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

AGENT CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001]
wdaboos/oepd i cation 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

PORWMME@@@MA”FERPA@WW CPQ(%EJLWKA@L@WET‘T(I’NG AdGENT

porous, polyneric materials with a wetting agent, an
rret hods for maki n such materi als. BACKGROUND OF THE
T@RELATRDAMRBICADIMN t i on t hat

rrany peopl e suffer particul arly when wearing contact

[OObﬂqse?hlsAabglora Eeagi'?ﬁ e tl%rf%‘#ig ?S@Sd %/rﬁgl’éﬁ) %‘[P'b?lp'ilbgﬁbn No.

nco t i hg agent i nto The con
60/889,517 Viiied Nd\@nmthcQODenttmararre omterntbxaf whichedire iht@rporated
wettin ent is released, thus wetting the surface of
hergwebyb@g@rggpe{ ens and reduci ng disconfort of the user.
However, the useful lifetine of such contact |lenses is

IH}'quQ orerHe INPENTIONt ed anpunt of wetting agent
that can be incorporated into and rel eased froma

contact lens. Further, some wetting agents tend to
[0002hr adibeipresant inyesdios relates torpasaus, palymeric materials with a

welgbg‘\a/abgﬂg ahAFhéthdh 'féu‘:rﬁ%k?@"stu{gh thte %E}és desirable to

e’porous rra eria I'hg agent that has
i mproved performance or can nai ntain stabl e »
perBACKGRE@UNDOFar HE INVENTI@N ong period of tine.
SUMMARY OF THE | NVENTI ON [0004] Accordingly, in
t he present in

[00 or %2 gg‘? \g,% gg%rﬁéoqg?% n that i yn@e%f’l?) 8},%? pa(r)ncularly when

' weaﬂﬁig\’éfﬁfté@t 18R, | RlknoRnRESINELE &P HAd FEsS [dpy BYE %bﬁ@ltlon is to
conprising water, a wetting agent, a nonomer, a

incanprae eavettiog ggeyhiste thestentartians. hté\_/hﬁm‘rdsumon‘@t Ienses are
oSy TBEAE bRl Ay ReBRtad S BT E SRR LB
convedt lentgard) esducing 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

1



such that after polynerization, at |east a portion of
the cross-linkable wetting agent is-cross-linked with
wo bmspaizyner. The wetting agent may conprise aPCT/SG2007/000398
hyal uroni caci d. The cross-Ilinkable wetting agent my
be an acryl ated hyal uronic acid, such as a

ac@'”etrhéerdésaﬁrﬂéﬂl‘é/Weﬁfr@%?‘erﬁ%ﬁb bé\fah%rcrﬂaiémwwl;@hicoémd such

an unbonded ?‘ortl on of the wetting agent nay

as dimgibacrytated hyakireiic paide Alfter polemerdzation, andthbneded portion of

the RS BB BEibl 4 e B i SSueE3be T ohfs. prighe s

unbovidedi poytidry of el Wietting Gigedibiaydrs reldusainfrory theBiategial. The
met hyl net hacryl ate or 2-hydroxyet hyl nethacryl ate.
wetling "%%M ERAITPHP® pﬁW'W@Y&"Oi'OlPW erf F’@#T an.slhe spengrper @gybe

me] Fifderyel b7 2 R AIF Fictlag Vel Phe sLyfBEeRt noy;be o

zwifledonio satfaatan@. suchmas) 3-§u dk’acargzlof/lbumraduuyl) uﬁu&ézdlyj) plopyt

suippa | A8 rherRPRIARIoN Ty GoTARtA oD Ao 6r T Khebat b Wi, such
as ﬁwabm '@t255tot S5 Wé%%%rﬁfwéthﬁg HRAIET %ercfernﬁl'i%lon

about 10 to about 50 wt % of the surfactant.
may compdisa cf@rmabhub‘r@tmebodsﬁﬁbwt%@ﬁ thenwatarefront about 5 to about

40 R F Frosioicr”ahd BT ABOT G B SRR BT iurtactant.

herein. [0006] In accordance with further aspect of

[0005F prresmdrdameewtth@motﬁdi@spectsofﬂhe\ar@@éhtemmmnsthere is
material conprising a transparent polynmer nmatri

proyiged & PRIOUA POIRRfifclatrrial fpraed agrerdingde @ mgtw&ﬁscna@d
her ﬁast a portion of the wetting agent cross-linked with
olymer matrix. The wetting agent may conprise
nmet hacryl ated hyaluronic acid (MeHA), and at |east a
[0006] t i bhacﬁordh@CQ\MMfwﬂ}erkaspecbefsthbimewt\ihvent'tdmethere is

proffied EEforfah iaterdiort g 8 RREBariTR boh ARl it fefining
mtel@GUrtde@téde)oﬁeBeaﬁtﬂ'lé WBting agehn 2% 1ddshkesbritbr bf tHeewetting agent
ol yner matri x. The wetfi 3_(?] ag ent may corrprlse an

CrO%ﬁTb’dfﬁﬂeW'tbéhQ pelymer dpatrise enN%tﬁeg @genbmy@mmese
me@%b&@%\% rFBfalfdr%mg'Hg:H{ melqﬂ e d e gg%%t*@&@%ﬂ'mﬂe RASHA Ry be

croa;mtuekéch\lmth Tﬂimpmyh‘termgatage Mhenwetting sgentmay doyaprisecam acrylated
hya?l ronic c?clj A’hR¥'A°r¥dr ar\t%égtoangoglon o} ter %llA r-lr-wg?/ 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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pol ymer matrix may conprise polynerized nethyl

nmet hacryl ate or 2-hydroxyethyl nethacrylate. The
woredosneeeh9 may conpri se from about 0.1 to aboutPOr/SGrn%900398

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

wetting agent. The pores may have a pore di aneter of

[000BPUt CiRert &sprle®dlhnd Féhtires dfARE predeht afveptigANGIEbEESMe apparent

anot her aspect of the present invention, there is
to tbew pHierdlinary skillda the artsipesreview efithe fellawing descrptian of

poFBiccorh B PP BT o Eoh it BRBREOHpRRiing,

f|gares_t hose of ordinary skill in the art upon review of
the follow ng description of specific enbodi nents of

t he, | I oL ' I i t he acconpanyin

i %@?BEP%C%%'IP%E@%B%%WG@AW NGSWFOO>0“9] s

the figures, which illustrate, by way of exanple only,
[OOGQPOdIrFFHéth;Lﬁés LRisicRiIRE®Ble, IDYWRAY bPé‘xar{'nQI@JdHI){ %‘n%od‘inieﬁts of

a schematic di agram of a contact” | ens, exenpl'ary of an
thegresrntimvantion, t he present invention; [001 1] FIG 2 is
a chemical fornula of a hyaluronic aci d (HA); [0012]

0061,y e HEGEME by B RE By an
embodinest opthe r8Ebht invegeeon;of contact |ens materials;
[0014] FIG 7 shovvs a reaction route for preparing

oo 1 sfkg?z“%ﬂw S of SR ISIRLLE, Aoy ars
material froma mcroenmulsion with a nould; [0016]

[00%R5S. FIG. 3 & ééhéﬂ’nﬂ:aﬁ Rt AR bf & ohEMbas1éd W( g\ﬂé'HAk
conpounds used for form ng a surfactant; I G

hows a 1H NMWR spectra of a MeHA conpound [0018]
[00¢3la FH5$ 54 do Baaredrc@pning elestiph @lpmcnelgﬁﬁédj) images of contact

lend heRsRasency of different sanple conpounds;

[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.



[0019] FIG 17 is a |line diagramshowi ng the rel ease

profile of different sanple conpounds; and [0020] FIG
wddossersdbar di agram show ng t he nmeasured nodubPCES61007/000398

di fferent sanpl e conmpounds. DETAI LED DESCRI PTI ON [ 0021]

As schematically shown in FIG 1, an exenplary

emMpETARED DESCRIFMEOSENt i nvention relates to a
contact lens 10 nade of a transparent and porous

Eol ymer 12. As used herein, the term"transparent”
[0081hadfs srhemmaticady ishova i £dCof 1.t AR RIRMRIABY embadiment of the
0
pre@Sf RaRch, Mfed BT Bflack 1t 3 hadf ¥ kefiSparc and porous
polyrheot2h Ashesegddiereinr, tregiermatranspaent’tabadly deskebes the degree of
mat eri al s enpl oyed .in_the nmanufacture of contac
transpRERICYdhabtsh <t 'ﬁé%?&oa‘éaﬁtﬁ%%s of lse sievisssy Rsrexpmple the
[ . :
degfB¥ oI NrnRe SR O SRICE I, KOO 1o JRIATRY Ghlivalitlo, that of
otherematariajs emplgyedn, the -maydfactuye ef bghtacttemses \draitieer ophthalmic
d HEMA) , 2- hydroxyl et hyl acryl ate, nonocarboxylic acids
eVESeh as acrylic acid (AA) and nmethacrylic acid (MY,
gl ycidyl nethacrylate (GWA), silicone-type nononers,
[0022] t hPolyier 12 AR¥3hclbdeasre Olgn’@@@@iolgtﬁd@dl zelmiohiomer(s), such as

|nc_orloorat ed into contact | ens 10. east a portion
ethydenigally 4nsaturateds monqrearswindiugipgy mathvl o metheeiate (MMA), 2-
n - H r H n . .
v SRR e T AL SR SER R Bearsy acio
such@soserylic akidd/AAY drid pretiyaarylicl2cid(@MA), lnéycidy methaaytate (GMA),
cule is joined, to two or nore adjacent chains of

.. ol -
s'“CBB?;iK%‘?"P,E‘ frﬁoﬂ’/ratlhgﬁ'é‘ebonds. Some of WA 14 may be

di spersed in one or both of polyner 12 and the pores

[0023 | NRdvéting @geRE (WA 14U iRESpBRYted IMDSCritadtaendMbh At least a
pol ymer 12, “and such WA 14 is referred to herein as
portigreof Yo ddde grassrlinked. with polymer ddesvhichis ngfereditaiherein as the
« (o f. W1 I t. : "
crogihkpE oty AsiTBtd Hrblh B TBRLE bRl HPRRDE 5, e ke
witheyalymed 12 whisd treewétiingfagemtinasieclilens joifed $o two opicretadjacent

cha%gftéoﬁfmgy% b%o%/gleﬁ%ohgg.l lé%?né) gfe V\PA( 121) rrr1§y \égtdtisl;pnegrsed 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



In particular, the cross-linked portion of WA 14
i ncl udes one or nore cross-linkable wetting agents

