POROUS PCLYMERI C MATERI AL W TH CROSS- LI NKABLE VETTI NG

AGENT CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]
wabeos/oeppd i cati on clainms the benefit of U S, PCT/SG2007/000398

provi sional application No. 60/859,517, filed Novemnber

17, 2006, the entire contents of which are

i ncorporated herein by reference. FIELD OF THE
PORWF’(SEVMEW@]MA’*FERWA@WW CR@S;\sJLmKABILEtWEﬁWNG AGENT

porous, polyneric materials with a wetting agent, and

rret hods for maki n such materials. BACKGROUND OF THE

T@RELATRDAMMGICADRN ti on t hat
rrany peopl e suffer particul arly when wearing contact
se e t

[oob‘i’I‘ Srh'nségbgora R¥ioh 8Qi‘?|’1 #ﬁ%g&a@g‘gt GFSL?“S; [%(rﬁg?’égoo%?'b?lp%gﬁbn No.
60/8591,517Vﬁled Nd\/@ntTtﬁQlZODenﬂﬁserarre contentd yf avhickedire ihberporated

wettin ent is released, thus wetting the surface of
hergpeby: @rg & ens and reduci ng disconfort of the user.
However, the useful lifetine of such contact |lenses is

i rmEgg OFerHe INPENTION ed anpunt of wetting agent
that can be incorporated into and rel eased froma

contact lens. Further, some wetting agents tend to
[0002hr adbeipresant invesdion reltes iorpasaus, palymeriamaterials with a

welTabEA8 S BRRD ARLR och haches desiranl e to

e’porous rra efia I'hg agent that has
i mproved performance or can nai ntain stabl e »
perBACKGRE@UNDeOFar HE INVENTIION ong period of tine.
SUI\/MARY OF THE | NVENTI ON [ 0004] Accordingly, in

nce with an resent inyentiaon,
10085E7 < EALE R 52 G BRI ot SrAAEScP 5 ShfGS partiularly when
' weaﬂﬁ@’&ﬁ{ta@t 18RS, | Rlkno®ntEERMIELE 4P HAd S dpe BYE SbAdition is to
conprising water, a wetting agent, a nononer, and a
inceyppraie @anettiog @@leytrmtcp thencentact lans. hwmtb\mon‘t@ct lenses are

woff Sy EAE Bl Al iBated SRR b E SRR LB
contedt iemgarg estiucing discomfort of the user. However, the useful lifetime of
such contact lenses is limited due to the limited amount of wetting agent that can
be incorporated into and released from a contact lens. Further, some wetting
agents tend to degrade in an aqueous environment, thus further limiting their
application. It is thus desirable to provide porous materials with a wetting agent
that has improved performance or can maintain stable performance over a

relatively long period of time.
SUMMARY OF THE INVENTION

[0004] Accordingly, in accordance with an aspect of the present invention, there
is provided a method of forming a porous polymeric material. A bicontinuous
microemulsion comprising water, a wetting agent, a monomer, and a surfactant
copolymerizable with the monomer is polymerized to form a polymer defining
interconnected pores. The wetting agent comprises a cross-linkable wetting agent
such that after polymerization, at least a portion of the cross-linkable wetting agent
is-cross-linked- with the polymer. The wetting agent may comprise a hyaluronic
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such that after polymerization, at |east a portion o
the cross-linkable wetting agent is-cross-linked w t%CT/SG2007/000398
woheospoiuoer . The wetting agent may conprise aPCT/SG2007/000398 tember 2008
hyal uroni caci d. The cross-Ilinkable wetting agent my
be an acryl ated hyal uronic acid, such as a
nmet hacryl ated hyal uronic acid. After polynerization,
an unbonded portion of the wetting agent may be

adids n%w&ssumkbﬂ@ MI@%QH@%?/%Q%M@éfed nguw}ﬁc acid, such

- unbonded @ortlon of wet t
% & egbapvieted ylyraeic agis eﬁﬂeapolymhezmt armgn!amieti pogtipn of

s S B 5 O ™
ﬁ@%‘ﬁ%@r ’an’é’f A welliipragentinay h%gﬁ'@ﬁ?ablezwfﬂﬂw metsrial. The
V\&ttfri‘g&tgteﬁm'lay 8o pries p&?\ﬁﬁﬂéyr&ﬂi&dﬁ@éﬁ‘ XY HAIgRY In%nomy«ar may be

onat e e mcroenuls

ol
“{cgé*ﬁ\@ é’@@%&@éMWﬁWHﬂ%awa@e 5The wrfmm mey Heram
zwtbleubmﬁsﬁﬂad:tmtahwhta%—ﬁ%%Wloy@‘xy&rﬁ!ﬁ ﬁri’nid%%ol?lzﬁ%gl .
e Ja rse roma OU u
SRl R P EeIPR el from 4R A0 e abOULA 5erdih, such
ag fremhwmes[tcaauodtroo:m o, éﬁeﬁw&ﬁingb ght. ﬁﬁwﬁ%%défml.ﬁét?@n
r anot her aspec
"B DRENEY rom bl Vo AT SDRERE 8 st ohod T oabout
A witYpre thebmnmreerr ahd fronmatbua ¢ tr abharg S0avie, Rh&eGHactant.
descri bed herein. [0006] In accordance with further

089pPECt inafcchbi
e e A A

R REEPYS R ?ﬁ‘ﬁ AtesiRherrediagrerdng taameihakdascriged
h@rgem at least a portion of the wetting agent
cross-linked with the polyner rratrix The wetting

080 B BRE al u onl c.acid

YL, R S8 TGS W Bl
pt ylgggamom{.@dn%eaﬂ qomprgtmlg)ﬂﬁanspaltemt rolyiee maix dafiing
integEshneHBY p@ﬁé@éh@@ vt ' 1He
ch%d ??ﬂl e 3#} |{;or tion "%C%éénﬁta?%ﬁ%yﬁé%féﬂ I-Besvgéh 6% RE

- é*"% REYMSafEtEX. Tigaveitng ag@wtarwnom}se

. metbapylags mlmme%mmﬂ | @rra éjc'léé)s?é boLh

cr@gs-li A&S q Hﬁ% mat ri x an or esﬁ:%qjhdcfP ?f‘%HS %@ n@@& be
Iked W polymer pﬁa‘l gé}ﬁw pgent Sayeramrsefanaorylated

hyﬁh@om«aaed (AHA), Eind attdsist aglomeﬁ ot w&gea—»& Haé&ues linked with
th& BBl HEP Hatrix@ Ol W&%g \e/zslgg e rcro(r)nr.;nsg%% L?nrbongé(é ;grtlon
dispersed in one or both of the polymer matrix and the pores, and the unbonded
portion of the wetting agent may be releasable from the material. The wetting
agent may comprise a hyaluronic acid, polyvinylpyrrohdone ordextran. The
polymer matrix may comprise polymerized methyl mathacrylate or 2-hydroxyethyl
methacrylate. The material may comprise from about 0.1 to about 0.5 wi%, such

- as from about 0.25 to about 0.35 wt%, of the wettlng agent. The pores may have a

pore diameter of about 60 to about 120 nm.

[0007]  In accordance with another aspect of the present invention, there is
provided a contact lens CoOmMprising a porous polymeric material described hereln
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pol ymer matrix may conprise polynerized nethyl

nmet hacryl ate or 2-hydroxyethy] nethacrylate. The
worioenseko may conprise from about 0.1 to aboutPOI/SG0%900398

such as from about 0.25 to about 0.35 W% of the

wetting agent. The pores may have a. pore dianeter of

[008BPUt CiRert &spelediind #éhtif8s dfARE predeht ARePtidaRGIEbEEdHe apparent

anot her aspect of the present invention, there is
to thess phierdinany skillda the arsipoorerview olthe fpldsmug descyptian ef

spqRlg Pt bR BTl T ek it the hoMpAblion

figureyention wi Il becone apparent to those of ordinary
skill in the art upon review of the foll ow ng

d d f th
o BRIEH RESRRIEK OFTHE CMINER, 1 gures. BRI EF
DESCR| PTION OF THE DRAW NGS [0009] In the figures, -

[000@] Ch | tHeURjuras SwhiBl ilkRYrafd, bgl FPbEethle GHRR G HEdRnts of

the present invention, O] FIG 1 is a schematic
themr@@&rﬁm\(ﬁntlancont act Iens exerrpl ary of an enbodi nent
of the present invention; [001 1] FIG 2 is a cheni cal

ool ER i BUALHAEL Ry g AR sl
embbdinent of thebpresentingentisry el ectron m croscopi ¢ (SEM
i mges of contact |ens rrateri als; [0014] FIG 7 shows

' f 0 FIGS. 8t
oof1] & ElcchisAchemiszh GFENLS f pOYBRARTRGER fkess for
form ng a contact | ens rmterlal froma m cr oenul si on

[oowz} h Fl@oslisda ch&Mical fdrhfeta ofl g méhd tSd tHremenh);

fornul ae of various conpounds used for formng a
surfactant; [0017] FIG 15 shows a 1H NWVR spectra of a

[00ABHA Elﬁ%oﬁrﬁ@ls are scanning electron microscopic (S M) images of contact
lens materials;

[0014] FIG. 7 shows a reaction route for preparing MeHA;

[0015] FIGS. 8 to 11 are schematic diagrams illustrating a process for forming a

contact lens material from a microemulsion with a mould;

[0016] FIGS. 12 to 14 are chemical formulae of various compounds used for

forming a surfactant;
[0017] FIG. 15 shows a 'H-NMR spectra of a MeHA compound;

[0018] FIG. 16 is a bar diagram showing the measured transparency of different

sample compounds;

[0019] FIG.17 isaline diag'ram showing the release profile of different sample

compounds; and

[0020] FIG. 18 is a bar diagram showing the measured modulus of different

sample compounds.



[0018] FIG 16 is a bar diagram show ng the neasured
transparency of different sanple conpounds; [0019]

wo-b@@8/0d0249 s a | i ne di agram showi ng t he rel easer@r/e6G2002000398
of different sanple conmpounds; and [0020] FIG 18 is a
bar di agram showi ng t he nmeasured nodul us of different

SaNEFAREIPDESERIPETAN-ED DESCRI PTI ON [ 0021] As
schematically shown in FIG 1, an exenpl ary enbodi nent

of the present invention relates to a cont act |lens 10

[Oo%be b5 schamaticglly sshovanin FdGeub 9@|%aémp gw embagimgnt of the
pre%%rgfiége%tﬁ}f rdi5fed to! 4 %Bﬁf%g & 15“998{5 Cg %Bgr%ntt B3d porous

ransparenc I's acce
polymet #2.t Alseuz;edd"ferélnk mellmvmc esnsibanenemmadlg dd?senﬂegtmdegree of

of transm ssion of visible |ight throygh the pol r
trangparariey et Roataapiakip Tor B EonAR dens PE TEsieaiFe. far Spenple the

deg?@é‘:éaféggédgpgaggﬁ'l il |§i%ie 'I@Fé‘(sﬁngro%%gf@?olﬁﬂm 'é%'uWaTent to that of

dev ol ymer e one or
othgromatasialy empfayedmerthe)mamufabtuas oétbytaehlerwkeb or other ophthalmic
d unsat ur ated nononers i ncludi ng nethyl nethacryl ate
eVFﬁI@A), 2- hydroxyl et hyl methacryl ate (HEMA),
2- hydr oxyl et hyl acryl ate, nonocarboxylic acids such as

[0022) Y! Pelyatdrd A gv‘ék)lﬁﬁlddﬁﬁidéa@f bloré pairileri2éd) mo@bmer@)l such as

nmet hacryl ate silicone-type nononers,

ethylepigally ou@@}urﬂtqﬂetmwrgna@emclv methy mﬁibaqzwlaéﬁ dMMA), 2-

vl R B (A 65 ol BRI rBoblsyic acio
sucherseacrytics atiule(AA:)rams Mejtmmylhmacndl (MA) gAeudyt eaethaciate (GMA),
tin ent nmolecule is "cross-linked" with
s"'CBB\AﬁYr%‘? "%Z“’aﬁf’éﬁ eHBelet i ng agent nolecule is joined
to two or nore adjacent chains of polyner 12 by

[00233]V al R%ethﬁ@%enﬁmg‘m ¥AnddtpBRite®ntd] CoMREG9ENS Ploorm least a

bot h of pol and the pores defined by pol yne
portlcm pliWAié la@fos&lwﬂ.@dlvvlﬂkequmqrﬁqmwfwhers referrechitp baiﬁlﬂ as the

rorop-itfel et RS B RS o el B 0 ARG o oPbs-tnkecr

withr polgmeaReniiém thecwattimgtadedit sndl8cule is joined to two or more adjacent
chains of polymer 12 by covalent bonds. Some of WA 14 may be dispersed in one
or both of polymer 12 and the pores defined by polymer 12 but are not cross-linked
with polymer 12, and such WA 14 is referred to herein as the “unbonded portion.” If
included, the unbonded portion of WA 14 may be releasable from contact lens 10
into the eye when contact lens 10 is placed on the eye and a surface 16 of contact
lens 10 is in contact with the eye. WA 14 may include one or more wetting agents.
In particular, the cross-linked portion of WA 14 includes one or more cross-linkable
wetting agents (CLWA). The unbonded portion of WA 14 may include one or more
CLWA or one or more non-cross-linkable wetting agents (n-CLWA), or a mixture of
CLWA and n-CLWA. The cross-linked and unbonded portions of WA 14 may be

formed from the same wetting agent(s) or from different wetting agent(s).

