1 DESCRIPTION Title of the Invention Wettable Hydrogel Contact Lens and

Met hod For Producing Sanme 5 Technical Field [0001] The present invention
relates to a hydrogel contact |ens that can naintain an excellent degree of
anti-contanination property and wettability by effectively conprising an
ionic 10 hydrophilic polymer 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 inventi hG & dt @&Ttd® @ Hydrogel contact | ens nade
to conprise an ionic hydrophilic polyner in a copolyner having at |east a
cationi c nononer and an ani oni ¢ nononer 15 as conponents, which is a
nnisturizin%&hydro el contact |ens showi ng an excell ent degree of shape

ﬁtgbileYT& er@éh REcAMveRt Myt h exen a;ter rel easing the Lonic
"ens 20 Backgr SanieRlE BREhs CBhTR: Creneat: BREHCA G bednSr GRI SRR

soft cegntact |enses and hard | enses. Soft contact |enses, in particular
wat er - cont ai ni ng soft contact |enses, are w dely popul ar because they are
| ess foreimganbBedyisensati on and provide a confortable 25 feeling, although
the feeling of wearing the lenses fluctuates to a | arge extent and exerts
vari ous i rologanceahd prickenveaneentbon e lsitdaee at huctodgel aforaenritadienkens
changes. The feeling of wearing a contact lens is significantly influenced
by the i nttépictironmaintasn comtextellleny aedreeaprif butd-cdherefrateon t is
inmportant for 2 the | ens surface to be covered by tear fluid in order to
achi eve aPEORP&LYaBNe veelabil bty vaifgcédiedrt crepsisipmheiferionitten a

wat er - cont ai ning.soft contact_ lens falls sho of noisture due to
evapo]r‘gti Md\fﬁPP‘éiilF Fi’%lﬁﬁ‘é‘?%ﬁh%rjrﬁ at‘ﬁ%m]%%‘P%CE MR8t FFNEOF Yy 70U ARE

_ | > oe ! ! o S 5!
fotucing ERpEIERLzBaERR %] B AL e Sl o SR8 o,
as a resubf, ot REeArYing1 1y, accel srated Lo danags theafeel idg of yWRAIdING the

contact lens and, what is worse, give rise to a rlskaof causi ng an out break
of di sordefontictheesyrhags 40 @mghiekenatoasn) Hpatbye: Dfc thel went aet al ens

wearing eye due to nechanical friction. Additionally, in recent years,

dryi ng of coppilgokr|lensiesy and.eayse s urdftdces cduendmeexhdrarabnf ani omnicnel-udi ng
dry eye syndrone, in particular evaporative dry eye, caused by

popul &P i z @tsi eRINDA Seqieh breh e & el 2idi i iper Rpwedgchbaputes’s land stewing

i nfl uence of air_conditioning systens has been apprehended. A dried contact
| ens can GIVEXFESEEROIGHRES GNP EHFPRAE BTN IFHY EEBReRR I@f ace

of the contact |ens, which causes an uncon%orta%{e feeling of wearing the
contact | SH&SAndSASRBOPY Vi BT Ey Y ThRPRE b8 P YIS v AR |T‘§S‘? rﬁ)&ﬁtﬁg’fj to
suppr ess QHWE@Qu%chﬁrEH coot act | @and.stabilize the tear fluid |ayer
of a contact lens mearlng eye in order to naintain a confortable feeling of
wearing the contact |lens. For this purpose, various techniques have been

di scl osed, which include techniques of inproving the anti-contam nation
property, Hah&dghywdnaphirticity and the 25 wettability of a contact lens to
reduce the contam nation and drying of the contact |ens surface by

i nprovi ng [O@2)aseontetar Lahses sekf raighlhedivatad tintenso findostbiedidansgst he
obt ai ned contact lens to a hydrophilic treatnment. [0003] For exanple, a

wat er - contgichitagdc danaes - | St wantaeguéesses, t He RREURHIRY on of body
wastes in tear fluid.,on the surface of _.the contact |ens due to the electric
char ge of “BHETHGAFTRABLRY P T SIOMIAG Lz WERERP/ | B WiAEHYdP AU (RARFGFSP
amoni um i.ons and carboxyl ions has been .di scl osed (Ref.erenced._Patent

bl 1 cat 1 SR 1S TrRe R Ao R e e R P o EP VLR Buf FE e e
anti - gont a1y i~on f h of
The bige nararrar PREPOSIAAAE, FRefeRh sl veRRantae ke i BLEBEEU
property Qf 1aRLBt&ktumg drdecwet-tabidtichPlintthachase fatgld abapbrtle grnt act
| ens. 10 [0004] Besides, nethods of inproving the wettability of a contact
| ens by addinfgca sbrsétiitZ ofgcagenit tens ¢iappred chstmadllensfhasse-lren

di scl osed, including a nethod of form ng a hydrated | ayer on the surface of
a cont act d epstaicthleans biox ymenhyl ceek Lyl osEltdrated Hyvanhaniohécapolgmert to
inpart effective lubricating ability 15 (Referenced Patent Publication 2),
a met hod dMesicgRtRrEantly FnhriGAmE lHRe - comorefaeendssiangmppetant for

noi sturizing characteristic of a | ens surface by causing a certain

pol y(oxyet hyl ene) - pol y(oxypropyl ene) surfactant to be retained on the |ens
surface (Referenced Patent Publication 3) and a nethod 20 of manufacturing
an ophthalmc lens by treating the ophthalmc lens with a noisturizing
agent. .[ 0005] However, the nethod of Referenced Patent Publication 2 coats
a contact lens surface with an anionic polyner to provide the |ens surface



5 durability of the wettability. Additionally, there are reports that the
non-ionic surfactant that the invention enploys can induce an anaphyl actic
shock when admi ni stered excessively. Thus, the nethod is acconpani ed by a
probl em of safety that needs to be dissélved. The nmethod of REFERENCED
PATENT PUBLI CATI ON 4 causes 10 a contact lens to nove to a |arge extent on
the eye surface under the effect of polyvinylpyrrolidone that is enpl oyed
as noi st uthgi hgnagamizse tthabeacdveeegrohddprséivati dn caterds hghaevse.
Additional ly, nucin contained in tear fluid can adhere to the contact |ens
surface daeceBiphbakle ckealkisyg Gif pislapingy cppEpehi done. 15056 veRat WASpoar

visibility is anticipated en this nethod jis_enployed. Prior Art

Publ i cat i éﬁ%eﬁaf:%?a 9 StitoRSN5BFBOGE)S faikE%FiEF{TC@é PATENITPUBIS ERTI ON
1: JP 10-253931_A. REF NCED PATENT PUBL| CATILON 2:...JP 2001-508555 A
REFERENGERY PR ERITS PORTTCATTONLS. P2 30 J05 5 A8 DA REPERENCES RATRR ==

PUBLI GATI 4. - 08- i OSUE t ian. .Problemto
be Soﬁééd ? ?ﬁégfgégn$?on I%OO %%%oggﬁggtﬁg?ggﬁgep?§§g2¥§¥%JgﬁFf%n isto

provi de arbydlegsy icrp%agbib@n@nm}&iiagnaasics@ﬁ:@l\éeéegﬁcmﬂroﬁmgge%ﬂ apel ity
both on 5 the surface and in the inside structure of the contact | ens and

showi ng amrecexeel et .deThiee, ab aardduCoNt AGIATFLNGN PaopeTéyatshapeashabi | ity
and nmechani cal strength, and a method of manufacturing such a contact |ens.

the feeling of wearing the contact lens and, what is worse, give
rise to a risk of causing an outbreak of disorder at the surface

i0 of the keratoconjunctive of the contact lens wearing eye due to
mechanical friction. Additionally, in recent years, drying of
contact lenses and eye surfaces due to external factors including
dry eye syndrome, in particular evaporative dry eye, caused by
popularization of OA equipment including personal computers and

15 influence of air conditioning systems has been apprehended. A
dried contact lens can give rise to adhesion of body wastes in tear
fluid to the surface of the contact lens, which causes an
uncomfortable feeling of wearing the contact lens and a pooxr
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



