POROUS POLYMERI C MATERI AL W TH CRGCSS- LI NKABLE WETTI NG AGENT

CROSS- REFERENCE TO RELATED APPLI CATI ON [0001] This application clains
the benefit of U S. provisional application No. 60/859,517, filed
Novenber 17, 2006, the entire contents of which are incorporat ed
herei n by ref erence. FIELD OF THE | NVENTI ON [ 0002 pr esent

i nvent i oP@PBQHREQloY MERGMADERIMe W U HretRP P&t EaWEVéTH\iGré\GENT
agent, and nethods for nmaking such materials. BACKGROUND OF THE

|TWENTI ON [ 0003k R REXERENB EoPTRELAPEY ABBIIARRiYFRNY peop! o

suffer, particular wear | ng contact 1enses known t echni que
to address dry eye condltlon IS to incorporate a wetting agent into
t he cont d600flEns Thishapplidatiooodbans thenserefire Uvdr prdvisienalsapplidatien No.

wetting i_s_rel ed, thu ti the surface ft cont act
| ens anda&zg{’r%pi& @PEM er&??‘ﬁ)@ S /EAEeNt St é‘/rﬁg'éfa[ﬁ incorporated
lifetinme freinpieherS@nicact lenses is lim ted due to the limited anount

of wetting agent that can be incorporated into and released froma

contact lens. Further, sone wetting agents tend to degrade in an
agqueous envi r SHFBRY OFtTHilE INVENTON i i t | ng their application. It is
thus desirable to provide porous materials with a wetting agent that

has i npr er I r

ot at vergoP2hg. pabERasG R nERl R h o o R R B0 At =
Accor di ngletting @g@an@rdaﬂemwstfbr makagpaeh whtdrizgs.pr esent i nventi on,
there is provided a nethod of formng a porous polynmeric material. A

bi conti nuous 0 a wetting agent, a
nononer, and aé%(g{(f%‘%{&lléﬁp Bgoﬁggﬂh@ré@m with the monomer is
pol ymerized to forma polymer defining interconnected pores. The

vetting gge08] CoMpy b§e%s 8 cohfticn bbﬂdfrabh%haﬁhéhrgeéﬂ%@uﬁé %.&&raﬁy when

after polynerization, at |east a portion of the cross-| i nkabl
wetting augaiing ¢antaeldenses. nReédowint tiechinigupdo yadidressTry ayetqqnoi@mgerto

may corrprmgoerpgrar%g %l WE P\'gcag%ant into the contact lens. When the contact lenses are
worn by a user, the wetting agent is released, thus wetting the surface of the
contact lens and reducing 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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acid. The cross-linkable wetting agent may be an acryl ated hyal uronic
acid, such as a nethacrylated hyaluronic acid. After polymerization,
an unbonded portion of the metting agent may be dispersed in the

pol ymer and,t por es unbonde rtion of %J; ti n gent
oy be. r cfaks ADFET S inRitEe haul S9oM Fhel B Fordlotssd g € 9l sl
pol yvi nyl y & hedthderyeated h§akid @b acith CARBNSUTRMe BNt an@id®Hded portion of
met hacryl ate or 2-hydroxyethyl nethacrylate. The surfactant may be a

zwi tt eri dApoveiting ageahmayhectispersed in the polymer and the pores, and the

o1 &% ol WHRELERABASEY o WER BRI 5P ieasitid BOR fiefOrial The
from abOUNet@nQEagtem &mtﬁorﬁ)pﬁﬁ’éia péIYyinQloytroRdoves bi AExtAENThe Fithomer may be
m cr oemnul si on nprise fromabout 15 to about 50 wt % of the

wat er, f rraﬁthé(bmﬁth@rv@t%bathydmmh)sl srethaeryiabeohbe susiagtant omayabe @t
10 to ab%lttéﬁo%@ﬁfgc@n‘? ﬁ%féascé acrg/f%?/&&}/un&'e&ﬁ)grogggﬁgl)g‘ré ! ous

anot her aspect pr €sent 1 nventi on
pol ynmer i csulfehatd.alThé mmr@@nacts}ondman,gccbmpasmhodb(ﬁlﬁﬂﬂ itb@tdouhesewtyo, such

0006 In accor dan h furth pect of the present invention,
Eher e] is@ ﬁ %Pdﬁz) %Ebﬁ"o%%o% 5"‘5 @gFﬁﬁWﬂtW@ antad S54PicHREPuIsiafer
matrix dehh bB&pn'thfﬁfrﬁ%BBGP‘i@‘fJo 996@%9 ﬁE’% cg V{}dté\g ﬁ%gr? bout® td ?%&t
a portion of the wetting agent cross-Iinke th the po ynmer riXx.
The wet t iHywilheritheraoroong asd fromeahact Y0 & eboltyd] wt%bfthasudadtsbtA) |

and at least a portion of the MeHA may be cross- Iinked with the
| at.ed

pol ymer The wettin ent e an _acf.

hyal ur onlr@bgérd N Orda'n%g}ﬁ’ﬁﬂla@%l?e S&?EPP% SHresHE IALARLY there is
cross-|i gk'@dld\éﬁ@porbh@ AP iR rAeéidlfornTde aves rHindStoad fithd Y e SEHHYd Sse
an unbonded portion dispersed in one or both of the polynmer matrix

and the @'@ and the unbonded portion of the wetting agent nay be
rel easable fromthe material. The wetting agent may conprise a

hyal ur oniy GOGG]p erQ&é’de%bf&rgéMH%hﬁ%ﬁct aFitd ﬁﬁgeJnﬁvemdr{ TR&reTBLr i X

may conprise polynerize met ha I at e roxyeth

net hacr ylmbwdeaﬂzaemeermatbna‘a@ompmng saetrémspmraiﬁmﬁlyrﬁedrﬂattrmbeﬁtﬁin@ 5
wt % such as fro bout 0.25 to_ abou of th wettin

agent . THRIEFHUECRA PAIEFea] ap%?@na.%%lgeﬁﬁ At ARATHOB T 1 WEHID agmt

nm cross-linked with the polymer matrix. The wetting agent may comprise
methacrylated hyaluronic acid (MeHA), and at least a portion of the MeHA may be
cross-linked with the polymer matrix. The wetting agent may comprise an acrylated
hyaluronic acid (AHA), and at least a portion of the AHA may be cross-linked with
the polymer matrix. The wetting agent may comprise an unbonded portion
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, polyvinylpyrrolidone or dextran. The
polymer matrix may comprise polymerized methyl methacrylate or 2-hydroxyethyl
methacrylate. The material may comprise from about 0.1 to about 0.5 wt%, such
as from about 0.25 to about 0.35 wt%, of the wetting 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 comprising a porous polymeric material described herein.
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[ 0007] In accordance with another aspect of the present invention,
there is provided a contact |ens conprising a porous polyneric

mat eri al described herein. 2 [0008] O her aspects and features of

the present invention will becone apparent to those of ordinary

ski || in [0B@8hr t Qlipemaspecieandfedtheesfaflthe wresend @sentiphivdih be€ome apparent

oDy OO B o B, BRSO o
the fi gurspecifihirebodihlensd 6%@,inwntwmqionﬁzmhwmﬁéga&@hﬂfﬂms of
the present invention, [0010] FIG 1 is a schematic diagramof a

cont act Ifighses.exenpl ary of an enbodi ment of the present invention;
[0011] FIG 2 is a chemcal forrmula of a hyaluronic acid (HA);

0012] FIG 34 ' I f | ated HA (MeHA);
[0013] Fios. PR EER R TN e DRAINGE Y oni ¢ (SeM i mabes of

contact lens materials; [0014] FIG 7 shows a reaction route for
prepari ngooes; [OMES]gureéS$SSwhish titustrate iy wanefratampld @gy agmbodiments of
illustratjng a process for formng a contact lens naterial froma
mcr oewlté?%ﬁe%r\tl‘ﬂ‘@’“’ﬁﬂi d; [0016] FIGS. 12 to 14 are chenmi cal

fornmul ae of various conpounds used for formng a surfactant; [0017]

FIG 15 gbo10) 2 HAMISReehemad dpdeitbierenoutdent RN 4P 5 @

bar di agram show ng the neasured transparency of different ~ sanple
conpoundsmb@iment bf the presest iavéntn;di agr am showi ng t he rel ease
profile of different sanple conpounds; and [0020] FIG 18 is a bar

diagram 3664419 ERS. SRS URESiCER fithitRa 8F adiyHl 5o ilaciP AR} compounds.
[0012] FIG. 3 is a chemical formula of a methacrylated HA (MeHA);

[0013] FIGS. 4 to 6 are scanning electron microscopic (SEM) 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 is a line diagram showing the release profile of different sample

compounds; and

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

sample compounds.



DETAI LED DESCRI PTI ON [ 0021] As schematically shown in FIG 1, an
exenpl ary enbodi rent of the present invention relates to a contact

| ens 10 made of a transparent and porous polynmer 12. As used herein,
the term"transparent” broadly describes the degree of transparency
that is acceptRbTAILEY DESORRIION ens or |i ke devices, for exanple
the degree of transm ssion of visible light through the pol yner

cont act 19028L" oRS SRRl ThRREEL SFoidybily o d5ta ot the

i ncl ude qireserit IMMERtPP BRI BLd JTMEITEENS)10 Fidde GSa tRiftparshitcald Yorous
unsat urated nmononers including nethyl nethacryl ate

MVA) , 2-
hydr oxyl @ahynendenhr ysast kereizing term Kianseryardt hrgﬂadfaxcw%catb@,s the degrede of
(R« ol wespEr bt 5t GPedad o Lot e\ AR SRR G braffle e

li ke. [OGZYred ofetransrgisaigandt (iéMle light shioughr ther pblgehar ndquiesiBhiaes that of
lens 10. At least a portion of WA 14 is crass-linked with pol yner )
12, whi ctiPther meferale @MRioYRY & ieaBapuigcturg il Lontaqh keipasort p1RT oppathalmic
used heregjdlicd Wetting agent nolecule is "cross-linked" wth polymer
12 when the wetting agent nolecule is joined to two or nore adjacent
chai ns of polyner 12 by coval ent bonds. Sone of WA 14 may be

di sper sed0022bnePobymdyot2 nify includeeond 2r anatet dymerized dedfrianeer () such as
pol ymer 1 ut. are not .cr -linked wth polynmer 12 nd ch 4
e Yot er APy ALY bt mofittie Ay Roimenys Mefatnllg (A >
unbonded Hy@F& yPSthof m¥éthabfy| BRY(HEVAG)! M?é@x?leftlﬁyﬂ AR fhorl RAFbAYlic acids
into the eye when contact lens 10 is placed on the eye and a surface
16 of coriugbtas peiyc Bgid AAhardmetbaciic lacicheViay lyaidylimethaerylatsl (BA),
one or f t.f ] : rticular, the cross-linked portion
of WA 12%”%8?@3@5'%}103’%%?&%0?%%%' Ss-linkable wetting agents (CLWA).