[0024] WA 14 may include any wetting agent, subject to constraints in any given

particular application. For example, for contact lens applications, the wetting agent

should be compatible with human eye. In a contact lens application, suitable
4



into the eye when contact lens 10 is placed on the eye
and a surface 16 of contact lens 10 is in contact with

wo bwseyrs WA 14 may i nclude one or nore wetti NECESEDF000398
In particular, the cross-1linked portion of WA 14
i ncl udes one or nore cross-|linkable wetting agents

wetél%\/\@genﬂ‘em#@bolﬂ@!%ep‘}ﬁ}dltﬂﬁnfézf dhd 14HmBy é&‘lﬂa‘t’&f PR (AHA),

nore or one or rnore non-cross-1|ink e wett |ng

meﬁ@@mlgtegnhmlwgmc oacid (Netddy), epolyviaysrratidone ¢PYWR), hextran, or

o, 58 B 0L RGN B PSR e e or

wheh Liked erereineh ta g cigenid Miicalédvdk ehbh bt thaYistedciters is itself a
any wetting agent, subject to constraints in a%/ given
p0§§m a!i@mtlvamdu that amy combinationah1aay twerorgpareet thedisted items

is zﬁ&%’la' ﬁ@%élf?f&saltérﬂ?tn\/@t&ﬂ?daﬁ?% é&ﬂqu%uBﬁ tﬁgpﬁahbplsﬁltable as

unan eye
woudd iHeabhasvstdadnigy agskillesl mr;son mmltheierthyad:m aerwmeran/vcni items in the

oS SR, R AR D o o
B AIIERAENC) Yt By O, oo,

chltosam,tmﬁvlnyiaicobobgrthmhkeemay befsuitabld.i sted itenms is
itself a possible alternat i ve and that any conbi nation

100251, 2 ML ¥ L e ryur R b8l A FAT B0 ha
glydosanmihoglytdraliso calfedvutdpdigsaoetiarigé onBichYs a polyrhéeek
person In the art, such as when two _itens in the

disdesherrias. i mResedRfi Dralycurenie pgid ard DrN-agghiglucosamine, linked
tog@tﬂ@t\/féaélfe‘?ﬁétr cd"?tﬁl ggg W@?}gy&%ﬂg c Bonds. An ;exemplary HA is a

car boxynet | al r oxypropyl
soditan Hlvybbmomaibose (HPMC), gl ycerine, chitosan,
pol yvi nyl al cohol, or the |like may be sui tabl e. [ 0025]

I | ed t al A ' .
10028}, cEQHEREP c%ﬁuﬁéﬁéﬁ*giﬁia"?aaﬂi;ep%h“%rﬁﬁsﬂmmuﬂﬁsﬁoswﬁ'n |
FIGM2I Asiiisalbile MEYARHahawl mhamads?ﬁ)wrpwmesw I6fboth FIGS. 2
| ucuronic acid and D-N-acety t%gucosam ne, |inked

andt:bg@e membaranamayrheaselaeted sothatthgrmolesule ha§ a molecular weight
I kAl ¥
rorf EBGPL0LT 9BBCng, OISR Ao, b e
moletulaheeidit wf aaduitablelamalydberbétweBh@boit 160 wdt)ahi#e 10,
h Fl .
OOO%E(@_DgEgn.h flnvglfftepeentfe?rglggJ w%e?ltsowe Irnrg)lecu ar v:\?elgh’tn ma())ltvary and may

be outside the above ranges, depending on the particular application.

[0027] PVP and dextran are compounds commonly known and readily available
from commercial sources. PVP and dextran that have molecular weights from
about 10 to about 100, 000 Dalton may be suitable. In different embodiments, the
molecular weight may vary and may be outside the above range, depending on the

particular application.

[0028] A CLWA may be a methacrylated hyaluronic acid (MeHA), or another

acrylated HA (AHA). The acrylate groups in MeHA are capable of cross-linking the

polymerized monomers discussed above, and the pendant HA chain in MeHA

provides improved wettability to the resulting material. Other suitable CLWA may
5



and 3, the nunmber "n" may be selected so that the

nol ecul e has a nol ecul ar wei ght from about 10 to about
wao@s/00R@® Dal t on. I n sonme ot her enbodi nents, tPET/SG2007/000398

nol ecul ar wei ght of a suitable WA may be between about

100 and about 10, 000,000 Dalton. In different

aIsSrH%OGééB?n §r| é’t‘@né@lw (J'Y&;elgé(]hdé@)é NREHo A 4ro&y (chh as an

outsid ove ranges I Nng on t he par i cul ar
acrylape 'ncatp)dhat A0 2ssHvk armlyiwn and inolwdesoapwydnefshilic functional

oroG NG b BEAR B oY B AR b G ek gl m tne
reshrtmgrﬁa@nm ray e sianle. 100, 000 Dal ton may be

sui ble. In dlfferent enbodi nents, the nol ecul ar
vary and may be outside the above r

[Ooagben&ﬁ‘r&y ey B IYANENICEpY (0A) RAVITDZpIcRNeL (A P),
dexitah ? La c %ﬁftéb%ﬁ%kﬁé@gléﬁ:ﬁma?l tdtiréyseWablé’(Nlth the

anot ate e acryla roups in

parhietiar aolgmmbﬂ@h@épealﬁea?tidn nki ng the pol ymeri zed
nmononer s di scussed above, and the pendant HA chain in

oo, P B TR A S 1 e b, w14

incluBes BBEEMeY a¥d HA21n biiaHHEEEmBobiEt] WNH49H&UBes MeHA and
(such as an acrylate group) that can cross-|i

ongol FMBranghidextran. utteygetaanqtmro@nbodlmemﬁn\MA Mmclt@ﬂe{mMeHA and a
: end hai n) that can provi de surface
m'xlg@%r Bﬁﬁﬁloﬁﬁj rﬁq F’F@"gesul ting material may be

sui table. [0029] A n-CLWA nay be a hyaluronic acid

[00GHY) . Cpolgniently,itie iddrgorationVa) CLWexsuchas MeHAprovides a
ot her sw{{abl e wetting agent that is not
surprigiag bengitaprth Wﬁ%%ﬁé”'%%ﬁ and ynhenged YW cap degravedhe surface

weﬁé’cﬁﬁtyfo'f ) h'n%'ﬂ?]rla[l AdYeryd a8 %ew%ﬁg%g@ﬁf‘t Evé%tr%jgjtdnhstp/g Goss-

HA” | n anot her enbodi men I ncl udes
ImkacheHA i$ boadéchtct tiner payiined matnix andvs adt readily celeadalie\
VP and anot her enb

thefiiors, 1 plidesamiRere et abiiat e e i, Wik Fonparable
to ﬂgi Qh%veﬁ@%iﬂdbﬂf&ﬁv &bl an dritdnded Mdtahgbbent Sichras HA (see

such as Me rovides a surprising benéfit: both
e.gt F@bl@rlBsAWwe@wrﬁrb@naﬁb@frtb@or t isathat ther eressinked MeHA can

actsaléref \%ﬁlng agent without taking up any space in the pores. The pores can
then be conveniently fully utilized to load other desired solutions, or additional
unbonded wetting agents, such as HA, additional MeHA, PVP, dextran 6rthe like.
As the cross-linked MeHA will not be released, good wettability and oxygen
permeability can be maintained for the entire lifetime of the lens. Further, reloading
of MeHA is not necessary, although loading an additional wetting agent either

during manufacture or during use may provide enhanced performance.

[0032] The cross-linked WA may also modify the surface properties inside the
pores, which can affect the mobility and other transport characteristics of the
unbonded WA at or near the inner surfaces of the pores. Thus, the release profile

of the unbonded WA may be varied due to the presence of the cross-linked WA.
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wettability of the material and serve as a wetting
agent. Even though the crosslinked MeHA is bonded to
wo bespaizyaer matri x and is not readily rel easabdBSG2007/000398
therefrom it provides inproved wettability at the
| ens surface, which is conparable to the inproved

For"i‘ﬁétéﬁ@é 'thé%r@éélNﬁKé%%EMAsﬂﬂaV %%Tﬁ?ﬁo\?@iﬁébeneg&ﬁmof%ﬁé}

see €. Jg A conveni ent
surﬂanes of ﬂwporelSSwhlmt may eramoteshath mebasmnbamd@tw"hﬁ\ad is

it i R AREES ppetct ASaing, BB St o e plh pfoundings.

utilized to Ioad ot her desired sol utions, or

[0038idi t Opeadr rHokosfAE beﬁbflﬂs%mage‘smbc@é‘sédﬁn the preceding
addi ti onal MeHA, PVP, dextran or the |ike.

t he
paregrage qnermfm%m@rmmah still be obtained édMeldAda replaced with
anoﬁértﬁ?ﬁﬂgblet |re I K%%%%?@&Emk\' ity can be maintained

time of the [ens. Further,
rel oadi ng of MeHA is not necessary, although | oading
[0034] ad@ihéichoime ofet pamgulagWA rrtaiytdmrendmri the pmhoﬂlacappli::ation

o i AR R S PRI oo ok

Furtie? P2 WA 8fay bé sERcldiftolstbeide |M&b§§‘e@ dateX BirGihgtdMity and
mobi ity and ot her transport characteristics of the

visogelastia gdopetias sorthaldhe weatting ﬁg@mt car bind agorss wates molecules or

cantfiiiiee FiltonbdTeh B is oretied T RRE Rl tono
perid8.df dime. Nk insc &lso theadevirabie tlhaﬂWN 14Rida st caUs@ S|gn|'r" icant
rove the wettability of inner surfaces of th

VISL@J)nBEgrmmr eubstantighyoreee IpstransPagRRCYRtha MY iRRab vkl
disgerédd irxsth:eirllafﬁ gP Mehr?t %W@Ieggé(?ﬁ'nté'?ﬁe Ege! %g%?ﬂbggewgﬁ?of a

agueous romthe surroundi ngs:
hlghmrmolef:ulahwel@ﬂefahttnn@mthaﬂamrﬂa@emaje&dasaed dan support a

di h | h still b
thickean BT PaiBia SBenRunre R apline S flus iy plapite
advﬁ?trfé@eoﬁnﬁ‘Fl’ﬁ‘s@ﬁleaeE‘r‘ﬁBJS’(ﬁI‘neN‘éA In[%é‘bm-ﬁlﬁjlrﬁaﬁtsc ﬂNFna? be

parti cul ar WA maty depend on the particul ar
advamage@usiymedmﬁ h@)(aGbW,A Fpr insjanse, dhs mayexbihithaionges mean

naififs 3fq R ettt BREEO e BRL Bl inarl ¥oipR Hing fueing

ageaty.l ity and viscoel astic properti es so that the
wetting agent can bi nd nore water nol ecul es, or can

he |
[00 flfo : éﬁy |e5tly &Ngtﬂ,lrggg%log@]tég |rt1 cgnta%? Fen%r1 charnnree%uce dry eye

symptoms or allergic reactions and make wearing the contact lens more
comfortable. Due to cross-linking of some of the WA, a relatively large amount of
WA can be incorporated into the contact lens material; and good wettability and
sustained release of the wetting agent at a relatively high release rate can be
maintained over a relatively long period of time such as over more than 20 days. In
addition, the contact lens material may exhibit improved mechanical strength as
compared to polymeric contact lens materials that contain only a wetting agent that

is not cross-linked.

[0036] Also conveniently, when MeHA and HA are incorporated, the contact lens
materials can exhibit improved biocompatibility to cells such as human corneal
7



period of tinme. It may al so be desirable that WA 14

does not cause significant visual blurring or
weupsventsd al |y reduce | ens transparency eit herp@ihe@200t/000398

is still dispersed in the lens or when it is rel eased

into the eye. Typically, a WA of a higher nol ecul ar

epitteligintels RACEHCE F’Mrté&amﬁlé |Y\ﬁé§be8ﬁ|sﬁ6WhQﬁaﬂq@E@é‘an adhere
support a thicker tear Wetting agents that can

andsgrow on the swiace of hbé/MelyiAdoa@edaeorataotalﬁna@wasaISn some
enbodi nents. I n sone enbodi nents, HA may be

[ooﬁ?ta”hg%ggt&’r%g H\SI-GIQ;§34 gcﬂg p&?’éﬁe ggFegeHﬁattfi}gﬁaé\%g Electron

onger can
Mlcecbs?dolpid (SEM) m‘n@ges)bﬁﬂw interaal §tnhd1mtd‘|@fnsanme pol\x@er membranes
tting agents. [0035] Conveniently,
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ens e co t'o cross-
porBtmrnﬁE) oPotdrBe amlntercmirmbtedew\ehaagkaasmme of tkacare imned or

inkgBFREERAEH GHhah b Crbronegumoss caSiuslBTRwaKe: Piyedagiare filed
witittard ahﬁbé&é MRIiY 24 %l&ﬁ'&ﬁﬁﬁmea&em%ﬁreb%f nRhter diEd WA (not
over a relatively Iong period of tinme such as over

identifiable lmathezmaaeygf FIGSadidv 6).on, the contact |ens
mat eri al may exhibit inproved rrechani cal strength as

[00§§]§pab§ t#ﬁ R@yyl"%?{e r%uﬁa'?)tr%% pg's SBLAH a%ﬁaﬁé%aé?ﬁ( may have

ng agent 1S no cross
diff¢redBéized ¥ heqmne@slnmh iy FIG8e4 td/BHVé\verpbrerlﬁlameters of about 60
‘ |ncor orated, the contact lens materials can exhibit
to abeyt 49 AMbi oconpatibility to cells such as human
cor neal epithelial cells (HCEC). For exanple, it has

[001?9]9n ABOoUsed rh%trelHCEEP pore @aRfiter F8rHNeNHRN a\r@l%ge or effective

surface of HA/ MeHA-1 oaded contact |lens materials.
diameBs7f the crosasectiors! of theimmges4 The effedtive Wiameter of a cross-

sechifR 2 iRl ZN e FebTrter Bf SRR Fotgivon that has

therﬁ%ﬂf% Fress-sastionll ardpasupat as te Inoiedirclfar drbss-Betlorerin some
has a igl ynmer matrix 20 (shown as the bl‘l%t portlons

embedimentyy SURD @somisit thecRolkMen i swelihie whep theneores ate Al ed with
watFE,Ztls'ltgagifesPBf ;Hep Eﬁ?es Ve é% He‘ﬁé{o‘?ﬁ@ BRGhEWAE LoRtent in the

sone o emare-join
polymer. When the polymer is dried, some or all of the pores may be filled or

partially filled by a gas such as air. The polymer may thus behave like a sponge.
In some embodiments, the pore diameter rhay be in the range from about 10 to 100
nm when the polymer is in a dry condition wherein the water content of the polymer
is at or near minimum. When the' polymer is fully swollen, the pore diameter may

be in the range of about 60 to about 120 nm.