5 Means for Solving the Problem[0008] According to the present invention,
there is provided a noisturizing hydrogel contact |ens characterized by
conprising an ionic hydrophilic polyner that is a conpound having a
hydroxyl group 10 and an ani oni c group. 3[ 0009] According to the present
~invention, there is also provided a nmethod of manufacturing a noisturizing
hydr ogel contact |ens, characterized in that a conponent of the hydrogel
contact | éhs hRscamebpolymert demy iwsistgsatinl east Alei | @nitthermwarfeceand an
anioni c 15 nonomer and that the nmethod conprises the steps of: causing

pai red i ofifeofoRtRChUFEPe et o fidtamsilenteiborrrdamd R hegdy e sdtemt byt

| ens conprise . an ionpic hydrophjlic polynmer that is a conpound having a
hydroxyl ¢PEBAMEnE"ahtShi BT 1050 IRGT SRPAGE SABRORHED | HRFENE6h [ 0010]
Thus, accaordin o.the present invention, ,it.is possible to. obtain a

nydr ogel  COPREY T BHES SRR T eraastin  RhEsTRR%T Tatwib iy cacion
anti - cont an nakgy r : p phity, j gal. strength by
nakin§9thgqhyg@%§§Tq%§%f %%Vﬁgﬁg goﬁ%?ﬁggh%%(gﬁnﬁnnlc d%%ﬁhilic pol yrer
that is a;6eRPeYAtafaNsfloR PHEBD & QURARECAN] 8RL OBk Es q—égp tp@ h on the
surface and in the inside at the time of deacidification and desalination
of pairedsitenstotedfecioabh 98 e taRHalEh R ft, L ANk £f SPNOARE S lgdatedr €
conponents of the contact |ens base naterial and al so a net hod of

manuf act utiongmgree fthe porpacty odnsa ifOdilringl hbemes thioab dddor dif ngha bashe
present invention can inprove the productivity of manufacturing contact

| enses beBatiseialseEptl eompdtsilffsan i onic hydrophilic polyner, an ionic
bond format.i 5 step by way of a deacidification and desalination process
and althi gt{oﬁgg%sﬁeé*‘l&eéarﬁl%{%?qk’r CfatTRFOEIRG thRavet 2ty ¢ @ Gergedts or

contact |en a conducted.as_a single step. [0012] Additjonall t he
conmr 1 sed 1obe Y AarBait RUSHar s Ate8 LIt b R aPrRe 2ot Ferb S 1eM 0o HBndeq
to noi stugpehngt be) S ag cll%(ﬁnéoa WA HRE FCESH: 'aoﬂpﬁrgﬂgﬁoi éfl Gn
polymer is released gradually and conti nuously so that e contact 1ens can
sust ai nedkyenBuRtakd bt Sa Weldalid illehs Adeht E8PBbL Yme ShC & IRADseOk hiRe
conprised ionic hydrophilic polyner is bonded to the side chain of the
cationi c dgsoup bhadtnis porpmponentinpfartthefcentact Lensidytimniabiddrdi ng, 15
the present invention can provide a hydrogel contact |ens whose

ant i -tont dRefiateonepr Bpeenty  Puhlb@pmtsicabi?)i t ¢ ardhadchans taiBioanidivh are
hardly degraded even after gradually rel easing the ionic hydrophilic

pol yner. 20PBPYeRI B FPREPER2BECRMES BRSW PR FCIEGOrIE ippchargategigiaph
iIIustratiEg tge rel ease ra%e of t.he ionic hydrophilic polymer having a
hydr ophi | ¢ §r 6GB° a8 am brit Yrsuf (Fa38 to be gradual 'y rel eased

into a ph L i 1 1.0n. 0 i .

D POSRURLLGopel SeRULLED SO AR ERNDdE, 100 GV LYIN0, CUL e o
lens is made 48nG0HREESE: Alkd MM dVITARANL 1Bk ¥BB oA N9 4 & GR¥BGUN
havi ng a hydroxyl group and an anionic group in the inside of the 7

contagd | emsmdrufquamedt sie cadtthabink btderdf by hece@ihacthd epathb0R1E VR | e
t he conpound havi ng a hydroxyl group and an anionic group that can be used
as ionic Wmidhophibistpolyimy agwitude xant han gum carrageenan, cell ul oses
conprising a carboxyl group, alginic
[0005] However, themethod 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 canncot improve the

moisturinzing effect of the entire contact lens. Furthermore, the

lens surface is electrically charged with anions, which can induce



5 acid and al gi nate, hyaluronic acid and hyal uronate, chondroitin sulfuric
acid and chondroitin sulfate, 2-nethacryl oyl oxyethyl phosphocholine polyner
as well as 2-nethacryl oyl oxyet hyl phosphochol i ne-butyl methacryl ate

copol ymer, alginic acid and al gi nate suédh as, sodium al gi nate, potassium

al ginate, triethanol 10 al gi nate and anmoni um al gi nate can preferably be
used for the purpose of the present invention. Water soluble alginic acid
and sodi upraktgphbselicarm mpretprieker dibl vh iheusedhbdrof e fargpasel dhtehe

i nvention. LOQlG]_AI inic acid is a straight chain polysaccharide forned
from 15 GPgalucehien deitdhg Bpndbarmestr o bydeephiMc dhdmprshilee gondscof two
different types . It is a conplex block polynmer in which the honopol yner

P L NE

fraction ofNREHHRESH 3 &RV Prad Prodycetiny nbnepePhrel cnderrehion
gul ur oni c_acgi GG fractign),and.the fractjon where mannurqnic.aci d_and
gul Ut oni 2201 GebTE 7S Attt 4 SHandBCRESt TACH BT, O & Boidads: aRflont y.
The gel's a1y’ tration l.gi ni ci.d_a tly
nf 1 dancod by thectuint tar v an o tor ardna Be g tre-iuaner tROERY ch
they are appanggdnoht;bsiKROWRaERAN: R Oehe GONERRE hAtdRN JyisSEsn Whalckhe G
ratio is high. 25 [0017] Wile the MGratio of alginic acid I's not
subj ect edahoanaphpaatt Lol Sifod it Medt iadS naBdeean becsesbedrd appusprigdel y
for the purpose of the present invention, it is preferably 4.0 or |ess,
nore prefmeébby 2sOaccormssied\dgoradiprghbilemt b€ pafsent thatv erdadsn,toabel oni
hydrophilic polymer is prepared with a buffer solution 8 and enployed as a
liquid corpesPived; dne meshphephrREFERINGEIYATEPRI PVRLFATHEY 4 saudded
pref erably b%PO.Ol to 7.0 wv% nore preferably by 0.03 to 5.0 w v%_nuch
mor e Wt ef &r @By 1Bnes tPomeVe W Wl aEENS YRRt GF EhRyaYSpHiTfacHurgREr i s

contact

dded by | 5.0.01 Wv% it | ised i h d |
?eng onrytg%%ﬁﬁﬂgﬁi%f§89¥ﬁ5F¥#%¥£¥%%$%§ﬁ€3L%Sﬁfﬁ%%b %f ?ro etH§F&FQgexert

its wettabiLity j torily t Qﬁgl the jonic
hydrophiI??EB%I?%gﬁﬁééqugééhéglggggﬂﬁ%&ﬁggg88m;§ébgt e %ye E%G%s'sue can be
irritatedngasthyndugy! dnadi xsassivRAdN Reakr 21108, 40 4808 {Hheraydrogel
contact |ens according to the present invention preferably conprises at

| east a cabheatt Imnoserfacd dar asitor et hokDiEss a$ solprenis rrothedeaki oni ¢
nononer to be used for the purpose of the present invention is preferably
sel ect®ed Broirhabnanprsr avs iyl la tqudtse emariyigatedi wnesathis mathedsiide chai n.
15 Specific exanples of the cationic nononmer that can be used for the

pur pose of™PheYBflesent invention include di methyl am noet hyl et hyl

hydr oxi de( et h) acryl ate, di net hyl am noet hyl nethyl chloride nethacryl ate,
di et hyl am noet hyl nethyl sul fate nethacryl ate, nethacrylam de

di met hyl agi_ngpr I C ride and 20 vinyl benzyl triethyl ammoni um
chloride.gggggiggg Egg%% e%léﬂéﬁ:he ani oni ¢ nononer that can be used for the

pur pose ob thR-PPESEN -t IW@ntion include ethyl ene-based unsaturated
carboxylic acids such as (nmeth)acrylic acid, 2-(neth)acryl oyl oxyethyl
succizg ¢ qoibdsi2- (net h)acryl oyl oxyethyl phthalic acid and 25