The unbonded portion of WA 14 nmay include one or nore CLWA or one or
mor e non{0023k- | Anketthg agsint i(VWA)atyk e cOrpothiéd)intcocomtant kingrt0. oAt least a

be. 1 or mEB LA Vs edReraariTeG: WERROEToTor2 WO of (HEFBH O RErEnRp the
22%‘: E ZI) ;g@?ﬁ%ﬁﬁgﬁ%ﬁayAémé&dﬁe@w A&ty B8R Mol SAPE §§¥crb8s-linked”
with polymer 12 when the wetting agent molecule 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



particul ar application. For exanple, for contact |ens applications,
the wetting agent should be conpatible with human eye. In a contact

| ens application, suitable 4 wetting agents nmay include hyal uronic
acid (HA), acrylated HA (AHA), nethacrylated hyaluronic acid (MeHA),
pol yvi nylvmiﬁmg)l iagents () ,indeder atryaltmonicotatéd WHAYi nacraipéed sHAha(AHA)

t bI ht hal mi ti The t
erein i Aergte hEdrT attl BER AL pakdivissBliise SRR s or
i tself aotmswehing ahémsnAbi YR a0RabIBabr dPNtHEMMRI Bpliclionk. anie t¥en Obr
nore of the |ist itens is also a possible alternative, excluding

any conbiwien esed hatein & adist sfiitertsi indicates thetileachof dhe dstadaitems s #self a

ore mot e B aferrAfué ey BHCAAEa P REbERL TR idthafkaf BRI s
car boxynid kydccal podsisie él@Vﬁ‘équﬂYékdm@mgF apyl corabingties! thut s eof HBMEDIe, as

gl ycerine, chitosan, polyvi n% al coh or the like may be suitable
[ 0025] H)syqtéd aﬁslmctedﬁmd bw@u HigHrarseon Iming artorueh aa wiren twe items in the

gl ycosaniy ol 0SSR BIGOPH) KSABCHRIdRontibinb adbrRS Ul s

of dlsacc r es ose ucuronlc
D- N- acet ycbgjm@crwhylnelluw)ssm KewmC) drgeltdneylpmm&t ragthglceiitiosg (HPME),aglgcerine,

f-1,3 SIdIC exe ry s a d| um hyal uronat e.

[ 0026] FG oiyvn?ay %@éﬁ@b%%@%@e&w@ﬁ -chemi cal fornul a
shown in FIG . A suitable MeHA may have the formula shown in FIG
3. In bOI[@Oﬂ]GS HA is 34 calledf/aHBRSte orhydi@nhR. $eHAGEed so that the

nol ecul e has "a nol ecul ar wei ght from about 10 to about 100, 000
Dal t on. incgaﬁmlmgmarerﬂﬁmmfi@dtmucmmﬂysamheudeawhmbuglatpczbymar of

i b d , 0. 000 Dal t on.
Th a1 oFRCC BT AenD e ol dF 2B Dipor gt Ry Piied
out si de_tdifetBBOViE dit@ntitihg Slapeas g1 8rylydisidiabbhas!! An @mhplgq; HANs a

[0027] PVP and dextran are conpounds commonly known and readily
avai | abl 8odiumpRyaluraRatei al sources. PVP and dextran that have
nol ecul ar weights from about 10 to about 100, 000 Dalton may be

o oy RSB T SR AR A ER 8 Y SR ReE R
FIG. 2. A suitable MeHA may have the formula shown in FIG. 3. In both FIGS. 2
and 3, the number “n” may be selected so that the molecule has a molecular weight
from about 10 to about 100, 000 Dalton. In some other embodiments, the
molecular weight of a suitable WA may be between about 100 and about 10,
000,000 Dalton. In different embodiments, the molecular weight may vary 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



particul ar application. [0028] A CLWA nay be a nethacryl at ed

hyal uronic acid (MeHA), or another acrylated HA (AHA). The acryl ate
groups in MeHA are capable of cross-linking the polynerized nmonomers
di scussed above, and the pendant HA chain in MeHA provides inproved
wet t abi | ialsp be used. rE@rulntstar@enanwWAl thatinntudesua tfamdtional @roumisudh as an

?lszghb:s Lé?ﬁﬁatgg%uh? Zﬁ% ?‘b?f%?% AI ﬁggpte Calr]lﬁdﬁ‘%l@e%g% &&gfopgmi:g{u%%{) fonal
I ncl udes grolyy deiphias lanémtlmmaJhaurgrtﬁapcé@wdmaé sarfaes datoptilictyahnrthe

that can provide surface hydrophilicity in the resulting material
may be siiptdine Matetpignanba-sgitapleray be a hyal uronic acid (HA),
pol yvi nyl pyrrol i done (PVP), dextran, or any other suitable wetting

t t h
agent nabos) MO rEBRgs hAGELT MR ) BAS) EUAARBHI e o)
anot her eekivdnnenany WheitéuntaMelwaﬂmg boéht thetHA revtdrd¥s-linkabde Mthtther

enbodi nent , . WA 14 i ncl udes MeHA one of PVP and Dextran. In yet
anot her Qﬁﬁt&ﬁ}ilﬁ‘fé?ﬂiym%ui%? ?RR@TEC%UQHA and a mixture of two or nore
of n-CLWA. [0031] Conveniently, the incorporation of a CLWA such as

MeHA proypelss a |n5éﬁ@rén%dwmléﬁﬂamt 14h9tMeHJZ\e B QASther RSSbARENt, WA 14
unbonded WA can inprove the surface wettability of the material and

serve as irclygas bolly MghlAt andlth trh@lﬁ@ﬂmrr@nb@digmnt,l Wik 84 ingledes deHA and

ot SR ALY o b i B B

whi ch i s ngigttpaoable or hioré e ntoprweved wettability provided by an
unbonded wetting agent such as HA (see e.g. Table Il). A convenient

benefit of this result is that the cross-1linked MeHA can act as a

vet ting &HH wi eagveniealky. Ade (sosrsratipnebai-WhesyshrasMetifeppyidas @an
then be %gﬂ%féﬂ%ﬂ% fH&ﬂhﬁh@téréészmetooaﬁcpﬁﬁl%&ﬁawg% dfrﬂpr%‘?)e”thk%ﬂif,ace

or additi ting agents, suc onal
PVP, dextnediabdity bﬁ’dnel miterial Asd tskeveca®aswvétting adeve Havem tHougbtthbecross-

e AR R e e T L
therefrom, it provides improved wettability at the lens surface, which is comparable
to the improved wettability provided by an unbonded wetting agent such as HA (see
e.g. Table Il). A convenient benefit of this result is that the cross-linked MeHA can
act as a wetting 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 or the 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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of MeHA is not necessary, although |oading an additional wetting
agent either during manufacture or during use nmay provi de enhanced
performance. [0032] The cross-linked WA nay al so nodify the surface
properties inside the pores, which can affect the nobility and ot her
t r anspor tFot egtante rthe cress-lotkedHde HAmbay désd iwpraVe the wettabilityeofiinner

f Fth Th h h VA
my be vatageaabHechaRs: BhisbeRee P eRaah elsae of babaRdeE IR AL i
i nstance,nitifig Wtﬁé%dréé‘ﬁﬁ@’ ré%‘é‘éhrﬁ@?éf ah 2QubBDs RYE@d RN ‘Wé EéﬁbuhdMng

i nner surfaces of the pores, which may pronote both rel ease of
unbonded WA that is initially in the pores and re-Ioading of an
aqueous [[0€3$]d f@BﬁnQrHéO@lﬁfr’[barb@ﬂﬁ@@ and adaBttagefediscusanddnghe toeceding

benefi t t

ol seuner RPN POt o Tta) RulBF oBRRS MBS AR, fir
anot her wbtm—blw;t@bWCLmrsuaa aanridilesr AHA. [ 0034] The choice of a
particul ar WA may depend on the particular application. For exarrpl e,

it b h t the WA b at th th t
TR SR [ 2Hh phi e GOIRell Sl Ab oLNEt, T LSl
ability and ex&hﬁ)‘?é”‘?{ Fh%&'b% cﬁ’éé?r%%féf HROWABE cto?rﬁﬁ‘éﬂébbvﬂﬂ PR, rﬁé‘t‘?—mﬁé

bi nd nore wat er nol ecu can i sperse qui remai n on t
| ens or dorihen aUWA aty tbe)sel@cte&jl tatprogide lmmgseqbwaterdbloﬂlrgl atulity landmay

|'so be des] that WA 1 j ficant visugl
bl ur i ng “R-OERLE ARRSIIES P ADTdDe MAN PHRCHA LAY BotehepISkRB e ylep cor

still dicgRef sé @utdkﬁ/ ﬂ)@trférr%"n WﬂQHelén§§r dcﬁhéé‘%@ﬁab@?&r 3 F@a% long
Typically, a i gher nol ecul ar V\BM? can bind with nore
wat er nnlpéﬁgﬂﬁflmﬂj lémmsaippcbletdeaslrablﬁ iblRé VA ddrddasi mat caeseisignitepntt s

that can adv

enbodi nen Q%warﬁmﬁg%% b@W@éugé?%?% pag%%ﬁ%ﬁrbeém?bﬁ&netal as
the n- CLWAspdresd impledens or Whehayisexsleiabed itolthagee. Meartallpad ivAiofg and
can better stabilize a pre-corneal .tear filmthan sone other wetting

agents. PEhesMadsavianveightyzaniind withieeiewatar deplpaules mndgan eypporoa
can red“%cﬂ%%eﬁyﬁlm SYBREQYBg8htsThAEEMH StabfBEHL A AR kS yeari ng

the contact Tens
advantageous in some embodiments. In some embodiments, HA may be

advantageously used as the n-CLWA. For instance, HA may exhibit a longer mean
half-life and can better stabilize a pre-corneal tear film than some other wetting

agents.