[0040] Pores 22 may be randomly distributed. Pores 22 may be distributed
throughout the porous material. Some of the pores 22 may be closed pores,
meaning that they are not connected or joined with other pores or open to the

surfaces of the polymer. It is not necessary that all of the pores 22 are

8



linked with each other to formone or nore continuous

networks. Pores 22 are filled with an aqueous fluid 24
wokioshemant ai ns a m xture of water and a WA ( NPET/SG2007/000398

identifiable in the imges of FIGS. 4 to 6). [0038]

Pores 22 may have round or other cross-sectional

interBGMRsctEd @lrf&%ya§1 Metedully aiseissad Befow, [dhalirRF of h.ﬁs‘én polymers
in FIGS. to 6 have pore dianmeters of about 60 t

carammtp@eeremnw[ bawd) mpge (Wedpsseirierconnegtade mras:reaserwould be
un Ce?%tsrg_asbé/o?g%ﬁggﬁgs[ e or effective di anet er _of t he

ction e pores. The effective dianeter of
a crosssection that is not circular equals the
[00d11 hne Semebdf thedVACubculesdasorperdtedin tHeadortast lehe neaental are

Crass ional area as_tha t he non-cjrcul ar
Crog$-44 g %ei E‘ ithe polymer dﬂ%t”énﬁ'a)'iiﬁlﬁb weader ang HnH%”MWA may be
dls@&’séa‘?ﬁt sy@l ?f%tﬁxﬁﬂsg)ow@ BGHFI u@éewg fela‘?ﬂ btoiﬁded WA, if

wat er, or es may hange pen
presémrt, wmyebe camoeett of reledseddfodm riee pordfseand the ;pmiymee matsx
dried, sone or all of the pores may be filled or

10083 Fhibbalerils o REEICY R Peanola iRLY s the

poIYtﬂéEnﬁt@r@ﬁ@éb@lﬁb’ZEbﬁft%ﬁoﬁ FIG. Ao ut BO'Wt@@f@iﬂFIGOStéhdeQout 35
the polynmer is in a dry condi tion wherein the

M"/mé@re‘ lGe &ntlerﬂacbfcaﬁﬁeth@oawsﬂ@u& cyitainsabowt Aiwkinef the WA
ano‘%%%%{“% rﬂglﬁw&er F H:'aﬁlt u}”@t e fe}%t% Wwa égbgér%gﬁfa%e on the

baﬂf@ﬁﬂi@]al%@lst cﬁZhematbaalnaciddng}thdlaqueobsmm:tenﬂor es 22
may be distributed throughout the porous mat eri aI

oo e BB o el R R ST VAN Masabe

frorARAtdc? Idriie1 G WheAGESs pMcddish, I%‘HdYH%ntddt with, Eﬁteye The
necessary that all of the pores 22 areinterconnected

unbsinded VYA melesulegimgy dl%aé@@@gbéhgmu@dﬁmau inghen use,

§
e R 63 o SBARAEP e BBy G, Bl ofonmer 12, suen
as ldurfaed 180fcontadtdédsl]0.STme ubohtied WhAMbleculeg that are
i ncorporated in the contact |lens material are

disparsed I polEter A2 Ay RISoRNSHite RRIes Biter mgrtRgIoy diffysing
throtifh tHBRRINARE: Matay be

[0044] The release of unbonded portion of WA 14 is facilitated by the
interconnected pores and the aqueous liquid in the pores. The release rate of
unbonded WA can be controlled in part by altering the size and the degree of
interconnection of the pores, and the properties of the liquid in the pores. Thus,
polymer 12 can be conveniently used to deliver a wetting agent in a controlled

manner during use.

[0045] Unbonded WA molecules can travel or migrate within polymer 12 or the
pores such as by diffusion. In general, unbonded WA molecules move in random
directions but when there is a concentration gradient, there is a net flow of WA

molecules from the high concentration region to the low concentration region. WA
' 9



di spersed in the polynmer matrix and pores. During u

wat er and unbonded WA, if present, nay be renoved oﬁ?CTISG2007/000398
woeb@asedsf rom t he pores and the pol ymer matri RCTSGO@2J0030s ember 2008

In the materials showmn in FIGS. 4 to 6 , the aqueous

liquid content in the polymer material is about 25 wt %

for FIG 4, about 30 wt%for FIG 5, and about 35 wt%

for FIG 6. In each case, the aqueous |iquid contains

n@h&uteslm@y a0k ﬁa?t%r WAt Borel Eihér?ﬁ-L Pblgm'éﬁ'ﬁ'\%hé’}?{h%r pyres are

.f@% @_‘ | % % refers to we ercent age €
e %q‘f tal weight of the rmterlal i ncl udi ng the
aqueous material. [0043] Wth reference to FIG 1,

[094Bb unGenvariertiyptheoblclide dﬂthewetth@ dRheas b thafitaifkd fora
on, .and i n contact

ofBBRASL o) 808 o0 KO i b 2oblla 5 e ki ptesipua e
pmehmiurgwrmhe betausedvAHase dlspetshd ith theQf PONART b@sim@pnmwth

SO BRDRRPYth B hrh S e LRl dstae b poves s

qylpihs FRiRasedat adlighdesseraet Thedigh efeaise egtel ayplRky fer 12
e*%lé"aﬂ%wﬁdﬁﬁr T%Q‘?el@%?e?at@(/v Iﬁbsg]g?érgtﬁ%é] ?%ﬁ{@dg@g@] réerl]sg

t hrough t he

di Ve W@lﬁq‘@ﬁ inpthevimrasthave diesmidy ibean ethsty rélmed The
reldake bﬁﬂﬁﬂﬁfbbﬂged)%ﬁiﬁ %Bgnt; REw %\gértd ?)é&{t@g% 906 are atlvely long

or.e rel ease rate
P‘% '8Ht°? Hmeeeg & Iqwerieleasy rate: a8 thﬁgmbned@ YA dispersée inctbgr ee
pafmemdierie onnedhiodhe 8b
[;:j%é N e o AR i IRy RRE bt B
conv ‘?‘?Sy‘t B to deliver a wetting agent in a
controll ed manner during use. [0045] Unbonded WA
00 le c fFayepimntly.the efoserlinking pia eomioh o thepOLYAG Bgdm wih the
dt ey nﬁgpj]s eral , unbonded
pﬁ@er'r.ol etgﬁl es m@‘@mpﬁe?@%’g g{?‘élgitﬁttgﬁ'ge RRtPUS R Eher e

a entration gradient, there is a net flow of WA
0881 o SPRST PonsRet e 'SHV%ﬁ&@rﬂaeatth@nnmr@ge@weﬁabmmef the

lemaﬁur@oacenmcmae@ny é%smptoh‘\éﬁaxléﬁﬁa |r€e§ctn6ﬁ% eHdacﬁ&l, miort

mer
reduicorh Ay, 87 BBt B0 garRe e ortast it dhibmyppiotes
unP@'PC@S‘S\é(Adﬁ Drersa@nhmaanrh@ @giniosirelRseRintd Hder, WPﬁcha}nay
further improve the performance of the contact lens.

[0049] Inone embodiment, polymer 12 may be prepared by polymerizing a
bicontinuous microemulsion that contains one or more copolymerizable monomers,
one or more surfactants copolymerizable with at least one of the monomers, water
and a WA, such that the resulting polymer has inferconnected pores filled with an
aqueous liquid. The WA is dispersed in the microemulsion before polymerization,
such as in the aqueous domains. The microemulsion may also include a
polymerization initiator, such ag a photo initiator. Conveniently, at least a portion of
the WA also serves as a cross-linker. Thus, in some embodiments, no additional

crass-linker is required. In other embodiments, an additional cross-iinker may be
included in the microemulsion.

RECTIFIED SHEET (Rule 91)
ISA/AU




| ong period of time such as nore than 20 days in

exenpl ary enbodi nents of the present invention because
wWM2002461239 di spersed in the pores and pol yner 12CT/862007/000398

some cross-linked with the polynmer matrix. Initially,

WA di spersed in the pores is quickly rel eased at a

[ooBoph FSPe@Fé\ﬁt)f aticrdORulbicH? refe?aseo I at QhéWfYodyﬁ%chél@r stable
exanpl e, few days. The release rate will then

dlsu@@ma@feom; liquid phase iato gnethesiliquish Bpses e dhevnicroemulsion may

be ARG R IERR Toy St Fufariiin OHECE: My phases s

hydn@mﬁm@br lipephstia (sutkeas Watér) rapidathevethgr iohgdrbpholsid arflipophilic
| ower rel ease rate, as the unbonded WA

(sugh saﬁep@)ed Tynicals 561 Jrapletsondpmain diamealess ﬂfhé"'ﬁ&e@éU'S'OnS are
oo GRACH RO . RSB SO B9Bh il Lot 1

- bicemtramukimikcroggnuisioa, pach bbimedivot Iitpiidvphasexisapatinuowd. h
the polynmer matrix may aI so provide inproved strength

th t I t i
(0053} " EpBIVBLEedesa Chua, Wit mab s FRMA Bhich B3 the e Shown
in G Ba%eCMBH%eQW W FIGEcHY B@b@éﬁareé'dc@éﬂilrﬁ‘g to the reaction
reactions, and disconfort resulting from

routsoiliEistrated dn EHa. Tedherganufacien phMe lbﬁgcordfnéttnd:lG 7 is known

o RRRASESUAT PRI e, R, g R RO

meﬂ%ltfwat@E(QPMMA) isheorpagdtes to bambxy[lcﬂééais in hyaﬂ]&)nan by using 1-
ymer 12 may._ be prepared by Eg)&y?merlzmg

Ethé(l %1[%@%?%@'@'”%%5%@@wﬁ'%'dvdf@éhl%'ﬂﬁé a\d tror e
hyo‘é%%’ﬁe\ﬁ%fria%@%' (ﬁd@l{?%@oﬁf)llﬁi 8g8htsOHe lar‘é'bga?éﬁo"f\rﬁfswleHA is also

ol ymeri za one of t nononer s,
disowsised imttie Btevsturessiodh ahat Mt Ae Priaszlet ahg'Redéaseeof wetting agents

U L e R A Y
90 PHeYEMbftEPriz’)SHAM MR, | Kint B6d TATEPHK, dpémP@.faturEh@spons.ve
m croenul sion may al so | 'ncl ude a pol ymeri zati on

and @egradeble, hygwhn@sa@d/mwealq aeimpegiterhydmegale fnraentrplledirelease
of Hfsd ofpRBH $H8f" }ou?né"%f@o%?rgﬁga‘ﬁ?e??%% 2002 vol. 80, pn. 69 to

Cr oss n sone e no ad

77(0),ak& félenmrcdrﬁeﬁts a@fieaell of Whicht dverinesrporhtog hiesein &Y reference.
addi ti onal cross-linker may be

[0052] The WA may also include a HA, such as one having the formula shown in
FIG. 2, which is available from commercial chemical providers, such as Chisso
Corporation of Japan. The HA can also be prepared based on the techniques
disclosed in, for example, in P.A. Band, “Hyaluronan derivativés: chemistry and
clinical applications”, in The Chemistry, Biology and Medical Applications of
Hyaluronan and Its Derivatives, T.C. Laurent ed., Portland Press Ltd., London, UK,
1998, pp. 33-42, the relevant contents of which are incorporated herein by

reference.

[0053] As discussed above, PVP and dextran are common chemicals readily

available from commercial sources.
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included in the mcroenul sion. BECI FIE SHEET (Rul e
91) I SA/ AU 0050] For clarity, "mcroenul sion" refers

w0 2008/06(2¢y nodynam cal | y stabl e di spersion of oPer/BGHuoi/o00398
phase into another |iquid phase. The m croenul si on nay
be stabilized by an interfacial filmof surfactant.

[005¥F OfThéNRoh¥Reld Gor fbrﬁh@?@ﬁe 'b?cdiﬁﬂb%hhldr&erﬁﬁlsmn can be any
[ i'pophobi ¢ (such as ter) and the other

suitabler m@mmner dnoMinp dp hperisons ssiitechgnothie) artrywhml lis/,capable of

corihutridts HnrinsiferbOgPeLte oy bRty WhiG Hie fichomer i

copdlyehérerabls withsaritRert MRBART &lich dathe @m&mmwmonomer may
m croemnul sion, each of_the two |iquid phases is

alsq ba ohweerizabje vathitsefe Thatynecandiamosntofthe manemerdat may be
em@ﬁx&mﬁ %re?_té&g a?.ut%B @Eg?@&%%fc&{rtagioﬁgw@— :)bee lﬁ@dﬁw to a skilled

persmcEkemprawtrgommes apd eethylemEil(ﬁ uﬁisatﬁl‘aedanohambw éncluding

accor di to FIG 7 is kn rson

M'\@kl"i\ﬁ'gg‘ 2Ny 8" thyl B?W@*?'ymoﬁoﬁi‘r %Y'ﬂp %ﬁéﬁé“ﬁﬁ&?pp‘ﬁfa”d MA,

GM%t %FIH' |o?>?\|eyt d"orﬁ&‘sh it BofmBirBhs iof tl‘f&@ M@RbRErs can
to car oxyl ¢ aC| i'n hyal'uronan by using 1-

alseebéyised- [ 3- di et hyl ani nopr opyl ] car bodi i mi de
Hydrochl ori de (EDC) and 1- hydroxybenzotri azol e (HCBt) '

ong81 SOAMEREFIL urd oSBTy ap i

oth&l monoerieadeptiundstd foen agonned rThe N@rlfécttéﬁlol’@r mmaure can
| enses’ I nvest. Ophthalnol. Vis. Sci.

200
be any suilghle ﬁtiEf@CtQOt?th@h eAR CAOhERerize With At jeasaﬁae \af the monomers
it FiaRembicton - Re o P RTEPRE RTPRS U s copolymerized
intottird podyeher, tltere dé® nb maleddd sephrsis ¢theSutfactant fgormvihé polymer after
qurnal of Coptrolled Rele 002,. v
90'%3"%?3'0"691Jﬁ'%C?'?P@)ad"taﬁ Qeé’lué@éﬁﬁ &8&%%&%’"8?“%%8??@(53 1S
S,mm&h are incorporated herein by reference. [0052] The
may al so include a HA, such as one having the
formula shown in FIG 2, which is available from

[002%melncong eaherinaent, feosurtaotant is acwikerianic sygactant. For some
appggéstg)g‘f ﬁﬂarf&fmcj rﬁg?‘né—w‘ag %vaﬁéﬁep&s qfc?rqﬁétfaﬂce,i itn is

tec nlques NPy or ex
expBctéd tBahﬂhe ihtiysionraf rarwitterionia tsuvfastant heay @Itdw/admétment of the

WA release profile through variation of pH in the microemulsion. The zwitterionic

surfactant may be 3-((11-acryloyloxyundecyl)-imidazolyl) propyl sulphonate
(AIPSA), or SO3(CH2)m NCHCHCHN(CH),V, where m is an integer ranging from 1
to 20, n is an integer ranging from 6 to 20, x is an integer ranging from 10 to 110,
and V is (methyl)acrylate or another copolymerizable unsaturated group.

