of binding water was low so that the lens surface

dried to give rise to a poor feeling of wearing the contact lens.

[0057]



5 [0054] The hydrogei contact |lens did not conprise the ionic hydrophilic
pol ymer, and thereby the retentivity of wettability was low. In other
words, the wettability was not maintained. Additionally, the ratio of

bi nding water was small, to give risego a poor feeling of wearing the
contact |lens. 10[0055] (Conparative Exanple 2) A targeted hydroge
contact | ens—was epareg—hy way jof Tayprogess sim {af o [the prpcess of
preparing thecynilast .| ensess|of| &xanples 1 tlhriough| 11 =@jeptSrBat it was
pr ocessed wilth & Buffer 15 |sdlUtTon only ds |one hot c¢onprli si hg hydrophilic
pol yner. The obtjained hyc¢irogel| cpntact [T gns| was| eyaliugted for water
wettability, gf&e dydr ophil 4| D] §per (¢ontgnt|, St %t &) €5seld’ quaglity of the
hydr ophi li c [pol'yner, | tlhe |eXi st ence fofng af water mollequlles! ahd|the | ens
trial by means of thevabcveugegcr bed | met hodss. 3)%[gg5§] Si hce the contact
H o~ 2 ' 1 ) 217 s ] 0| .
l'ens did not| €0 s;~any°hydr@pg | ¢ |pgl Yiner || 8he| Ett|o’ jof | bl ndi ng wat er
was | ow so tlhat th_. s-tsurfacg—dried-tio—giverr-se—tioja—poprifeel i ng of
wearing the contact  lemns.| [|Q054] «| .| ,|2:(8, oA, i & wlizi ng. hydragel contact
| ens charact|gdized| by || |7|<|° R I I e
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conprising an ionic hydrophilic polyner that is a conpound haying a

hydr oxyl group and an anionic group both on the surface and in 5 the inside
of the contact lens that is a copolyner conprising at |east a cationic
nmononer and an ani oni ¢ nononmer, whesgein ionic bonds are forned between the
cationic nononer and the ionic hydrophilic polynmer. 10 2, The noisturizing

hydrogel contactrtens—gccording to cltaiml, charactefi zed ijn fhat paired
i ons of the q?hﬁo i c|mnonmef and the %lipnic Tonomner torn@%om ¢ |bonds. 3.
The noisturig;d@ ydiogel contagt '| ens|accord|{ng to clai m-i5 2,
characterized in that the cationic npngner hasa-guaterhary—abtdni um salt;
the anioni c|npnonmer has a carboxyl group; and|the hydrogeglsicoptact |ens
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causing paired ions of the nonomers to formionic bonds, and making the
contact |ens conprise, both on the surface and 5 in the inside of the
contact lens, an ionic hydrophilic pobyner that is a conpound having a
hydr oxyl group and an anionic group by form ng ionic bonds between the
cationic nononer and the ionic hydrophilic polynmer. 2 6. The nethod of
manuf acturing a noisturizing hydrogel contact |ens according to claimb,
characteﬂdﬁﬁiﬁ n that the step of causing paired ions of the nononers to
formionic S is achieved by way of a deacidifibation or desalination

treatment of panf &d;LoNS; Olal hey GALI DN INRANEENIAYHDG. Bec AUALE ST Y

anmoni um salt and t he ani oni nomer having a carboxyl group. 7.” The

net hod of Jmpufiachyr bRG chihstvbbRi DO Mdregel tegntiach d6mponsd acsandi ng
to claim5 or 6, characterized in that the step of causing paired ions of

t he nononer iyide okl mytomp caribras ahy oway @fowp desadi dinf tbat sonfare and in
desalination treatnent and the step of making the contact |ens conprise an
i oni ¢ hydridphiinisé dpoby niegre tdvattaics aevenporind. havicrgoayhgdr eXW L giisup adnd an
ani oni c group are conducted into a buffer solution containing an ionic

hydr ophi | il3581 pmeptapnig 1ICORYREBRIA it ST ICHBOBARE  t i ne 8eThe net hod of
manuf act uri ng atmai sturizi ng hydrogel contact | ens according to any

one of cl aiterdint AQohicchanast £ré zesknidd teatve20 the tebionhydi@phidid and
polymer is alginic acid or alginate.
the ionic hydrophilic polymer.

10 2. The moisturizing hydrogel contact lens according to claim
1, characterized in that paired ions of the cationic monomer and

the anionic monomer form ionic bonds.

Sr, The moisturizing hydrogel contact lens according to claim
15 2, characterized in that the cationic monomer has a quaternary
ammonium salt; the anionic monomer has a carboxyl group; and the
hydrogel contact lens comprises the ionic hydrophilic polymer when
the ion bonds are formed by way of a deacidification or desalination

treatment of paired ions of the monomer.

20
4. The moisturizing hydrogel contact lens according to any one
of claims 1 to 3, characterized in that the ionic hydrophilic polymer
is alginic acid or alginate.

25 5. A method of manufacturing a moisturizing hydrogel contact

lens, characterized in that a component of the hydrogel contact



28a

lens is a copolymer comprising at least a cationic monomer and an

anionic monomer, and the method comprises the steps of:
causing paired ions of the monomers to form ionic bonds, and

making the contact lens comprise, both on the surface and
in the inside of the contact lens, an ionic hydrophilic polymer
that is a compound having a hydroxyl group and an anionic group
by forming ionic bonds between the cationic monomer and the ionic

hydrophilic polymer.
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6. The method of manufacturing a moisturizing hydrogel contact
lens according to claim 5, characterized in that the step of causing
paired ions of the monomers to form ionic bonds is achieved by way
of a deacidification or desalination treatment of paired ions of
the cationic monomer having a quaternary ammonium salt and the

anionic monomer having a carboxyl group.

7. The method of manufacturing a moisturizing hydrogel contact
lens according to claim 5 or 6, characterized in that the step of
causing paired ions of the monomers to form ionic bonds by way of
a deacidification or desalination treatment and the step of making
the contact lens comprise an ionic hydrophilic polymer that is a
compound having a hydroxyl group and an anionic group are conducted
into a buffer solution containing an ionic hydrophilic polymer at

121°C for 30 minutes at the same time.

8. The method of manufacturing a moisturizing hydrogel contact
lens according to any one of claims 5 to 7, characterized in that

the ionic hydrophilic polymer is alginic acid or alginate.