2- (et h) acryl oyl oxyet hyl hexahydrophthalic acid; sulfonic acid nonoesters
such as net hacr REBYRENGPD opyTENTI| FUBLICAATod, 1vi o¢l 18425883T Aci d and

p- styrenesul foni ¢ acid; and phosphoric acid nonoesters such as

2-acryl oyl oxyet REFEBENGED WAl I CATROMNhacr yPoyP0Xkyed®yds ai d
phosphate. O these, nononers havin 9 a carboxyl group are preferably
Used for the pURBBERERFES ne BREL GHELTAATHONor; THe2B82T ot &5hohoner | s

preferably adde Lye at. i t he ani_gni when they are
added. More spegﬁﬁég§§¢%¥ %%Eééiﬂ%gﬁgiéé%¥dﬁaﬁrngfbﬁﬂgpggggﬁﬁdqnnnoner is b5
prefesably 50 to 95 nol % nore preferably 70 to 90 mol % relative to the
cationic nononer. [0019] The cationic group and the anionic group of
conponent $;@f18-608t et + LENS-AGHOIG Nng to the present invention formionic
bonds so that the anti-contam nation property, the shape stability and 10

t he necha@&@@ueﬁtt@ngéhs@ivéﬁmb§x3ﬂéumndeﬂﬁio@re i nproved. The ionic bonds
are formed by way of a deacidification and desalination process of paired
ions of tHeooali ani cbjeoctumantetgesarimhheegt Doy iisntd hercodnteaa thkarsyedf t er
a process of hydration and swelling. The excessive cationic groups form

i oni ¢ bongonkiack iLhArsilbayind Samyidiwpphidd engodyeble haet tabhl tynmdumuird okavi ng
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

| ens is sustainedly maintained. [0020] A conposition ratio of the anionic
nononmer relative to the 20 cationic nmononer that is | ess than 50 nol %
unfavorably affects shape stability because the nunber of ionic bonds
fornmed by paired ions in conponents of the contact lens is reduced. On the




(meth)acrylic acid, polyethyl eneglycol nononethacrylate and 5

gl ycerol net hacryl ate; and hydrophilic vinyl-containing nononers such as
N-vi nyl pyrrolidone (NV?), N-vinyl-Nnmethyl acetam de,

N-vi nyl - N- et hyl acet ami de, N-vinyl - N-et h§l f or mami de and N-vi nyl f oLuani de.

[ 0022] For the purpose of the present invention, alkyl 10 (neth) acrylate
can be copolynerized in order to inprove the strength, shape stability and
fl exi bilitheobuthecomral ned hepdnpnee. sExanplies of FHikydontetth)lacsyhatle

i nclude straight chain, branched chain and cyclic al kyl (neth) acryates
such as nehAyLngmst Bxcacignhtdegrschgl Imsttcndeyiagsioprivpgperty, shape
(nmeth)acryl ate, .i-propyl 15(neth)acrylate, n-butyl (neth)acrylate, i-butyl
(neth)acr?FéPé?lFYHHf WmfﬁépﬁFéér§F%?%9t%eﬁ¥V1a(ﬁ%?%?%é? merefaCEtRd by |
cycl ohexyl th)acrylate, t-butylcylcohexyl (nmeth)acrylate, hexyl
(neth)acr§P§H2? %Q%Y%'§H5§VT(neth)acrylate, cycl ohexyl (neth)acrylate,
heptyl5(neth)acrylate, octyl (neth)acrylate, 20 nonyl (neth)acryl ate, decyl
(meth)acryl at e, dodecyl (meth)acrylate, lauryl (nmeth)acrylate, tridecyl
(et h) acr pbahe, rhetsaoesyd {HEetdhpaky ate, nmethoxy diethylene glycol
(meth)acryl ate, ethoxy diethylene glycol (neth)acrylate,

3-net hyl t todesy! (eeblpaatytat ehe Gor@idivt tinwemylcpyethpasr ysapeovided a
7-methyl tridecyl (nmeth)acrylate, 25 2,11-di net hyl dodecyl (neth)acryl ate,

2, 7- di met hplsdubidieg hyidooge!l (ot ty @ic dnat eha pert adiessd by ety micriicate,
stearyl (neth)acrylate, i-stearyl (neth)acrylate, ally' (neth)acrylate,
phenyl (népRladvdrerdllpeardipethyhal dsthFaeponad davheaAanydrexn) geppbat e
and isobornyl 11 (neth)acrylate. [0023] Additionally, for the purpose of
the preseffdi ADeRRIOMC SFRHR f uncti onal cross-1inki ng component can be

char att or (6PPRY " BPPRE bl AR S Bre S e bR (He i gest [Tmigg oed

conponent _i .e-based - = k1 ki nt

Iyl enogly ol o et T e B R e e PR df T asryTarg, Tens,
triethyl epgglyeobdi fa®tin agby! At@mnpkhaopy! eneHyaelydin( aBhhIae ! €5

di propyl enegl ycol di (net h) acryl ate, trinethyl ol propanetri (neth)acryl ate,

pent aer yt Ar tbpdlyndrmeicdnpadsy hat £ Iperdtaar yahi ot dd ehoacreshd aot yndveiand 15
di pentaerythritol hexa(nmeth)acrylate; and vi nyl -based cross-1inking agents
such ®s akbybmerhacdytlate, thd aldtyiotalceapeisdrathyl steparete, diallyl
succinate, diallyl phthalate, triallyl cyanurate, triallyl isocyanurate,

di et hyl ene gl yc6RUBLBY AAWELCaPBBIMA g}l,e HRAeEA tphsapharelcthendsypnd
trinellitate, diallyl 20 ether, N-di al | yl nel am ne and di vinyl benzene.

[ 0024] Tho. | pr BB GEPEATTIASF DFR3 PHF GBI L b S8 L REHE  SeL GRANEto ¢ he
present i tiLon,i chi ey C risi LoniLe hydraphi | ner,
Phat 15 2 bBmpbart RERNG o AT Gl it St i sfactf SRS v
contact |lens structure. For the 25 purpose of the present invention, the
expression of "conprise" refers to that both (a) anionic

hydr ophi | relvRakyges éhathd orikeritdnirc bonds with an excessive cationic group
that does not participate in the deacidification and desalination process
of paired[00t8]0fThuk? ecnpodénystoftidemarractinensiand it is possib)lean
ionic hydrophilic polynmer that does not formany ionic bond and is taken
into the tonthEeinendiysblopeer cohtRAt exstshiavirise ahydrogelevoriemted efs

structure. The contact lens 5 according to the present invention is

char act er "2&83By 1L RE @t hbor Tt FRKIaTg 08 EFRPSETYY eRR2RBNPEFRELHNY i It

hydr ophilic golgnei. 0025], As de?cribeg 2?0 e, the i ni% Ponds of paired

i ons of tHE&E-CEAtadt T %“%%frﬁ’&n@ﬁ $0gr B1Y B w&YOF - at FERTWFIECSt i on
and al i_nat | t t, . of ' ' .Qf _t | ORNLC.QLO t he
aniorrs orBupei R CHERRELLE pRREAER U 18 o AR Rae 1A A
swel I'ing. Aceer 4ha% 4 %diNeiRY 83680hb HBYRNGA Ohe alurifhecSafR 1A MEhd NG dicRi C
bonds areal so foi med betweenthe ionic hydrophilic polynmer and the contact
| ens conpeeahs,tand dfugtheidl hecd ©ic dydaephi i he: pod Wiepal el akeiks igH 0
the contact |ens polynmer chain. 15 As a result, the power by which the

i oni ¢ hydraphcht topit yrermes aed aihve diniionti kemcmotanct  thensasé rammtporents
inproved to nmake it possible to sustainedly maintain a noisturizing effect.
[0026] Theicum senthehsicaschorsk ngtesinharpt asenta pavieed ofrmahovactatisnedi ng
effect that is stronger than existing contact |enses since 20 the ionic
bonds of side chains in addition to the copol ynerization nediated by way of
a nultifunctional cross-1inking conponent exist in the contact |lens, so
that the anti-contam nation property, the shape stability and the

mechani cal strength are not affected by environnental changes such as
changes in the tenperature and the 25 pH value, and naintained to a