.[0057] In different embodiments, other suitable surfactants, such as those
disclosed in Chow, may be used. In some embodiments, a nonionic or anionic
surfactant may be used. For example, a suitable nonionic surfactant may include
PEO (polyethyleneoxide) groups (such as from about 15 to about 110), and a
suitable anionic surfactant may include sulfonate and carboxylate groups.
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clinical applications”, in The Chem stry, Biology and
Medi cal Applications of Hyaluronan and Its
wmeooswe2iyes, T.C. Laurent ed., Portland Presspdi/sG2007/000398
London, UK, 1998, pp. 33-42, the relevant contents of
whi ch are incorporated herein by reference. [0053] As

ReCU ?ht?@/ an & 13BN IrBi i
[oofgggdi ?\ﬁeal aEFﬁﬁgﬁ?@g%@ﬂﬁﬂf s1§ur ces. [uggQEWnﬁrﬁéiole 'S
formed byweacting 1 f-brermagndéranol withtimidareleby ada@utesiction can

BTG, BBl SRR EL  UP SR BRI SP b 8 using 1.3
propaRé-RaRoM® RO cdriespRhaing SUSIONAIE (3-(MALhRIrbRINdR_PIET

~ 1s copolynerizable with another nononer such as the
imidagoilbpreny! sulpkonmabnEinattuy anlaseyiale greup ieafdediethg prgcursor

sulﬂée Iﬁrc%ﬁté (teo 4 E{b% ubéRg P%'}\dwm%%rﬂéri%%@% ﬁf(ﬂ?fg@rga{é@ét tﬂgy‘taﬁe of the

0 préepare a sdi

moldcale0 €ThE pieparatidn ofok! PASHIsalé® discaksdd imcthpditerature such as in L.
art){i nmononers are_ethyl enically upsaturate

Liu %E@m&yg nd @ggat rrieangiromeggntact g ,Xlﬂvggthgphtf?almol. Vis. Sci.

ol e v L 3 ,
200548 P pbstr AR QR RAGalEr TR i AFleuaR AaRe Y hnicire
incoripesatedbeceie by retereateso be used. [0055] A

pol yneri zabl e surfactant is capable of polynerizing

ifh i.tsel f, or with.oth ' ds to,f
[oo%b],0, Bivdieed HiRkeill, R itdrafient BppRUnT|SBH A e pripatiaR ofthe lens
mafeiial MelRieSWdtRthéBhsé kampoaRd Ghddied YiRibIE Sakd bhdéfivatives. For
| east one of the nmononers in the mcroenul sion. As c

instgBcapebd mewRe hpibrinerorRmUndShawn IF Kbpb| gsany sdtable salt
or YEHlB SorPal Tompdi il A SuREHIBERSHSRYE 38 HeRub@oof the base

conspaurikethat vetalinagte ushaaactelistipfunygtienalf groapdsi) oh the bass sompound
inplified, [0056 g&n one, enbodi ne

| S Si i rent, t
and; BR.BIoMAEFL e SAMA ehaRIrsSG aEGIRly pbine bage compound.
FordBRinh 98! & WfabeVddivalive U MSHATREY B! SndTiat #etains the functional
advant ageous. For 1 nstance, it IS expected that the
groupdbusrass-linking witht ther polymerand the & chaip farlimgroving surface
tidti'l stment of the WA rel ease profile through variation
Weq'ﬁﬁinthe m croemul sion. The zwitterionic

[0060] The preparation of microemulsions is generally known in the art. For
instance, an exemplary procedure for preparing similar bicontinuous microemulsion
is described in PCT Patent Application Publication No. W02006/014138 to Chow et
al. (hereinafter referred to as “Chow”), published September 2, 2006, the entire
contents of which are incorporated herein by reference. With the modifications
described herein and in accordance with aspects of the present invention, the
membrane material for contact lens 10 may be prepared according to the

procedure described in Chow.

[0061] In one embodiment, the bicontinuous microemulsion may be prepared as
follows. A mixture of the components for the microemulsion may be dispersed to
form a microemulsion by standard techniques such as sonication, vortexing, or

other agitation techniques for creating microdroplets of the different phases within
13



surfactant may be 3-((1
1- acryl oyl oxyundecyl ) -i m dazol yl) propyl sul phonate
W@ 200B860249 or Sq 3 (CH2) m +NCHCHCHN( CH2) nV, wWhePET/8G2097/000398
an integer ranging from1 to 20, n is an integer
ranging from6 to 20, x is an integer ranging from 10

thetrﬁlxiltfrg Aﬁ@ﬁ’\abvé@ {HELRA PR d agll% Sagéeoaﬂ'%lh@‘i a filter having pores

copol ynmerr zabl e  unsat ur at e roup. [0057] Tn different
on dhbodanemetsr scaler sguas alol ereatef fioe adthpJetsmer@rmrtdmg;ean the

proffiRnR 6 ofalb obP BBl P hSc Al ey EOREHPAESNE valle®of the

surfa¢edm! the @ro‘iﬂété 2ahee onbMH withlif a6d Apei®ad iMm@btetqreferred to
PEO( ol yet hyl eneoxi de) groups ﬁsuch as from about 15

as mrma @ @MW) miereemalision), 2071 ewaledrwvith svatesidndispersed in oil

(refiﬁﬂ)%hgg)e } Hy%@é %ra\r/\ﬁoc%f?%lﬁéﬁnﬁr 8HRRe [rg%gémﬁ,sf)% can be

zed as fol

bicdritinuptis Oxinuthdepidsent eatbaldiméent, ftive roerhfnnentsahdntbeir proportions

11- br onoundecanol with imidazol e by .a.SN2 [eaction
are ReleEed smt Hﬁhaﬂ'@ﬁ‘t'@HBF%@i'@@W'?"G%ﬂﬁé‘?\rﬂ?‘?% rgreparing polymer
g2 precursor internediate using 1,3 propane-sultone to

‘'t he correspondi ng sul phonate (3-((1 1-hydroxyundecyl) -

i m dazolyl) propyl sul phonate). Finally, an acrylate
[0062bupThe sinidbdetad tha@iqmﬁouos@misnmphdﬁanenaw bprs'milareto those

h a PR | zabl r ocat at . the
desgiibenat et FEineTRiEpRayGidt A Ao Blaferidfgish bontain the
moRbMHEHs SREl agledlie dbinafisAvHICA coredinake laﬁubouérflwdetﬂfése, domains
"Wetting agent release from contact |enses", |nves

arecﬁﬁldﬁg]lyr[QIstHW@d gnd  respedivelys intemeanested, ®xtending |n all three
dlmghgfo?\'sn%gﬁ tp& é)lﬂ aomélng e{rg )ﬁﬂéﬂféﬂ“tﬁ%ﬁﬁgn&%fotng aqueous

I ncorp her el erence
dorhanel n'esulm mmgtadomﬁctednrmneslduledemthntmhaqﬁemmmtﬂumh that was

pregent e Sareays douns " 5he TR s TitiabiFspermen s i daueous fluid
andv%?t"ﬁeg?e sQﬁlebBF hhé NeLARRANNBE he¥linked Mith the %rﬁ@b’ during

suita salt or derivative of that conpound.
polguetizdtion. deri vative is a derivate of the base corrpound
that retains the characteristic functional group(s) of

ook, D398 RN B o bl A ap suaont o

a givenTapplicationUimagbdepeates bviathev appiicatibhiA wehﬂlypmaey lsbuld be
retains the functional
chosen such that the resulting polymer is suitable and compatible with the

environment in which the polymer is to be used and has the desired properties.

[0064] The water in the microemulsion can be pure water or a water-based
liquid. As discussed, the WA may be initially dispersed or dissolved in the water.
The water may optionally contain various other additives having specific properties.
Such additives can be selected for achieving one or more desired properties in the
resulting polymer, and can include one or more of a drug, a protein, an enzyme, a

filler, an inorganic electrolyte, a pH adjuster, and the like.

[0065] As will be understood by a skilled person in the art, a nanoporous and

transparent polymer matrix can be obtained when the components of the

microemulsion” are" in° appropriate ratios and the droplets or domains have
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group for cross-linking wwth the polynmer and the HA

chain for inproving surface wettability. [0060] The
w@empasety on of m croemul sions i s generally knpensGrooz/000398

the art. For instance, an exenplary procedure for

preparing simlar bicontinuous mcroenulsion is

apﬁ\?}& tebgged.n AETs ReoH td\ﬁ‘)@'récﬁif%I sRNed’UR! theahit Ok Ib‘é{ermlne the
006/ 014138 to Chow et al. (hereinafter referred

appaepriataoproportisulsi PEHbe Suppemts SUitabEodor forningta rb;contlnuous

michithBlohe & el i PRASE ot RREEr B MalBhirbuderang the srpfoctant

may rb@qnﬁgd@@c €Thié tregisp et shefdiddranprodse’pohdingntd dingle-phase
the nenbrane material for contact |lens 10 may be
mwfﬁ@'ﬁﬁ'ﬁl@d‘ Ay &edﬂﬁ@t'fi%j @P@tflﬁ BMUW@%@S@PM@@@PQW%HWV be so

cho%gg &Lt khatAR8y ?é‘;f;\?/ghfﬁet% Idéﬁgleg'srggﬁtn' V\géﬁg\n skilled in the art will

roemul si on e prepare olTo m Xt ur
be abke: toagjost ties pfaportidres atomrdmgﬂcsthmdragyar’nemdomipertseed:hleve a
m cr oemul si.on bglgtst andard te

to f h
cerlal R5TRBIR PERR LT sPeuling Panes: fumelodhs, oBaton of a

-blcérﬂfno%qﬁfcfd&lnmsﬁfnogéﬁ’MeeéénfﬁﬁeﬁhﬁsﬁgftéaﬁrﬁaﬁeQ'P(ﬁéﬁf?u to persons
hinthe m xture. Alternativel e m xture may be

skllbdsmethe farbudhoraekaimpis, lﬂnavcwgdtmbwéys afntheh enitairemeay rincrease
create f ne dr

subafa(%%pf W@ t?e \}HW%‘?JEU g%ogttlgwau? Egﬂqle nc%nduc |V|Fy of the

m|xmtdfrﬁ@,hbb¢néasﬂﬁ§bldsﬁwQ’é'déﬁdQétl\li anéter faitet dtrhting B€0.1 M sodium
droplets can be swollen wth oil and dispersed in

Ch'Q/Meeﬁ‘fO"étllQéT'@iQﬁ’@ métee. nor mal or O W-ni cr oemul sion), or
swollen with water but dispersed in oil (referred to

[00€€a]n' NG stle BicotifuBlS rﬂ&%ﬁ]lﬁaﬁs cdh bUTSgHé& Vﬂ%%rﬁbeﬁlons of

I cont 1 nuous. the present enbo
the mnnmmentssamcéstpleetwelp rfmm) |abou’n $5 do aboet 60twl%sfortthataqueous

o Ry 0T DR s SRR R B b SR SRR pomerc.

andrémOABit 00 MOULED WIBi forthd Qur‘fétﬁéﬁt(g)esﬂﬁé Redebls liquid may
Chow. In the mcroenmul sion, there are oil domains

conigin ehaiobyrwaien tThe Wi erstent imtheaqicroamutiomimay vanydrom about

o1 BUSBHE S5 B 44 SR SR 3BURE Y g one

embatimieht,tMeBId is used as the CLWA and the MeHA content may be about
0.25 wt%. A mixture of MeHA and HA may also be used, with a total content of
about 0.25 to 0.35 wt%. The WA may be dispersed or dissolved in the aqueous
liquid.

[0067] Persons skilled in the art will understand how to combine different
monomers and surfactants in different ratios to achieve the desired effect on the
various properties of the resulting polymer, for example to improve the mechanical

strength or hydrophilicity of the resulting polymer.

[0068] The polymer should also be safe and biocompatible with human cells and

human eyes. It is desirable that the polymer is permeable to fluids such as gases

(e.g. Oz and COy), various salts, nutrients, water and diverse other components of
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di mensi ons. Wen the oil donmains are polynerized, the
presence of the agueous domains results in

wo ndosrneanect ed pores filled with the agqueous PETIBG2007/000398
that was present in the agqueous domains. The WA is
initially dispersed in the aqueous fluid and at |east

I
thegegpﬂmﬁ t??ener . 22}94? éié raf.ogbﬂﬁzsmgtrmg?éh W ;5619mepkafd?m5tes the

uring poly he choi ce and wei ght
transpoiro aff galses,panoieculear nuinentsr aned mmefralet 4ot theoreye or the

e b SO T B2 B B o o some

emb@émiéntmfnaéyméems|rﬁ@ht;@blc%naﬁfbmaé¢rhhﬂlew aihd tlmg -lasting
envi ronnment in which the polynmer is to be used and ha

delivaey ofex loagdedweltieg apest Of[QibeﬂﬂU'tI*Héaf\ﬁﬂﬁbr in the
m cr oenmul si on can be pure vvater or a water-based

[Ooé;bgm Qheﬁaﬁggb 2\{3&' b(_%rtt ch‘lﬁﬁed %tﬂ‘l@'rﬁ&froemlillsmn can be

persé
detepmhedalbla;se«toonavanm&r|faut5)r9t heln athietaly esnéhafactog is that the

h d b
corygrtratien eb VB T6hR) shiiid iioh snchiohier Pradding desged surace
wet’t%l‘rtg/t iapg 8 QY dé’sﬂ%b‘?@'?até"@f%%é%@%f’hn%h&e@fw&tmg agent

a protein, an enzyne, a I'Ter, an i norganic
durtﬂge@BEoI ﬁenerdlypl-hlghlqemmadlng a/wu nenaltllnkblghpoer]aSAsrate The
under st ood, by a skilled person.i,n
tranfipitobo s SRR o reRufito e mBE Malfd s BRfRL Yacr. A very
higl WAI 158dinghaay tdifect tHEPPRESY 8qailibfitve of meorﬂmdd)QhQBloﬁlf Brecursor
I n appropriate ratios_and the dropl ets or donmin

anchiheer@spitiogrrcdyrees maderial may sokhewH wr}sh{rtmamtl | Tegts show
t r r VAT

thaffn; 2ind cmuddnfehe TSR, BERERRL GrEbB! H8Bblad khen up to

about @ 36 milesHAOr MeHArlsajoy\tm?e@m theagnicroemaitsidrine A further factor is

nononer, wat er surfact an pr ared

ther BGRRANIEA Pirberiay ph e SPruliomAVES o EAPRGEN Sbew That the

cormeﬁfrﬁﬁéﬂ‘ '&'@.Wvﬂadarpﬁffé&etwe' 66I?ﬁ1e?§%é@ﬁerﬁéél%béﬁi’é§ Of some
he conponents may be so choséen such that they f

emhpdlmemts hémpozved frnechanicalomroperties s can skel Ia@bla\Iﬁdt mden the

corfghihon oL fod v e JBr poll  EIEBIL W, TE Saficpusion is

pol?h@ﬁﬁéd 1o fotmt i@ an§sarbht &8d perausaiolyrhef Wh@fem'tﬁ@WA is dispersed
ormati on of a bicontinous m croenul sion can be

in the pRiMRIENSIhegreres hand ableashsamerd the(ddia molecules are cross-
linked with the polymer.