[0035] Conveniently, WA 14 incorporated in contact lens 10 can reduce 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



confortable. Due to cross-linking of sone of the WA, a relatively

| arge anount of WA can be incorporated into the contact |ens
material; and good wettability and sustained release of the wetting
agent at a relatively high release rate can be nmaintained over a
rel ati velgpithehg qedsi(DEESF). tharexamphe dshay beenshewntithat BOCEfagan ablhere

ddition,_th tact | t eri al hibit i d hani cal
st rengt h Y SToB My TGPt BNEH AR ded Codagt (e arrEnelS har
contain only a wetting agent that is not cross-linked. [0036] Al so

conveni erfod37] whas iNBltAtenth FISSIr£td 8c@hper srbadprdseataivet Sednri® Electron
materials can exhibit inproved bioconpatibility to cells such as

human corISERSCPPERISEM) impgesepf the(interopl strentusxahpanaple polyaer teesnbranes

shown thay ; r - - |

cont act Ui BReR et 2, etitifitel Mo R pR R Ao e
ar e repr ésight gidriiensScdefiiing ikteecénrarted dormgpatoppore SER) (showpess ahet dark
internal structure of sanple pol ynmer nenbranes suitable for use as
pol yner PEMiQHR. p%PW]%@r%é%teéc%WIWF%jr Wighr a least somuef d6emmare gringwtor
portions); <Y i t ﬁg[

dar k po%“tn ?géri\mhn%éﬁﬁgfgﬁﬁ@eﬁ%oﬁﬂn@ggég& eﬁt@%ggg{ygon%éo@%ﬁe%ed
are joi nedttoran laignkeds viluith 24 otvhioh heonteiost ar mixdne of watee swoota MYdugnot

networks.. Pqres, 22 are fille i th an, aqueous fluid 24 which
cont ai ns '%erﬁlf@[ﬁ'@ tg? 'NAPE? Ogﬁbé\g' %\59 ??mt identifiable in the i nages
of FIGS. 4 to 6). [0038] Pores 22 may have round or other

Cross-seqo038Rl PHARES2 Al HEE fdawne ordithdredre8é-setidifal shBBe®anE B RME
in FIGS. 4 to 6 have_pore dianeters of about 60 to about 120 nm

[0039] Adlifferent sigesi Ahepopes shewa ireFieSy 4fepdave nate diampetage opabout 60
effectiv I f the cross-sections of the pores. The effective
di aneter?%ﬁgga{g?%@ép’?secti on that is not circular equals the dianeter
of a circular cross-section that has the same cross-sectional area

as that §003%le nAs-gsed Hereincrapgorsedianwier refesone treTavedragants, efetive
as when the

e B el eIk ot IR e e et gt cross
content isBchit} that is not circular equals the diameter of a circular cross-section that has
the same cross-sectional area as that of the non-circular cross-section. In some
embodiments, such as when the polymer is swellable when the pores are filled with
water, the sizes of the pores may change depending on the water content in the
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 may 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
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pol ymer. \Wen the polyner is dried, sone or all of the pores may be
filled or partially filled by a gas such as air. The polynmer may

t hus behave |i ke a sponge. |In sone enbodi nents, the pore dianeter

may be in the range fromabout 10 to 100 nm when the polyner is in a
dry condiinteseoniestes sincheasvaose fabhtiseusedd bRlowalgpemding enatsepmpohwaers

m ni mum Wen th ol r is fully swollen, the por ianeter ma b
"t e e bt BRATEtaw « e dnere 3 IS TGO RGIRch PSShegs paould” Be
randonm y yhHdetstbbd togch slf?ﬂ)écﬁﬁer%%nnﬁy be distributed throughout the
porous material. Sonme of the pores 22 nay be cl osed pores, neaning

that they are not connected or |]oi ned with other pores or open to the
sur f aces [8041he pemengfrthe WA ngolgsulesdrearparaied irntheagantagt Iens nsbered) are
are 8 i > i e ful i i g
on use,  eryrOne b i3 BEFRE iBkE il WG aRe holGhady WPRBERSS,
por es as digpdrdedhén thengtetysieoathtly and plordd. eDupey si88, whtd4bld Wvondet! WAeif
WA nol ecul es incorporated in the contact |ens material are ,
cross- | i MKERENH myﬁr?er%mx%w gseq frqrhithe APrSE anhihs: Peleen AksH%ed

VWA may be dispersed in the polyner matrix and pores. During use,

vat er angoggPPndptindAnaidrial PERIANIN FR?S(.Zi’t%) B,Gt%‘é%@le%ﬁsﬁiﬁpﬁﬁ‘?cﬁﬁeﬁtriﬁn%e

the pores and the polynmer matrix. [0042] In the materials shown |
FIGS. 4 trohsnet matertplepalgouti Zpuwtdo donk Eht4,iabouh80 with fordGrat and abous35
about 25 wt % f FI.G, .4, about 30 wt % f or. Fl . and about .35, . W%
for "F1 & W% far Figr R n Sach BSe A AhEal R ot SR ool dtoa Stk Wi
the WA  amd thBeesEiStmaiflyRately FoRtRFity, PRt tetbtd th, weighPhercehfige drPthe
wei ght percentage on the basis of total weight of the material

i ncl udi ndpasiseofdgtad seiohtnnfdne mateigdadyudingttie eerepenatedalr G 1,
unbounded portion of WA 14 nay be rel easable fromcontact |ens 10

when it i cegl I t j Wﬂ%p

nol ecul eéé?r%/]adi wlﬁ‘gﬂee@%ﬁg%&ﬁﬁ'eﬂﬁnqaﬁﬁggﬁg%&ﬁrﬁ%Wgﬂlﬁnt rggﬁﬁg}é\géeb ©

por es fr dronanontactlrensetfl whet it ia pfaceldaare arelghaontdct pathy areyk2, Theuch

as to surface 1 contact |ens 10. The onded WA nol ecul es t hat

are at s poPOBHET NPT REN ST N hg TaPe SEHOB NG REUHRESSAAB m gr at | ng

or diffushtdetonnected pores from an inner region to a surface region of polymer 12, such
as to surface 16 of contact lens 10. The unbonded WA molecules that are
dispersed in polymer 12 may also enter the pores after migrating or diffusing

through the polymer matrix.

[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



t hrough the polymer matrix. [0044] The rel ease 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

control |l ed art size and the deqgreg of

ot er conreEPafionay st TP i B Rofds BBy i BaERr T Sheauine peresre
pores. Thited witPh YigBid. 12 can be conveniently used to deliver a

wetting agent in a controlled manner during use. [0045] Unbonded WA
mol ecul es _can travel or mgrate within polyner 12 or the pores such
as by di f[P046bn. Cravgaigarithe yalsand of theawaBingcagest cap\e mantaingder a

1 ow of JAS BrgdEF ulrR i s ofe BRFLE0 Bke P SRb BBL plbBlelS o 4
concent r giresentriegértion B auSewiertisefisparged iraitel pdrastaeid palybe1R0Weis
than in polynmer 12 when the pores are filled with a liquid. [0046]

Conveni erfOMe cross-linked ydth e RAWMREMatthy ikl Wahdispersadindha daresis
a long pefid ré?%aééd‘?t éHﬁi’) Ried R Gitd. h‘%ﬂe %&m%élé‘ra% 185¥ for
eca 4

enbodi nents o prese i nvention I'spersed in
t he por esxangleo ﬁeveldayﬁ Thetreleasematecwitidsen dekedsaidsiththeitiplty freely

mat ri X. tiall | spers in t ores | ui ck rel eased at
2 hi gh r eleneied (A Mergei BS 4 Fiespdls dapBrabenaly hosdmst el s the o
few days re%@er&kﬁééﬁbéﬁ&é‘d Wbtingtétf‘éhtmg@e‘-‘rec ¥ %@?ﬂd%otsr{ﬁééﬁv%fﬁ%éj

di spersed WA nol ecul'es in the pores have alrea
r el eased.peTied of tisieata lofen ieteasebaial e thetunbogded WA dismeresein thean

contlnue a relativel 0 tiote at a | ower, rel ease
are, s RO HEWBLmORR i dPE oBeF pRE elussigtTy e PreBfFgoRs oL S est
t he por esemdo%iﬁymsfgu@@bbhe i nner regions of contact Ilens 10 to
the Il ens surface. [0047] Conveniently, the cross-1linking of a portion

of the vvettlngaent with the polynmer matrix may al so grow
i npr oved [994 &gt Of‘éﬂe'ﬂ'ﬁét%dh@@éosrﬁdﬂé‘f*ngapfa[PQﬂKB] of\fherveiting agent wilk the

i s worn %} In&rSHGtrik rlﬁ%‘g d@;{ p%%é’ﬁﬁrat? 4 s{rgn&fh émje go?&n?soﬂéﬁér?aq e can

reduce d eye synpto ergic reac I ons,

[0048] When contact lens 10 is worn by a user, the improved wettability of the
lens surface can reduce dry eye symptoms, allergic reactions, and discomfort
resulting from dry eye conditions and wearing the contact lens. If the optional
unbonded WA is present, it can be continuously released into the eye, which may

further improve the performance of the contact lens.

[0049] In one 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 interconnected 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 as a photo initiator. Conveniently, at least a portion of
the WA also serves as a cross-linker. Thus, in some embodiments, no additional
cross-linker is required. In other embodiments, an additional cross-linker may be

inciuded in the microemulsion.
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resulting fromdry eye conditions and wearing the contact lens. If

the optional wunbonded WA is present, it can be continuously rel eased
into the eye, which may further inprove the performance of the
contact |lens. [0049] In one enbodi nent, polynmer 12 may be prepared by
pol ymer i 20880k Ebconha'ritwo“ iaremaksian’sirefers héa aorhlnainnm:iw\amioallwmteble

copol ynerj.zabl e ne or. nore surfactants cqpolyneriza

wTh &R BaaBleNR iduin e bt RapiE” ighE Bhse. 2R RRae T ERion may
resul t i nghepsiapiedap ahnhﬁarrra@rwemﬁqe& S RGaht | tﬁ‘fé ¥ e 8 ligdideoSses is
liquid. The WA is dispersed in the mcroenul sion before

pol yrrer i Zudrephilic sudpopkohia (sunh agwsder atshiiensthemisehydropbebidl ai lpophilic

1 at o SUR Ao PendyEE. L EReldd: Bhn BeiteERed Ailemysions e

a cross- |ab’<blﬂer1OOTﬁmﬁ)met@@@ms%”bﬁdlﬂff@@tﬁe miigroadliidibe® ake transparent. In a
cross-linker is required. In ot her embodi nents, an additi onal

cross-1 i rp,{‘é'i?”t‘r%'?uﬁémcf(}ﬂﬂ"d&@ﬂ each abthe twodisid Bhases isccantiosoys.For
clarity, "mcroemulsion" refers to a thernodynanically stable

di spersi C[Oo?i] On?hla'vgﬂ'nqclggfé GLIWA, ARG lHeqM'eFiAP %Eﬁ astHS one shown

m cr oemnul'si o be sta by an i nterfact &
sur f act arin FIGna. dThetMeHAvshdqum G l8asasbe prefpyrdd can;botdmg & the reaction

ot S AR 1 e i Bt AR SOk B I P
m cr oenuli§inRRsorRy &killdPithe HPO B?@ﬂ?”@bﬁﬁ%r?%ﬂnﬁé@roﬁﬁgf atBefic FB@ methyl

m croenul si ons are transpar ent. Ih a bicontinudus m croemul si on,
each of tmethagkylatedaPlINAhisesonjugatents nabwxyli¢ 6083 jn Mpaluwhamioy usieg 1a

shown 1 n e 34 ISRl et BEu iRk Tt Beblo gk Engy anb e o
i |l ust ratr@drcbxybléhgetnézolﬁhﬁ@mmutsft@hpr@ngéeM%Hﬁrwé:ﬁr@rp@ré’@ﬁ@f MERA i€ do

known to persons skilled he art rief primary amne group

of atact |d¢3%’§|39d m@thﬁﬂnterawﬁﬁcq’rw%trbl\ﬂ( épﬁmyz =3 ab rﬁaj@@ﬁee@f wetting agents

car boxyl i I

Et hyl - f g’?ﬁ%%@%&’“{eﬁ%gﬁ carelbé?dc'j ’9 ht}’ roc 02r0|O é4? EDébsgﬁat

rl%arb\ oxyb@:@idheremaﬂta Flglﬁat))t ﬁxsd lM)RpIKn{?ganaxgé’rcsﬁPa%éT@mgg%taﬁg-mpoﬁsQ/e
n the erature as in rincz e

al . I ;e?aggg%e%ggq@pt ey@ﬁjrg@l‘g,n’:tcg;ld/Huroﬁ]‘lcuc:ompsousclte hysdrcl)gels for Gontrolled release

of human growth hormone,” Journal of Controlled Release, 2002, vol. 80, pp. 69 to

77(9), the relevant contents of each of which are incorporated herein by reference.