W@ aosby0249The unbonded portion of WA 14 may i ncPQMSGINZ000398
or nore CLWA or one or nore non-cross-linkable wetting
agents (n-CLWA), or a mxture of CLWA and n-CLWA. The

wetﬁhgs%ge'n&ke%aﬁyndmb!ﬁ)@l@”d%ltﬂ@hfc' O Of(H)M\ 1401’57%Ye639HA (AHA),
formed fromthe same wetting agent(s)

methacrdated: hialuronig agientMehiA), [p@lmywrrmhdm (PNB)udi@xtran or

B SRR a3 A, o) AR BBERRY Pt o or

wh@rpnbe@akre:inﬁn d et ofetemnindigtsy thiheacH diQh@tnmé@!t itdhh€ is itself a
with human eye. |In a contact |lens applicatio

possihle aﬁemﬁ@w FW& thgkany Cﬁmplnaﬁl@nménwwpmrdnpte afcthg listed items

is é@ﬁ) F%{% aél?éjr 2ty ﬁﬁi@wdrlo té?'@ﬁ *\g@%ﬂoﬁggéﬁégﬁb? suitable, as

wouddhm unebd ristoogl Ia;garﬂldlddhpérsanm $he aethbach as vapdr tved ltems in the
i.cations ed herein.in alis

corghReEhare Aiituabeexdmye odp ROBE BPRICAHIGTS Ve iBRagests Such as
I |

carbé@ilhéth k:mgﬁkgiréé@ (@M%)}_, ﬁ)@?#%ﬁ@}g%%@%eﬁglﬁsfqmmg §Mcerine,
chitpsan,i psilyviaylalsohat, iov the Wsecimaplibegsuilalec onbi nat i on t hat
is not suitable, as would be understood by a skilled

SO e , t he
10038] SCRAR dEcids SRS AP Raf ] B8
glyasahinaglycars, alwtéllemag@pdlysmhndé which |s a polymer of

car boxynet hyl cel | ul ose roxy rop

disggehpyifes| qamprsed (qipmﬂgjucugq%@@ﬂ Q lucosamine, linked

o NSO it o S b

sodgny twakumdomatgl ycan, aI so call ed chopoI ysacchari de,
which is a pol ymer of disaccharides, conposed of

[00&@ ﬁé; C'fa\gquﬂgﬁe acegg Q%D%c%jc’ G F@rmupa sehown in .

FIGg|2y0°0§U|€bb1elMHI¢A m@h@@m@l f@hﬁullal#showmmsqd; 3MIn both FIGS. 2
h al uronate. [0026] For exanp a suitabl e HA may be

, the augHEari ‘@ amaydiensglected @\Qﬁhahthﬁl raplegulesas a maeeular weight

R

molebelamaleighilof atsmstablenWiemalydre lmtwghh dbouitm a0 @md aIﬁJLrt a0,
I th nbodi t t h
000?6)000uba&8r9.’ Inogi%epeantte?n%oJ|men'?smEheomo ecular veeilgﬂ'e%a?/ vary gnd 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
particula_r 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



nol ecul ar wei ght of a suitable WA may be between about
100 and about 10, 000,000 Dalton. In different
wersdearent s, the nol ecul ar wei ght may vary aneCTsg200®000398
out si de the above ranges, depending on the particular
application. [0027] PVP and dextran are conpounds

f
oIsSHESkY EQPIR, A AU o ABGRITESS) luch oo an
acrf_yia@ged;m)tth&bc&m caissdtnkl@@olwme} &ad irmhudesya hydrophilic functional
arof (5fiEh 2 PafuaniRr AL at £aN RoVHE Sultave Huiganiltty in the

resdmngrrﬁateaapmawb%mblecul ar application. [0028] A CLWA
may be a nethacryl ated hyal uronic acid (MeHA), or

anot her acrylated HA (AHA). The achI ate groups in
[00RBHA Arrr B2y Be adiviwonicagia gHANDiINYRYTlisione (PVP),

0
oL Hrss SARHeIaN o RRA PR PRBNLS Rty e
partiedlar palymePubked tiseispadifieatidn\A mayal so be used. For
i nstance, any WA that includes a functional group

10088y i SnRceriied et WA MEHAC T aboTe amepdment, WA 14
|ncl(1§é§ 'boﬁf' N%I—P?HH@'HA Hih afahthér éﬁl@bdﬁﬁéhtPWWqu%(ﬁUHéé%HA and

icity in the resulting materi al

onesqf IP‘dBlaend Dexir®). In yet@nathersgmbedimemy.aiVidy bﬁirtcllmﬁSdMeHA and a

mofyier B g AP agent 1t s not |

cross-linkable with the particul ar pol ynmer used the

[Oosppci Cionaérhlently [tA6 3fdorporativa of abOrestich ¥MMeHA provides a
. not her enbodi nent, WA 14 includes both MHA
SUTBRRINGASNEH BOINeraPSEHBERs 4aEnbend e Wi candBervEHie surface

we@élglltg%?t mﬂ@a@%ﬂﬂ@eﬁé 484 Wé‘ttl)ﬁgtaggﬂf’.t B¢En ﬂ‘\%&g g?rbtross-

es Me and a m xtur two or
linked Gl&tAA i DOBd4d Cotinegpolgmer matiiand ik botreaddy ceieaﬂabde

thefgrom b RitsiEmali VRS RIB RS i Sy Bhidis Sombarable
to thielirhpovedaidtebillty bVO\ﬁPcﬂed Bg afadrondkd Wstisg a éntaéijdh as HA (see

wettl nlg); agent. Even thou the crosslinked
e.gphbakled))t & eanwepising :b@neﬁfa@frthbs rgadltissthabther @Qas1llyked MeHA can

act aglae\?lgﬁ‘l%eagent 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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therefrom it provides inproved wettability at the

| ens surface, which is conparable to the inproved
wowrdsalizkd t y provi ded by an unbonded wetting aPEnsGEOTM0398

as HA (see e.g. Table Il). A convenient benefit of

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

For'edthhAE_tRE @rdsstiitkeUuiieHAKhAY aldd |ﬁ’fbfo§é)?n%?wbﬁablh§/ of inner

ores. The pores can then be conveniently fu
surfiaces iof e poresowbichtmay pausotedadth selease 0 unbonded WA that is

initigfigin therare§ ARR 1S TRastiie, bl A 2RHERLS g B Houh e Shmaundings.

cross-linked MeHA will not be rel eased, good

[0038] t abinki drymaredoftky %neﬂteramm\}drﬁagwmbmmi inttaé pesteding
for the entire lifetime of the |ens.

ParagraphN ISR haVEIErelS May s%%@%ﬁ*ped amh‘wdegﬁ reRiagadhyith
anoﬁﬁbr?ﬂﬂableo@EWMEsUch% Aipher during manufacture
or_ dur

ng use nay provide enhanced performance. [0032]
The cross-1linked WA may al so nodify the surface
[00®4]o peThé eboicesifdepartieulpoV\es maypderendaon tifef m:ticmllaeapplication

For Fxantaie.ft GV ¥ detirabld R fie WrLBe Egiriatble itn Sgtre? material
Furmérreéwﬁ( sy bé BelectlEIRoRtefihdreaséd WakeunR@Rgebil and
be vari'ed due to the presence of the cross-lin

visonalaséie properiag o thaicthewalting RereicavEbind ragreavater molecules, or

[ t
can SR8 ghitioy il Bl Bl fe st Wbtk 33PSeed lpniBintygly ong
peribdaif tinse. | mlnﬁayaialba be’déslirebmhesvmdebésqmﬂ icagse@kigaificant
aqueous romthe surroundi ngs. [0033] One or

V'Sq‘?ll) PRIrgRg Pﬁ §ul5gﬁ@h@l{ysreg|a|ge Wéfﬁrhs@@ée‘ﬁﬁk@qumt fsrdill
dis @&&fﬂ fP\% l?ﬁi/gﬁ&m% i0 rﬁl'e%@é@ﬁ{ts tltf@b béaﬁ# db‘N/-pSf a

is replaced wth an
higr@.uvnolesulah waeig ht roanHend Mﬂh m@r@OBaﬂ]er ﬁllrdecthies aad@lnasupport a

{ . d d { i fl
thickgfepE Hink wetigh YaRafiifet Sih sRByB8 actirEamrealsnde ¢ ne
adv%é@%o%"ﬁ@bin@ Embbdimentdt Itdor@efidlimehty, HXemayde A
e selected to provide increased water bindin

advaaégepyslarmedl ascibel SLWA pFepinstance, A maytexhihit a ?onger mean
half- é‘ahﬂ%aﬂ%é}l r I% n?gﬁ%fxﬁmg%f %?e%?ﬁéﬂ g&me%h&ra\nettmg

I'Sperse quic ns or cornea
agestg.face for a reI atively long period of tine. It may
al so be desirable that WA 14 does not cause

[00? gni {Zbgﬁ%ggﬁg@A f;{ IHrg{)ll %Ej u? %Bétag? Hq%l ‘J (y carne(rje%%e 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



di spersed in the lens or when it is released into the

eye. Typically, a WA of a higher nol ecul ar wei ght can
weovd/ogd2eh nore wat er nol ecul es and can supporPCESG2007/000398

thicker tear film Wetting agents that can stabilize

tear filnms may al so be advantageous in sone

eplmﬂ%%'ﬂHEEd)n Fﬁﬁ@aﬁfﬁl@cﬂ AB8bsen 'éﬁoWﬁXhQﬁ-lCEC can adhere
advant aﬂ[ﬂous y used he n- CLWA i nst ance; HA

anch@pvesm suréaqaﬁfgéA/M@laA-lnaded conhtéctalﬁas eateralst er

stabilize a pre-corneal tear filmthan sone other

[Oo’fﬁct i A9 |Ig{%?%i<§ﬁ in[ 1&?3"\% rgrEXeP%geﬁf}atlge Scannmg Electron

or por I'n con enhs can uce

MicsystobnES EM) ahé@esgof:theemtémahstnmdretmkwmplerpdymbhmembranes
Iens nor e ﬁgm‘ortable Due tao cross-1linkin

Su'@@l?ef%BPS?i?é Redymer ¢, te RRlyper Brge ROIYIRE Mt "m&(’cfaﬁowe as the
bng{Ne rEé’r‘ise)t SQfldlgﬁ Infdréo rﬁ%‘té”&tel&?g%?e NE4REi #9 ; (tsﬁ&ﬁngé’é’%e dark

I'ty and” sust al rel ease of the wetting agen
porhtbnsa) r Poets aed ynterapnneetezh sdhenasdie leash sbmemf rthennnace joined or
eriod of .tine

Imk%{\:i%tqa l ivg{/érrlnon rampr%ﬁonq%ugd}#\&&k%féprgv%g 22 are filled
W|tHT9én‘3ra'qﬁboG§i)ﬂLﬁd<mb'\khlbﬁpé&ﬁtﬁﬂsnﬁcﬁmm‘éalof S\Nét%FQér’iH B WA (not
npared to polyneric contact |ens materials that

Ide@tdfmbéﬁwtbmlmagemfﬂ% 4deM. that is not cross-linked.
[ 0036] Al so conveniently, when MeHA and HA are

(0038 0" BBFAL 25\l 162 R AR o S ATBLELEAIGhF Al SAUERA nay have

rove to ce s sSuc
differentsiabepiTheglored sibelvh $n FIGECE to Bdrave pompldiameterdababout 60
‘ agl%e? 2&0\/\[} that HCEC can adhere and grow on the
to about 1€2NBY- HA/ MeHA- | oaded contact |ens naterial s.
[0037] As illustrated in FIGS. 4 to 6, which are