[0070] The microemulsion may be polymerized using a standard technique
known to a skilled person. For example, it may be polymerized by heat, the
addition of a catalyst, by irradiation of the microemulsion, or by introduction of free
radicals into the microemulsion. The method of polymerization chosen will be

dependent on the nature of the components of the microemulsion.

[0071] Polymerization of the microemulsion may involve the use of a catalyst.
The catalyst may be any catalyst or polymerization initiator that promotes
polymerization of the monomers and the surfactant. The specific catalyst chosen

may depend on the particular monomers, and polymerizable surfactant used or the
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skilled in the art. For exanple, the conductivity of

the m xture may increase substantially when the
woramsoeirwd si on i s bicontinuous. The conduct i vipgr/eG200tve00398

m xture may be measured using a conductivity neter

after titrating a 0.1 M sodiumchloride solution into

methd8 mmﬂfyrﬁeni&%‘a] = %@(Qﬁ\?lé" 68RHMAUSH can be achieved by

m Cr oe SI ons can fornmed when pr oportl ons of the
subgnnhpgrtbetmlcmmnmle@pebtultrewglet (W) sastiationl § & phetbedoitiaBy is used

as {Poreidlyth 5 CRPRARY BRoKralteRi HoORgG ror cengRl 2 pheny

acetdpHEdRRUDMPAY Gnabaiben2fketobef OA dddexsnifid®etaay (@30 be used.
The aqueous |iquid may contain mainly water. The WA

Exeroplasnt redox-indiatersr oealuei cxmmepiumar )Dqﬁ;!dﬁh%‘@ou@n@) N.N,N',N"-

tetr%&g@&?é%hyl%ﬂgodg%rme WEB?«t)f WB&%BQ gﬁ%héﬁ-ﬁ@%ﬁmnd redox-

initiatodt ridcakb e ¢sud. elntthisagghed, &mrkudan ir2 thentnizturd an ititiater can be
of MeHA and HA may al so be used, with a total_ con

advgntagesys. d. qulﬁmérlg@th& l%tlaiq{én%bﬁ%bogéod‘q whére ogi 0.4 wt%
oftﬁiﬁﬁ?ﬂogﬁﬂjég t he aqueous |iquid. [0067] Persons

e art will understand how to conbi ne
different nonomers and surfactants in different ratios
[0072] acBoeveniehtly ddbe rddVés cross-lioks tthe podymelus However, to further

ertle of t,he result,n f t
profiold srbs Rl fieER bk DRI les, I ind B dymer, an
additithal efodstlinker MWB@faddeQﬁ%e Migtups mébm@bgnak@@ include

be safe and bi oconpati ble with human cells and huma

ethygae . glyeoli dirrtbpeaiate (BaPMMe dithylese gb/Cpb!dﬂmama@rxlaie and
st o, 3RS A o, Becr ERB I, YRS A e pobmer
mol@i:ules dreacrosbkuinked Tti@ pogs ediffieulofit isafopispersed wetting agent to
oG SR T T St B G e or o
wetﬂﬁ%'rég%nﬁuﬁ*h‘é%té‘ﬂsof the Mbsd- Iubl?eracpa‘?{ feréfors bb@leét@& to adjust

ary polyners according to sone enbodi nents of
thetraleage gatent Inareasing dhe mnrqllr ovnagatration of ithe |osaissatinker can also

e e PGS et BtivRap STHES aRBlaor “a' ( and

CLWA) included in the m croemJI sion can be
[0073] As discussed above, the CLWA such as MeHA is itself a cross-linker

and, as such, it is not necessary to include another cross-linker. Since the CLWA

can serve both as a wetting agent and as a cross-linker, it may be advantageous to
use CLWA in comparison with using separate cross-linkers and wetting agents.
Including the CLWA may also provide flexibility and may be advantageous since
the amount of additional cross-linker to be added may be reduced without reducing

the overall cross-linking of the polymer molecules.

[0074] The microemulsion may be formed into a desired end shape and size
prior to polymerization. In one embodiment, contact lens 10 may be formed from

the microemulsion according to the process illustrated in FIGS. 8 to 11.

[0075] As shown in FIG. 8, a mould 24 is provided, which includes a male
portion 26 and a female portion 28. Male and female portions 26 and 28 can be
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determ ned based on various factors. In general, one

factor is that the concentration of WA (CLWA) shoul d
wheoobigiz4enough for providing desired surface PCT/SG2007/000398

wettability, and optionally desirable rate of rel ease

of unbonded wetting agent during use. Cenerally,

detBERHH cbQREE NEh ||1‘1err ﬁ?r\‘ﬂc’e 36‘ﬁhh\%ﬁ@b?ﬁ%h9§§l§ doRlEx shBFed and

transparency an arity of the resulting pol yner
thenaner sarfades 32raft flearalé ammxm 28 igecorraspgndinglyl contavg sigped so

th libri f th ' | si
VSt PR AR T bR R TG BLIE g s 0
and’82 gfihd 8idRRIrbY profe seatheontekR$érss. show that, in some
enbodi ments, transparent polyners can be prepared when

ﬁg to about 0.35 WMt% HA or MeHA is contained in_ the
[00ASLr oAmshemanin FAG: & eresitablecampount ot the preparad migroemulsion 34

is fifﬁg}%%[oglt&? idh ES éHu'oHiHJ 8@'@/ gﬁhrgpg%’fsf fth NMotipRiPl female

e concentra on of CL
porfion \28etc sompedsm nnabemMentMemtolmeS@emrednblwbe‘rBBt defined by

.1 nmproved chanj_cal an be achi eved when
mner@r@gﬁge PAY| maﬁisP'P Q'@:L -fromabout 0.1 to
0.35 wt% The mcroenuIS|on|s pol ymerized to forma

[OOWPHSR%%'{N@I? e %lr'ﬁ e AERortibRy 26 arid28 Whay He first coupled
di'spersed in the polymer and the pores, and at |east

andstheemisroemelsanmayde thereinjeated dntodbe ioanidyl ofithenmaned. For this

puroe g inisei e (G MRk BetelBae ¥ e per con.

For exanple, it may be polynerized by heat, the
[00Z8i t Nﬁmoemuislmtselnymoukb)ui is thieeh sbject tofpde_erization reactions.

m cr.oepul si on, trod ction of fr ralcl ) L
Polymegzatipn maé/r%‘:érﬁjleg?/%gy'ﬁﬁé ﬁﬁ‘?'ﬁ@tﬂ'cgf @ﬁ tatl‘?bﬁradlatlon
TheE ARSI S| érebﬁuﬂ? %Wé‘r‘izé?.? td h@rnqaé gfo?ﬁ/rﬁér tWferial as described

Si on.

conmponents of 't m-cr oemnu 71] Polymerization
aboyk. t he microenul sion may invol ve the use of a
catal yst. The catal yst may be any catal yst or

oofSH Y TES SERLR A8, 197 o DR TROER P OB EARhE 35 whic

hasCtieatigsitedBRape. NByn@EPeIth B8 Mhg A rémouedfrommoBlds24 after
and pol| yneri zabl e surfactant used or thenethod of

polyiBeR#ationzat i on. For exanpl e, pol ymerization can be
achi eved by subjecting the microenmulsion to

[Ooﬁglégaébﬁ{a%rt 1drid\48 FiAfli 5 FiRBed bind dfifibPateliviitrAhvaterits remove un-
reacted monomers and WA that has not been incorporated into the polymer. A
small percentage of the WA dispersed in the pores of contact lens 38 may be lost
during rinsing but the amount lost can be limited by limiting the duration and extent
of rinsing. Further, to compensate for the WA lost during rising, the initial
concentration of WA in the microemulsion may be selected so that the final
concentration of WA in contact lens 38 provides the desired rate of release.

[0081]v Optionally, the rinsed polymer material may be dried and sterilized in
preparation for storage or future use. Both drying and sterilization can be
accomplished in any suitable manner known to persons of skill in the art. In some
embodiments, both drying and eterilization can be effected at a low temperature, for

example using an ethyleneoxide gas or UV radiation, so as not to adversely affect
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as a catalyst. Exenplary photo-initiators include

2, 2-di met hoxy- 2- phenyl acet ophenone (DWVPA) and
waoldwenaozhket one. A redox-initiator may al so bePtEeE2007/000398

Exenpl ary redox-initiators include amoni um

persul phate and N, NIN , N - tetranethyl ethyl ene

the%ﬂ'ﬂi%r&é—m-pdwrﬁem{@éﬁapn of photo-initiator and

redoxinitiator may al so used. In this regard,
including in the mxture an initiator can be

[0082) anThgemnhondedeWdo iy gentacktiens 10not 38t ean deyrejeased over an

about 0.1 % to abo 9 e _m.cr 510N,
oxfiggpibpsion 1o tod e RetheloBvald s EERERE W b eve. The
rele@bYis of PRGN be iconfrolldd By seleuimyether fssopiidtsi MBnomers and
bet ween pol yner nolecules in the resulting polynmer, an

thel (paPRArEPRA 2MM@WYS] | nker may be added to the mi xture.
Sui t abl e cross-1linkers include ethyl ene glycol

[oogiﬂg Eg@géﬁt%aﬁs( 38 h%r?tﬂéylugeﬁ B YHSbn porrection, eye color

ate and ene glycol diacrylate, an
modifieatiork ®r aGatliaveticl ggntadtdemsmse t he pol ymer nol ecul es
are cross-linked, the nore difficult it is for
,bspepsed wetting,agent tao diffuse aor .mgrate through .
100845 DERP ey o ithy  PoalaRt | 'S n TAErglePeP O o 1y various
emb&@mEitd | 670 RO aAVentibie cafnbeNnadfe daensEtiBRS -WithKfim&@ndermal
therefore be selected to adjust the rel ease rate.

fibroblasisaseiiy ande macbaRically sitang: padi ean dfe @dvantageously used to
' -] ' hani cal st th
majie et oBH Rt FAe S A T R 2 oS o

the CLWA such as MeHA is itself a cross-Ilinker and, as
[0085F h, Thé potynmeric materizda dgsdribedrataveearendsefid mot only for contact

len$ BBpRaoRS it Al ATheL R IGebens s FopgyamBle: the exemplary
maRHSRMARIBRItEsESS HEScrBeWhdrBinC BPBimila? dRatétihll d+Prdesses, may

separate cross-linkers and wetting agents. Including
be wtilizeditowrrepgrediydoophilissinapoporxistinaterialsdion uaayn spplications such

o ARARABIFBHSeS 25N IORA bl LA RF s arrca

corh€glstithg likde overal |l cross-linking of the pol yner
nol ecul es. [0074] The m croemnmul sion may be fornmed into

a _desjired end shape and, size prior to pol, ri zatiqn. .
[0086] onéhess Balymstic matshiakean bhe wmﬁxg%%y% Ravsi4lshemical,
and biochemical properties. To illustrate, the preparation and properties of sample
polymeric materials are described below.

[0087] EXAMPLES

[0088] Example | (preparation of component materials)

[0089] The materials used in the Examples were obtained or prepared as

follows.

[0090] Sodium hyaluronate (HA) was obtained from Chisso Corporation of

Japan.
[0091] 2-hydroxyethylmethacrylate (HEMA), methyl methacrylate (MMA) and
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the m croenul sion according to the process illustrated

in FIGS. 8 to 11. [0075] As shown in FIG 8, a nould
wQ@2o0smequovi ded, which includes a nmal e porti onp@BS@rd7/600398

femal e portion 28. Male and fenal e portions 26 and 28

can bedetachably coupled. The inner surface 30 of male

ethﬂ@hé@l?@ol?cﬁm'e%é&ﬂ)é@ EGPRRY vdte dbigink@Rim AWrch®T® add further
femal e portion 28 is correspondi ngly concave shaped

purtf-edtumlerm@chweﬁawr@ keforefwseal e portions are coupl ed
together the inner surfaces 30 and 32 define a desired

10085P" | b2 HMethi, SR ol Kol LGS AALULReE o

a sui prepa croemul si on

Aldrish™i st wds usedteatrecoivedf emal e portion 28. Ml e
portion 26 is then coupled to fermale portion 28 to

00§31 Btef 50 BTl SR s ok S&o A e
10. [0077] Alternatively, nmale and fenmal e portions 26
[0094113' 2$h€€%l%¢e# idb?é 2WRiPbAR s’ll?fﬁactahﬂ @(@Iﬁoé‘&?io%ld%?uﬁ@é’cyl)

hen |nLecte into the cavity of

ImldaﬂOéyl)omrppa sulphenataj(8t$Hh wasrsyntheaizeshasdpseniiedoeelow,

e RSB 5, 0 2 1

may be effected by irradiation such as U traviol et
[o095)V) ﬂnnﬂrdimdyhndecﬂrhmdmér(rﬁw) Wit thbéornmﬂh;shiewinziad-'lﬁo12

wa Bis o %wﬁ”a Solon &2 achramopereien- rol(as U, 0.1 ol

imic?’%r'?is@g%omy )2 r\g‘% Cfﬁ?tr?rgm m&f?&é géﬁ'et?réai%%olvgﬂr‘ﬁ 8Gh! of

watpo)l i 1200i mbofi ethandlovsdieli0xad 6 heurs. 3gpomgodlingrthesetution to

| jbrated wi d
roofi et et i e thidt v e rBa ol B s SR bE olvernt was
evabbﬁaté@ Frofethe fitrafel Aft@es\aporaary &f tHeeth¥Aol kisd Aisidik was
dlss,ql\?ﬁgfores of contact | ens 38 may -be | ost duri n

netber, wasbegdfyine witly @tatefaaﬂdo@ftl tp ey evemjghtiby maggesium
sulf%ﬂee AHY B [ﬁ'aQ@o : ﬂﬁﬁﬁé&r\}v F:oéleﬁ% WowWhis tpﬁ%& Ll%rt] to precipitate

nmpensa uring rising

fromd:lmeolhtlam Theothitdlsolid product waSJemdlmedaandhﬂpieMo a constant
sel ected so that the final

weight in vacuum.