[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 derivatives: 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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fromNelfilcon contact |enses”, Invest. Ophthalnmol. Vis. Sci. 2005;

46: E- Abstract 907 (hereinafter "Princz"); and MR, Kimand T.G

Par k, "Tenperature-responsive and degradabl e hyal uronic

aci d/ Pl uroni ¢ conposite hydrogels for controlled rel ease of hunan
growt h hdPRb4AE, " Theumpadbmefs Ganfaraling dhRdiiearsinousodizrogmlsi@0 cappbe Ghy

hor el m by EPE iuiRet (RRHh SriroRay fie " ik Gat Wi BSfrdle of
one havi ngpohgnd@ing hWathsartRer honbirer t@ forh aCddbposyradai Walkeahé midRomer is

commer ci al chem cal providers, such as Chisso Corporation of Japan.
The HA caopalseeiizable sfithr anbthes swnemersicheah Hig aedactans dhe seenamer may

ol i i cal PP Belfhi e iRt ERSThC Sho SBld o1 nfF Biphist i nay be
Appl i cat igmslo9éd tdippdparemasuitabie bitsntidyusvatdry@dulsiorbwillisa!kesn &6l a,skilled

Portland Press Ltd., London, UK, 1998, pp. 33-42, the relevant . )
cont ent s RFTSQIi EXCEPETY TBORYBLER ate Iedhdenicaly unsphiratedemonopwss ingluding

di scusse 0 \/ c i Syl [

avai I bl ABPEHREME, 2 AREp e dofider RETBRR AT BEISRA &Y Angand Mp
t he bi corBMAQandrsilicomentybs inconaraersbeSaitgble suntbiibtnsmfdhese kdwmdre can
persons Sn?ﬁi I h%d in the art, which is capable of copolynerizing with
anot her rfOYOREMSEE: f orm a copol ymer. Wi le the nmonomer is

copol yneri zabl e with anot her nmonomer such as the surfactant, the
nmononer mag55p! SA RAyMelyamE isaAat@ntid fagddoie bf pol%@ri_&%ﬁﬁ‘ﬁs@ﬁ@#‘ﬁﬁth
of the nononer that may be enployed to prepare a suitable

bi cont i n@ikeminenemevicsiontpamnds thdonemewrolyroen ke Isuddctapefasdine mixture can

o™ o b IART By £ TR L) TIORIRGR g e
and MA, ifthe nidrdefiulsionn AstaspepdBpaRRIed SMhd il s apahhmas icopslyaierized

t hese nononers can also be used. [0055] A polynmerizable surfactant
i s capabligtoghepolyher thereds Wptnesd: tesepagrtedpe surfactaat fraghibesrglymer after

any su t S5 ane el B Rh eralf A RIS wholBr BrHRlE R 3f

t he nmonoreimplified.

[0056] In one embodiment, the surfactant is a zwitterionic surfactant. For some
applications, zwitterionic surfactants may be advantageous. For instance, it is
expected that the inclusion of a zwitterionic surfactant may allow adjustment 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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in the mcroemnul sion. As can be appreciated, when the surfactant is

copolynerized into the polyner, there is no need to separate the

surfactant fromthe polyner after polynerization. This can be

advant ageous as the polynmer formation process is sinplified. [0056]

I n one erfp0@8henA|PSAenawbé aghthesizes astMbwsenﬂdemox}umhecy!antdazEmris
nts ma vanta eous. For

| f
e anaptofrfiéd by Tscfid L iU e b B i b e |
sur f act anhedynish! My tﬂ@h%ﬁaj@%‘f@d &f stiPBon ™ 61 (raeersBF mtéﬂneednafe%@ﬁg 1,3

variation of pHin the mcroenul sion. The zwtterionic surfactant

may be 3-gropanersuiidns totheurmiesspbhding sidpluindty M@ﬂymycﬁokpm@myb)

(Al PSA) , i SO?’yl 2 ré” pmn‘?Hq_' o "g qur nplsl adde recyrsor
rangi ng f'fn(') LH QnafR)-i hing P#ﬂ?@(ﬁ 9PHR'S 98 RregH
i nteger rqusHdMaté to)mob@cbwpmwn@@ob V}émérlﬁémb@r‘bdﬁwc}étéiﬁttﬁé ‘eiobh e

copol yneri zabl e unsaturated gr ou In different enbodi nents,
ot her SU|m@§péIesu1Fh%@rtemf@t!ors@foN lsraig@dlwuga@d)geﬂmeﬂﬁer@hm suﬁ:ﬁyasti@ L.

used. In Ce

used. Fol aRLabr dPeEdioPan PACH Polecbalaites, iUl LR s
(pol yet hﬂoemam@le\bsgam (rrusihaftar L@ theaetevhht b@wt@h@uﬁf virien arend
a suitable anionic surfactant may include sul fonate and carboxyl ate

groups. i'QCC["QG%?d RpmbW?f%@n%%lnt hesi zed as foll ows.
11- hydroxyundecyl i mi dazole is formed by reacting 1 1-bronopundecanol

with im dpgede brsiselhdr&AChh ﬁ’rﬁ%gﬁ%ﬁ?@ﬂh@%ﬁ?%f%mﬁ tﬁéjﬁirﬁféttlﬁﬂ otf‘?ne Iens

sul phonat'i on ‘of precursor Inte I'at e uslng propane-sul t one
t he cor r esgtendl mnglmlsp:mmrn@ bé&se (:(mtpbund@*rcbvks/ BuitEy Is)aHs lormldazaﬂ\gels) For

I | phonat Fi nal acr Iate r.ou d to the .
Dt ebur sorntaraHiRLAMES s beiide Kok el H i iy FREr Foaid ahy Syigple sai
llocated &y ddifvatival df' that doshoumal e@llls@rtaﬂ_ﬁedé}*\%@l@é%' S eivatd BBAnE Dase
al so discussed in the literature such as in L. Liu et al., "Wtting

agent r elceaoUNdoinat seteinst theciheeacteristin/buictioaplrarnep (e lof the dassgompound

2005; 46:E- er af ) he rel cont

whi ch ar ea%dﬁﬁ‘z}gr%c éﬁggg) &{e]er (g’?h‘ Cﬁ?@&%@ﬁg fUn[E%?éfy %i%]éé)c?sﬁeg%%ﬁ?%d'

an ingr ed’kﬂrﬁxaﬁm‘moawltabl@cﬁerr\/aitlbé of WsHAI rpay @le die th@N8tains the functional
group for cross-linking with the polymer and the HA chain for improving surface

wettability.

[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. W0O2006/014138 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



material includes both the base conmpound and its suitable salts or
derivatives, For instance, MeHA may be both the conmpound shown in
FIG 3, and any suitable salt or derivative of that conpound. A
suitable derivative is a derivate of the base conpound that retains

t he char abeenixéuriec Aftarrativelyaktheymixtp(es ayf bé Ipesbm;mroagbwﬁwbr feendhg buees
provide(sg the sane ¢ aracterlstlc unctionalit t he

conpound. nAHF DRaRpeter §Calgi sApbpE HeiSTEAE Vi8S oy ﬂﬁ e eB%”QJH% PRathe

retains thepbHRfs Qf'a\barlo@rso%mf]p%heﬁfso%%d' 'tlﬁ'é" Y E‘Fﬁlhaﬁ H?I‘é' XARle ¥Pdthe
the HA chain for inproving surface wettability. [0060

pr epar at | suifagtanti treodrapleis e b sg/eﬂem avithyoik aodrdispersee |raMtaterF€referred to

i nst ance, enpl a rocedur 0 repar.ing r nti nuo

m cr oenul & Eﬁﬁﬁ%agp O&eWHHBrOGH“E%? f—“”a& ﬁpv Y"ﬁ,ét Wﬁ% Pg tsé’tef?ﬁ?ul\?) oil
W02006/ 0 Ysdidfretotdawirtlersétlor (Wyey th@ﬁfélﬁﬂsfdﬁf)ebf aflet Mi@denfdi¥h )can be
publ i shed Septenber 2, 2006, the entire contents of which are

i ncor por RigRNtHBIORiSH bythaep@a@ﬁt:@mwwmeﬂhethﬁommm@mnt@@d ﬁ@ycm‘q@@anons

merbr ane e & SRS AGE A Mo AERES Tl Risrhol§ioR 836 e G bhRflpo plfmer
the proctlure described in Chow [0061] In one enbodi nent, the

bi conti nuous m croenul sion may be prepared as follows. A n1 xture of

t he conp f the m croepul sion may be di spersed to faorma

micr oew&@ﬁghf by%‘?aﬂﬂ’&?‘&fetcﬁzéﬁglm'%‘e B rB'Q%%W'é'&ﬂ HAY %'W}?f fythose
or ot herde%hb@&'nﬁ’@ﬁo@@hm H#ée%lér%rrﬁl'is‘?@ﬁ 't'ﬂ@ré“a?é 8@%ﬁ£ﬁ§ whfcH B@ntaln the
different phases within the mxture. Alternative the m xture
may be pavsedmers au@laqae@u:’sdemahm/whg:hpmﬁam tba aqlmeouarﬂurmtﬁmemdd)mams
so as to create fin pendi n ortions of

var fous ho Rt G BRisth sar deRpPelvey dier tine Bk Sremdig h ail three

sur f act andimehBRNE! Ohehshe & &ﬁné%'ér@%d@ﬁ@n@éd tABhrabsMeY sethd Qqueous
water (referred to as nornal Q' W ni croenul sion), or swollen

wat er butdamaiper esylits rinomtercw@&@ed erpres flledi mithr e @ouwecs fluid that was
m cr oenu , u t he

o esent " Badtibe SBeBLE HBERNS s Pn PR STroghiRaheRsRln tap dalEBus nuia
sel ect ed =@l tdhdbagt Bbmenbf NHEUSL A nail nbid Stross-liskéd aed ther pdiy@BArdutthg

I

POl ymer polymerization.