[0088PT eAQnﬁé’éd %r&ﬁarﬁ"ﬁlﬁe Ehigfidton rMe% Qs CEH%' ‘évél%@@ or effective
i nages of the internal structure of sanple polyne

diametesreinbe engisssections of tbe pmepol Tiee effective N@rpgﬂeyrﬁéra Cross-

socfif a3 el EirelBh cbipfs SRYTNE" ot SBLb? Riadiihec B that has
the tdanel 2rdsspsddtionak hred agethatoe théltrﬁhccﬁmmt@dss\heatuﬂt In some
| east sonme of themare joined or |inked with each

embRdiEents, SHER @S henpelxmes it swalkakie mhepdhrores A filled with
wat%? rrtﬁ%esdiréeg gfﬂmé/"k)é’;bsgn W 5%{%& g oA the WS R [@nBSht 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 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
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identifiable in the images of FIGS. 4 to 6). [0038]

Pores 22 may have round or other cross-sectional
waebapoenzand may have different sizes. The por eBCHRGMN7/000398

in FIGS. 4 to 6 have pore dianeters of about 60 to

about 120 nm [0039] As used herein, a pore dianeter

intdredidctéd sirte ay picreguly driclisséd b@ldw afeieridif oh e, polymers
cross-sections of the pores. The effective di aneter of

cam he dyepatad da bave Mmereqr desscimtgrcannestes meses as would be
undﬂr%%%g%’gklﬂequé%ﬂ)l ar cross-section that has the sane
C

CT 0SS-'s ional "area ' as that of the non-circul ar
cross-section. In sone enbodi nents, such as when the
[00dd] y mSomesofthel Walrhelechizs md:mppmted irathe dorithetdems triaterial are

cropspinkan wih 46 PENGrMevia JUhaHeMatohany HRBOMRY WA may be
dlsﬁéﬂség in ﬁ@fo ?Fne‘?'n#atﬁf( ahl 9orsy, eBu UQS %h ér%‘?'\dQInbonded WA, if

part l'ed by a gas such as e polynmer may
presénts nwrm@mom ar egieasgd. fram the nermamﬂitheemlymer heatrix.
pore di aneter may be in the range from about 10 to 100

ool R R BBl 1 4 b SR BB B v

polyﬂieﬂn{dt@rlaﬂ@é gbsut 25wi%! by FESV, labout Bb@vt%)foﬁf FdGaHEém about 35
in the range of about 60 to about

wi% @QMHP Borlaeazh Gage. the aquegysiliguid @ertamtaé)@ut &dﬂe(so&t@e WA
h
and;mé rjég% R rﬁéthé%q ZEBF el‘égiBP “M%Se &g @;{éelgm gér’cahtalgﬁ gn the

basishef/total evaigit afdha amtedalonclpdlngetﬂe\aquboos neategalr es or
open to the surfaces of the pol yrrer i s not

S T T TN L —

frorﬁ@o}’lfw ferz10 RAeRERPIREI ¢h, mdan r&hﬁac%wﬂheéﬁ eye. The
i nterconnect ed pores as woul'd be understood by a

unbgrided é/MAgeab@nleS[ro@m!]ﬁus@ iveroyghtthe liguidrahiasedn éke A
mter&ﬁﬂ{ ég%s fﬂ}rﬁ %ﬁhlﬁrq&l r%@ onI t%%%ﬂ?é(c_% % ?ri?éﬁ)?/lym\% t1%r such

CI‘OSS

as t@rshrfmbotﬁi@@bdh%am&n@ ¢0 diThpambedded WAanpletylee rthateetrei X
ores. Durin wat er and unbonded WA,

d
dis@@%&m pOIWrﬂg @Yr@ jer theiRofee @ fﬂﬂgmggr%ld@cg"sénﬁi
thrdudh A8/ pbiherMaEAx: -

[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



[0042] In the materials shown in FIGS. 4 to 6 , the

aqueous liquid content in the polyner material is
wW@bwsne@2% wt % for FI G 4, about 30 wt % for FlI GCBHSGaNT000398

about 35 wt% for FIG 6. In each case, the aqueous

l'iquid contains about 1 wt% of the WA and the rest is

molERURSYMYR itrdvel Fatef irfind boresV“Eha% ﬁweﬁﬁzﬁ\e?qu\ﬁ/h%tthe pores are
percentage on the basis of total weight

fillegrawith & diuidncl udi ng t he aqueous material. [0043] Wth
reference to FIG 1, unbounded portion of WA 14 may be

oo, 2B Ep RGP YAl e b Agp ST for o

longrperidd fdfutinee tshcie wghmoohe tharf 20 dgysaineexegmplagy embodiments of the
I nt er connected pores from an inner region to a surface

preseny; 'BMe'aiforbBP%ﬁe WA 14.isisRersed d e peressand POBRER]2, with
son’1§ Eﬁ)ﬁ%%nk&] gﬁg/rﬁ/é? ARHr&C uinﬂ%ll&hWA fsz)eﬁjée%oﬁf ﬁfed ores is
ter g

yner enter the es a
qum:kly defe‘asedn@t ahh@mgrelehse p'atqzrreTherEttlghl xreldd&@#dteﬁlmey last, for
rel.ease of ,unbo edb%ortl on o

exefiS; B er o 6 [sess Bs wilthep,aedebss as i gl freely

disR568 WANRIOIRILRAS fh B Pofds HARO HIRAdWhee nititly released. The
controlled in part by altering the size and the degree

relegseiaiitee cwhaoded wetiyig agenty bowevern mant ¢cantipuefer airefatively long

oL 4 B P53 T 584 FRondBe S Miper n e

poI)@ﬁéK sloWIE ehaveNings tiek! lbbf‘@ HAE diffrbmUmneoingied réfdions of contact

| ecul es can travel mgrate within polyner 12 or
Ienq i tp Hrelens suFage.- by dlfoSI on. In general, unbonded
WA nol ecul es nove in random directions but when there

[oollrf‘qI a éBHG&?%@lﬂ,ittﬁg %‘S%ﬁlu‘ﬂ&ﬁ of Bep&itibA ot tH&RNéduﬁthagénM%ith the

ecul es contentration region
polyroer matroemay ajscoprovits ioprovédrelrengthde tlnmyotcms\material.
faster in the pores than in polyner 12 when the pores

d 0R46] Convyeni ent | t .
10084 ey cdhth Bns i lscatr B & gl oy bttty of the
lend @ugfaper ¢t redlude l@?y%@sﬁﬁmpt@ﬁ@ ahengic2 Gedlitiohsi and discomfort
exenmpl ary enbodi nents of the present |nvent|on because

resyifing 4rqr dyseue seaditians Iﬁé"dpweéﬁnﬁrmep@m}lﬁ@tr ens. | 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 10 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

included in the microemulsion.
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some cross-linked with the polynmer matrix. Initially,

WA di spersed in the pores is quickly released at a
whe@h/oeekease rate. The high rel ease rate nay PEBESG200T000398

exanple, a few days. The release rate will then

decrease as the initially freely dispersed WA

[008D] €CFbeS clafity, NemRPbemultite abferddYo bgerhdmeddynamically stable
rel eased. The rel ease of the unbonded wetting agent,

disperaioncef omhqwdrnha&@emtcbnanatheélllgwdveh@se oRfepeicrarmeision may

o g B Bl 500 6 it BRI B i shases

hy@ﬁp“hlﬁdz bf Mﬁ@plﬁdm@(élhm asneiter) egidotne othee ihydrophetsis ok Qipophilic
to the lens surface. [0047] Conveniently, the

(sugh s Oilk nYRIGaBY. t&\epemleanorofiomm faretels i veragmyisions are
abJLHel 0POhAHBrhetBRd bt T&sga%énaltﬁlgs Q’jé)w lc‘:r{oﬁrﬁ Q es’iréﬁ%gérgnt In a

t'he porous nater ens
»blcomtmmoluy rmcmmulsnbheeadpobthedwmeltqtmbphas;@s chdnhaudmms
surface can reduce dry eye synptons, allergic

ct Lon an is uI i r dr
10053f5: ¢ PEATREues Ty i a4 WRER. Sidp R She one shown
in Gt BOI'FHe MEPANSIRFVY FIG. W@ér?ﬁé prééar@é%cb@rdmg to the reaction
conti nuousl)é rel eased into the e further
routeriustvated e Fier 7.0l hanaanyacture ot:élﬁl-&tacwdmg tpdFd%oT is known

o R RLBROAAT e gPEHERY A B B BBAAES, Bt oty mey

methichaatey aPMMA) isnsorfugated ity n'arboxylirt &cid® i hydlaronamebyousing 1-
npre_surfactants copql ynerizabpl e th at | east one of

Ethyhd- %@HB%W!?’“'ﬂﬂp@fpya?ﬁfbﬁdW'des'dﬁwoph@l”d?f(g%sﬁﬂdt1 ng
hy dggi eougo{?%%olegk.i-ﬁ%%z 'é%&fbpgﬁrﬁggéﬁtsf 'fHeeﬂre#bFélloﬂrbf MeHA is also

I qui ersed In
discissedenthesiiteratbesf such aoinylke Al Pancoet abuRelease of wetting agents

AT T T T R

90 7CHeYSRaREE Pfincat); A6 M.Re KIRT Hh@T.Qf PAAE “Wémpbtureae¥psnsive
as a cross-linker. Thus, in sone enbodlnents

no
anchdegrerahlel hyaluseici agi/BlurpBiccampasite. hYIdlﬁOQﬁ|ﬁ &r controlled release

of RN horRand; eLiRIRL CERTRTR e Eise 20077 ), 0. pr- 69 to

77(9)nthe oelavrst comtenits o€ each of whidhedretidymporated Ihprem dlylreference.
di spersion of one liquid phase into another liquid
phase. The m croemnul si on may

[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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be stabilized by an interfacial filmof surfactant.
One of the two liquid phases is hydrophilic or
wo e@epbeid ¢ (such as water) and the other is PCT/SG2007/000398
hydr ophobi ¢ or lipophilic (such as oil). Typically,
the droplet or domain dianmeters in mcroenul sions are

[0058P Ut THEOMBADRIERS $61S fdting e bichthBUS rhidoemulsion can be any

_mi'croenul sions are transparent. In a bicontinuous
suitabler deenmmen rknomdc o openshas t skilled doi theptesk ewhioh is capable of

corpfMerBifé Ster A BOe K Tt § SePalymbt: WSt onomer is
copdlyenérizabld-With hather PnphRPIUCH RChY slirfgctamt, thie monomer may
reaction route illustrated in FIG 7. The manufacture

alsgpe potymerizabiel il itss!fFTiee type andamannt ef fermeRgmer that may be

em3PLd Roidheh 55 bt TR B MK Rl g s

pertmkcﬁxémmgdrjé maﬂm?ré _aréyeﬂhyller?ioaﬂy Eplsat_sfra_ltgd Imonomers including
t o u - ne m nopro carpod| I m.ae

Mg, R, - kO TeERy  Sralete. OB EADORHSRHIE SER a6 fignd MA

GIMA® 2R 4doRe- 1966 Mchor&13. RGRAIEELMBirfitioNS df théseAndRomers can

di scuss Iterature such as In . Princz et
alsabe use®el ease of wetting agents from Nel filcon contact
| enses”, Invest. Ophthalnol. Vis. Sci. 2005; S