13 conponents as a result of fotmng ionic bonds is not rel eased even
gradually and held in the contact lens in a state of being bonded to

noi sture in the contact |ens. Therefore, the wettability of the contact

l ens is maintained. 5 [0027] Besides, if the deacidification and
desalination treatnent for formation of ionic bonds between the ionic

hydr ophi li ¢ pol ymer and cationic groups in the contact |ens conponents, the
reacti on tseopeaatomieacf flemts. the formation of ionic bonds. Wile the
deacidification and desalination treatnment may be conducted alone, 10 the
tr eat ment [8P1khkiThg makhedmerardiagsteorir ibresenti spVenhyeh ol LMBTaBLymer
and the step of formng ionic bonds by way of a deacidification and

desal i nat FBR PFedifehflay & pmeetanityréBadteR edC at 187 S BREHSSTe 5f 8FSPhe
pur pose of .t he pr.esent_invention from.t.he viewpoint .of .exerti t he.above
Gesor | bed SITUEGEITE HPrar TOHS A b briver By Toer SPi) ERE=Edntact

| ens into uffer.solut] &, ni he. . j;0Ri nhi 1 ly t a
tenpefgtu?gegfﬁgo%?%réﬁf%ﬁ%¥1a%%g?%?ﬁgo%rgggsgé%?ﬁ%$%%§?%5%%§% Ss%&?l?ng.
However, hhgnht gppgiatdrsfn thediTenshien Brogessat sidrefeniall ypréQeaen

hi gher fromthe viewpoint of carrying out the 20 process nore efficiently.
more pref gepabbyntibe 1lsmBssiem meoeessiucsedansi £dsdndld nstaedhuf fer sol ution
containing the ionic hydrophilic polynmer at a tenperature of 100C or

hi gher. P4poLelil &ddytithelilppetlse aronprcess ibsipr bfdraphyl camdlathegutisat a
process tenperature between 100C and 150C, and the process tine is

pr ef er abl yebainedrips dtpts edtlesingbopded Hulred stWER| & Fheorrlict éass
according to the present_invention is subjected to,a sterilizatian ﬁgocess

with H gh2pfekRereiaiand 1Prd Cphvdedhbll €FhéS T SRTeT EFeWFMpYi se

t he ionic_hyd hili I t i oni f i f

deact ar 11 280 S ol e e cPhaat Srat R hpgRahEEET Badte Y, 2,
el e . e oh

steri |1 2atign,frn066a9s 4. ﬂ%c?It%fcﬁPAMﬁOQQHEé %d%% @fsebrliy)@lksrtn%&f@e& ey the

vi ewpoi nt “of 1 nproving-the oductivity. Mre era , e step Is
conduct ed hyadephe Ndi hd DRt 0fi sl 2aqrad t30 tAENYLES - c19a { D 28] HAC G dioRg ct 0
the present invention, an ionic hydrophilic polyner that is a conpound
havi ng a bydupxyhagr dsipa afthoneart @fi ¢hegr coptiast pleparied wdrtic ddndfiher,
solution and enployed as a |liquid conposition. The buffer solution to be
conpolmdedthespnetestbjretrtigro cay pravtiideubkahyfrageht tonsacio lansg waosehe
solution is 10 pharnacol ogi cal | yandphysi ol ogi cal | y accept abl e. Exanpl es of
the buff eBn§argenbatirRtiele e aei FhERef 6FaBdLutY ofd gRRGHOYGE aci d

buf f |yt boni ¢, aci d buf | uti itric acid buff.
col Ut on, SKEEPERGAFD BRTALY CAIoG AR C6COR, SFFOI bh CiF Ji7 i SBF: at o

buf fer sohgh&gnhga%oﬁﬁiff%ﬁﬁ%ﬁg&éfﬂ: use. Boric acid 15 buffer solution is
e e

pr ef er abl y "enpl o rom ewpoi nt of the content of the ionic
hydrophilic polymer in the hydrogel contact |ens. Mre preferable candi date
buffer solution includes boric acid and its salts (sodium borate, ammoni um
boratgpy beraxs gbgc}ip@ﬁynoﬁfvtﬂéﬂnﬂguadys used al one or any two or nore of
whi ch may be 20 used I n conbination. [0029] Additionally, one or two or
nor e agent[$048¢h EiG .sUriffsaatcardrs, il bnstriyimgéehksrelsiaty ke ng agentgic

chel ating agents, solubilizing agents, and cooling agents nmay be conpounded
W th the bydirephddigtiadnmsanibay Widg e drarild chgaieap RNk an elL9ies eedr di ng
25 to the purpgse of the use thereof. [0030] Anbpg surfactants, non-ionic
sur f act antafay-SpEef B aBr §tl BaplhaF e Ed&id &sPEPSPReThen2 ¢ ohikutter
surfactant_incl.ude pol yoxyet hyl ene pol yoxypropyl ene gl ycol, polyoxyethyl ene
al kyl eth?P}u%6990xyethylene al kyl phenyl ether, pol yoxyethyl ene 15
polyo§gpropylene al kyl ether, diethanolam de lauric acid and

pol yoxyet hyl ene hydrogenated castor oil. [0031] Exanples of the tonicity
agent i nchyde pet-assi-upighl oLt dehe safidHRiCh oride, cal ciumchloride,
magnesi um sul fate, propylene 5 glycol and glycerin. [0032] Exanples of the
stabi | i zi n@oaagntacurkdihey ebelrtprgsagenhveneiude Sodivsyeevatact lens
cyclodextrin, sulfites, citric acid and the salts thereof. [ 0033]

Exanpl es dfs mhée 3@ obinpt sagragent c ihyclroghipabymwodyetdry tbat i0a(@@pcsordi t an
nonool eat e, pol yethyl ene gl ycol and propyl ene glycol. [0034] Exanpl es of

t he cool i fgvdgens hyeremiel Doewipt Al anl-ardmiiel grabipnanttisl ingidanphdihe

dl - canphor, d-borneol, berganot oil, cool mnt, fennel oil, mnt oil,

eucal yptus oil and geraniol oil. 15 [0035] Water in hydrogel is roughly
divided into binding water that is bound to nol ecul ar chains and free water
that is not bound. The bond is influenced to a | arge extent by the nunber
of hydroxyl groups in the hydrogel. The content ratio of binding water due
to hydrogen bondi ng i ncreases when a | arge nunber of hydroxyl groups exist.



ability of retaining water nol ecules. The existence manner of binding water
and free water in a contact |ens structure can be anal yzed by thernal

anal ysis. Binding water is fused at the | ower tenperature side of 0OC while
free water is fused at or around OC, 5 and the peaks can be confirmed by a
- thermal analysis using differential scanning calorinetry (DSC). The
retentivity of wettability of a contact |lens is enhanced when the content
rati o of bpbndaog Wemertd simmptovdeeshet att2abyd bey avs ethdecanidizer lefiswat er

mol ecul es captured by the contact |ens increases. The contact lens 10 is
dried qui éRP¥S1 0 Whdderatlee tF@NEREIG hgVendw A HPHe JEOAP a&1d |28NSNARBLEI | ow
adhesion of dirt when the content ratio of binding water is |ess than 20%
because t HECHBAE" 6?1'1\59&1 @%eﬁaset%%%@alﬁpagé lﬁf"c%eéohfﬁ%\%ﬁ? gaEthan
decreases. 15 Ex%gpkgs n[OQBg%%gbwéSEQp present inv%ntign gwdl gg gescribed
further b?%ycaol? e%<aerﬂ§1 &s°d At HLB ﬂi?é?gr%ﬁlag efBodi ent’s “of Tt'he
prese i tLon. 0 r., t . LE I ovi ke

t he p?%se%?ggnégﬂt?%gﬁggggl3ﬁ%ﬁ'g?%?%n8ggﬁe§§%gﬁ¥§gfﬁ%ﬁgﬂécg%g%gfggggﬁhe
present iBuerLhi9R 48id0ind idAdRE-MiItih the raxanpt age o ey IR03My=tRyal uation
Met hods> The tests and the eval uati on nmet hods as descri bed bel ow were

appl i ed aghtbphoehbddilse fsl evad uat iwed 1t he bysleogetrebnyantydwnges 25
according to Exanpl es and Conparative Exanples in a swollen state. [0038]
<Wat er Wephabphotloline-butHacte td@mylyd abpdrogel voeni aztgirens agds! eobj ect ed
to a treatnment of making the contact |ens conprise an ionic hydrophilic

pol ymer #¥9hBIEAFUCThear ot iUt adpduptan PR sHiivBnR eI D, t&‘ﬁﬁtgﬁéﬁlt he
noi sture on the surface of the treated hydrogel contact |ens s W ped
away.  ¥hePedipPare %@ VPR G S AEs CREal ?Eﬁri’}ﬁ% %dﬁ%?ﬁ%&d%i ng

Co | - il.abl e f ]
Go Lt PReBaRSaTt e Snr than R Mol P SHoS el BRaC
Each sanplg hyfrogeln £QNtaatnd £09  Wes 51D q&é%@,euof@rttrrfeaﬁg?ﬁés@fomkgng

the contact |ens conprise an ionic h%dropkillc pol ymer 10" having a

hydr ophi | kgvehetsgnand an ani oni ¢ group, and then the noisture on the
surface of the treated hydrogel contact |ens was w ped away. Thereafter,

t he cont agpoLéns Alad niinmes sk dsia sardidghs ahatinopo Dfsamstthanae phasphdron aci d
buffer solution (PBS(-)) and the ionic hydrophilic polymer was extracted by
way of5 hi ghoplessnie dGldt €am Stwennuranienagqid12MC 48 RO @cdsls The
ionic hydrophilic polynmer in the extracted liquid was_quantified with a

hi gh per f 6ReALELSTRA & Y&fcomat by riapRy CPEPLE: RloToeoprasr 1w aihiah EPer om
JASCO) to neaSUﬁe the_.content of the ionic hﬁdroQ@gltc gol ner .i.n the
contact | BRECEPHEBEHr EE 220t 00 40] "ARAE P dreAt1or (RSl BB Aty of