[0063] The choice and weight ratio of the particular monomer and surfactant for
a given application may depend on the application. Generally, they should be

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
14



12. [0062] The structure of the bicontinuous mcroenul sion may be
simlar to those described in Chow In the mcroenulsion, there are
oil domai ns which contain the nononers and aqueous domai ns which
contain the aqueous fluid. These domains are randomy distributed

and r espexpprogiatei sizes.c oisas tiedwrexd gredsorgs iskillad | int thieeart, ¢ rdsteintine. the

When the oil domai ns are pol ri zed th pre c of. the aqueous
domai ns. rARAPREE PIOROEIATN Ab A0e CHBURENS | TUElg (o (raag @ cRISORNHayS
that was mlléf(%?ﬁ@%dnn attBﬁ\aﬁ‘ %@gé d@déﬂﬁhﬂf%r tHOBOMD e Wé'téﬂ #d e surfactant
di spersed in the aqueous f UI d an |'east sone of the CLWA will be

cross- | i nkey he thfeparedpol hereegiur |ongthq>cd|§@mnn zriasponfiinge 8) sTrh@e phase
choi ce and we ratio,of. th i cul ar nd surfact ant

o on st Sardteish hay efgbRiidnate e BiadRAGTS b Fliatba R Fay B8 so
shoul d behogbaseBh hgfthehdsll WRRin s Ul éntibdP@IBIEA pérséHlékﬂ@dQnQHé art will
conpatible with the environnent in which the polyner is to be used
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and tran arent po matri X can be obtai ned when the conponents
s Bt s 116,

of the W')ﬁ'ﬁrﬁroprl ate ratios and the droplets or
domai ns have 14 appropriate sizes. As is known to persons skilled in

the art, [boseiet esmtélﬁetbr@)ntlﬂgﬁﬁé’Wlb%@ﬂ&él@ﬁ@rcbhmo%ea %é}pﬁmaﬁmn% of
suitable for form n?ﬁrg bi conti nuous m croenul sion, a ternary phase

di agr am flbe compomsntere reapestiveliidrann@beut fladpaahout Bdywhb farether agtieous

e e BB R TR AR SRS RE s

may be sand from about 10 to about 50 wt% for the surfactant(s). The aqueous liquid may
contain mainly water. The WA content in the microemulsion may vary from about
0.1 to about 0.5 wt%, such as from about 0.25 to about 0.35wt%. In one
embodiment, MeHA 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
15



chosen such that they fall within the identified region. A person
skilled in the art will be able to adjust the proportions according
to the diagramin order to achieve a certain desirable property in
the resulting polymer. Further, the formation of a bicontinous

m cr oenulteedearctuidbel oo pfdsemed af siang pbesshdistibesedkimotiie palyimer $aiiftates the
skilled in the art. For exanp the conductivity of the m xture na
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0.1 to abiierngnedwbeseduen xarieysniagissst ol maneralbodne ofagtut 6 that the
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di ssolved in the aqueous |iquid. [0067] Persons skilled in the art
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0068] Th | shoul d al b fe and bigco tible with _hunman
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wat er and diverse other conponents of 15 the tear . .
pr esence abouhQri¥pwi%didiastVelddtieconiainge irptiey migroeencidion.aPekirthiee factor is

e LS b G 2 S
accor di ngoheesPa®on of CLWA can affect the polymer's mechanical properties. In some
embodiments, improved mechanical properties can be achieved when the
concentration of the CLWA is from about 0.1 to 0.35 wt%. The microemulsion is
polymerized to form a transparent and porous polymer wherein the WA is dispersed
in the polymer and the pores, and at least some of the CLWA 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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enbodi nents of the present invention can provide a controlled and
| ong-lasting delivery of a | oaded wetting agent or other fluid
material. [0069] The anmpbunt of WA (and CLWA) included in the

m croemnul si on can be determ ned based on various factors. In

gener al , mathotiact grolyraetihatiort. heForc axaami«, atpbmmafza%n( @N\Abe sdushie e &y
hi gh enou h for ovi_din desired surface wettahility
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CLWA is fromabout 0.1 to 0.35 w% The microenulsion is polynerized
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| d' duct f
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the release rate. Increasing the overall concentration of the cross-linker can also

improve the mechanical strength of the resulting polymer.

[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
17



met hod of pol ynerization. For exanple, polynerization can be achieved
by subjecting the mcroenulsion to ultraviolet (UV) radiation if a
photo-initiator is used as a catalyst. Exenplary photo-initiators

i nclude 2, 2-di net hoxy-2-phenyl acetophenone (DWPA) and
di benzyl idataehabhaceeples - ihietinaesuriace 30 sbmade pedivn 265scegrivaxphaped and

Lot ramot 1P TRy pulERdiE, SR THIESRICT ReCSrkiraosirkgy ‘cofcave shaped so

phot o- | mthatawaénarm@lmaéem fefidlé pbaiondtire dospldeetogettbr thé inrdrsurfaces 30
regard, includi n%'mén the m xture an initiator can be advantageous.
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nol ecul e he resulting polymer, |t|on nker
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di spersed wetting agent to fuse or mgrate through the pol yner,

thereby resul ti n% in a slower release of the wetting agent. The
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rel ease r t he over ntr |on
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is itself a cross-linker and, as such |s not necessary to

i ncl ude another cross-linker. Since can serve both as
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may be reduced wi thout reducing the overall cross-linking of the

pol ymer C¥€ul es. [0074] The microenul sion may be formed into a
desired end shape and size prior to polynerization. In one

enbodi merpho7gpnt Astshb@msin FIGTaM, B feu ﬁidnwﬁer ?d’rﬁlsné ebARITY e7is3B which
accordln%tothe process illustrated in FI'GS. .
as the desired shape. Contact lens 38 may be removed from mould 24 after

polymerization.

[0080] Contact lens 38 may be rinsed and equilibrated with water to 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] 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 sterilization can be effected at a low temperature, for

example using an ethyleneoxide gas or UV radiation, so as not to adversely affect
18



[0075] As shown in FIG 8, a nould 24 is provided, which includes a
mal e portion 26 and a fermale portion 28. Male and fenal e portions 26
and 28 can be 17 detachably coupl ed. The inner surface 30 of male
portion 26 is convex shaped and the inner surface 32 of female
portion ZBeiBActispersedirdinegiolymenaaierisihaped so that when the male
and femal e portions are coupled toget her the inner surfaces 30 and

32 defi d f f th t.ent [ 007 h i
Fra o | doB87E b B et WA Dot d8H i Bargl SRbrestlensed oye an
deposi t edhyrdfded g@@é&freﬁme%b@r%er Weles tﬁ@rptomﬂeﬂ. myﬁ:&'ﬂ WL eggﬂet The

female portion 28 to conpress m croenul sion 34 int

shape 36 rd@fasaerateapf W,ﬁruan beircbatrebe B0y ssele@ihg the spwopriate MbGonkds and
[0077] Al éernatl v | nmal e and femal e portions 26 and 28 may be first

coupl ed ‘dHgP f?féorﬁ?%? FERHPon may be then injected into the cavity

of the mould. For this purpose, an injection port (not shown) may be

provi ded.[0D88]/ 8] ChheiceelaHs S1®Hr388i Barid diséd fov Vibioh SoREESIN,t&ye color
pol ymerization reactions. Polynerization nay be effected by

i r r adi at inBPdiEcRIPM O BSdiakets Gantacgnsas: adi ati on. The nonomers are
t hen pol ynerized to forma pol yrrer material as described above.

[ 0079] ﬁg bﬂn%ﬁ’ea&%l re%e Sﬁfélc'i' NG9Oy %ﬁ%ﬁa %o@lﬁmﬁmvargus

| ens 38 |c has t shape.” Contact Tens 3
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WAt hat RReSiEstsn el BRdomaEnatisaly R el dobgiehs SRvogiABde.Sy Used to
per cent agfafifatiife Wntict RASEE Yo flabbifioROsFhbygont act lens 38 may be

|l ost during rinsing but the anpunt lost can be limted by limting
the duration and extent of rinsing. Further, to conpensate for the
V\A | ost dOP8Ply r The mglyreric maiterias dee@mbmmmfmm@ntw@r contact

' cont adet SRaTEsHOs OGS PrdRublRhel AFalcetfns. EBLEEANbR, U pRomblary

Opt i onal InyatetiBR dridpedepsby HBscrivRideidrain, BRYinliRardhatedlaRst (ibesdddsz athy

in
be utilized to prepare hydrophilic, nanoporous materials for use in applications such

as prescription lenses, 3-D (dimensional) tissue engineering scaffolds, artificial

cornea, or the like.

[0086] These polymeric materials can have various desirable physical, chemical,
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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preparation for storage or future use. Both drying and sterilization
can be acconplished in any suitable manner known to persons of skill
in the art. In sone enbodinents, both drying and sterilization can

be effected at a | ow tenperature, for exanple using an ethyl eneoxi de
gas or Uétmaemed!yco dlrsetrasryialb (EG Rung meee pbedihed fromlBldrizh ™\and further
di spersed in the p mat eri al ((g{ 082] The unbonded WA in contact
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their proport i onal amounts. [008 Cont act | ens 10" or 38 can be used
for visi éidriarVeartd was uege aGO’BOtEIVed'DdI fication, or as diabetic
contact |enses. [0084] Conveniently, the contact |ens material
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strong and can be advantageously used to manufacture contact |enses

for plac¢o®sd] onThdeokyeriZORSakitiEienipauyitbrt, 3Rt1eraay®yagandsa)-

above are useful not only for contact |ens applications, but also

useful | Hﬂ@@ﬁ@wl)amspylcsaﬂmmate %P%&)aﬁlaﬁesynthﬁél@@e%ﬂaw!b%@%@wm s
and procgaé(?r% ﬁ)ftrhegﬁgcgﬁfr%'d% cﬂbﬁéﬁmlluar materials or processes,
WA 0

may be ut repare hy rop nanoporous naterials for use
in applications such as prescription |enses, 3-D (dinensional)

ti ssue ef@@9eri h‘ghsdla»(yomdisqyliaﬁdiiZdlei(laiUI) withrtbafomulah:éohnde FI1G00856]
These poI neric C hayve vari qus desirabl i cal

chem cal WASraPARgL R e 2 spition 681 HSmPRtuerar d- BB O dbaahon
and pr opehidcesle(o. @@ma,ll)eandmlgvcsmgddﬁurﬂmyardﬁdépam&sqgégdswe@% BRhIQYY.

[ 0087] EXAMPLES [ 0088] Exanple Ie&mreparatlon of conponent materials)
[ 0089] Tm&temtr2DaIn qfsaétmanqi WasereRiaseg fad heurs. dm@n oealingrthprsepdiondo

as foll PdBin temperature, the precipitate was filtered out and the ethanol solvent was
evaporated from the filtrate. After evaporating off the ethanol, the residue was
dissolved in ether, washed twice with water and left to dry overnight by magnesium
sulfate. After filtration, the filtrate was cooled to allow a white product to precipitate
from the solution. The white solid product was obtained and dried to a constant

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 acryloyl 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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[ 0090] Sodi um hyal uronate (HA) was obtai ned from Chi sso Corporation
of Japan. [0091] 2-hydroxyethyl nethacryl ate (HEMA), net hyl

nmet hacryl ate (MVA) and 19 ethyl enegl ycol dinethacryl ate (EGCDVA) were
obtained from Al drich TM and further purified under reduced pressure
bef ore ugeirg¢dOMR]IN . dTmetritctuye Raplatiowed dc étrthdrasacieat(ObRNengsature
obtained from Aldrich TM and was used as recei ved. [ 0093] Water used

in all sdopaeoutiTdagnlisé omsturawadehemfit@edand eicissdcegoyl cﬂﬂﬂ% arlde
pol ymeri zabl e zl%tterl oni c surfactant, 3-((1l1l-acryl oyl oxyundecyl)
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precipitate was filtered out and the ethanol solvent was evaporated
fromthe filtrate. After evaporating off the ethanol, the residue was
di ssol vedi00918]et hehe 'HNWRsRastieeofthe preeurser iatatmediates andrthe sugantiaghso

a1 ow o wprrep b RferbfLant puBhba Ao bR sol it on. The whitc.

solid pr oduct was obtained and dried to a constant weight in vacuum
[ 0096] 3-((L1-HWyidr oxyundecyl)-i m dazolyl) propyl sul phonate (HU PS),
with the formula shown in FIG 13, was prepared as follows. To a

ticall ti ti f 11- d 0.1
o) 1 200" dORMZeblel il pambE o oAl S T {GHD it
dded d t 1 :
gayeund;?p\m tS(raogen at m)spﬂeqrgts(z‘ll:{hlgﬁg?%c}ﬂg!t@gr@??p?% S{%%é?gz%we he

reaction m xture and was extracted by filtration. The product was
then dried i nHWR%cuum oven for one day at anbient tenperature.