100481, = A Eh R <LBEE LR ERopid b Aok AG M Rt orwin
othélagibadmierie doyrfounasite feei d/pdiymeni The surtastahiefor the mixture can

hydrogel s for controll ed rel ease of  human growth
be a1t %?@é’,’e sydactant thet cen gernelyraerizeyith sk leasygpe of pe monomers

. . . , n .
n 0 migBerERbR ALk S SLR indPRESBcBag b peniea
intowWAe pafynaérs thereds ndemeadHid separdte dise sudadtani fngmtthe polymer after
fornula shﬂﬁ/nin FI 2, which i avilab#ef{.om .
Polypgtizations Thingan P&@%@Btﬂ%@#&a%ﬁewo #higLgtion process Is
simE@iaepr ation of Japan. The HA can al so be prepared
ased on the techniques disclosed in, for exanple, in
Hyal uronan derivatives: chem stry and

P. A. Band, "
[0056} i IreneypmBREineT the, surfactant isRcwiteRgnic sliipeiapt.aFier some
appfEAbR, Z0RRrGRE Sl A BE ARRRRARAqIL For instance, it is

expeotedcthat 1H¢, indlB8BN gfa zwitterddnic tsuefactang eyt alloanbdjusnert of the
WAV\r'r(;iecagez?)rr((;}filieq:l(%r%;ul[gjgﬂrv%tri(::i\(t]go;\1 %% Si—lnln? e rm%g%re?nnuﬁgibn. The zwitterionic
surfactant may be 3-((1 1-ac'ryloyloxyundecyl)-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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[ 0053] As discussed above, PVP and dextran are conmmon
chem cals readily avail able from comerci a

waomsoersd 0054] The nononers for form ng the PCT/SG2007/000398
bi conti nous m croenul sion can be any suitabl e nononer
known to persons skilled in the art, which is capable

[00S8] Coﬁﬂbgﬂ?ﬁéyzbé %/H{Helélz%%%ﬂoﬂgnqw o‘r&&%@bﬁlmldﬁzole is

copol yrmer. he nononer Is copol ynerizabl e wt
formadmeeammbr@nounwaﬂméwﬁb nmai:azaiﬂ by afan2neactien

mefidnidn S PrB Subiied sttt Srkruraf neRiediit using 1.3
pro@aﬁ@shn&h@t&th@%arrm@ﬁdmg@mmﬂaﬁe B((WMLhydeex K IeIeayl)-O

skill ed person npl ary nononers are ethylenlca Iy
|m|mlhp@pyﬁsu+gh@mieg FinallydaR@cruipte gienm is added to the precursor

sul;imcﬂgag%I ?ﬁ}o lAIE%:@yvsvﬁ I% Cpcfn@'ﬂgﬁ%lﬁ rrrglrog,g{e%satstH%htaﬂs of the
moleenls. rEte bW@afé,tldd‘@fSHRMMSG d@ws@édsm the litsratlre such as in L.
NG5 WOV N o TR T A
20050 4B L ﬁ%%tré&be A ReiRaft¥ r|u” Tth rél‘é"vfaﬁ?éilgénlgqj’f viHiéh are

m' xture can y suita actant that can
mcwmmpﬂb@henﬂmbywe&neameIeast one of the nononmers in the
m croenul sion. As can be appreciated, when the
copol neri,zed intao

10078 ofh WesotBrdRaRn i ERF paBubdrsBR IE toshgfaf of e lens

maﬁri‘aﬁfncll@e)érﬁﬁth 19 base cohipdupararkeitadyieilieegrsisr asrivdtves. For
ynmer fornmati onQﬁP‘lfrocess is sinplified. [0056] In one

Insf@ﬁ@%,dMﬁb'm mayHe kethrthetcampqundashawn ineFl&n3.cand any suitable salt
or éé’rrl\ffa"l‘l?/%a&tthaf%ro il éis sﬁﬁ‘éﬂ)l@né’ ivatih G Ligd %‘rﬁatte of the base

sur ants na nt ageous. For I AT ance
conepquetd hat tdstatnstthe dhatacteristic functiozali groep(sdy of the base compound

rfacta al | ow adj ustnent of the | ease

andy s BisR(ELNe samechemctnae: fonctanai of S ipse spmpound.
ForT%n?dl’ét 5 WitaPleCd SriVA1iPE (A MeMBYMAS bd diel that retains the functional

1-acryl oyl oxyundecyl) -1 m dazol yl )~ propyl sul phonat e
groppfesaygssdinkiitg withGHe) polyNBIHGHCHINECHA ehainviosrimprovisg surface
wet?agml nteger ranging from1 to 20, n is an integer

V"ng from6 to 20, x is an integer ranging from 10

to 110,
[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



and V is (nmethyl)acrylate or another copol ynerizable

unsaturated group. [0057] In different enbodi nents,
wordwenemuw t abl e surfactants, such as those di sSe¢DS€ZHOT/M00398

Chow, may be used. In sonme enbodi nents, a nonionic or

ani oni ¢ surfactant may be used. For exanple, a

theﬁHixhﬂQ' ﬁlt@l‘?ﬁ'tl(?@lyctr%ihf)éﬁfeama B ph8Sad ol fllter havmg pores

(pol yet hyl eneoxi de) groups (such as from abo
on dheunandmeterascale sai asibioe caeﬂtenfloesdmpéamantDdeg on the

proprgéloﬁgeg ﬁ%@gg;gcar%ﬁgn%rgﬁs %ﬂé E’H £ I%/d%'&'\ Ie[lp%%ﬂleA\l/:la:ig'é of the

surfettahtdfHexdtopias Yahrbelawolleh Wahfsir aBd dispereatin Waiter (referred to
11- br.omoundecanol with im dazole by a SN2 reaction

as rm@cmahuognﬁ)g%{dntl@f@ﬁmﬁnébt@dsvv@"@rm\Mﬁbwa@uebrbtsfdlspersed in_oil
(ref?hrgﬁufos%rs 'irpvteggémo(?' 18 %b%nﬁgé??&ogﬁﬁe%ﬂt&g u ﬂm can be

€ caorrespondl ng su phonat'e hydr oxyundec
bicortindae] yln?jtdh@dpmsbnﬁ ehiiodiratet) theElolma:lqﬁqnenw aadrthbgtp?oportions
roup is added to the precursor su nat e roduce
are%qeﬁgﬁewpﬁhat ﬁch'%ﬂ?é'ﬂl’?g%l"@cr S'PB@% med }qr ep%ré[i'g polymer
2 of the nolecule. The preparation of AIPSA is also
di scussed in the literature such as in L. Liu et al.,
"Wetting agent release fromcontact |enses", |nvest.
[OO@ht hahewstructyre . ofme biczotipuous MECesulsion @y be SImllar to those

oo TG oAl 80, S Bl kg e

moR&herdan@aqusdiis dbMainsCRRRALHVHtAIA 2ke aqubdes flgidMErHes@ domains
of the lens material includes both the base co

aregindofrydy §1!$th§|9'1€€ aad trespectiyely infercpasectegy axian r@ﬂ&éﬂ all three

dlmlgﬁgk%ngae Hen ?ﬂ% %ll%%i@%é'b%gyﬁﬁﬁ%d hE g%s&%c&%ﬁh@%ueous

domains algsaltsldni intdrcorneciech phees \filed withttme hqseommrﬁlpummbt was
t hat retalnsth char acter i.c.fu i.onal (s) of .

prefeld Ip46e 30UABT AT ¢ AS VPGS InitA 6y diphersed ) 1R Bdudous fuia

and-RRT2SSEEbAE 6f e CEL AR Ybé’fcré&ehﬁéb%e VAR Hblyrh€F during
exanpl e, a suitable derivative of MeHA may be one that

polyreeazm)rt he functional group for cross-linking with
t he polyner and the HA chain for inproving surface

[00¥§§]t t aﬁh?gﬁé f%(%rgq?n%xg}ﬁ ‘?ﬁt% &P f]{eaé%r%%u%fr n%r?cfrﬂgpgﬂwf 'sBf3ctant for

e ar nstance,

a mepr?atpnomm@ém opr teaappiiationi | @enleraﬂyntthewtshsuld be
m croemul si 0
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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is described in PCT Patent Application Publication No.

WO2006/ 014138 to Chow et al. (hereinafter referred to
W@s3008abawy ) , publ i shed Septenber 2, 2006, the BCIL/BGEB07/000398

contents of which are incorporated herein by

reference. Wth the nodifications described herein and

apdr@pﬁ’étéoélﬂé’é‘ceAQ\ﬂlé krSRE €S pepdorid Skile@ SR thel AXER idefermine the
he menbrane material for contact |ens 10 nay be

apq@@@rwﬁelroa@dmmu af the camepenenieduitable: e ferating na driegntinuous

miclokhdeinnt &1 B RaeS Hasaidfr B FRReBiiE: Sater and tre syytactan

may hise qrapareent Bhd aegldne ofi thied eliagraip itommspbadiays fersiegle-phase
to forma mcroenul sion by standard techm ques such as
m'CﬁQﬁmﬁ'ﬁlqndﬁaY\P@r'ﬂéﬂﬁ'f@ apy the pEPosinns-efi the qospanentiegay be so

choggﬁ s%[:ﬁ"i‘ft\étr}ﬂe & \?/ﬂ pt'hgtlé Rifie rP@g 'ffb\ &8bn RRARESn the art will
\i fe Be

the m xture. ternative xtuerra
be phlssmdaujhsbﬂgh peop‘ortubrm abeorditg tmotm dmgramemnandenﬂd) echieve a

B SRk B SRR e FOBRE et o of
-bch}ﬁﬂbQQ%icﬁ‘oémG@WH E&n\b%' é&wfﬁﬁeﬁhﬁsﬁgﬁéé‘lﬁléﬂés khB&n to persons

lets can be swollen wth oil di spersed in
Skl”@dt wr the @ﬂer rleer examplenotheatorduativity mfcthee mixtsire mnay dncrease

subSHa e AT G ElortbuBe ) BREPriBSome Hiereaichfiynof the

mlxﬂﬂé &y beareadurg@ussing 8 doheudtivityanétes ttetl titratitg atme M sodium
onponents and their proportions are selected so that

Ch'Q{'Qﬁ sduiamindutheninéte@ul si on is formed for preparing
pol ymer 12. [0062] The structure of the bicontinuous

[00@%{/;’9%%@%%%)%885 |8?0|eﬁ{uli8n§ Bas %edeﬁ'ﬁéd Qpen &oportlons of

e mcroenul sion ere are ol l domaln
the whimponeats aienraspectively iens abodt 4§ de @boutl 56avin% fmntbe aqueous

. itain th l.uid. Th d donmi

i Gociodinn SEpiERART YpLAD abgUr Rie sBaihadeeyt Fihe RBrRmerts).