Hydr ophi | i > . .hy el -0 . | an ubj ect ed
to a trea#%gngbégﬁéak?%%c%ﬂggggﬂtacqgkgﬁg g%%%rﬁgg g%§§%%+€)§?§fgﬁﬁi|ic
pol ymer having:8n iy QP ahihe r8houPa &N 2% 80 QPbE1 @TRUR a2Bh b Radder25
noi sture on the surface of the treated hydrogel contact |ens was W ped
away. 2Jheraatibar (Md Heaconbastatepsned tdMBNEed | Tha qRNosphetést BCi dnbiuf f er
solution (PBS(-)) at 37C. 30 mnutes, 1 hour, 2 hours, 4 hours, 8 hours, 12
hours andt24 belr scaf¢rtrdthieorstar talofintlre achmease ogreathby i onfilaiemeddoplyi | i
polymer in the 18 extracted liquid was quantified with a high perfornance
| i qui d chitbgatBgnaphyt{iHPLGL1C-ADGDRNGs G, avaf| hbf endppey JASCGD)Lahp they
determ ne the rel eased quantity of the iaonic hydrophilic polynmer at_ each of
the tine FEPnREranpeds el’dadé rkéPY‘”é halddt §-lt RENFERBT ST HOR nt'SSfayhen
calculate% based gn the released and the content quantity obtained. FIG 1
sumarily PFI Sia %8sl§h%l%%tained results of Exanples 2 and 4, as well as
Conp ti i : L s, 8
aba v[g;ﬁgnmh%%ﬂe e x\‘fx])ge gt%grkls %; %;iﬁgﬂ&l: é’cfci“i‘éﬁnétg%{gg%%ﬁﬁa 2 QU

hour s~ and urs-after 't i mersion. el ease-ratio
(99 = rel easedcavapt iini €M idns AMEREN(82 1% ed 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



[ 0042] <Shape Stability> 15Two hydrogel contact | enses were prepared and
subjected to a treatnent of nmeking the contact |ens conprise an ionic

hydr ophi I i c pol ymer having a hydrophilic group and an anionic group. The
surface noisture of one of the two cont8ct |enses was wiped away and then
“both of themwere i mmersed in a phosphoric acid buffer 20 solution (PBS (-)
) at 37C for 24 hours. The dianeter of the hydrogel contact |ens was

measur ed befloeephnvk@ahcurlsiafideconpesiiiensi andi the MmBHaned doaval uat e
the |l ost quantity of the ionic hydrophilic polymer after the rel ease

t her eof . AYAHEPPRYHLHF PO YIRS 1§i %%cﬁﬁ@mﬁfteﬁé eHapYgd 4 trRe’ df aetter me¥et he

hydr ogel contact. | ens s.0.2 25 mor snal]er before and after t

i mer si onPIh Srﬁ%éxfgyaﬁéF%§§>é-PaVVH%ro@HGQ"mQ%& RESAST n%WhQ'BﬁaFae
exceeded Q. . [0 val uat i.on, of . AQt.i - tam nat | opert
(protein)g'ﬁﬁgnhydrggg%1%%%%3§%éﬁgﬁg€ hﬁ@%&1%?56%5%&gé%%ﬂ§§%?eé?ﬁ%tP%“ 19 a
{reat et 00hy MRKLN0 1S LeBRBEL sLaNS, GAPH, 8208811 08hEa LY HARNidIG pELYITer
havi ng a hydropthlc group and an anionic group. The surface noisture of
one of theitwdeConttdeh tBASESHMEH r@%ﬁi@ﬂ@)@ﬂﬁnéﬂ"%ﬁnb@éf’dw d:Rem wese

i mrersed in a phosphoric acid buffer solution (PBS (-) ) at 37C for 24
hours. Thesttebthio§ sdieis feftard 1and Rdehpusrs @fd ertHdre hammer sheniont©
PBS(-) was incubated into a publicly known artificial protein solution at
37C 2C f bydgopbutss rddmeimsedddachbPB® e hanShbsetvént te avee tassiei ci al
protein was extracted into an aqueous sol ution of 1% sodi um | auryl 10

sul f at e- 196808f bt Rt R reasir Bofitte FOaRl EREASEHES MRS G AR -ext r act ed

the. dhd f orQHLET] h%ﬁ%%%@%ﬂ%%@ﬁéﬁ??%%bﬁﬁaéé‘%“ ¥ faré‘s’éwfﬁ’al‘%w?eﬁ?ﬂﬁ“e“
wnen the BEPFarencs SRSy o B tofusr e T it ol Phf an BnitRTCO VO

Anti - cont aahBALEO0Rs PEGRSSAhdd | PrH) Zationic moVhdW HPeR) cent ast Lgases
were prepared and subjected to a treatnent of naking the contact Iens

conprise parpeBEkCohyeh®phdddn palnyeei ibaviBgpac Ry dEI9PPi dé Celc@UF rrd an
anionic group. The 20 surface noisture of one of the two contact |enses was
wi ped awapcandetrienabiotd afqudiEmnesve ammoeisedsaht aiphidsphoirde cheiid.buf f er
solution (PBS (-) ) at 37C for 24 hours. Then, each of them before and 24
hour slaf t éPethel mamytles PAthPBSLiPnhasOIifiatadti gan ke pasdifdsy thaown
artificial lipid solution at 37C 2C for 8 hours, 25 and rinsed with PBS
(-) . SubBBEHEREISF ThRSTESFIACIITEHSEE War euientereshYilAmanRCsbhvt PERNEE 0. 1%
Sudan Bl a

Che-dyel ng CRRBTCF GRRU DA E ATt armer e Rar er By bt P Hes” FEYY: Gos. not

observed, at i s hV n i f ]%ﬂ%%r
observed.mﬂggéfgghgTékﬁggﬁgﬁﬁga Jé%%%ﬁ'&hggtHQQ st ﬁ%g%;%%%ge g%ﬁ%zct

| enses wemetREEPAL 8Fi AU SN IBELLE R rdphMeALIBYL ehloBKANGide contact

| ens conprise an ionic hydrophilic 5 poF&ner havi ng a hydrophilic group and
an anoni ¢igyobpnz fhe siwthadeanmabsiwun ehdforade . of Spdei o ecanpaets denges was
wi ped away and then both of themwere inmersed in a phosphoric acid buffer
sol uti on @RBSnfc)mpnanel87hdtorcey Heowssed Thentheaphropdse hef Hydr ggelsentnt act
| enses before and 24 hours after the imersion into PBS(-) 10 was cut to
show a dufABBERFipPpREcIHEse Miiere Wager W1s3L W Fhacaprir Rerey e fCsApsehwas

pi nched at the top and. pbottom ends by neans_of _a jig. The test, sanple was
Subj ect ed o (BPLAKRREY HESt Aty ¢ 1 WS HUSE JHARYH E< VBB Y boTetr 15hC G1-8ki ng
strength an Ki.n | pngat.i,o n_pull ed.at constant rate by neans of
a breaking gggggfaﬁigég%ﬁﬁgﬁﬁjﬁgbggﬁgﬁﬁécfggﬁgsﬁgﬁadzu Corporation) . A

rati of 5" qr ' W}ﬁ, ' . QP e breaki; rengt h
and t % b?egwfﬁg§% %%g§¥|o Qﬂ%ﬁ??gk%%ﬁngﬁﬁgﬁt?ﬁggfnﬁgigio%ﬁlntdngﬁghf?) was
10% or smabhebstWhRST 838h das ahdtith Ay 1oy 10MeSrabyensuhesnibeadid f erignaes
exceeded 10% 20[0046] <Cbservation of Existence Forns of Water Mol ecul es>
The quant ist:y fohibi adidganaterstancridinati fehiftr aeidvat endi phassiaspie duidr ogel
contact |lens structure was neasured, and the ratio of binding water in the
hydrogel woonbactekensushraetUracmao2Dxyaittwliatedd phosdiitThendbservation
was done by nmeans of a_ differential scanning calorinmeter (DSC) (D5C6200,
avai | abl e 2-PEFNSELK 6OV hRXY At SChAcyhos | BfHyR e NCRERERR thavdng was
subjected to a treatnment of making the contact |ens conprise an ionic