(300 MHz, D20): 6 (in ppm) = 1.11-1.7m (18H, -CH2-(CHz)7-CH>-), 2.4m
(2H, S-C-CH,-C-N), 2.9t (2H, -CH.-S), 3.6t (2H, -CH,-0), 4.4t (2H, -N-
CHy), 4.2t (2H,-N*-CH>-), 7.5-7.6d/8.8s (1H, each C3NzH3);

- AIPSA:

(300 MHz, D20): 6 (in ppm) = 1.11-1.7m (18H, -CH,-(CH3)7-CH,-), 2.4m
(2H, S-C-CH.-C-N), 2.8t (2H, -CH,-S), 4.1t (2H, -CH»-0), 4.4t (2H, -N-
CHy-), 4.2t (2H, -N*-CH,-), 5.9-6.4d (2H, =CHy), 6.1d,d (1H, =CH), 7.5,
7.6d/8.8s (1H, each C3NzH;3).

[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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[0097] 3-(( 11 -acryl oyl oxyundecyl)-im dazolyl) propyl sul phonate
(AIPSA), with the formula shown in FIG 14, was then prepared as
follows. A mxture was forned by adding acryloyl chloride (0.3 nol)
slowy to a nagnetically stirred solution of HUPS (0.1 nol) in

dri ed acéio6himg,ill.32 (2og) dis)sob/tedaibd@tmbﬁa THemdlngt dfatimietiy! bdfaxideoand

purged with N2 gas., The m xture d to further rea

P amaer at el Ve e P His b5 Sfon of e @ctinkieles rdiat ChgF™
excess a@owlxmlhy@mr@hat@%mmoa@wa@m i |(§‘0N}§?§tldr€f€é\éﬁ6n'was%lrd9@@ﬂé
evaporator. The residue was dissolved in | ed chloroform

washed t \mcgér Wi tha selwiwndpapeed daydiTie neactiorbprastust, gﬂMWodﬁnva‘t@eﬁ died

o oduct oAl BuA T ag¥Bt deleBireBl g b P EIAR SR T8 Rh BBl s
in anhydm@@e cridderPertbat poamicatit@be HAasy éPMI\#AwbsQ!iéteﬁrﬁiﬂ\edrbyeéhalemg
vacuum oven, [0098 The 1H NVR spectra of the precursor internedi ates

and the 4t fHNMR:Spastrapwhisk) Was #BPwn e &dGr 28, and assi gned as
follows: HU: (300 MHz, CDCIS) d (in ppm = 1.11-1.7m (18H,

- CH2- (CH 2-) Ty 1d /
7 8s (THOSIA i) 2oostifing Sap b s W G 1AL Y chmpriaind
1.11-1. 7meleﬁ8¢-lpealf}ﬂﬁe(1ﬁw2|)a1’o(ﬂé2w§3en dwvd protbasiof SrelviBiAArGuplin aPMWMA( 2H,
-CH2-S 0),.4. 4t H . -N . 4.2t e\ =),
7.5-7. %sdl(BCg'é '%% 89@5%)@ e Protay S&”%@A‘%he rtgé%@xmw@%@% @Qﬁ%ﬁén’—ﬂ
= 1.11- 1§)Ei’ﬂ)(]qfﬂé'de R-df QB Aiftufb Was fEufiinto 68%0@29{)@'@0%%%’[23@%.
(2H, - . H, - CH2-0), 4.4t (2H, -N- CH2-)4 4.2

-N -CH2-), 9-6. 4d =CH2 ), 6.1d,d (1H, =CH), 7.5, 76d/8 8s (1
H, each mmﬁ) [ PEEalH;ﬁB@mmle(rrsyr@sm$lgn@)f MeHA) [00100] MeHA

was synt hesi zed based on the reaction route shown in FIG 7 as

descri bedoRIAW ANSAGALTHERLAASHRS 1175 PEGLYE DrabatehOTHL ddhnS8difisds of
the precursor solutions for the sample microemulsions are listed in Table I. Each
sample contained a bicontinuous microemulsion, with various concentrations of
monomers (HEMA/MMA), surfactant AIPSA, and an aqueous content which
included water and optionally HA or MeHA. A cross-linker, EGDMA, was added to
each precursor solution, in the amount of 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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[ 00101] Sodi um hyal uronate (500 ng, 2.85310 nmol) and aPMVA (472 ng,
2.64 mmol e, two-fold nolar excess relative to -COOH in sodi um

hyal uronate) were dissolved in 150 ml of deionized water (pH 6.8).
EDC (252.8 ng, 1.32) and HOBt 21 (178 ng, 1.32 mmol) dissolved in 10
m of a 1:1 mxture of dinethylsulfoxide and water were added into

t he abovdahdélt i on.Preherser Sobhioosdor Sampke Microbmu@oks i n - Sodi um

hyal uronat e/ EDC/ HOBt was 1:1:1. Conjugation reaction was allowed to
occur in the solution for one day. The reaction product, aPMVA

derivatized HA, wasmgleéal yzed agai nst p@l@tblggb,z@grﬂﬁ%gtidp,r(m&% hours (JMwv
cut-of f 1d 00)and f hen was eeze g ca af
HA by aPW s det el'fiifed by r\@ éf“_ /I\ﬁ@ﬁé‘f Hﬁm@%fn Al@%&\bh
was shown |r1 Fl G vi35- dm-mZ] The ggbﬁ(l‘ol;_!@tl on degrgqesof HA wrss

TR

cal cul ate l% Ullpallllg the retative peak IIILUIIDiL IaLIU bet-weet
f

two protons théN PRy30Aoup| i n dPIONMR.3Q)= CHZ, 8pp1) I
Lhr ee prOtcllﬁ t\/v mé]QAy oL Oup3 fO (Idﬁ%'ér‘? nllf ’%%n

s
degree of lsub t!tut!nn was fouhd-to ahwnf 2'2 %
[ 00103] E)ANPLE W25-05iedAM cr oeﬁﬁJOs(Ocﬂfs)) [00104]37$rrpl e| 375

m cr oenul i nELRT eparey MpoST T QIS of e
pr ecur sor 38/1 ut i %d Pcér,)‘ﬁ\(' 'élR anppl e (:b I sijons % eD | i st ed 3900 Tdbl e
| . Each sawyplle wg(g_@lzme;a/\bl ,ont Bgl@q@szgyl croerml oom, W th 3Qa5i qus

concent r atiens—of——ronorers—(HEMA-MMA)S—str-Factant—AHPSA—and—an
aqueous con¥®ént whi ctW2pncl uded wat er2}5a[hd optilonal 137-%A or | M3 A
cross-|inkepy EGDVA, added| t pprecursor s\%l tion |3%6he
anmount of 5wt 9% based on fhe 'rn al_weight of “all polymerizabl e

nmononers, |fB¢ i ncreadWdg t he nechani &8l.0strength of3ZHie resuldafg
menbr ane formed fromthe m croenmutsion. —About I W% of DVPA was at so
added based on the total weight of all polynerizable nononers in
each sanple. 22 Table |I. Precursor Solutions for Sanple

M cr oerul[80 48] Samsaénrﬁfeen@mbmne@ow@smendwm%rum thesaemivgaamulsion

(HA/ MeHA) aﬁ@@g %I olesSA

[00106] For each sample, about 1 g of the microemulsion was prepared in a
screw-capped tube. The microemulsion 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 hours. 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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| W25-0.25HA 25.0 (0.25) 37.5 37.5 11 WB0-0.30HA 30.0 (0.30) 35.0
35.0 11l WB5-0.35HA 35.0 (0.35) 32.5 32.5 1V W25-0.25MeHA 25.0
(0.25) 37.5 37.5 V WB0-0.25MeHA 30.0 (0.25) 35.0 35.0 VI

WB5- 0. 25MeHA 35.0 (0.25) 32.5 32.5 VII W5 25.0 37.5 37.5 VIl W0
30. 0 35. @hgbwere foxm@Bsvigba Gnitleb waerscdnd@#05] Sanpl e menbr anes were
then forned fromthese m croemul sion sarrpl es as follows. [00106] For

each sa of the croenmul si on ar

corow canBaoflne. TrsfrrehtEall SbladnaR i uhr BB RErdpnd the
seconds tresuled W@r@aﬁmntarmédbume@efwmndalébléd)rngaf@sxth@graﬁspatémy of
conponents. The gel-1ike pre- polynerized m croenul sion was then

spread ovdiVMgidA destbreeeswin ather meteriahs shaz@!omﬂt@pa@sn gl\¥PesThe

merr ane "aaa s KeReRe I3 PR Rt o hBRTlen B Ehey FousPorsngy as

was subj ehstesf ianivbuwidrieds potymmicraially availabl@comatolepaes.or chanmber at
about 35C for about 2 hours. For all sanples |isted, the nenbranes

forned rans ad_ hi chapi cal strength. [00107]
The norp 86?)%%/] W@%ﬁ'&&% '%é§e ©€) confirnmed by SEM
m cr ogr aphs, sorre of which are shown in FIGS. 4 to 6. As can be

obser ved [bg4p] ! heRelbhEYBPRIA ftR 1HBFOL G B BIrRGRbIHR FerNd

nanopor ous network. The estimated average pore dianmeters range from
about 60 neasuedt 120 nm depending on the initial water content in
the mcroenul sion fornulation. The pores in sanples formed with a

formed wiPR bErei R e B POBH R PR orb8 Each SRUBLE NG bRl Wit Ha

sanpl e mateeiphcSedumsthedes Separatdb-enl \aalg viHiéh contained PBS buffer. The vials
were placed in an incubator at 34 °C with a rotating rate of 50 rpm. At each one-
hour interval, 1-ml portions of the solutions was drawn from the vials for UV-VIS
spectrophotometric assay. After each withdrawal, 1-ml of fresh PBS buffer was
added to the vial to maintain the 5-ml total volume. This process continued until no

further released WA was detectable.