and florl dbdut "MeetodhBRABIPWE% b ek §@%&bht(§}0nﬁhé‘%qﬁé§us liquid may
olymerized, the presence of the aqueous domains

contaig lWQ'QIYI watent diheoWHe coBtenp it the microeaulgiom mayevary from about

u I [ h e
01 LG, D4 h A Bho R D cBbot 018" 1 HEERK 0 B§Mandn one
emt&ihdulnealﬁtMealmélsoﬁsém@sﬁh%\PCIAWA ahd theosleHA oseentvnidy be about
t
0.25 W(?t%Io yrr'rrm?){tureu(r)f I\/PeHA 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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pol ynmeri zation. [0063] The choice and weight ratio of

the particul ar nononmer and surfactant for a given
wa@ppierty on may depend on the application. Geper/stio97/000398

t hey shoul d be chosen such that the resulting pol ymer

is suitable and conpatible with the environment in

the WBAE fuibn WH@FB@%F\ & f tn%n@?o #é%e&sﬁ%@ltéhaﬁ fh'éepcﬂ?tﬁbl‘ estilitates the

properties 0064 The wa in the mcroenul sion can
transpopluraf \gases, dnolecueser nufrents Ianqhumlnepalsmt@ctr&eeve or the

the WA initiall ersed o ol v
surtglpgiiosTibwithe Abbisiaisss Mt SRemRlary REDETS oot to some
emB&@ihidnte of tBY | prasemerivehtio 'caReplovitie aSG!@l’ﬁrcﬂI@dl ahd é6ng-lasting

can be selected for achieving one or nore desired

deliyeapefra loagdedwattieg pgent en otgeptvidmaaterishd can i ncl ude
one or nore of a drug, a protein, an enzyne, a filler,

[00?85'6”?5%5%8? @@%@ &é’ﬁc?'CL"Wﬁg'J g%?l | gf%c%‘?ndlélgﬁ can be

er stood erson 1n
detemeinadt basedaoonpoadmss afadtors. anslpargamtarajplqnmrfanmrr isx that the

COW%%BFgg(PﬁJO Bﬁ%&?&p)ﬁ@f nSff)ﬂqui g),g %nr{oilg E{gtr BF@/@HQ desired surface
wet@étﬂﬂg/etaﬁdobpgcﬁmy néeéil%\b‘?@ﬁﬁfé)%’f ' r@té%s%' é6f f@mb@fﬁ‘ldét‘f> WEtaMg agent

ersons led in the art, to deternine the
durmgouegru Senepaltyp drighempasfing I‘VG”c@ﬁpkbrienhlgheUerbBBe fate. The

trarjgPaferis S cBRY AR BT Hebndh Mt S PRI FAGEC A very

higR @VArieadihgtmay RfeteBieOphase bb&llldh@ﬁr@fnmé%rc@@élﬁm@ldhgprecursor
to singl e-phase m croenul sion may be identified and

and the fesbisipgtRalyisenmaterial coay bakhe Suffigienil tEnspREEn Tests show
thatsuiﬁhsérﬂét rbpg%m'fe%lt:% s agrlita\'?er'itrﬁolg %Jdnege abj]ghgtréd @Qen up to

son Skl et St t
aqu:t@ﬁiﬂ wmtBnidAarddediAng doatdihed @h thgy microemaisitay. Adfurther factor is

achi eve certain desirabl ropert th I
the ARG RERIOAFOIOPRBIS PN PPN MODIMSY b PR MAGLS Show-that the
contehtrafon b’ 'GL'WAaéhrP 8feQthe’ FRPmers Wﬁe&ﬁ‘é&h@él %Eeﬂf@@"‘“ln some

to persons skilled 1n the art. For exanpl e,
embodichents, vumpr@fedt teechatticale pregerties r eaaebsuka@h@wred amhgn the

cortBROF oFhH BEHAS St SPBLERLY HRUCHS Ty mgrogmision s

polyrBfzsd td/fdrm ABhAspAbheand pbFos! ﬂtﬂyrﬁeﬂwﬂaefélﬁﬂﬁb WA is dispersed
chloride solution into the mxtu
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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[ 0066] Suitable bicontinuous m croenul sions can be
formed when proportions of the conponents are
wo empoe2ivel y from about 15 to about 50 wt % f PET/8GB07/000398
aqueous liquid (including water and WA), from about 5
to about 40 wt % for the nononer(s), and from about 10

meftﬁdaBPLBoI@‘ﬂeMéaﬁcfnor E&e eXHAiphs BBE}[ﬁ'ﬁerzaﬂ—Bﬁ sV & Sachieved by

iquid contain mainly water WA content in the
subjaatingdhenicooemuigiondoylfradatet V) radiatiarpif sbpletogniiator is used

as oo - NERARPBR o BRoiEmialery Vb e SehoS92-pheny
aceﬁ)’ﬂe@f@hen@x\ﬂpﬁ) arudiben ﬁké&b% Aariegbitisitiator akiA sl be used.

may al so be used, with a total content of about .
Exemplanyt orexiasinitiedgrs THache negmmening pressipBated g%| VBN N

tetrg&teiw?tﬂgu lbﬁaﬂn'ir%u 'I%Eb?‘g(s éﬁbﬁﬁgﬁ?ﬁf lhbftgldltﬂatbpﬁnd redox-

erst and' how nmononer s

initiatodt nsay Alsottantsed. nindhisfregent, inadding ir mamlmteneeam indtiator can be
desired effect on the various pro ertle

adv,aggngoiugg The Ratgnerizafionipdiginranay Prﬁ?P Wij to about 0.4 wt%

ft erflisighr engt h or hydrophilicity of the resul ting
© ﬁ@ ér% %%8] The pol yner should al so be safe and

b| oconpatl ble with human cells and human eyes.
[0092ki r Ebneenipatly t, Hbe gl WAeeross-lipks rtha podyraer. f IHﬂwm/esutmfurther

proftte Gl BB ooy HEREEIeS: BN uaPtibiTmer. an

addltiihap cRIRARKeP mdlAbe RAded tditsé miktured Smabiéecrﬁgé-}iﬁﬁérs include
facilitates the transport of gases, nolec

ethyigne|@lw%l difeethpaeiaie s(R@DMAb. év%thwllentehslygglr vddmatﬁ]ae@éate and
dleljh&/IeWe g HJ&S 309&5 Gt %ﬂ t i Iﬁ(@ef et;:(ﬁﬁ@rlaﬂ\g | MBRE Stheoﬁolymer

o so enbo i ments o i nventl
moleaoleprm| desa-liokedr thd adrerdifficalh g Isa{sinmgp@teédmetyingfagent to
a | oaded iﬁi n ?Ig%ent or o her, fl ui mat er i

diffy$e, 0L igrate Bom) he[quxlaeeqy ing inna S%Wer[r%Pe%%]e of the
wetﬂh a@%gﬂ“ TheNcdéntoss et &bsa- ﬁﬁl@ert@a?\e%e?é‘fto\’é“bboé@ected to adjust

I'n general, one factor is tha
the (rele@eatrahit i mcreammtb&myalbme@traeomog tihe esegghlinkar can also

el P REof b Sregh BE BB B rbnIET L g ngont

during use. Cenerally, higher loading will result in
[0o0NMBpheAsr dibeassedr abeve, 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



transparency and clarity of the resulting pol yner

material is another factor. A very high WA | oadi ng nay
wa@bdosos02ehe phase equilibrium of the m croenul BED8G2007/000398

precursor and the resulting polynmer material may not

be sufficiently transparent. Tests show that, in sone

oS 5088, AR Aecl OIS R0101 20 il i nc

thennneroeumtacaa 32. ofAfemaie tportidra@8ois ¢asraspendinghandrcave shaped so

erties of t suItJn ol rinents sho
thaPRBE i T, ol e Ho o R iR PlRlest B el e nhe? SaHaces 30
and°32 YERrie & dERFEAPréfME fOH thBIohntdt ledd) sone enbodi nent s,
|nproved mechani cal propertles can be achi eved when

the concentration of the CL(MA is fromabout 0.1 to
[0066k5 46 showndn Fil6: e Ausuileble amogpt ghie; prenated mtﬁrﬂeraulswn 34

is fﬁéét%"éz)%@ﬁ%d‘ nt@rfgmﬁﬂar PHﬁloﬂoié’ %éé"BSHﬁJnrbé [ethidh dq%gzliesdt to female

nmer and ores, and at
poernQSofo bhmp&é%mmbemﬂlﬁen 634a|ruod$uel dedired shapge BBedefined by

. ol r. 07Q],.The m craqe sign may be pol yneri zed
'nn%ﬁ%%%ﬁss%&ﬁﬂgp&?@éﬁh\”&d@ﬁh \lﬁ to a skilled person.
For exanple, it may be polynerized by heat, the

[oorpdi t ARSrmakivalyC alald \aml. fehald Iorlibra 26 maref 28 lay be first coupled
m croemul sion, or by introduction of free radicals

and thegmicreemulsiaiemayshe thenmingecied e the cguity ebihe mqudsh For this

purﬁg%égﬁ‘e'meé’ '8'?%9&3%1{1%?%&%&9%%%&?gg?ﬁ] 01;30|t S?reri zation

of the m croenul sion may i nvolve the use of a
[00T8] al WidroemusioaB6liy stoult24ke tfmrysubjeed tps;iolymenzatlon reactions

Polgrplca?ﬁngtfo:pé%gﬁa%l ﬁtg{qﬂg/ éﬁ@? gggrg%ggh Bﬁb%/m?l ) |rrad|at|on
Thé%éﬂﬁérscgl‘ésﬂﬁkf SR &9 fOR8 :P&Hdhhﬁétl ?f'iatgﬁél"g@rcfescnbed

and polynmerizabl e surfact ant used or themethod of
abgyel yneri zati on. For exanple, polynerization can be
achi eved by subjecting the mcroenmulsion to

[OOZ'é_f9 Xg%'hSCat mg’; qqlE@ 'n%'ggh%gg%og)(r}ﬂépform st %rﬂéct' Ig S 38 which

I Nt ors

has?thé desirddheksipe.- pOentect dares Gphmagrse (EMBRed droin mould 24 after
di benzyl ketone. A redox-initiator may al so be used.

polymerzationy redox-initiators include amoni um
persul phate and N, NIN , N - tetranethyl et hyl ene

[Ooggfégxpﬁpﬁaﬁgt@?@ 38 ﬁ'n%@hﬂ@éd 8Rd YquRibehted vttt wate?'to #8fhove 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 Sterilization 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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may al so be used. In this regard, including in the

m xture an initiator can be advant ageous. The
w@elogoenikzati on initiator may be about 0.1 wt %®¢DSG@OUH00398

0.4 wt % of the mcroemul sion. [0072] Conveniently ,

the CLWA cross-Ilinks the polyner. However, to further

the%ﬂfq?éﬁergé@ fh'éﬁ&ﬂ,rﬂgr egn pol ynmer nol ecules in the

resul t'i ng p YIer , addi tional cross-linker may be
added to the mxture Sui tabl e cross-1inkers include