hydr ophi lic polymer having a



21 hydrophilic group and an anionic group. Then, the surface noisture of
the contact lens was wi ped away. Then, a center part thereof was cut out
and conpletely sealed in a herneti cal I y seal ed al um num made cont ai ner. The
contact |lens was then subjected to 5 a fhermal anal ysis under conditions of
a tenperature range between -20C and 40C as well|l as a tenperature rising
rate of 5 mn. The ratio of binding water to free water was cal cul at ed
based on theadreey k¥ grbopafrda heepeaibby usiendf og thet prrpds< bé tloavpresent
tenperature side of OC and that of free water at or_around O0C. 10[0048]
<Lens Tri anyention. Aheegg§igniesnongmeresis pgefrsabi| dddpdblexpessingly

hydr ogel contagt |enses that were subjected to a treatnent of makl ng the

cont act | éﬁ%€§188n5?| e APIJHIT IPAISF WP@anF?Wr%F\‘ﬂCF‘?@j -a Ygre

hyd hili The |
t%rgﬁghbuﬁpsgéi B o Sty G P Tane s BRn T LhAP GRS dmpar od
i Tydr agel-.eont goio M A LY cEXaOR) o P cnoh 0PI 5109 50y

i onic ymer “that™ i's am)sturlzm agent e earers were
asked in ttlgetfqgr Lot o 20nsiesdd onnaire to evaluate the | enses using the
eval uati on standard shown bel ow 1 point: given when the feeling of
weari ng hydoagel Wentactohessgowmmanbetheraniocionpaneg of tdorgidreel bag of
weari ng hydrogel contact |enses not conprising the noisturizing agent. 25 0
poi nt: gi wepombert tleasf eetdrdingf teethe mycrpdtogetrninira¢brineiseisc doddaot
differ fromthe feeling of wearing hydrogel contact |enses not conprising

t he noi st 8P Enff Hhpemnti-contaminapsppterepamhy whas sheb¢ edllakid idty aedri ng

hydr o eI cont act Ienssvvas rse if conpared with the feeljng of wearing
hydr offbl  £53 RRFHAREALCHIRNTIG OL SR T TR HEFEPSLTITATRG - agBie ithe

foll d d.
00" °Wg?883%§}%2%r?yf5f R e e R

"0" 1 ogi VﬁQonQEQ 5@%&%@' J.(W?é St RE c%pczl_%{i%ogz?oﬂﬁvﬁldmhel&?ﬁoﬁ rbd

points and less tha poi nt ven en the total pornts of
20 personsn\weike c@@ﬁ:ab@%ﬁsﬁéﬁtér@b@bée@g%ﬁ ﬁ?&réhﬁéh L2 dreidt 51 AP Athedi ven
when the total points of 20 persons were not [ess than O points and | ess
than 5 poemtessive catiwiic ginempaMfennt Hent ot Bbnfei wish ofha G qpgrcsons wer e

| ess than O points. [0049] 15 [ Manufacturing Hydrogel Contact Lenses]

For ebth sadpbehédht mlyﬂ@rrsth@tﬁw enecp ol hdivipy radyylirakyl (EDME and

avai | abl e from M tsubi shi Rayon Co., Ltd.), azobisisobutyronitrile (Al BN,
avai | abl eaﬁrﬁﬁ%56°%@“®%ﬁe@a¢h¢m¢ ﬁpésafq_ﬂfétiﬂl%ﬁ@ BykRe idractiwere

dded t wt % 20 I th | at
(HEWR,  avaTl SBPeCPPORT %tﬁo.ss%”}t‘é%ﬁé%&ﬁ”%t%bﬁw G R PRt Yefl®
di net hyl a%ng%gghﬁgéf r}}tayl ate (DQ 75, available from M t subi shi

Gas Chem cal npany, Y nc acryl am dedi et hyl am nopr opyl et hyl

chloride [¥8EHACa gémﬁ&é‘ﬂ:f@l‘l ereﬂctrl%méJHBIggl%ondf&& Yelative to the
2- met hacryl oyl oxyet hyl succi nic acid (HOMS, avail able from KYOEl SHA CHEM CAL

Co., 14 d. raghghot mdovekhaciat @sll@sxeetlhwrh Bexalnpinephtatdsl Pk dettilshape
avai l abl e from KYCEl SHA CHEM CAL Co., Ltd.) by the ratio shown in Tagl el
and 23 stitrbeédiay e tee trper atwiper fafr 1301ini botés foarmeddby panmebi donsa
uniformmxture of the ingredients. Then, the m xture was poured into a
pol ypr opyF-enecmadesnio? ¢ ff Shef apmtaga 1o a6t rednsedind Oheblhe dotfireymheadm
tenperature to 100c over 15 hours in a nitrogen atnosphere 5 to obtain a

contact | @nSCRRPLd BoaFt1p edsbhe [alﬁrlé’ﬁétca?f“?rb‘ﬁn%‘? TBLPEEYE $61 HRF GRtEOREEI ni ng
Lonic Hydraptic, Pol VORI M 4res of 28k A8 fn DYk AL A
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

moncmer having at least a type of hydrophilic group in the molecule

can be copolymerized in order to provide the obtained hydrogel with



10 from Ki bun Food Chemfa Co., Ltd.), sodiumalginate A (Duck Al gin 150G
tradenane, avail able from Ki bun Food Chem fa Co., Ltd. (MGratio 0.5)),
sodi um al ginate B (Duck Al gin 150M tradenane, avail able from Ki bun Food
Chenmifa Co., Ltd. (MGratio 1: 1) ) , Xbdi um hyal uronate (FCH 80LE
tradenane, avail able from Ki bun Food 15 Chem fa Co., Ltd.), sodium
chondroitin sulfate (available from Maruha Corp. ) , a buffer agent

cont ai ni ngyboppbiatcdty boSmecidiisodikamp hysroferheoshlahe landhonopetassi um
di hydrogen phosphate, a tonicity agent containing sodium chloride and/or
pot assi unﬂ@ﬁﬂ-@dﬁdémeehb@@@ncr@t@g@ﬁmgcmﬁnamﬁmgf‘»@e@ueﬁn edet at e ( EDTA- 2Na)
20 and/or _a_surfactant whjch non-ioni ¢ surfactant containin

ssg.yr;ﬁﬁte”?‘?e%ﬁi‘;‘?%ﬁ?m% sl W%&’?E%‘ﬁé‘“?‘f?i”ﬁ?éﬁ?f%;'
Shown i n ASTE) ToRRH 28 PR S PR BB B0 ob e RIS 4 L %er 1o
obt a'(r)‘gf ﬁ %%F:HTLH% é‘é%ﬂtéh%n%ﬁ ng@gegﬁ%ﬁgEsm \A;ng’édnt(a@&%g%! %%n%m%?sll)

Each taine act Ies S T nmerse

phosphorl Gudsl gsbuiéfﬁyﬁgywdl%dr@*?m@t 69%&9911Nr&9é%hjp5cet%énl®édr ation
and swel I'ing. Subsequent it was i mersed in a buffer solution contalnlng
an ionic Ryetaphi-iietippl yd@tamialy, ng-aihydr-axgt hgl eopnanciamrani oni ¢ gr oup
and processed there at 121C for 30 mnutes to carry out a step of making

t he cont atitviiegsfoohaletdddody 5 conprise an ionic hydrophilic polyner, an
ionic bond formation step by way of a deacidification and desalination
treat ment [8Rd423 ﬁkghtbﬁe§§ﬁpesgteﬁn¢@ﬁeﬂﬁ@ﬁ%ﬂﬁiiﬂ?e§¢é9nsiﬁﬁkYéneously to

prepare a tar eted r% contact |ens._ The aobtai ned hy drog cont act

| ens s é@lsﬂi AFEHY Pé%e G\%E?Jaﬁﬁi‘eflilt%?d theroghite M%%F PStEShgREr 10
content, reI uant ty, of..t.he |on|c dr h||| JEr t he
existence F e%hjggnangytﬁ % gﬁ?%?e éﬁ?lﬁf t he

above- des I t I
evaluatlogghmgﬁeggﬁbggég%ogggﬁgéﬁ% a%F§ﬁ§§£%%%§%%PSS§H %ﬁafﬁ &Q%nChed
hydr ophi | igapalaH¥eeydbid alﬁyha«neer%be@btee%dmes h@ﬁ:h9l°@mé¥lﬂ@'c’i91¥§@ber
was hi gh acconpanied therewmth. Additionally, a high retentivity 0

wet t abi | | eyhwas (nenh) aoed 4t10¢, addoefl t{hemrhbeacayiettshey-wtdpghowed onIy a
smal | released quantity of the ionic hydrophilic polymer. Furthernore, the
results of(mgtheasryidbe, werlsitaxdc elesht acoyproee 20butmal trvd Hypdraphitki c

pol ymer content inproved the feeling of wearing a contact |ens. [0053]
(Cbnparatlv@uﬁyénﬁ@%tﬁ)aQFY%ﬁEﬁn(Qf&%ﬁ&rd@@FhééﬁFﬁé@t¢eh%rﬁﬁﬁjhﬂepared by

o Exanpl 63°3°RE51 Z%z%%%far%t e %?W?pfﬁwﬁagflagﬁi @gaerfxf R,
| abl ' b
compr sed TR e oA ACE g harueksrradietar ﬁ&%%; S rf)ﬁp nor
an ani oni qratAYRCPaSa €8Pl 10%Sd,1 The ﬂ%@%%ﬁ@@gteZSOBXQI@Eﬁ%hf&ﬁ¥§%§té ens was

eval uated for water wettability, the hydrophilic polymer content,

rel eas@d quanlihygthf athel dyslr apbili@epol) weey1atse c@ﬁle&tg,@n@%tfrgra@yqﬁt%t er
nol ecul es and the lens trial by means of the above-descri bed nethods. 5