[00112] FIG. 17 shows the measured results of in-vitro HA release, as a
function of time. The results shown indicate cumulative HA release characteristics.
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)

[001114] 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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results were summarized in FIG 16, which al so conpares the
transparency of HA/ MeHA | oaded nenbranes with other materials that
do not contain a WA. The results indicate that the HA MeHA-I| oaded
menbranes had simlar transparency as that of native corneas or
conmmer ci dnstyuraeais, B4 20801 aSomesnfdbe Mga3Ted redEMaNPE Bhown(inFIGi 180
HA rel ease) [00110] Rel ease of HA from the HA-|1 oaded sanpl e nmenbranes

wer e [O 11 nes, formed fromeach s

m cr oemnul §Fiﬁ§ﬁ\/\n Oﬁh Crt%d‘”(faﬁapﬁ ygbg %&Wﬁ({:\? ArKIGR o ﬁﬁ%tom
cont ai nedndiRHudof Esmplem@mbrahés WItB BT SreAE RatdrarRNHANEBAL @ntéit. 3141eC
with a rotating rate of 50 rpm At each one- hour interval, 1-m

por t i ons NeAdulu caplalffiecbine capdormatiiity of 8ie tene materiel ard hexea/can impact on

spectro

Dot 1 or vyt S Bf §RF fter R Fle, SRfahRES RlFeo forflsndballeEiha e,
process dovwt $trEu&ﬁh ofithd cartact Iehé hestet al\ma%ﬁ@cﬂwevmcﬂiﬁg@fdabbﬁng
[00112] FIG 17 shows the neasured results of in-vitro HA rel ease,

a functi® ﬁrq\ﬁterﬁtwg of the cpriagt leass HisnNaWincBle 18 mithahesameinitial é‘é?é%r
charact e rﬁSHA/IY?@Pfgl IBaHE@EéﬂB?% ¥,‘9<H|t?1 & 9 Ber R Wgﬁwesra Eg Bl

exhi bi te a’tl ve aster ease [ ease ra or edc
sanpl e rémdhijA @ Meblédwdmt;n Ao s sarfnpm“s testedc MaHWa-|lo sl etasamplat e

o 20" dayh bits SRS T had urPedi wiindng L-ed ranagn e marage

concent r ghodiflus Hifeh HORheR FEwatedr@onPnt s IngRsagaRt erial with hi gher
initial water content 1n the lens fornulation. The rel ease rate al so

increased with increasing HA content in the mcroenul sion
f or mul at i[@®11§l001 1 FHXAKRMELE (Compnhangerpessuiea@ntlanal ysi s) [00114]
The storage nodul i and glass transition tenperature of the sanple

menbr ane
Anal yzeri?wﬂ24 I ns &%lé%%&%gésﬁgé wﬁ@%ﬁi@%%ﬂ‘rb e%%segﬁﬁ
are showmeéasuredusibg. Kru[s@MIé]ws@h@tdy(MW KR®SHaBGErAbnANAItY 3 S shovved
h es on the storage
chang ?hermostated We%er bath. The samples loaded with WA were measured before the
unbonded wetting agent in the samples have been removed. The measurements

were repeated three times and the results were averaged and listed in Table 1.

[00118] The surface contact angles were used to evaluate the 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 (Br). As illustrated in Table II, 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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nodul us of sanple nenbranes with different water and HA/ MeHA content.
The nodulus can affect the conformability of the |l ens material and
hence can inpact on the confort of the user wearing contact |enses
formed fromthe particular material. The strength of the contact
lens material will affect the handling and tearing characteristics
of the cdmABLE Il. ens. As Dymewwic Wiater Goniagst Ariglés t he sane initial water

content, HA/ MeHA-| oaded sanpl es exhi bited hi gher nodul us than sanpl es
t hat had no HA—or MeHA -l oadi ng- A‘rn'_)nn t he Sanpl es test nrl

SOt oo

MeHA- | oaded sarrpBempl@EbrrbuhaGdnr el at(BA/(é) y hi gt&i(°)r0dull-d})$ten‘esrst(ﬁ)a ,

Mater content ab i |not DS Tho 110 ERRPLE o tnt act dodle
measur enent ) [00;117] TWi50-0\30HNA C (WateeB+4£8nt ags, ﬁrzgd)es of tghe sanple

PR A | — -4 | V42 TANAT- |/n| [adad
nmenbr anes wer reqastutret usSt KriassTHvi—Tenstoneter 14 RUSS;

Germany) with |a !llt her ¥p33-8:3dAvat|e 432t hd 'I'hé‘75\%-rﬁ35e<, | oadedl with WA
wer e neasured b re 2 RpRapeed yes gla tthe s | es have
been renobved. Tﬁ&olggggigﬁganlgmerp rﬁignf %'P%fLQ flanqggd the

results were aveYageW 3ha. 25MNsHA i oT2e 8 ||| 40.940018] Thé&.3urface

fé’ﬂéaﬁ;ti??éfi.“ﬁreeﬁéﬁg‘%ﬁ%ﬁf BBy e o adcing

contact angle Anot pgrs usef Ul geasupe (WaS. gdqp() hystergsis of |its

vianel no o~ and

cont act angl e —whi \.,h i-s—the—differencebetween—the—advanetn cont act

angl e and the ré/Hédl ng &6 act and2e31OR) | AJ-546.8strat ed0-Bn Tabl e
[, both small erxcgnt act Xﬁ]ﬁl es anqa )i1y§§ere%b38 Wege eXhIQ r6ed by

sanp|es t hat dontailned H HA_a Pnnharpd sanpl es without
HA/ MeHA | oadi ng. This indicates that t he I\/EHA/ HA-| oaded rmaterials
have enhanced hydrophilicity. Further, the MeHA-1 oaded materials
exhi bited the | owest hysteresis. In cont rast, sanple materials

wi t hout godiygrexhi ixtadpyerw r@&t‘c@ﬁﬁb%rﬁis\héblf I%ﬁtjgan 40) . 25 TABLE
9

It. Dynamc ter Contact Angles Sanple Forrru A() OR()

Hysteresis (3 W25- 0. 25HA 50. 75. 3 40.36.0 12.
[00120] Human corneal epithelium cells (HCEC) (Cascade Biologics, USA)

were cultured on sample membranes in supplemented EpiLife™ Medium (human
corneal growth supplement, antibiotics and antimycotics)) and incubated at 37 °C in
a humidified atmosphere with 5% CO,, until the cells had adapted to the new
culture conditions. The morphology of the cells was monitored and photographed
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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Il WBO-0.30HA 46.34.5 38.18.0 8.2 11l WB5-0.35HA 43.57.5 37.53.5 6.0
|V W25-0. 25MeHA 51.65.5 42.84.0 8.8 V WB0-0.25MeHA 49.24.4 40.92.0
8.3 VI WB5-0.25MeHA 46.73.6 39.77.0 7.0 VII W25 86.37.5 42.88.0
43.5 VIII W80 82.39.1 41.56.8 40.8 | X WB5 80.45.3 39.84.8 40.6
[00119] EsxAMdREE Ukt férCatificialtdmee pansbss sihcé ithe/cemmbn[amdlﬂm]er Human

corneal epitheliu ells (HCEC) (Cascade Biolo
cul t ur ed B &?ﬁﬁse aﬁ%‘ﬁr{‘f?é &Y qei{ aé’ﬂﬁﬁﬁr&%ﬁ‘lﬁﬁ# ‘F_)ftfaéﬁw I@Em%rr%(fﬁ@wdn

cor neal C%%gﬁ(%emant antibiotics and antimycotics)) and

i ncubated at 37 a hum dified atnmosphere with 5% CO2, until the
cells had adapted to the new culture conditions. The norphol ogy of

t he cel | 004232joni tlofAMPLEDY bNGeomylaphetact lerdgr a phase-contr ast

m croscopy (AVI O\/ERTTM ZEI SS, Gernmany) and equipped with a canera

Seeded off3TeHe & amaeElohR Bl AR BRIt Bamibp ERRIE  he
culture mmmlsm tiWﬁIé%hngf?OV;lI@Mr@e é@ﬂré@&ﬂr@%@ﬁﬁrp@mﬁ&?@em@%@nes

was analyzed by enploying DAP di am di no-2- phenyl i ndol e)
st ai ni ng.forrogatian inta@ rnoubihaﬂ digytr@tfedcmulﬁlﬁr 20. GeFe wasstaken dy odt erftray aig

d f I t I DAPI t

T or ascaMPHER AR rIATE Topdhtedihisl s et Dy Aot hfedi]s 1amps

cyt opl asmpefratifiebétweend® 864 NS mTens dappassuted sinutegad37 agd A& curing,
i mges showed that the HCEC cells adhered to the sanpl e nenbrane,

and coverte® curRsl leartnateest wei tekee ourfipd thednesldesTheaauredsatesiagsi were
materi al m;{}ﬁéﬁz@obéﬁd E%a?eﬁ'ﬁg.l.%?seas AR oY Eﬁ%ﬂ% e | sekhdredh@H! N

Wi t hout FOCEsSSin preésented a rovenent conpar ed

to exi st iimgqepeé(ynrebuﬂ@reslwa‘haeemtnumedeﬁms weta fswcllah tccoduikiariymyr pose
since the conventional polyner nenbranes failed to show cell

adher enC?OM H]Jout ar[%eep)frtorp%?tfaelsl ol{‘ltﬁe sglﬁ{[pﬁé f(enggs ere measured and some of the

results were summarized in Table lll.
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surface coating. [00122] EXAMPLE VIII (Sanple contact |ens) [00123]
Sanpl e contact | enses were prepared fromthe sanple m croemnul sions
by injecting 70 | of the correspondi ng sanple m croenul si on
formulation into a mould as illustrated in FIG 10. Care was taken to
not entrap air bubbles in the nmould. The m croenul sions were W

cur ed undebléMl.| ampopenies aff Saghdie Coadactd emsds 15mWV cn2 for about 30
m nutes at 37 C. After curing, the cured |lens material were taken
out fromthe nould. The cured materials were polynerized and clear.
The | enses had a cornea-shape. [TQe. T enses V\% Clhen i mer ged i n

buf fered sali ne;mpld fighses e§%ol to efPRNBPNYM [HP0124]
The properties of B{éheoirgﬂm%lle | enseduigr e measw) ed andagiefre |of tg

resul ts wer e sumrar Fabte 1127 Tabtetii- erties_of
Sanmpl e Cont het! L<=ns@é%ﬂ)n25k|ﬁéss EV\égﬁpansn orPo Sanpl e“é@r mJl at#%n (jm
(% Factor Dkl V\nggblﬁ,@g 6 5593.19 24 dg WBO- 0 3AHA |93 69 1.24

28 11l WB5+0-—35HA-83-2 65 304 L\ \\PE_ O 2E5NRHA 85 4152 T 14

.I. LAy o ™V O U o eE TV vy OO TS TOO T T

16.9 Vv V0! 0l1b5MeHA660.3558 1 21 £3.3 v WEB- 0. 25MEH2990.|8 8R.4L. 25
21.1 VII W5,.,85 99. 2 5511 1. I V\B
50 4 60 1.25 1 A\f"ggﬁlﬁwﬁfﬁ rxvmgl’?% bahidd ty ([)I<l€1%f tlhe Qe
| enses or |eny matWBan SSIVMHAe detaonzl,ned usua@g the quPerm;IVB_g
Technol ogy forne ring—th value_of —Thydrophitic—contact—tenses.
Measur ement § re%@l ?ﬁ F’@\lefﬁoe%t sanpl%s for deh danglle
material, andyfhe avergge resullts werg used fgy furthegfgangl ygisz The