[0082hyI éhe upbandieddyheimgontacitens HODRABS earebigyralgased over an

lycol di hacr t [ ql. .
oxtdidf hotod PO eo@ fiekBReR1f LSS & SBhiact it an eve. The
rele@kyiaes offiV A @anese abatrolats by Seldatitg thBeagmropriatef hbeoiners and

it is for dispersed wetting agent to diffuse or
theiripgerariond| 2@t he pol yner, thereby resulting in a

sl ower release of the wetting agent. The content of

[Oo?ﬁg Cb%ﬁ&dt IBKS 163t B8CESH Yl UBBJ SR :ﬁ%lﬁﬂ Lorédidpste e color

release rate. Increasing the over concentrati
modification, or asstiabeticesontzaet lemsas. | nprove t he mechani cal
strength of the resul ting pol yrrer [0073] As di scussed

e~ the CL Ve cr =lin .
100846 ° cohignint., *te"  BonEL cdeds , Egelinl) BGESTIG by various
embBodififents Ndfethe Shvgitidnheakl Bé ﬁfﬁﬁé%ﬁﬁ)d@l@@ v%%h dhuman dermal

wetting agent and as a cross-linker

fibroblagist aglo@ad: messanicaln Stﬁ)r@oﬁﬁgr ¢%rbamad>rfranagﬁgusly used to
| ts. Includi
ma R o Rl Beh K oA et Lo e vy o

advant ageous si nce the anpunt of addi ti onal
[0085bssThe rplob/rmderu: imateride de sarip edeabravdiarediseiftl modi bnly for contact

len SPtlaatons, Fuclsh Ssil hraheLatcAlo e a F oL ek Bl feing exemplary

mafénﬁ%sérﬁcﬁgro%@gsé@é@&rﬁfé@ Héréifh BF smmatr%étehmmﬂlp%@éé@@s may
I'n one enbodi nent, contact |ens 10 maécf forned from
@E4s

be wtilizedite poeparediyeropttlic n@naporoyistratepa ¢ lin applicatieds such

o b i, RO S o B

corh€aedrah@dikéi on 28. Male and fenml e portions 26 and 28
can bedetachably coupled. The inner surface 30 of male

ti 26 I's convex, sh nd t he inner. e
looggff eﬁgﬁ%e peMesie "Qﬁt‘%r@ﬁfc)%’} KA 99%@??3%\9@ ﬁaj pefpmical,
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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that when the nmale and fenmal e portions are coupl ed

together the inner surfaces 30 and 32 define a desired
w@emBiobie4d or the content |ens. [0076] As shownP@TiISG1087/000398

9 , a suitable anpbunt of the prepared m croemnul sion 34

is first deposited into female portion 28. Mle
ethﬂ@hé@l?@ol?cﬁm'e%éd?ﬁaté?m@ﬂ)m WierbHR4iRed fohh Alrieh ™ @nd further

npress m croenul sion 34 |nto the desired shape 36

purtﬂ@ﬂuun@@rb@duqadepregwmdlﬁé@reg@eand 32, as shown in FIG

10. [0077] Alternatlvely, mal e and femal e portions 26

100§2F 2 oo bl Therdt Reinfier PR} RER Ay

Aldtith ¥ mdmsm,sedrasrrejcewtedon port (not shown) may be
provi ded [0078] M croenulsion 36 in rmul d 24 is then

roo,%%fj b BRI B ST Pl I U GR WeS Y PPZeP g Astled.

irradi ati on. The nononers are then polynerized to

[009411 m ?Fhé%Wménimil@Hvﬂien@ﬁ|cdéiﬁf§ctélﬂd3i?@q\@cryfo9w(%nd‘écyl)

shown in FI'G , the resulting pol

ynme
lmld:amdsd):mr0|pyh@lebonvmedmﬁﬁ/é) was sy@éhesezedsa&g@scrmﬁt bejew,

scohfly VBB RARLIP | ¢ 20,0 e

and equili brat ed wth water to renpve unreacted
[Ooaﬁhomﬂ-shydmky\AAdehﬁirnlbazoleQHUb)ewnthithecﬂomwlatshdvs,innhglG 12,

the erc rsed in
was PerBerd 85 Gl Acp RSt 34 Ry osePgar el BRg 5. 01 mol)
lmldéz@ﬁé (08 ol BRd Q'H’Hf‘éodllgfnthﬂ%kl@@ plellé'ﬂst(ﬁ@sgb(/eh A th NG

he duration” and extent rinsing. Furt
watet)rrpé@@a'nboffethambietvamrefblsed @G hgunsi dipe) codling thetsiodution to

roo§REHEALLS Prdred it ek B EHT Bud 3R «BRhohSeiyent was
evapBRiteg frone e fffaty. Oﬁ(ﬁé’te@veipbeatﬁ%ﬁcbff & sthbfoNthd AlsihkEwas
0081] tionally, the rinsed émar material nay be

dissplyeshinzgt elétV\éaﬁheﬂzt\élépei \Nltfpw\ab%rr%nd it tpsiry svernight hyrmagneSlum
sulfgfét. llb{f%lr .lf’iﬁﬁa |8ﬁ°{H?e fﬂ{rXfer\g?QEpoIﬁH%' Ilb%/aé Wﬂﬁe @%m to Rrempltate
acconplis per sons

Known
fromthes kolution.n Thbewlatd solidpreduet was obtalned 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 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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enbodi nents, both drying and sterilization can be

effected at a |ow tenperature, for exanple using an
we@tdvgloenenxi de gas or UV radiation, so as not POI/SG2007/000398

adversely affectthe WA dispersed in the pol yner

material. [0082] The unbonded WA in contact |ens 10 or

pur§§d Gt Ng\% as| TR AfixtAKE vad hlIBwea e SartRs reaét At'r8Bimt tefhperature
pol ymner en the polymer is in contact with an eye.

for EBSU’E B8RS eThéhfixtefe WAs@REN hﬁer‘é@rﬁr{ooé)k&%s Qa\(:ry‘ﬂS*IQSHIdrle and

he appropriate nononers and their _proportional _
ace&wmtrm wer¢ ogBayedisna setary evaporatosr TBe residupavassdigsalved in

aisffe o Rl heshen R % Biseliehes S@H Bingooltfte sotuton.

followad d9tsat@ated By, iadld drelos\wdirnight by wegnesiine etnmtenrwp&re
of the invention can be nmade conpatible with huma

proaesatrﬁflAlPSb‘rweqs gbtainedby ge@rﬁplwﬁaimﬁheaarw @tqd@ﬁgmaamydrous
eth{éﬁ“TPéfpfé%Ya@é%e%ﬁﬂe}’edié ﬁ&aﬁ@&‘%@g&%‘ @nw&haﬁ

enses acement on e eye e polymeric
mat eri al S descrl bed above are useful not only for
[0098ht adhe!’ BinfsM&pgpeatat dfdhe ,prmursalt intermeeiates and dhdrsurfactant so

ti I t I d
pref i 6&k MiSswrnnald Babihad Aol ator a0 or

processes, may be utilized to prepare hydrophilic,
nariggprous nmaterials for use in applications such as
prescription |enses, 3-D (dinensional) tissue
englneerln scaffolds artificial cornea, or the

[ 0056{0PhUi: EEIGe 61 AEmbF Bl L16AM (Hade-Gr G Cr ). 3.6t
desi 1 eith S OHPG), bt (o NICHAL), 6315 181 CEBE M 1§ Aach CoNoHs):

propert tr’ate he preparati

properties of san‘pl e pol yrrerl c materials are described
belMIPS:0087] EXAMPLES [ 0088] Exanple | (preparation
of conponent materials) [0089] The materials used in

ocorT RN 8 P, Ty LB B o 2

Chi sS(RHBBRCRLIQN)PP.Ot (2H, -CH,-S), 3.6t (2H, -CH,-0), 4.4t (2H, -N-
CH,), 4.2t (2H,-N*-CH,-), 7.5-7.6d/8.8s (1H, each C3N,Hj):

- AIPSA:

(300 MHz, D20): 6 (in ppm) = 1.11-1.7m (18H, -CH;-(CH)7-CHy-), 2.4m
(2H, S-C-CH5-C-N), 2.8t (2H, -CH-S), 4.1t (2H, -CH2-0), 4.4t (2H, -N-
CHy-), 4.2t (2H, -N*-CHy-), 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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Japan. [0091] 2-hydroxyet hyl net hacryl ate (HEMA),
nmet hyl net hacrylate (MVA) andet hyl enegl ycol
waleowebireey yl at e (EGDMA) wer e obt ai ned from Al dp¢T/BG2003/000398
and further purified under reduced pressure before
use. [0092] 2, 2-di net hoxy- 2-phenyl acet ophenone (DWPA)
(178angpbBai mml)fdlmlﬁédim T o) aant rMﬁt%lréléﬁdln@éihylsulfomde and
ecei ved, b0093 Water used in all sanp

watgr wese Addetdnte thaabexe sriutien. die sip§hlqm%tac ratimoiCORH in

Sod:il’i_ghv Hﬁl%@%&?&?&%@&ﬁt'ﬁé} ¥ 1o o{:ﬁﬁguﬁgpgrﬁ S éétqunpwh%sh aliowed to

ocquAiPEE) solutien ﬁ;rrume!ayz ethereattion ipirduditt bafP NIV A denmttﬂeﬂg-lA

wab S AdriRisjo i Bl Tar b 20PTS (WWIFUERE 10,999 and then was
freéﬂ@d\ﬁ'bd n PEhfént %dlﬁ&fﬁoﬁro? P 89' aPM l@lﬂ' Wé’é"’ﬁ?t éi; ) o?ﬂalyzmg

q br onoundecan-i - ol
the

(bl NM%P?CtéﬁhdﬂmC@\A@fS Si’wrumﬁl(}de de pel | et S
(dissolved in 6 M of water) in 200 ml of ethanol was

t t
1003851 ek M FaedBED SAP 8% R BE LY cdPatng
relative petakdniensity ka»timtbemnawa Iimbt@hefbf fthie® tinkyhgroluipl it laFMIVIA
off the ethanol, the residue was

(=Clilos 55, BUARRIR S0 o RseiREa M theDelicosl aB 0! hhl-1er@CHs. 2.1
pprhf They degﬁe’enwéi}bfsﬁ?utuﬁﬁ%’ssfouﬁa%‘:b%j@g ]bpgg,vo o ahout 33%.

[trati t he trate was coo
product to cipitate fromthe solution. The white
[00303] d pr%&Ph@Hl (Samplemicmedusioes) t o a const ant
wei ght in vacuum [0096] 3-((1

[00% gg;) @é&ﬂﬁﬁe%ﬁo#rﬂpﬁ?ﬁﬁ' Iﬁﬂm rﬁ)b,g? Sl @Solrhﬁa%omposmons of

the m@mﬁs@dsaeudrm foptite sdpRe MRESEHhURRINsYardtliskéEhh Table I. Each
luti on of 11- hydroxyundecylim dazole (0.1 nmol) in

sanyRle ctakneca LiRAIBHPUS Migroemulsign.opith ¥adews eercangrations of
mof&her g\gﬂ?/lﬁgr Qlﬁ’r‘f‘écgﬁntoﬁ(ﬁ’rgﬁg Qi AH'G §eoq§1gorﬁ§h%h‘aﬂ

was re or’ one day under nitrog
incluithed wadsehmtd optariably HA ed MeiHA.f Acum$é?bnkaaEGDMAnwas ladeled to

cach gt RaP SO SR BY e B 5 B Bty Mol St o
all _ﬁcﬁy'f’ﬁ@ﬁ?éblé $nonomers, 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.