[ 0054] Théahygiogettbpmtaglatens didtaydt (cenp) aseyiaeej omgterddadrdphilic
polymer, and thereby the retentivity of wettability was low. In other

wor ds, t hémashi aBryi @yemmtrmxynémtbyhe@e Addictli dmarhyzcrkrteat ieghoky
blndlng water was small to give rise to a_poor feeling of wearing the

cont act | élﬁr§th¥é[9@95?5]1yc(°éor(r‘5%¥%l‘?%Y]B&ﬁvpﬁem?yhyltrldecw &r%ﬁfé@taé?&yﬁ@ae@ga

bt epar i ng ot T8 BSHE Beper En et e ioas T e hPBtgh 1o A o e
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(meth)acrylate, benzyl (meth)acrylate and isobornyl
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(meth)acrylate.
[0023] Additionally, for the purpose of the present invention, a
multifunctional cross-linking component can be copolymerized in
order to improve the heat resistance and the mechanical
5 characteristics of the contact lens. Examples of the cross-linking
component include (meth)acrylate-based cross-linking agents such
as ethyleneglycoldi {meth)acrylate,
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-1linking agents such as allyl methacrylate, diallyl maleate,
dialiyl fumarate, diallyl succinate, diallyl phthalate, triallyl
cyanurate, triallyl isocyanurate, diethylene glycocol 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
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components of the contact lens and
(b} an iconic hydrophilic polymer that does not formany ionic
bond and is taken into the contact lens polymer chain,
exist in the hydrogel contact lens structure. The contact lens
5 according to the present invention is characterized by the method
of making a contact lens comprise an ionic hydrophilic polymer.
[002B] 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 inventicon shows
a bonding effect that is stronger than existing contact lenses since
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
envircnmental 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
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components as a result of forming ionic bonds is not released even
gradually and held in the contact lens in a state of being bonded
to moisture in the contact lens. Therefore, the wettability of the
contact lens is maintained.

5 [0027] Besides, in the deacidification and desalination treatment
for formation of ionic bonds between the ionic hydrophilic polymer
and cationic groups in the contact lens components, the reaction
temperature affects the formation of ionic bonds. While the
deacidification and desalination treatment may be conducted alone,

10 the treatment of making the contact lens comprise an ionic
hydrophilic polymer and the step of forming ionic bonds by way of
a deacidification and desalination treatment are preferably
conducted at the same time for the purpose of the present invention
from the viewpoint of exerting the above described effects.

15 Zwitter ions can be formed by immersing the contact lens into a
buffer solution containing the ionic hydrophilic polymer at a
temperature of 30°C or higher after the process of hydration and
swelling. However, the temperature of the immersion process is
preferably 70°C or higher from the viewpoint of carrying out the

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
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pressure steam sterilization process are preferably conducted as
a single step from the viewpoint of improving the productivity.
More preferably, the step is conducted under conditions of 120°C
and 30 minutes.

5 [0028] According to the present invention, an ionic hydrophilic
polymer that is a compound having a hydroxyl group and an anionic
group 1s prepared with a buffer scolution and employed as a liquid
composition. The buffer solution to be compounded is not subjected
to any particular limitations so long as the scolution is

10 pharmacologically and physiclogically acceptable. Examples of the
buffer sclution include boric acid buffer solution, phosphoric acid
buffer solution, carbonic acid buffer solution, citric acid buffer
solution, acetic acid buffer solution and so on, from which an
appropriate buffer solution may be selected for use. Boric acid

15 buffer sclution is preferably employed from the viewpocint 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 pelyoxypropylene glyceol, polyoxyethylene alkyl

ether, polyoxyethylene alkylphenyl ether, polyoxyethylene
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polyoxypropylene alkyl ether, diethanolamide lauric acid and

polyoxyethylene hydrogenated castor oil.

[0031] Examples of the tonicity agent include potassium chloride,

sodium chloride, calcium chloride, magnesium sulfate, propylene
5 glycol and glycerin.

[0032] Examples of the stabilizing agent and the chelating agent

include sodium edetate, cyclodextrin, sulfites, citric acid and

the salts thereof.

[0033] Examples of the solubilizing agent include polyoxyethylehe

10 (20) sorbitan moncoleate, polyethylene glycol and preopylene
glycol.

[0034] Examples of the cooling agent include 1-menthol, d-menthol,
dl-menthol, a-camphor, dl-camphor, d-borneol, bergamot coil, cool
mint, fennel o0il, 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
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ability of retaining water molecules. The existence manner of
binding water and free water in a contact lens structure can be
analyzed by thermal analysis. Binding water is fused at the lower
temperature side of 0°C while free water is fused at or around 0°C,
and the peaks can be confirmed by a thermal analysis using
differential scanning calorimetry (DSC). The retentivity of
wettability of a contact lens is enhanced when the content ratio
of binding water is not less than 20% because the number of water
molecules captured by the contact lens increases. The contact lens
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.

Examples
[0036] Now, the present invention will be described further by way
of examples demonstrating preferable embodiments of the present
invention. WNote, however, that the examples are provided to make
the present invention easily understandable and that the scope of
the present invention is not limited with the examples only.
[0037]
<BEvaluaticn Methods>

The tests and the evaluation methods as described below were
applied as the methods for evaluating the hydrogel contact lenses
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

8
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having a hydrophilic group and an anionic group, and then the
moisture on the surface of the treated hydrogel contact lens was
wiped away. Thereafter, the contact angle was measured by a drop
method using Contact Angle Meter CA-D Type (avallable from Kyowa
Interface Science Co., Ltd.).
[{0039]
<Measurement of Content 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
moisture on the surface of the treated hydrogel contact lens was
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
steam sterilization at 121°C for 20 minutes. The ionic hydrophilic
pelymer in the extracted liquid was quantified 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.
[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
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

L
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extracted liquid was quantified with a high performance liguid
chromatography (HPLC, LC~-2000Plus: available from JASCO) to
determine the released quantity of the ionic hydrophilic polymer
at each of the time points. The release ratio at each of the time
5 pointswas calculated based on the released and the content gquantity
obtained. FIG. 1 summarily illustrates the obtained results of
Examples 2 and 4, as well as Comparative Example 1, while Table
1 summarily shows the results 2 hours, 8 hours and 24 hours after

the start of the ilmmersion.

10 [0041]
Release ratio (%) = released quantity (g) / content (g} x
100
[0042]

<Shape Stability>

15 Two hydrogel contact lenses were prepared and subjected to
a treatment of making the contact lens comprise an ionic hydrophilic
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 icnic hydrophilic
polymer after the release thereof. A rating of "o" was given when
the change in the diameter cf 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)>

Twe hydrogel contact lenses were prepared and subjected to
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a treatment of making the contact lens comprise an ionic hydrophilic
polymer having a hydrophilic group and an aniconic 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
solution (PBS(-)}) at 37°C for 24 hours. Then, each of them before
and 24 hours after the immersion into PBS(-) was incubated into
a publicly known artificial protein solution at 37°C + 2°C for 8
hours, and rinsed with PBS{-). Subsequently, the artificial
protein was extracted into an aqueous solution of 1% sodium lauryl
sulfate-1% sodium hydrogen carbonate, and then the protein in the
extracted liquid was quantified by a MicroBCA method. A rating of
"o" was given when the difference in the adsorbed quantity of protein
before and after the immersion into PBS(-) was 10% or smaller,
whereas a rating of "x" was given when the difference exceeded 10%.
[0044]
<BEvaluation of Anti~contamination Property (iipid)>

Two hydrcgel contact lenses were prepared and subjected to
a treatment of making the contact lens comprise an ionic hydrophilic
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
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,
and rinsed with PB3S(-). Subsequently, the contact lenses were
immersed in an solution of 0.1% Sudan Black-sesame oil. A rating
of "o" was giliven 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.