[0096] 3-((11-hydroxyundecyl)-imidazolyl) propyl sulphonate (HUIPS), with the
formula shown in FIG. 13, was prepared as follows. To a magnetically stirred
solution of 11-hydroxyundecylimidazole (0.1 mol) in 200 ml dried acetonitrile, 1,3
propane-sultone (0.1 mol) was added dropwise over 30 minutes. The solution was
refluxed for one day under nitrogen atmosphere. The product precipitated out from
the reaction mixture and was extracted by filtration. The product was then dried in

a vacuum oven for one day at ambient temperature.

[0097] 3-((11-acryloyloxyundecyl)-imidazolyl) propyl sulphonate (AIPSA), with
the formula shown in FIG. 14, was then prepared as follows. A mixture was formed
by adding acryloy! chloride (0.3 mol) slowly to a magnetically stirred solution of
HUIPS (0.1 mol) in dried acetonitrile (200 ml) at about 0°C. The solution had been
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concentration of WA in contact |ens 38 provides the
desired rate of release. [0081] Optionally, the rinsed
w@odognen4at eri al may be dried and sterilized Pa@T/SG2007/000398
preparation for storage or future use. Both drying and
sterilization can be acconplished in any suitable

purdBaith N”?:X!‘ TiRe RftkteROK a8 alldtvel!to 'ftﬁ‘rtﬁél'efeéétt at ranﬂ@ﬁﬁ)erature
enbodi nehts, both drying and sterilization can

for 856@103 88yt TRe 'nﬁ)ffu?@Wé%rtﬁéH'flﬁerefdoénoeé)@i&%%c%bﬂgsh?d“nde and
t hyl eneoxi de gas or UV radi ation, so as not
acamtarﬂe wleye séneved inea W!cam eyanosatori herreSIpuewaadlssolved in

st Stor Petbed Gt WA SRRt G b B o Bon,

follpRéeY B9 satdiatedt bréheh @ndtiled GvarfighPby Atdgnaisiuin 80If&¥e A pure
The rel ease rate of WA can be control I'ed by sel ecting

progdret of PSPy Was ebtainrshly se-Rreripikating tbe&wi& Pegact in anhydrous
eth@:myf'ﬁ‘é Breditie %Lvagcfﬁte?é:d obfé‘ﬁd &R%t?! E@U%Qﬁ/eH?c’ed for
I'sion correction, eye CcO | 2&F ron, or as

d| abetic contact | enses. [0084] Conveniently, the

[0098ht ad‘hel EIrNMﬁm;motrai ofatbe @recurgott intararediates ant doé serfastant so
i nvent i o an a &thl ble with human

preag \{ver,el 'BPBB‘I"& %@??'9”5 @s fi cal |y strong and

can be advant ageously used to manufacturé contact

Lenggg for placenent on the eye. [0085] The polyneric
materi al s descri bed above are useful not only for

contact |ens a Ilcat ions, but also useful in

app! i E%QQ Mh‘g la)e ¢4 FpPRM) Ehle1 EAefpI(A8H. Tf%lﬁz;@ldt)y%) 3.6t
I

P ocelt b CHROH R R MRz B P U S RIE gt e NaHa)

nanoporous naterlals for use in appllcatlons such as
prdddiR$ti on | enses, 3-D (dinensional) tissue
engi neering scaffolds, artificial cornea, or the Iike.

000 5, RO e AL AR IOt 2

pr ope(2H,es-C- Cﬁlzl(t-lN)SE IQ‘@(EH -tdﬂ'% -8),808tr (@H, oOH 4.4t (2H, -N-
propertles of sa _}/ITEHC naterials are described
D P CHob e (R ECHES, 7 557 60/8188 (TH each CoNFa)
- AIPSA:
(300 MHz, D20): 6 (in ppm) = 1.11-1.7m (18H, -CH2-(CH3)7-CH>-), 2.4m
(2H, S-C-CH,-C-N), 2.8t (2H, -CH2-S), 4.1t (2H, -CH»-0O), 4.4t (2H, -N-

CH,-), 4.2t (2H, -N*-CH,-), 5.9-6.4d (2H, =CH,), 6.1d,d (1H, =CH), 7.5,
7.6d/8.8s (1H, each C3NzH3).

[0099] Example Il (Synthesis of MeHA)

[00100] MeHA was synthesized based on the reaction route shown in FIG. 7

as described below and according to the procedure disclosed in Princz.

[00101]  Sodium hyaluronate (500 mg, 2.85310 mmol) and aPMMA (472 mg,
2.64 mmole, two-fold molar excess relative to -COOH in sodium hyaluronate) were
dissolved in 150 ml of deionized water (pH 6.8). EDC (252.8 mg, 1.32) and HOBt
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[0088] Exanple | (preparation of conponent materials)

[0089] The materials used in the Exanples were
wobdoaieray or prepared as follows. [0090] Sodi uPET/SG2007/000398

hyal uronate (HA) was obtained from Chi sso Corporation

of Japan. [0091] 2-hydroxyethyl nmethacryl ate (HEMA),

(178ehgyl . 3eahhaty disssieed MW mraflatihy hexesd bﬁ@imethyisulfoxnde and
di met hacryl ate &EGDI\/A were obtained fromAldrich(tm
Wa’é%ﬁéf"qrﬁ efl intortheiabgva selitione dineetioishiosretrie ratig ef eCOOH in

Sodigfh hidl t&F%@H@J‘WS%K 4 n‘fhéﬂﬁju\%%ﬁgﬁ 9@%&%%%a§ M4 to

was o tal ned Trom
ocaug retheesblu{i@d 88 Joresd . Uw:bacnoalplrocﬂmmhléMMA derivatized HA,

R RT3 G Ot ik 0 80 b v
frer—i'zer'ﬂélP ol OpPkRBH AEtRSfdakion (?FH)!@B? L MR&&?%& {jet%‘l‘hm&?ﬂé\} Snalyzing

was synt hesi zed as descri ow, accord I Ng

thet bl- INNBQ pPeciealwhickiwssrshown inF1G. d5. [ 0095]
11- hydr oxyundecyl i m dazole (HUI'), with the fornul a

[003p2RT | Priid ShodfuiofaeqtepRe HityaS eyt oy cihatiig Be
relative pRakdhiensity ratlcgbétﬁve%ﬁdwurprbw%@f itigke vih?l @m in aPMM A

of water) in 200 m et hanol

(= Cﬁfﬂ Efﬁ?%é%‘a ner?%aueg Prejons lra:thﬂ methaxyareup of Hﬁ\n(“thOCHa 2.1
per PoTh ERRI Dot MBnRUSCoBHY 3 B bS5 BIGyEShe

After evaporating off the ethanol, the residue was
[00d03k ol vdiP(AMPéiEhkbk(Samamicmmmd&msh wat er and | eft
to dry overni ght by magnesi um sul f ate. After

j ' L | ed I
o0kt 2 g i35 RORLE S S bons o
thefp@éat,ds@rr slutdnsifas tiehsamn %dnﬁi?@brﬁhlsﬁfhsté}ealsfémﬁﬁ?éﬁlel Each
ght in vacuum _ [0096] 3-((1

Sanlp'ﬁ;sieﬂ IyRhadisaniintipiis awé’pmulfﬁ% pyith varigumeeReentrations of

moﬁ%%a%dlz ’?lvﬁ}esaﬁé(%ha magrie rfld(r;aarﬂa@ %ﬁg c&@ént which
inclodédi wiabar aﬁd aptidnadly did onietiA. i mcﬂawhmke(rQEGDMA) wiaB added to
eac% precursgr S&gltlglg eitn%% ta?nloun’t 01;l about 5 wt% based on the total weight of
all polymerizable monomers, for increasing the mechanical strength of the resulting |
membrane formed from the microemulsion. About 1 wt% of DMPA was also added

based on the total weight of all polymerizable monomers in each sample.
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propane-sultone (0.1 nol) was added dropw se over 30
m nutes. The solution was refluxed for one day under
wmdosogrm at nosphere. The product preci pitat edpOSGIN0DN00398
the reaction m xture and was extracted by filtration.
The product was then dried in a vacuum oven for one
day at anbient tenperature. [0097] 3-((1
Tableakr y| oRreruysordSsivtions for Sanepig IMicedmylsiofs! phonat e
(AIPSA), with the fornula showmn in FIG 14, was then
prepared as follows. A mxture was formed by adding

acr yT 0y§ample0r 7 de (U. 3 M0l )pl-Aloy Gd?n@omﬁhb atty

Noed ot ¢ - NP 200" ) Aaggw S0 | THEMARNAO) ARSA
bqaenpur\g@aj, g\nzgnAN gas. K@ﬁgg re vas ad4 gwed 10 375

anct rad ture fbor ahnnf 3 d4 \Ie
further—+react—at—rogmtenperature fprabout

The | m XA30e0.38KA hen i 13060 62138hd excess3%6ryl o;l 35.0

[ ori toniftril vedl rotar
_gl\r/'mmr g@nr i ' :Eﬂ‘r esildue 3% §Lnl v | ébdsst il eo32'5
dwl or oVasA.25klekAd twi ceswn (chza) sat ur at &gl sodi um 37.5

D R O P A 7 A WP

ofl N RE3sumssmeHA ned bwsie(psyi pifating she crudg s

P nhy onrn|n|fnfn \WaS
K/ Jubl III allllyul uu~ CLIIbI - |||\., P

{ered od25and drijed in 26.0acuum oven 37[ 9098] | TH¥.8H
spectr f the precur I nter medi at and {n
W : W8 %QPHQIIrP , 3(‘?1559) ' 335ag

surfactant sQo prepated were SSl 0
fIXl | ows: HM35 (300 Mz, CX3.8) : d (| n FHZT.B 1/]13r3
CTm (I8H, —CHZ-(CH2) T-CH2=-), 3. 6t (2H—CH2= O 40t
(2H, N-CH2-), 6.9-7.1d / 7.8s ( 1H, each C3N2H3) ;
HUl PS: (300 Mz, D20O): d (in ppnm = 1.1 1-1 .7m (18H,
[00165D- ( c@amp@membranamwemheefon@eammhese rBicrgethiilsion

6t (2H, -CH2-O), 4.4t (2H, -NCH2) , 4.2t
Sar’(‘@@a%ﬁ’@ﬁs 7. 5 7.6d/8.8s ( 1H, each C3N2H3) : -
Al PSA: (300|sz D20): d (inppm) = 1.1 1-1 .7m (18H,

[0040G6R- ( CHH)r eaﬁH&a)nplé émdtﬂl'b oftHe ﬁhﬁo@nwson?wgh pr@hred in a
- CH2- & - 4.4t (2H, - E
screw-capped tube The mlcroemuIS|on was ultrasonicated for 20 seconds to

eliminate tiny bubbles formed during mixing of its components. The gel-like pre-
polymerized microemulsion was then spread over and sandwiched between two 20
cm x 20 cm glass plates, which were previously washed and dried at room
temperature. A membrane was formed after the microemulsion between the glass
plates was subjected to further polymerization in a photoreactor chamber at about
35°C for about 2 ho_urs. For all samples listed, the membranes formed were ‘
transparent and had high mechanical strength.

[00107] The morphology of the sample membranes were confirmed by SEM
micrographs, some of which are shown in FIGS. 4 to 6. As can be observed from
these figures, the material has a bicontinuous and nanoporous network. The
estimated average pore diameters range from about 60 to about 120 nm,
depending on the initial water content in the microemulsion formulation. The pores

in samples formed with a water content of 35 wt% were much larger than the ones
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4.2t (2H, -N+-CH2-), 5.9-6.4d (2H, =CH2 ) , 6.1d,d (

1H, =CH), 7.5, 7.6d/8.8s ( 1H, each C3N2H3). [0099]
waexaspbr4d | (Synthesis of MeHA) [00100] MeHA vBGT/SG2007/000398

synt hesi zed based on the reaction route shown in FIG

7 as described bel ow and according to the procedure

' | | di um hyal uronate (500
tha%,é%%@%fo‘mﬁé sﬁ'ﬁ&@% Vi mg, 2.64 mol e,

two-fol d nol ar excess rel atlve to -COOH in sodium
[00A08] ur onEresspaveney of ﬁmareplleimamsialmwaaala@emeasured and the

rosift, or Biiphiateeg TUEAS! 16160k a0 drhodiis G by of

HAMERAAGH nexistanes dithastiesr mafeeuaasiwﬁd dbHo® cbhimAWA. The
solution. The stoichiometric ratio of -COOH i n Sodi um

resuijgindicate that tneHAGMe Hislpaded mem bra@%ﬁ%ﬂm”@ﬁ transparency as
n for one
thaf GO ALl Mtheafr Siichle LoRaSORELE" 1" s
di al yzed agai nst dei oni zed H20 for 12 hours (Mw
[00809} of f BEXARPLE Bhdn vilkerHAaslebsekze- dri ed. Per cent
nodi ficati on of HA by aPMVA was determn ned by

1007461 Y 50 730p 35, LR AR Hiftoatlhagrife mietiitbned wers

me&&ired! ated by conparing the relative peak intensity
ratio betvveen two protons of the vinyl group in aPMVA

8ppm and three protons in the nmethoxy
[00 i“bhp oqu,mpI@ mm@:{a@szfolmgg,ﬁ;om ¢aeh g@g]pé% r’rueproemuISIon with HA

wogyRbod BbETe Etiarafee Tl o R E AR ERSIERAEP Fhe vals

wer{eQﬂa@éld inSamrriceibator iad 8 ilCswitina rotatioglriteref 80 mmpa&t edch one-

co sitions o he pr.ecursor  sol
nous g @I -G1 GRS ¢S SPRIPNS YE JTAWRHERS the Vil for UV-Vis
speefBBhStoRRitehEssY. aAﬁérC@éBH WHIMaWE Cf-A8 B Fe5RPBIblffer was
vari ous concentrations of nononer S )

addedrtbdbe aiad ta\malrame aml tafakbmismeo (Tmﬁprmsswontmued until no
ncl ded and. opti.onally HA or MeHA. A

furtb?r@eaﬁ v@t C?%/éelg added to each precursor
solution, in the anmount of about 5 wt % based on the

[0t 02R] WEHIGH!7&howls thpohyasured aedudtsnafiovitrs HAf retease, as a

i ncreasi ng_t he mechani cal strength of the result
function of tlmeg The results shown indicate cgmulatlve HA release cha?actenstlcs

Sample membranes with higher HA and water content exhibited relatively faster
release. The release rate for each sample reached a plateau within 4 days, after
which the release rate was relatively low but remained at a relatively stable rate for
10 to 20 days. This release profile was likely due to the higher HA concentration
and larger pore sizes of the lens material with higher initial water content in the lens
formulation. The release rate also increased with increasing HA content in the

microemulsion formulation.