VI W30 99.2 55 1.18 11.8
IX W35 90.4 60 1.22 14.5
[00125] The oxygen permeability (Dk) of the sample lenses or lens materials

were determined using the OptiPerm®™ Technology for measuring the Dk value of
hydrophilic contact lenses. Measurements were made with 5 different samples for
each sample material, and the average results were used for further analysis. The
results show that Dk values of the sample lens materials that contained HA or
MeHA were higher, thus better, than those of sample lens materials that did not
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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results show that Dk val ues of the sanple lens materials that

contained HA or MeHA were higher, thus better, than those of sanple
lens materials that did not contain HA. The value of Dk also varied
with the concentration of WA in the final Ilens fornulation within a
certai n rdoitgsl lighilywe reamoeeteaicass budatmethaod! WAwatnrerenverat then wdigieed.

val ue of controlled t he ab ol ute content in the

f or mul at nﬁf? é\% |GlXpV\%%ge§jh%§/\?| PEHER" ?%Cﬁlﬁvfa&?%ﬁ Sof a suitable
amount of HA or MeHA to the formul ation can adj ust the oxygen
perneability characteristics of the repulying | ens material. [00126]
To neasure the equilibrium vvatEé/tVCc((%/nlem-r;gEV\B)mQ ;he sampl e |ens

materials (nmenbranes) were conpletely dri’éd in vacuum at room
tenperature until a constant wei ght was attained. The dried

nmenbr anesvhee Vs IBTBAHPRE Waightbeswalling 39GiliBAti add &Y RvBkldrii§ample weight.
equi l'ibriumwas reached. The swol|en nmenmbranes were 28 blotted

lightly tigeriesplieseqwdaat %WrG &@ée@adaﬁm beth wates angdnl Agardentsdn the
wei ghed mﬁw %d@gﬁere ?esm te??eﬁ&ﬁﬂb%&ﬁﬂ—l&%‘ teerﬂ\a%%

svvelll g equi |br|um

and WI S Hyha)piﬂl}c@amﬂc&nweghb othé’rhesteelsuhtala%ﬂmm thiahotMbtainedAadA.
wth bo':Tg,vwaﬁ1 and WA contents in the sanple fornulations. The
sanpl e mat&rhigh wvaiet R0 PIO AL HECSRNPisRERY SOWCR‘CJB%S?NH'Q weé@branes 1S

CoDa ot ShBefelRb HeaiEth SIS BLird RlrsfuibROLarfi R AEMEMIAY iy hale®

hi gh water a i bit sone o
menbr anedigls affiekp éx vatert dudiie el High bydr@palhcftacSecend I-‘thes;amnlcaese

sanpl e nmenbr anes have fi er . dye to their

v ophi TETBGesReacqamedetinrly Whetihe el sticn s ECBsrLLEy
when t he syt @atiGP N8Nk creAséde m croemul sion fornul ati on was
increased. [00127] The expansion factor for the sanple menbranes al so

i ncreased with i ncr easi ng wat er content in the precursor
m croenull@O B as rineeexpansiondaaiad farethe fiswiap!p saembeanas alpeincreased with

nydr oph! i GLEXNIUEECTioHOR RBNIRILEER IBIN RUSS: o Mor Al d A o

wat er that was alread resen ansi o
absorbed due to the hydrophilicity nature of the polymerized membranes, in

addition to water that was already present in the membrane pores. The expansion

factor may 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
migration, 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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factor may be measured by neasuring the size, such as the dianeter,
of the lens. [00128] O her wetting agents, such as

pol yvi nyl pyrrolidone (PVP) or dextran or the |ike, are expected to
simlarly exhibit some of the inprovenents and benefits shown by HA
and MeHA[0Gb2&ver , (Hheofedilds, hayefiis anidde vadthgesarfahe eerbeldirnentsover
such othey wefti agents. For exanpl e, n mai piain

el at  verdpstiibesh PO EEBE! BiprERbGUETRIEY o Brcaibe LPEPrRab oM this

bl urring dérscﬁf)ll&’f BRd thd UFNREs by%%léﬂim Akt a rol e in enhancing
cell growth, cell differentiation, cel m gration, and the |ike.

Cbnvenlentl¥ mhen MeHA is cross- I|nked in the polymer of
embodi medf8138] t he ercwés@, theabave siesciileest aoboduneris araéntaaded tgbe

2?32; :EH%E%HE$% ﬁ%ﬁgﬁgggy”%u @gp?béQEﬁﬁpﬁ%§8§ﬁ% @pgw%ﬁges%wcepUMe

i mpr oved tcambrwembdmmsam@res caﬁmmeaﬁangémbat bVghiys, ddcddil Land¥RIer af b @@tlon.
period of _time. In conparison, sonme wetting agents such as HA

di ssol ved hednaﬂntéﬁué@mrg%unmn@@d tq/ pneampyswal puee gr10ddicatipp eyithin its
qui ckly, d h r that limts the application of

t hese metpﬁhg %%é%@gxyggﬂ?%@%g§$ O her features, benefits and

advant ages of the enbodi nents described herein not expressly

menti oned above can be understood fromthis description and the
drawi ngs by those skilled in the art. [00130] O course, the above
descri bed enbodi mrents are intended to be illustrative only and in no
way limting. The described enbodi nents are susceptible to many

nodi fications of form arrangenment of parts, details and order of
operation. The invention, rather, is intended to enconpass all such
nodification within its scope, as defined by the clainms. 30 WHAT IS
CLAIMED I'S: 1. A nethod of form ng a porous polyneric material,
conprising: polynerizing a bicontinuous m croenul sion conprising
water, a wetting agent, a nononer, and a surfactant copol ynerizabl e
W th said nononer, to forma polyner defining interconnected pores,
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wherein said wetting agent conprises a cross-linkable wetting agent
such that after said polynerizing, at |least a portion of said

cross-linkable wetting agent is cross-linked with said polyner. 2.
The nethod of claim 1, wherein said cross-linkable wetting agent is

an acryl KGacid. 3. The nethod of claim1l1, wherein said
cross-1i %%Te%[‘wlﬂgbgéent is a nethacrylated hyaluronic acid. 4.
The met hod of any olﬂr’%g of. clains 1 to 3, wherein after said

4 §,m%&h‘0d OBE BRpOHE PObMeris WalRitali FRIMBIGERE: i s di sper sed

pol ymeri zi'n
in said polymer and said pores, said unbonded portion of said
wetting agepolyberizing &beasitibleud microsaiutsiomebmpriaing wateFhe wettifpdgefit, a

any one of clains 1 to 4, erein said wettjng agent, conprises a
hyal ur oni ¢ ZENaMS5, aﬁﬁean%‘ﬂ%aﬁtf CQH?'ym?é'ZB#)%cMﬁg‘nﬁa'ﬂ eneMelhdp efosm a

sai d wetti ngoRERPYAAMRIIh&SSonRRtdY bospyrrol i done or dextran. 7. The
met hod of agy%ne of @pai mn 1to 6,bv\,h§Pei n said nononer is nethyl

net hacryl at \ﬁ/pgr[e}ﬁ's%od(l\%ﬁ}’rfgtsgg%ntr@csrpgﬁégn?t&oss&ﬁn@ﬁf? gﬁ@ﬁ? g(&fen?%cf??ﬁat

of clainms 1 erein sur iSa zw
surfact ant . affer Jdie pobprhedzing, af lebst 8 povier 6f saidairdssWhkdles vastiing agent is

surfactant is 3-((11- acryl oy| oxyundecyl)-i m dazolyl) propyl

sul f onat e. @Psﬁd'g‘&?%év'ﬁé%%ﬁow%{ny one of clainms 1 to 9, wherein
said mcroemul sion conprises fromabout 0.1 to about 0.5 wt % of said
wet ti ng @geTihe nigthdthef olirhdd wifereinadaia tssviimkablenwsiting aijenit s beryated
conprises fromabout 0.25 to about 0.35 wt % of said wetting agent.
12. The met ARIVENGAGdone of claims 1 to 11, wherein said

m croemnul sion conprises fromabout 15 to about 50 wt % of said water,

from about Pné &éh&%bf cl‘é?n"’ft, %f{@(reiﬁaéé?d BRIER0BkabRN\WefingMgneid 4 10 to

about 50 wt % of said surfactant.
methacrylated hyaluronic acid.

4. The method of any one of claims 1 to 3, wherein after said polymerizing, an
unbonded portion of said wetting agent is dispersed in said polymer 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

hyaluronic 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 zwitterionic

surfactant.

9. The method of claim 8, wherein said zwitterionic surfactant is 3-((11-

acryloyloxyundecyl)-imidazolyl) propyl sulfonate.
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13. A porous polyneric material forned according to the nethod of any
one of clains 1 to 12. 14. A contact |lens conprising the porous
polynmeric material of claim13. 15. A porous material conprising: a
transparent polymer matrix defining interconnected pores; and a
wetting a@bﬂiﬁe naethbd & any gperafiabainmsf1 tad dwinetsin agjdagierntensulsis: ¢camjreges
with said al yner rix, 16.. T terial.of claim15, wherein said
wetting ageﬁ?n{%lﬁ%lftiqgiéo FPQ?H%%PQ’{}S/? gﬁsa'ﬂy&?tti?%ﬁpén cid (MeHA), at

| east a portion of said MeHA being cross-linked with said polyner

mat ri x. 1A.The nmathed ioflcladh 10, aiherdip, salh efieloenfiaéion \wehigrigésd@eibbout 0.25
conprises an acrylated hyaluronic acid (AHA), at |east a portion of
sai d AHA belfh@beytds3ds wtikefsaig wettinghadeol yner natri x. 18. The
material of any one of clainms 15 to 17, wherein said wetting agent

compr Ses1 AMURRARES b1 BAYGBLIUSRR! PRI} WALRIPLBhBrmadich
polymer matrix and said’ pores, sald unbonded portiron of sard wetting
agent bei ngcombassabibm alhouim S aboHOrwigh of $8id Water,fedreaibalt 6fto abyut

one of cl ai to 18, wherein said tting agent _conprises a
hyal ur oni ¢ g@l\’ég}" @fgsazg_moﬂ%n%la@p%@m\é%o%Qg&gb%t A %%ff@'q gurfactant.
wherein said wetting agent conprises polyvinyl pyrrolidone or

dextran. 1ZlA pHi6usBbRiet c bty fRARCAcOr@dhgRo ¥9e 2t oPa8Y 8h8 ofai d

polymer matrix conprises polynerized nethyl "nethacrylate or
2- hydr oxyet eipimsidttad@r yl ate. 22. The material of any one of clains
15 to 20, conprising fromabout 0.1 to about 0.5 wt% of said wetting

about 0. 28-Sy BB toarndofi Bl SRS HE SRR I By one o

clainms 15 to 23, wherein said pores have a pore
15. A porous material comprising:

a transparent polymer matrix defining interconnected 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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di anmeter of about 60 to about 120 nm 25. A contact |ens conprising
the material of any one of clainms 15 to 24. 33

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

comprises polyvinylpyrrolidone or dextran.

21.The material of any one of claims 15 to 20, wherein said polymer matrix

comprises polymerized methyl methacrylate or 2-hydroxyethyl methacrylate.

22.The material of any one of claims 15 to 20, comprising from about 0.1 to about

0.5 wt% 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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