90
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[0045]
<Mechanical Strength>
Two hydrogel contact lenses were prepared and subjected to
a treatment of making the contact lens comprise an ionic hydrephilic
5 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
solution {PBS(-)) at 37°C for 24 hours. Then, 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 Jjig. The test sample was subjected to breaking test where the
test sample was tested for breaking strength and breaking elongation
when pulled at a constant rate by means of a breaking tester AGS-50NJ
i5 (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 cof 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 cecntact lens structure was
25 calculated.
[0047] The observation was done by means of a differential scanning
calorimeter (DSC) (DSC6200, available from Seiko Instruments Inc).
A sample hydrogel contact lens was subjected to a treatment of making

the contact lens comprise an ionic hydrophilic polymer having a
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hydrophilic group and an anionic group. Then, the surface moisture
of the contact lens was wiped away. Then, a center part thereof
was cut out and completely sealed in a hermetically sealed
aluminum-made container. The contact lens was then subjected to
a thermal analysis under conditions of a temperature range between
-20°C and 40°C as well as a temperature rising rate of 5°C/min.
The ratio of binding water to free water was calculated based on
the area ratio of the peak of binding water at the lower temperature
side of 0°C and that of free water at or around 0°C.

[0048]

<Lens Trial>

A sensory test of testing the feeling of wearing hydrogel
contact lenses that were subjected to a treatment of making the
contact lenses comprise an ionic hydrophilic polymer having a
hydrephilic 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
guestionnaire to evaluate the lenses using the evaluation standard
shown below.

1l 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.

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

VO
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contact lenses not comprising the moisturizing agent.

The following rating system based on the obtained
questionnaires was employed.

"oo": givenwhen the total points of 20 persons were 15 points
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

A" : given when the total points of 20 persons were not less
than 0 points and less than 5 points.

TxMe given when the total points of 20 persons were less
than 0 points.
[0049]
[Manufacturing Hydrogel Contact Lenses]

For each sample contact lens, ethylene gilycol dimethacrylate
(EDMA, available from Mitsubishi Rayon Co., Ltd.),
azobisiscbutyronitrile (AIBN, available from Wako Pure Chemical
Industries, Ltd.) and pure water were added to a 100 wt$% monomer
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,
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
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stirred at room temperature for 30 minutes in order to cbtain a
uniform mixture of the ingredients. Then, the mixture was poured
into a polypropylene-made mold for forming a contact lens and heated
from room temperature to 100°C over 15 hours in a nitrogen atmosphere
to obtain a contact lens molded body.

[0050]

[Preparation of Buffer Solution Containing Ionic Hydrophilic
Polymer]

Mixtures of alginic acid (Duck Acid A: tradename, available
from Kibun Food Chemifa Co., Ltd.), sodium alginate A (Duck Algin
150G: tradename, available from XKibun Food Chemifa Co., Ltd. (M/G
ratic 0.5)}, sodium alginate B (Duck Algin 150M: tradename,
available from Kibun Food Chemifa Co., Ltd. (M/G ratio 1:1)}, sodium
hyalurcnate (FCE-80LE: tradename, available from Kibun Food
Chemifa Co., Ltd.), sodium chondroitin sulfate (available from
Maruha Corp.), a buffer agent containing boricacid, 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-2Na)
and/or a surfactant which was a non-ionic surfactant containing
a polyoxyethylenepolyoxypropylene block polymer (Lutrol F127:
tradename, available from BASEF 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
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

. Xa
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hydration and swelling. Subsequently, it was immersed in a buffer
solution containing an ionic hydrophilic polymer having a hydroxyl
group and an anionic group and processed there at 121°C for 30
minutes to carry out a step of making the contact lens molded body
comprise an ionic hydrophilic polymer, an ionic bond formation step
by way of a deacidification and desalination treatment and a high
pressure steam sterilization step simultaneously to prepare a
targeted hydrogel contact lens. The obtainedhydrogel contact lens
was evaluated for water wettability, the ionic hydrophilic polymer
content, the released gquantity of the ionic hydrophilic polymer,
the existence forms of water molecules and the lens trial by means
of the above-described methods.

[0062] Table 2 shows the results of the evaluations. All the
hydrogel contact lenses comprised the ionic hydrophilic polymer
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
that the hydrophilic polymer content improved the feeling of wearing
a contact lens.

[0053]

(Comparative Example 1)

A targeted hydrogel contact lens was prepared by way of a
process similar to the process of preparing the contact lenses of
Examples 1 to 11 except that polyvinylpyrrolidone {K-20: 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
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hydrogel contact lens was evaluated for water wettability, 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.

[0054] The hydrogel contact lens did not comprise the ionic
hydrophilic polymer, and thereby the retentivity of wettability
was low. In other words, the wettability was not maintained.
Additionally, the ratio of binding water was small to give rise
to a poor feeling of wearing the contact lens.

[0055]

(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
solution only as one not comprising hydrophilic polymer. The
obtained hydrogel contact lens was evaluated for water wettability,
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.

[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]
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?-,tx , ,0',,,0Qqa,00. Oca. 0 c.) 28 CLAIMS: 1. A noisturizing hydroge
contact |ens characterized by conprising an ionic hydrophilic polyner that
is a conpound having a hydroxyl group ahd an anionic group. 5 2.The

nmoi sturi zing hydrogel contact |ens according to claim1, characterized in
that a conponent of the hydrogel contact lens is a copol ynmer conprising at
| east a c&LAdMBe nononmer and an ani oni ¢ nononer; paired ions of the
mononmers formionic bonds; and the 10 hydrogel contact |ens conprises the
i oni ¢ hydrephi | AcpdElwetz1imy Thealnasisd: gonFeR§ heas ogedraviraicied ds
according to claim2, characterized in that the cati,onic nononer has a
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15 hydroggl cgntag% Iq&§ %%ggxises.th% iogic hydr ophilic pol yner when the

i on bonds an for ngy %@y 25 Gedtrdi £8P on or desal i nation treatnent
of paiged ions of the nmonomer. 4.The noisturizing hydrogel contact |ens
according to any one 20 of clainms 1 to 3, characterized in that the ionic

hydrophi | bc pol yRer mb$s @b Mty agjddRe1ak8hRate. 1ens according to claim
1, characterized in that a component of the hydrogel contact lens
is a copolymer comprising at least a cationic monomer and an anionic
monomer; paired ions c¢f the monomers form ioﬁic bonds; and the

10 hydrogel contact lens comprises the ionic hydrophilic polymer.

3. The moisturizing hydrogel contact lens according to claim
2, characterized in that the cationic monomer has a quaternary
ammonium salt; the anionic monomer has a carboxyl group; and the
15  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.

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

is alginic acid or alginate.

5. A method of manufacturing a moisturizing hydrogel contact

lens, characterized in that a component of the hydrogel contact

25 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 an ionic hydrophilic polymer

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



5. A net hod of manufacturing a noisturizing hydrogel contact |ens,
characterized in that a conponent of the hydrogel contact 25 lens is a
copol ymer conprising at |east a cationic nononer and an ani oni ¢ nonomer,
and the nmethod conprises the steps of: £4using paired ions of the nononers
to formionic bonds, and meking the contact |ens conprise an ionic
hydrophilic polynmer that is a conpound havi ng a hydroxyl group and an
anionic group. 29 6. The nethod of manufacturing a noisturizing hydrogel
contact |lens according to claim5, characterized in that the step of
causi ng pé&i-red TBASNSE <Kh@fﬂﬁﬁﬂﬁ?@iQR}W%ﬁWWW%ﬁﬁ%¥%ﬁ#%khY§r%ﬁ¢ﬁéW@@a§V way
5 of a deacidificatjon or desalination treatnent of paired ions of the
cationi c HERASATCHAAGEA Cdﬁ‘érf“e?m& 9r3ﬁﬁ%ﬁ?—ﬁ‘$§&| Yhaamah?ﬁé:eé’n?’%rﬂa&sﬁﬁﬁoner
havi ng a car. of nanufg grln a nnlség§ zi ng
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of a deaci ication or ination treat nent and the st I'ng the

contact |ens earphhse ﬁ@nér@é‘f ChdWHP RN iGula® eRPk YR BmhBRL urh Ssﬁ@%?ﬁplt@l‘é
havi ng a hydroxyl group and an anionic group are conducted 15 into a buffer

sol uti on eahbalRi Mgnemet o€l dy dt eEitiddxg/1pglryaer at 121C for 30 m nutes at
the sane tine. 8. The method of manufacturing a noisturizing hydrogel
contact |lens according to any one of clains 5 to 7, characterized in that
20 the ionic hydrophilic polyner is alginic acid or alginate.

7. The method of manufacturing a moisturizing hydrogel contact

10 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

2 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

15 1into 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

20 the ionic hydrophilic polymer is alginic acid or alginate.