[00113] EXAMPLE V (Dynamic mechanical analysis)

[00114] The storage moduli and glass transition temperature of the sample

membranes were measured in triplicates by a Dynamic Mechanical Analyzer (TA
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menbrane formed fromthe m croenul sion. About 1 wt % of
DMPA was al so added based on the total weight of all

w@odogneniszabl e nononers i n each sanpl e. Tabl e 1PCT/SG2007/000398
Precursor Solutions for Sanple M croenul sions [00105]
Sanpl e nmenbranes were then forned fromthese

InstFUREARTHINA 208BRTBbRRT Githe Mhédifed FEXUE%re 5RBWAARIFIG, 18.

sanpl e, about 1°g of the m croemul Sion was prepared in
a screw capped tube. The m croenul si on was
[00415} as ont headwramigrmechanical @aglysis shawadhehangssmn the storage

ol Ba BB e P 0SB bl S RTRNREA o, e
mo@Vias candffeanthe cdrformstiiig ot theuendinaterisl 284 hehes 8as impact on
pl ates, which were previously washed and dried at

the comfart of theusel weamigerntasllensesioamedieam the particular material.

' e S .l 2 i
TGS FERRTN 6 RSLBES i iRk B RS WiknERRy
chandcietist®@S0ST the coatagtitend. MAaustsowr-or FIG.1185 avithl the dansd mitjal water

corleitn Ay M8 S RE RS SR A GoSYHpTeRh Boher g Ran Seiiples that
hadSRETP Ao MRIBPIAAR88INGE AmBAG fthé gﬁﬁﬁp@f ttéoﬁﬂgw&m&é%‘a samples

some of which are“shown Tn FIGS 4 . As can be
exhittiteg retadivelydngheresedaiugu festher hwithin the testedheange, the storage

i.continuou nd ,nanopor ou etwork. The esti nmat ed
molll B8 MBS wARE 158 BB e nsteatB8e5 ! b Mabout
120 nm depending on the initial water content in the

[00116) oemEXAMPLEOVICahiaehandleenpasirement)sanpl es f or med
with a water content of 35 w % were nmuch | arger than
he onesthat were forned with snpl | er ter content.
100} b 08] HIAUERENSIbOTAE! ahdles BF ih sarmblp dnembraaRvere
I e KHes i bR 16,
me R cﬁ ‘%ﬁwsggmgﬁsrpap—gggiéhmea?m?bar enc?’ %?%Hg/%‘&ﬁ‘ Poaded
thermeosiatedesater bathot Tiee sasipias laaded ith Wé wiere measwred hefore the

. The results, .indj h |
unogiSieh Wt 4t iith B3PIt By R bV DR Fikasygements
weredepeaRdahrex0tiiies aindlthy résiaisleérlecavepagad aind aseasn Tlabid I,

09] EXAMPLE IV (Zn vitro HA release) [001 10] Rel ease

[00‘? ‘]; 8]HA f r_lphrg él?r?acléw&;n?g&eadng?e%nmase Hseenéo{oagvea ua\l\tgrtﬁe surface
wettability of the lens materials. A measure of surface wettability is its advancing
contact angle (Ba). Another useful measure was the hysteresis of its contact angle
which is the difference between the advancing contact angle and the receding
contact angle (Bg). As illustrated in Table I, both smaller contact angles and
hysteresis were exhibited by samples that contained HA/MeHA as compared to
samples without HA/MeHA loading. This indicates that the MeHA/HA-loaded
materials have enhanced hydrophilicity. Further, the MeHA-loaded materials
exhibited the lowest hysteresis. In contrast, sample materials without a WA

exhibited very high hysteresis (more than 40°).
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nmeasured. [00111] Sanple nenbranes forned from each
sanple mcroenmul sion with HA were placed in three
waepanee 5-m vials which contai ned PBS buf f ePCT/S62907/000398
vials were placed in an incubator at 34 OCwith a
rotating rate of 50 rpm At each onehour interval,
1-m portions of the solutions was drawn fromthe
TABLE!IE for W-DYnansipeVhate? Bumitasteinglés assay. After each
wi thdrawal , 1-m of fresh PBS buffer was added to the
vial to maintain the 5-m total volune. This process
cont i s@ag)l@%hhumoﬁurt EeeA(°¢I easeloB,Q/(A) vv?s m@@@gmm

1 4 11 1= ) 1
[OOJ.J.LJ L7 SITOWS™ UTTE 11EdSUlNcU 1T ©oUT 13 Ul 1= vi il

HA reI'eagle,\\?V%é'OazﬁHLﬁcti ot 6£5-8i e 4013#5.Pedul t s14Rown
i nd cgte cw_@tgof_prl—MHrA@égaﬁg Chaygafiepi sticsg 2San'pl e

men nd-wvwatler cantoantl ovhi hit od
AR ater—cohteng—exAHH-biteqg

rel atilvel y WaS0e35HAI easA3.58h6 rel3@aleB.6atje f ol.@ach

sanpl g T 3k €@t W, N4 affter ch
t he rIS/I e g@}‘? é“&ﬂ?\rel%a}"?%gsy Ié%?%%{'or 2ai N at a
rel ptwel yao-eldsmerane f4g.24904t 0 20 gleyg. | Thi s g3l eas
pr of-+e—was—tHikel-y—due—to—the hifgher-HAconcentrati+on
and]_ 1 ¥k g 3P 2oMeHA 046 Fi3 Pers Vel srPal wi t H-hi ghe
ini tia| water \/??5“ ent |i red Bey kens foogqpipati on. 4gBe

r el ease at o co_inecrleaced wth i neroacima HA conten
at-e So—\hRcreased—wWt+hi—Hhcreasth HA—COoRten

o

in Ml croeMiB&i on flor8iB#9.1on. 410846.8 3] “EXAMPBE V

(Dyn C[ mech al anal ysi [Q0 he STo €
mduﬁga\nd gl ggggt r ansli télozﬁ%%é ] e#ggﬁ“eéof thej@gnrpl e
menbranes were neasured in triplicates by a Dynam c

Mechani cal Anal yzer (TAlnstrunents, DMVA 2980). Sone of
the nmeasured results are shown in FIG 18. [00115] The

_ _ _ F L
10080 Se TRAPEE B (CATRHRIS SINEBUSRRTE 7T or ont

wat er and HA/ MeHA content. The nodul us can affect the
[00¢20) or nmdturhan goofeal kpithalivn calls(HGEC) (GaseadeeBiotoygics, USA)

weiedRitgted B sBmele Bieretvanga it sudmemeniL EpRire M fum (human
corﬁéélg?_th Slippl&e e Hndiblotics BRd HMtifTycaticsy) bhd Mdudated 8€37 °C in

ing and tearing characteristics of the contact

an
a humitifiedratraorphiere with| G G@;, untit thet erlisadeadanted to thearew

culture conditions. The morphology of the cells was monitored and photographed

1%

under a phase-contrast microscopy (AVIOVERT™, ZEISS, Germany) and
equipped with a camera (Nikon™ 4500). The primary human corneal epithelial
cells were seeded onto the samples at a density of 15,000 cells/ml in the culture
medium. The number of viable cells attached on the membranes was analyzed by

employing DAPI (4',6-diamidino-2-phenylindole) staining.

[00121] The morphology of cultured HCEC was studied after 4 days of culture
on sample lens material. DAPI staining and fluorescent quantum dots were used to
label the nuclei and cell cytoplasm of the living cells. The samples were imaged
and the images showed that the HCEC cells adhered to the sample membrane,
and covered the membranes’ surface. This indicates that the sample materials
were able to serve as a bioactive membrane for cell growth without further

processing. This represented an improvement compared to existing polymer
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content, HA MeHA-| oaded sanpl es exhi bited hi gher

nmodul us than sanples that had no HA or MeHA | oadi ng.
w@omsge2lie sanpl es tested, MeHA-| oaded sanpl eSPCT/SG2007/000398

exhibited rel atively higher nodulus. Further, within

the tested range, the storage nodul us increased when

surT(’ s"@e%rfoFQﬁFﬁ@@'i c&%ai@ﬁ??ﬁfﬁﬁce& edlertm8ANPbélyMer

ntact angl e nmeasure 001 17] The dynam c” wat er

meodmanes faledite show adiedhengnae withdutaneextianelulas azatrix (ECM)

sing Kruss(tn) Tensioneter (K14, KRL)SS, Gernmany)
Su%cteh"%ft'f‘ﬂer nost ated water bath. The sanpl es | oaded

with WA were neasured before the unbonded wetting
[0oagent | rEXARPLIEMIEGSdraple doeeictiemg)ved. The

measurenents were repeated three tines and the results

were averaged and listed in Table 1] 001 1%% The
[00328} ace S@mplaeoniagh'easevera RiEgares Eom Hasannie

. i Li f ' : .
S RRIES B s DRSS EERS iR
forra@ationAmtot dnaiouls &$ illustraeeilin F1Gas0! IGarbwaisstaken o abdt entsap air

contact angle which is the difference be vvean tp/eI
bubblestthednedid: dldte @f@@@naﬁwwewee@&ﬁ%@é HBASLEY lampse
opera bel%eéri S%Hrf? Jch?BPh6olit 30 R\‘ﬂ?}lﬁ $ERRY®L. After curing,

cont%ct angl es and hysteresis were ex |E|ted by
thesampd &nst hateriabwese takentodt KoRAthesmoalth af kel curedsaatdriads were

wi t hout HA/ MeHA 1l oadi ng., Thi s indicates at the
PONIBRRPHASTAURAT. LBIPN S S F OB RBRE 1 AE Ltes, W then
immefsean butiBred\Eaitel @il et BREES Wals skuiéPtd equitibreum.

| onest hysteresis. In contrast, sanple materials

wi t hout a WA exhi bited very high hysteresis (nore than

[00484] TABLENE promsytieseithesastpieisisestwetagneasyred angjsome of the
| . and viability assay) [00120]

reswkggyw&#%& 'Pﬁé@%%ﬁcel s (HCEC) (Cascade

Bi ol ogi es, USA) were cultured on sanple nenbranes in

suppl enented EpiLife(tm Medi um (human corneal growth

suppl enment, antibiotics and antinycotics)) and

i ncubated at 37 Cin a humdified atnnosphere with 5%

C®2, until the cells had adapted to the new culture

condi tions. The norphol ogy of the cells was nonitored

and phot ogr aphed
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under a phase-contrast m croscopy (AVIOVERT(tm,
ZEI'SS, Germany) and equi pped with a canera (N kon(tm
W@ a@8pe02dhe primary human corneal epithelial ced1/sGner/en3ss
seeded onto the sanples at a density of 15, 000
cells/m in the culture medium The nunber of viable
cells attached on the nenbranes was anal yzed by
TalEM|.oyi rmoF&%s(oI 'Sdnplearfthétd-ehseleny! i ndol e)
st ai ni ng 00121] The nor phol ogy of cul tured HCEC was
studied after 4 days of culture on sanple |ens
meteriat d DAPH—st=i rihn —and fsi lEUr eln @(;(;J)ant_um dots
\er €SP an apsiasm of
§?M©Fen56@%l|"?€&l' he sdppi)es \ier gy magedFantdr t he D

al h A
UC\ QIIUVVCU L Ilal IIC I I\./I_\/ L;UI | D aullcl CU l U l LI

anbl ¢ n‘élﬂﬁ-@ﬂéHPand covi-@d t he rfnbr anest-18ur flace24
P TNAheREESoHpat [the ganplematgyialls wese able éé)

ervelas a broactive nenbrane flor cell lgrowth wiit hout

fluliher W3%e@35HAg. |Thi 83.2present@s an lmp29)venrent30.4

a(r){l\V?i g\xlg 9%25 A uroo@grzgef ac,hgsc ;\e/gnﬂ‘?%nal 16.9

pol\ymwwmqugn%ﬂ/( a| I ecgd@ show cgg I adhewgpce 18.8

anao A A

—t h
wHhett—an—extracel Hular—mrat+ \l_uvy strface—cgatd ||g.