22



[0097] 3-((1 1-acryl oyl oxyundecyl)-im dazolyl) propyl

sul phonate (AIPSA), with the fornula showmn in FIG 14,
wor®shbrem prepared as follows. A mxture was fPETRG200¥000398

addi ng acryl oyl chloride (0.3 nol) slowy to a

magnetically stirred solution of HUPS (0.1 nol) in

dried acetonitrile (200 m) at about O00C. The sol ution
Tabkedl. beenPreqyesbn@dlbtidhgfes Sahhyse Mlistoghtulsivas al | owed t o

further react at roomtenperature for about 3 days.

The m xture was then filtered and excess acryl oyl

chlori agapgd acetonijirite foe%ufs%i?@(ﬁﬁpdé“tlﬁ REA Y
R Dot or MorTBshed LS AR AL [ rHEAMB uj AIPSA

b||cc1r bowggeoggHy\tl on, f@d@ Q5Py saturag;eg brine,32a5d

ANnAcl QL A _Nuirao nr \f‘lllr‘f
ot u over+i §||L uy FaghesHHh-Sth— O 7T pPurT 4

ofl Al P3[R 38bai ned byBOr@(GHBRL;| p| I at i n3p. Bhe cf udib.0

oduct rous ethgr pregiprt
1.9!!'! 1 e,pewég’r. QEM dreile P‘,’% Q (q/‘gg)mm ven ?é 50981 Th3e2'§H
NWVR | s pA/R6+ta25MetAe pr ectﬁSs@)(O P8} er nedi ataﬂssand t he37.5

R RPN A S

M (wﬁso%ﬂeW)T Cld%dgoésﬁt (PH. -0, 4345

2H—N—CH2 o 14 - each—C3NRH3 :
MUl ps: (SO‘O/ZﬁHz, D20): d (2510ppn’) =1.1378 .7m (mlns
p- (CHZ 0Y, 2.4m S—C— - C 7. ot »
Vﬁ[I‘L(Q\ )\Xlg '), L CHp- 8?3’69 2H - NCHD) A 0
(IXH YA CHe3p, 7.5-7. 6d/ 8. :EO( 1H each IBH2H3) | ; 32.5
ArPSAT (300 WHz, D20 ~—d (im ppm = 1T 11 —7m(1i8H
CH2(CH2) -CH2-), 2.4m (2H, S-CG-CH2-C-N), 2.8t (2H,
S), 4.1t (2H, -CH2-0O, 4.4t (2H, -NCH2-), 4.2t
[OO(IQSI - NiSarple) membyamesiwere thenforpedl frompthesednicraemulsion
'E@é% S%F w{ 6d/ 8.8s ( 1H, each C3N2H3). [0099]
anpale ? Synt hesis of MeHA) [00100] MeHA was
synt hesi zed based on the reaction route shown in FIG
[00706] For each sample, about 1 g of the microemulsion was prepared in a

r

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 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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as descri bed bel ow and according to the procedure

di sclosed in Princz. [00101] Sodi um hyal uronate (500
worosAcR¥B810 nmmol ) and aPMMVA (472 ng, 2. 64 moPET/SG2007/000398

two-fold nolar excess relative to -COOH in sodium

hyal uronate) were dissolved in 150 m of deionized

tha%@%ﬁéf&ﬁl‘éd%ﬁias g\’r%?er%dﬁﬂentl 32) and HOBt (178 ny,

I ssolved in 10 of a 1:1 m xture of
di met hyl suI foxi de and water were added into the above
[00488Lit i onlrambpareney ohthensample malerigisovas alsoHneas8edians the

res i CwfERBnhemizes i, 28 ottt a1 oymBalsifb ufkhpprensy of

HAGMHA Tod e eisranes aathcitheraribidhiatiethay dbiree dohthin Wa¥A. The
di al yzed agai nst dei oni zed H20 for 12 hours (Mw

resylig m@’fqate_uwambe} HaviMetifeloagad mer@@@mﬁh%sm@r trapsparency as
thafTBPﬁétlv%aédrR &{[Wraﬁigf@vmm@e@%m 153 e:?y

anal yzing was s in FIG

15. [00102] The substltutl on degree of HA vvas
[00¢69k ul atEXXANNLEOIYDGE vitep HAaeleaka) i ve peak intensity

rati o between two protons of the vinyl group in aPMVA

1008781, oiReiRece BERR i 3nd Hifebd Mt fugrfraes e

mesastieli t uti on was found to be from about 30 to about
33% [00103] EXAMPLE |1l (Sanple m croemul sions)

[‘_00104] Sanple mcroemulsions | to | X were prepar
[00ThE co P'iedﬁ§"'c§>ﬂ'a'ﬂ%ef°ﬁi"§€lﬁ'ioé'blea%lsémpdﬁg“‘ﬂ@?”thﬂféo” with HA

werggﬂg{:id f(f:qotﬁg%@%%ﬂdaﬁ"gféﬁ _rNvials WHiGH comtailiR Bas- bdﬁ%Fthe vials

T ContT nUOUS AT oSl ST on
weregylaceds incam renbatairiab 84 °6f witlo acotating(rateMsd 30vm. At each one-

sur factant Al PSA, ueous cont ent ich
nou fate gl Portiis St ghe BEMERNS Wak whdre the Sais for UV-Vis
spe%fr@éﬁoﬂohi&'{ﬁé asSEPMAster@scpRfiRtalval, SRR oP FreSHIFBE buffer was
solution, In the amount of about 5 wt % based on the

addest talthewiajite mafintain thedi-miotabiumenckhisrpragessgontinued until no

| strength of the resulting
fudh@%ﬁ%@&%ﬁ%g%%&ﬁ%@% m croemul si on. About 1 wt % of

DMPA was al so added based on the total weight of all
[00p02)y rer IFAGOMZ shonathe medsueed i‘eaﬂmﬂfen-wm HAI release, as a

funearpP eI ES oW BRGRLE FHEA B RRdeass charatteristics

Safib REABrShEIWRATRIHRF I-ﬁ@aﬁ& \WeR¥content exhlblted 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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[00106] For each sanple, about 1 g of the

m croenul sion was prepared in a screw capped tube. The
wor@soerrwd si on was ul trasoni cated for 20 seconBST/862007/000398

elimnate tiny bubbles formed during mxing of its

conmponents. The gel-like prepolynerized m croemnul sion

InsM@r%ehfteDMRrZQ@@? 08B eABIAhE FENYLFEE Fe RS HRE BhDWA |ﬁ¢|em18

20 cm gl ass plates, which were previously washed
dried at_roomtenperature. A nenbrane was forned after

[004 43] ni cridndyransie roechanical @nalygissshowadhehanggson the storage

mofih B8 bERPIe ptiBaBle Wt g shT otk L AABIBHA R The

modaloplcan dffest thé carfermability af éise fepismatevial and henseaar ihpact on
and had hi gh nmechani cal strength, [00107] The
the @enﬁﬂmoéygﬁ WserwearnheoriapRBsemsMEE o e p?ﬂ@al%wateﬂal

Thegg%ﬁﬁtgro‘?%@e&ﬁacﬂ% n?érteﬁgl'\ﬁlna% ttﬂ%%dllﬂ a'n@@eaﬁn%l

an be observe om t hese gures, e mat er
chanacteastimsoafrihe contast Eemd. eanshowro usFI&thkth thbeesame initial water

stimated aver ore di ters. anef om about
confita HaNitBuioRARS sBRwiRs REBHEd iENFROCMUR a8 amples that
haocl%‘i-ﬁ@ér M@I—WI%amr@r ORRBhS 198 shpras t@&!e@n Meﬂ)@ld&féﬂssérﬁples
anpl es formed w th a water content of 35 wt % were

eththeld netatiyely higber mhdulvse $iuntherwithin the tastedvarngea the storage

mod b e A ol e Were ST BRI oLl I

were summarized in FIG 16, which al so conpares the

[001 16]ns parEXAMPLE WWA(Gbhtact aagledneasuremeat) Wi t h ot her
materials that do not contain a WA. The results

; { t_the HAINeHA | oads had si i | |
0031, S 3 i na G Haten fonaEt Siie bl BRLSHble SASBENgS ere
medffolithly KA rchgirfiter (901 KRS EXBHPhEn) i

vitro HArel ease) [001 10] Rel ease of fromthe
therrostatedediateaptte Heersampias ineded metasWAe\uere[ measurned before the

ont§APR0 SRy ORCinaR SRt EEfe A RIPelo” ThEFBaGHfonts

wered@pahteedhRRSius bed.thd hesulisaberevmiepagdrand listeddn Table Il
i ncubator at 34 OCwith a rotating rate of 50 rpm At

[00‘(13 ‘? g]h OneI'he 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 (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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interval, 1-m portions of the solutions was drawn
fromthe vials for UV-VIS spectrophotonetric assay.
WRRW8H06Irh w t hdrawal , 1-m of fresh PBS buf f RECT/S6207/000398
added to the vial to maintain the 5-m total vol une.
This process continued until no further rel eased WA
was detectable. [00112] FIG 17 shows the neasured
TABEEUl.ts of i Dyrdniie Wéter@omtact Arflest function of tine.
The results shown indicate cunul ati ve HA rel ease
characteristics. Sanple nmenbranes with higher HA and
wat er sgmnle%nﬂnlanbht ed reA@ivel y 8as)er |rystessis (T

rel asetrate I Ul Ud.bll tgl 5] I ©d bIIUU d §I ateau—w lIII I

4 dayd, af VESRRIAth el at1%8ly
| ow byt rewg@gd\?m;\a r%@ﬁ;zygly ssteaiﬁ,lqeorctte f@ol0 t

20 ays aaca nrn |Tn wWa lye to fhe

hi ghelll HA Y¥3%-€r35HA | oi'hn 4G ar ge r37p5;t3=.53| zes ®0the

PRI T SN I 2 S N T

| nCf eysi NQVIROBMEHA | Mg hea.m crm@mzsoon

N AN [} M [

f [ il L. AN1 1
or i ati ol bUUL 13T+—EXAVPEE VW \ Mmam ¢ rechani cat

anal y¥l s e AfE4E nodP (*48d gl asd 0
trangyjjijon tegp ature CE{\B ghp sctnmzes..tgegbranes4g\_/gre

nmeasted | n—tri n J cat-es am--c l\/br\h' ¥ Ca!

Anal Wakr| ( TAl Y30 unent S, 8RO 29&0)4.1 S8 of t h40.8
meaSured resu are sn 00II5] e
dynantt Imecha @% anal y Dgiiﬁnvmggi%a%uec ?“15

st orage nodul us of sanple nenbranes with dlfferent
wat er and HA/ MeHA content. The nodul us can affect the
conformabi ity of the lens naterial and hence can
ct cont act
[00 es %%A@&PL??\Z?I?{ZEII%ELEI{%% ﬁéerl The
strength of the contact |lens nmaterial VVI|| “affect the
[00M20)d] i ndieman temeahgpitheliume cells HCEES) ¢CastadecBiolagits, USA)

werg GRS OB AR esaRTar S in Sy e iRt EBl R MaidhR Rliman
corﬁ@@ll@r&ﬁtﬂ SaplemBnt, entiblotits Bad dﬁﬁnf%oﬂés)bfﬁhﬁlﬂ\mltéwat 37°Cin

the sanples tested, MeHA-I oaded sa

2 hiamilited Stnosiners withybhi s b Gals ek adrated ia the new
cult%h:c&?q%&gs AR ﬂ}or&ﬁ@loég Qf ﬂ'ﬂaec%f%qﬁééj %dd}SFeeoaéﬁéj pH@t%@raphed

contén Creas
under a phase-contrast microscopy (AVIOVERT™, ZEISS, Germany) and

1%

O

1Y%

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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[00116] EXAMPLE VI (Contact angle neasurenent) [001

17] The dynam c water contact angles of the sanple
worzoobnenes wer e neasured using Kruss(tn) Tensi POES€2007/000398

(K14, KRL)SS, Germany) with a thernostated water bath.