004221 W3kAMVREMerA || (SfBe cont &4 | ens)1-2D0173] 211

S [ ¢ cont I enses prepar from theasarnpl
mcroéemil sions hy i Jpx\%f% 700l of the P1ﬁf9ncrEn .|'2n79
gavipl ¢ m cr w8l si on for9912at| on i58o0 a nout® ayg 11.8
FtystTated FIG S tgken ton T
ai 1IXblbbl es§F t he nDuI ogkda‘I'he m_croenull si ongé %@.5
cured under WV | anps operating between 5 and 15anmz
for about 30 mnutes at 37 C. After curing, the cured
| ens material were taken out fromthe nould. The cured

rial .
oOFBSE. . e SR PR 90 ot Syl BrgER B ot
wereuidtemsidled @ksmgethermpﬂupérhéw'l Fectenlogrfer muezislieing tiee Dk value of

equi | ibrium [0012% The properties of the s %
hydrephiliscortaet Inpsas:r MeagHeeraets waretrde wi G 4 %\ésamp'es for
I [
oo b 15l 8ol it ber LI tngl iy, e
res@iBk$hav thdtdDiseaipes of thessample lersmatetials thatcontained HA or

MeHA were higher, thus better, than those of sample lens materials that did not

N — —~ <

N

contain HA. The value of Dk also varied with the concentration of WA in the final
lens formulation within a certain range. Above a certain threshold of WA
concentration, the value of .Dk was controlled by the absolute water content in the
formulation. Thus, it was shown that the addition of a suitable amount of HA or
MeHA to the formulation can adjust the oxygen permeability characteristics of the

resulting lens material.

[00126] To measure the equilibrium water content (EWC), the sample lens
materials (membranes) were completely dried in vacuum at room temperature until
a constant weight was attained. The dried membranes were immersed in water at

30°C until the swelling equilibrium was reached. The swollen membranes were
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were determ ned using the Opti Perm SM Technol ogy for

nmeasuring the Dk value of hydrophilic contact |enses.
woeaswserent s were made with 5 di fferent sanpl BSI/662007/000398

each sanple material, and the average results were

used for further analysis. The results show that Dk

b|ot«téalu Rtlyfo rfehﬁ)v%aé%gs lsBacaBiRinoRbP wabtdHarkonér! thed vwﬁghed
were higher, thus better, than those of sanple

Th¢ Ewcmmxmessedwas agietcentage ealculatedias: The val ue of
Dk also varied with the concentration of WA in the
final lens fornulation V\/Ithl@. aupertal n range. Above a
certain threshold cEW@(%))ﬂoent—r—atxwo the val ue of Dk
was controlled by the absol ut&swater content in the
forrrul atlon Thus it was shown that the addition of a

whér? e t e oxyg af'ém@ﬂlgg@@n‘bﬁ H“Enc? Wl'&‘ﬂh@td&'%?ﬁﬁl%weight.

per nea har act er istcs’ o
The mujltslsngvd teakEWHE érdredsed Wit bﬁ}h WateresslUVA ¢draents in the

ilibri t e |
el dPIaEto R nbis SPGB W oME AR Sac St aneedm
hycﬁ‘bpl'ilﬁﬁg) ééﬂ%’rﬁbéﬁéﬂr t% othér fesfedPBERIN thaR dithhot&htain MeHA/HA.

dried nenbranes were i nmmersed in water
Thexhigbaeaten abscbrptlhe ability exhibited by Isbe efithesample srarabranes is

exnBstastd, e FESBIGtAR RS- Rt ise SBPlO BTy fay have
high %ﬁl%‘%’a}eﬁdm getRit i togh ay@@mﬂm tR0Sceshe Lth@ts%ehpaé |

where W is sanp

mepkranes aa malse\ﬁigxarqaﬂy waemﬁfm? watengontentdn @hcy ny%mﬁrwlswn
forrWE agigh Wagya& %gg{jt s show that EWC i ncreased with both

contents in the sanple formul ati ons. The
san‘pl e materials with MeHA/ HA had enhanced
[oon2dl ophi Trhe:exgara;‘iomfmpmfedtheosam;blermembtanesrmls@ incaéased with

t di d
incieASic v ish SaBfoRY Iy e AMPEHISBE g OSTHSIoR. 5 Bore afer could be

abd¥RpEd a0eto tfe ﬁym@fsﬁm@litg Ratdfe el polpRBazad niedstrangs, in

First, these sa nbranes may have high affi n|ty
additiorwiet wataml@attvoaa alegadyrprgrentinrtbe membrang pases.ord e expansion

fact%?'méf be measured by measuring the size, such as the diameter, of the lens.

[00128] Other wetting agents, such as polyvinylpyrrolidone (PVP) or dextran
or the like, are expected to similarly exhibit some of the improvements and benefits
shown by HA and MeHA. However, HA or MeHA may provide additional benefits
over such other wetting agents. For example, HA or MeHA can maintain relatively
high viscosity without causing residue formation, blurring or friction. Further,
MeHA/HA can play a role in enhancing cell growth, cell differentiation, cell
migrétion, and the like. Conveniently, when MeHA is cross-linked in the polymer of
embodiments of the present invention, degradation of the wetting agent is reduced
as compared to in polymers where the WA is not cross-linked. Thus, the stability of
WA in the contact lens is improved and performance can remain relatively stable
over a long period of time. In comparison, some wetting agents such as HA when
dissolved in an aqueous solution typically degrades relatively quickly, which is a
known factor that limits the application of these wetting agents.
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menbr anes had increased porosity when the water
content in the m croemnul sion fornul ati on was
wo nmseeedl. [ 00127] The expansion factor for tpher/sempt/en039s
menbranes al so i ncreased with increasing water content
in the precursor mcroenulsion, as nore water could be

[00#Popr bedO@hige fééque'%e bBMé&kite I%hU'dd%htégé%tdﬂtﬁe ehbdd#ments

pol'ynmeri zed nmenbranes, in addition to water that was

dessfibed figrain aot AXPlesslymentiansdatovegansbe vhdewsignchiemrthis

e size, such as

deseflEtGH afffing SrffRGET ke BRIDAPEATE, “\act i ng
agents, such as pol yvinyl pyrrolidone (PVP) or dextran

[00030] he |Okeurse, ethe>ag©géeiéfstﬂbed ﬁiﬂbadlmemisfdrbicijmtes(bwtcobe

he |nprovenents an eneflts sho y HA and MeHA .
Illuqtmyxeém y 2id Bt nQax liriingr Ebﬁai@safma@?qb PBIRadipenisrare susceptible
t

to g BB bf R, ARANGIREnFo s, YRR dha bRt operation.

Theciaventian, rethiedus iftended mnencdlhpass alysoch maddfidation within its
Furt her,. HA can play a role in enhancing cel

SCORP ok ﬁ?f"&%w&??f%mﬁm ation, cell nmigration, and the
i ke. Conveniently, when MeHA is cross-linked in the
pol ymer of enbodi nents of the present invention,
degradation of the wetting agent is reduced as
conpared to in polynmers where the WA i s not
cross-linked. Thus, the stability of WA in the contact
lens is inproved and performance can remain relatively
stable over a long period of tinme. In conparison, sone
wetting agents such as HA when dissolved in an aqueous
solution typically degrades relatively quickly, which
is a knowmn factor that limts the application of these
wetting agents.[00129] Other features, benefits and
advant ages of the enbodi ments descri bed herei n not
expressly nentioned above can be understood fromthis
description and the drawi ngs by those skilled in the
art. [00130] O course, the above descri bed
enbodi nents are intended to be illustrative only and
in no way limting. The described enbodi nents are
susceptible to many nodifications of form arrangenent
of parts, details and order of operation. The
invention, rather, is intended to enconpass all such
nodi fication wthin its
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scope, as defined by the clainms. WHAT | S CLAI MED | S:

A nmethod of form ng a porous polyneric materi al PCT/SG2007/000398
woangsriceddng: pol ynerizing a bi continuous mcr oRaUISEREN/000398 ember 2008

conprising water, a wetting agent, a nmononer, and a =

surfactant copol yrreri zable with said nononer, to form

=WﬁAﬁ‘P§mﬁM§Bf bnl ng i nterconnected pores, wherein said
wet t T ng agent conprises a cross-linkable wetting agent

1, SN%tﬁJbaéf &ﬁﬁi@ aﬁﬁ"f%fs% drﬁé@gal ?&néﬁ a portion

of said cross ageh ss Ilnked
th d of. cl

BelyiniBit 2Bk ou® bt RIS s wlef 2 WeGs e, a

Hpenameniandagi ermanﬂmpwweumubé vithaisaldlmonb@eeitd form a

s&s, &Iﬁlﬁlngflﬁg%hﬁe% h%%hagent is a nethacryl at ed

hyal uronic od of any one of clains 1

toheteinVR] Rleflingf ddiht E@hgg&%l % 'EFJSE hEQJIe %&ﬁ%@i@gﬁguch that

tlon of sald wettin en |s er se
p?%\ RN g, 56 et a@&ﬂ@"tﬂﬁ@éﬁ’d@dsqrmltablﬂweﬁm@agmt is

vw@gg-mgeamﬁtsanp‘b@gné,el easabte fromsaid material. 5.
"The met hod of any one of clains 1 to 4, V\,hereln said

2. Vﬁ{etm@tﬁoé%%m?‘i’”ﬂﬁ l%ﬁ‘-fsa@d 5’&6% ?ﬁ&'g»'lé:w aﬁgnt is gﬁ‘ acrylated

:E( any one o al ns

A F‘H‘ﬁc 3@ nt conprises pol yvinyl pyrrol | done or
dextran. 7. The nethod of any one of clains 1 to 6,

3. \ithermeéthod af daimohonksrelnssaikérbys-linblagethgbgems a

MR R T e e O e

4 ttehiinl c surfactant. 9. The nethod of claim 8,
. MRethod 5T anY,Qie Pllaiei Tdo S whatsimatien sidpglymenzing, an

anbyhdud @eHeRRIERng Agehdts HishERRY/in S4bHBNAE and said

pores, said unbonded portion of said wetting agent being releasable from said
material.

5. The method of any one of claims 1 to 4, wherein said wetting agent comprises a
hyalurenic acid.

6. The method of any one of claims 1 to 5, wherein said wetting agent comprises
polyvinylpyrrolidone or dextran.

7. The method of any one of claims 1 to 6, wherein said monomer is methyl
methacrylate or 2-hydroxyethyl methacrylate.

8. The method of any one of claims 1 to 7, wherein said surfactant is a sztterlonuc
surfactant.

9. The method of claim 8, wherein said zwitterionic surfactant is 3-((11-
acryloyloxyundecyl)-imidazolyl) propy! suffonate.
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3 1 KECI FED SHEET (Rule 91) |SA/ AUL0. The met hod of

any one of clains 1 to 9, wherein said m croenul sion
w@eopnsmees from about 0.1 to about 0.5 wt % of B@I/SG2007/000398

wetting agent. 11. The nethod of claim 10, wherein said

m croemul si on conprises from about 0.25 to about 0.35

10. %%/Orﬁéthééldﬂ aW?foTnbrlﬂ cRPBL1 tol - wHérRINBAil dsicRfenil¥ioAt®mprises

of cl ains 11, wherein said m croenul sion
torpabadd. i ﬁ@ﬁb@%ﬁ wit obsaig sattimpagent of sai d water,

fromabout 5 to about 40 wt % of said nonomer, and from

11, ?HB%etﬁBd%‘P c%‘ﬂﬂufo %e‘% ?4’ %fd fd eﬁm‘ﬁﬂé.é‘ﬁkéﬁa‘ppsé%ﬂém about 0.25

I c fater or ned accord

tmaﬂsmat OJBSM% mfrwld)f/vettlr@ agerit. to 12. 14. A cont act
| ens conprising the porous poI ymeric material of claim

. 15 A porous t risin a transpar ent
12. e gigthofal Y Saerdh S ool oM RueA S GHiEGeTaigon
&Shbh@@s fieRNAboR! 5 tBaoul 50 WthA @f‘sélf:l vﬁa’%é{d fitseh BbBGt 5 to about
ent cross-linked with said polynmer matrix. 16. The
tvaPa af said nmondner. Bnd fieen abauisH tp akeuti Sthwtig@fisaid surfactant.
conpri ses nethacryl ated hyaluronic acid (MeHA), at _

10 by ORI PSS RN S A ) S o

vlaimeititosi®@.d wetti ng agent conprises an acryl ated
hyal uronic acid (AHA), at |least a portion of said AHA

ein ross-1|inked th said pol yner tri 18. .The
14 fegeltacirs compriging the Pefciis adhimbie marerakal can 13 g
wetting agent conprises an unbonded portion di spersed

15. AmdrBEs fatO@illtomiprisiigd pol ymer matrix and said pores,
sai d unbonded port| on of said wetting agent being

a?}a%%%glbeln? po[ ?nrrérsr%z'af]rllx%atfmmg ||nterconnected pores; and

a wetting agent, at least a portion of said wetting agent cross-linked with said

polymer matrix.

16. The material of claim 15, wherein said wetting agent comprises methacrylated
hyaluronic acid (MeHA), at least a portion of said MeHA being cross-linked with

said polymer matrix.

17.The material of claim 15, wherein said wetting agent comprises an acrylated
hyaluronic acid (AHA), at least a portion of said AHA being cross-linked with

said polymer matrix.

18. The material of any one of claims 15 to 17, wherein said wetting agent
comprises an unbonded portion dispersed in one or both of said polymer matrix
and said pores, said unbonded portion of said wetting agent being releasable

from said material.

19. The material of any one of claims 15 to 18, wherein said wetting agent

comprises a hyaluronic acid.
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19. The material of any one of clains 15 to 18,

wherein said wetting agent conprises a hyal uronic
w@eood/o@249 The material of any one of clains 15p¢DSERN7/000398

wherein said wetting agent conprises

pol yvi nyl pyrrolidone or dextran. 2 1.The material of
20.3n% reaeriafl offdi} 6fe dbclaing 95 9! whBreidisdidoRENiABagent

matri X conprises polynerized nethyl mnethacrylate or

gompiaisex petinyinyeictideng padextrarz.  The material of any

one of clainms 15 to 20, conprising fromabout 0.1 to

. 0 j ' g , T '

21 398 e e ol 15302008 bre Baid AR g
cbfripoites polynverizedngethgbmiethabfylatEner 2dhlydroxgethyt metlyaarylate.
of clainms 15 to 23, wherein said pores have a pore

| anet er. of about 60 to a t 120 nm. .25..A copt ac

22 R TRehiafotaReote o el TSIS 2. ShRIPtsES srE ARPAED 140 about

0% ®i% of said wetting agent.

23.The material of claim 21, comprising from about 0.25 to about 0.35 wt% of said

wetting agent.

24.The material of any one of claims 15 to 23, wherein said pores have a pore

diameter of about 60 to about 120 nm.

25. A contact lens comprising the material of any one of claims 15 to 24.
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