The sanpl es | oaded with WA were neasured before the

suﬁﬁbl%%\r}ﬁgﬁ fORhHifiERI 88%RE dulpbdtesinBaBhE EomitioR8EPolymer

reno he neasurenents were repeated three tines
memhﬂame@fmled o showered adherenpedwitieltiarsexdadeiulasmairix (ECM)
@ 1?9#?'}9’ The surface contact angles were used to
su 9t he surface wettability of the |lens
materials. A nmeasure of surface wettability is its
[00adZRNCi NEXAMPLEE VIIR(BArRple@dntactierid)er useful neasure
was the hysteresis of its contact angle which is the

difference between the advancin cr{}act ag%l e and the
[00428Ldi ng>amrieeantasidersqsrere Piebargq Ry thes@mpie Tapl e

b B M D A S AL o i

formakatianhankot D npauldas flustrafeaih AHB. m%dre&mg’tgkeff e |ot entrap air
i ndi cat es th t the MeHA/ HA- | oaded ter
buRkieRRtg MYWido g Migregmu pre ﬂ%raHXdampS
opé@ﬁ &4 behse&B ﬁ*ﬂbtﬁdn{\/{?ﬁzn}%’?%%&yﬁ F‘nr rﬁﬁé§ at B# °C. After curing,
cont ast, sanple materials wt exhi bited very
theldugéd lwstmamlajswermtakenrmn fep®) tHEABDHEIA. |Th®yurad| roategiady were

I\/PLE V| | |t nd
POIREHFF APOLEE, STHRIRRSR PR i D ARG o HE TG ETe then
mrﬁéﬂsb& if HGE@ed Sameadfil Heolefsbewerd Shbllgeicequilibhitiad on
sanpl e menbranes in supplenmented EpiLife(tm Medium
uman corneal growth suppl enment, antibiotics and

[005.%] my c of e BTopexties ohibasamle anses werermaasHipd @ndj same of the
ODRP °1§g¥e ntil the cells had adapted to
resphe ne%]vgg':I %’ﬁ%dggn It gﬁs The norphol ogy of the
cell s was nonitored and phot ographed under a
phase-contrast m croscopy (AVIOVERT(tn), ZEISS,
Germany) and equi pped with a canera (N kon(tm 4500).
The primary human corneal epithelial cells were seeded
onto the sanples at a density of 15,000 cells/m in
the culture nmedium The nunber of viable cells
attached on the nenbranes was anal yzed by
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enpl oyi ng
st ai ni ng.

watadioedsaft er 4 days of culture on sanpl e | enBCT/SG2007/000398
stai ning and fluorescent quantum dots
and cel |
The sanples were i maged and the

fiestAtSdnsie didrftacialdrisegadhered to the

and covered the nenbranes'

mat eri al .
wer e used
the livin

Tablgayes e

sanpl e ne
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orpea- shap nse re T Sed, LM
kui’?e ed saﬁ(?f?e unt ill t??é)v'\?ens BS e <vvol1l'%#1 t

equi librium [00124] The properties of the sanple
| enses were neasured and sone of the results were
sunmari zed in Table I'l1.Table I11. Properties of

0of28F" & SHBOGueh R 9 T SRR PECETP AN bt

wergadetemnined uﬁBingEet(DFtimf;Slﬁ’ﬁT%nth@lydbn nmezgurihgthe Dk value of
measuring the val ue o ydrophili¢c contact |enses.
hydrerhili eoriacidensee Measutanents Vtﬁrfemi%w'tgéﬁéff%gerﬁ gamples for
?e?ﬁséd? |
u

ea%@%%tﬁp?ﬁ%ﬁﬂitﬁé avéfég;.etrgﬁuﬁé’% fiséd fﬁﬁhé\eérgalgysis. The

er analys e res ow t hat
resultd stesw tHattDievalmep bétHeesampietlens aiatertidiathatmontdined HAOr

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

NS (A < TS Yy O —h (N

STOTIS—Wer
5 andd 151
i ng, 16he

h

mwuld. —Th

S =h 0 y —

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]

materials (membranes) were completely dried in vacuum at room temperature until

To measure the equilibrium water content (EWC), the sample lens

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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MeHA were higher, thus better, than those of sanple

lens materials that did not contain HA. The val ue of
wokooalena4o/ari ed with the concentrati on of WA i PCT/B€2007/000398

final lens formulation within a certain range. Above a

certain threshold of WA concentration, the value of Dk

blot't@éi ngﬁw fodrehfsletincels sakasd @tr%nwbﬁWaeérrar@nhemhbhewe.ghed
fornmul ation. Thus, it was shown that the addition of a

The BWGIwas exmsessechas aipeseeriagRcalsulaied a8y nul at i on can
adj ust the oxygen perneability characteristics of the

resulting lens material. [O 26},VT0 nmeasure the

equi i brium wat er doWC(%) é%%t)hﬁ)&anpl e lens

materials (menbranes) were completely dried in vacuum
roomtenperature until a constant wei ght was

{

i 0 HVBHLES, SRR MO 29 0y o v

Thél' resum\s&slhbwthateﬁwameam@lultbbbﬁdwbtegmdwvwocorﬁemWn the .

sarvple Terpllalio e Bie S8iple, Hate s i Ma B cHaanges

hyo\Pép}Wl &Mlad Bmp ared'to dthé%stéaﬁmwra% Wt U ﬁ@tfﬁ@rﬁam MeHA/HA.
ht "at swefJ equilibriumand Ws the dry sanple

Thevbi hwaterrabscpreﬁgn abllltmgxhlbmd byraomenefrtbasample merpranes is

exrlZie] Wi & BaV TRl Rl Tl P CohEpBibiRes i have

high s@irilgfto Watek duaso Mﬁgﬂdyﬁ@pﬁilhﬁﬁ Sesbad, thetsampié s
that did not contain MeHA/ HA. The hi gh water

membsanes Nagh ingreasadyparesitbwvhen thy \A@é%cqmemtne they fi¢reemulsion
forrﬁﬁ%{»ﬁr@\ﬁs |'n§re%880t ed to be due to several factors.
e

se sanpl e menbranes may have high affinity
to water due to thelr hi gh hydrophilicity. Second, the
[0042r]I e n’éhﬂaemmidmf&ctmdoeﬁt@e&iarp@leonemprmals@imrmmd with

content int oenul si an
incfASiEnuate” coBrb R RIeEdisah TgHOMERBE. 35 ors water fuld be
absBRPEd 806 %0 MSRydrophifaiBeRatitd bf ihedpnengedRieMibranss snt
in the precursor mcroenul sion, as nore water could be
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
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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absorbed due to the hydrophilicity nature of the

pol yneri zed nenbranes, in addition to water that was
wa@boosaehz4pr esent in the nmenbrane pores. The expemsSGmN7/000398

factor may be nmeasured by neasuring the size, such as

the dianmeter, of the lens. [00128] Other wetting

[00326Nt S, OtHeh faRuRel BEhnts BN RIvadRiyR s efibodimsbh@n
or the like, are expected to simlarly exhibit sone of

described hprein ek axRressly mentigredsabayegarie nadersioadkimpm this

ol W e R R el o T

MeHA can maintain relatively high viscosity w thout
[00¢30]si ng Ofsiulse, therabelve aesciibed embgdimertsiare imtended to be

.. Further, MeHA/ HA can, pl.a roJ e i.n enhancjng cell .
IUSHAE R 3NG TP PEbAIRTIEY. She despiibed BRBOCUHENS Rie sHeceptible
to rﬁ%ﬁlﬁimo@ﬁ@’aﬁgﬂﬁw fofm, ‘Qﬂ%g?éﬁ@ﬁt bﬁpéﬁé’,%ﬂil%oﬂérbﬁ Bperation.

nmer o odi nent's the preesent invention,
Thaliegeatitart, iratheof istimtended to agceypass alb suehl mosiification within its

conpar,ed to, i ol yners where the WA i s not
SCOB?g£§gPﬁW%£BY%¥¥ﬁ%¥“?he 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 dissol ved in an aqueous
solution typically degrades relatively quickly, which
is a known factor that limts the application of these
wetting agents.[00129] Ot her features, benefits and
advant ages of the enbodi nents descri bed herein 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 within its scope, as defined by the
claims. WHAT IS CLAIMED IS: 1. A nethod of formng a
porous polyneric material, conprising: polynerizing a
bi conti nuous m croenul si on conprising water, a wetting
agent, a nononer, and a surfactant copol ynmeri zabl e
with said nononmer, to forma
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pol ynmer defining interconnected pores, wherein said

wetting agent conprises a cross-linkable wetting agent
wempk/osdrzas after said polynerizing, at | east aP@D8G2007000398

of said cross-linkable wetting agent is cross-Ilinked

with said polynmer. 2. The nethod of claim1, wherein

said cross-linkable wetting agent is an acryl ated

wHrRIsIcepiEecisd. 3. The nethod of claim 1, wherein
said cross-linkable wetting agent is a nethacryl at ed

1. Wrﬂbﬂfo‘arﬁf%ﬁﬁlhg ﬁorouyb%lﬁﬁém%a‘i’énaq%rg@%qﬁ%: clainms 1

wherein after said ‘polynerizing, onded
tlon of aldvvettln is dispersed jn said,.

B by iirgt a bl o BTCOBTRISIR SRS, Walsh 2 Pedingagent, a

WRironikt agRinG Q@Wé@aﬁ?'c@ﬁé@/meﬁlz“abm' gaifBhRinofer, 50 form a

The net hod of any one of clains 1 to 4, wherein said
pelymerglefigingtinteoegnnasted porgsal ur oni c acid. 6. The
nmet hod of any one of clains 1 to 5, wherein said

vmetém@aummathngaagemﬂ whpr;id;egg/armrbi;s}tbmkabdm witting agenf/such that

The nethod of an i s t.Q 6 , erein said )
F05erER RRen0s. Aeaske roman of soif et kiR vetthg agent is
E!Risgqugh%msa‘}d pblignéret hod of any one of clainms 1 to
7, wherein said surfactant is a zwitterionic

2. In?(gthpa of EPaé'U-rT gmr[egtﬁ%o%daég §ro(s(sllnfa§re wet? ing ageni3l iIsan acrylated

gémmyé q¥pundecyl ) -i m dazol yl ) propyl sul fonate. 10.
e nmethod of any one of clains 1 to 9 , wherein said

m croenul si on conprises fromabout 0.1 to about 0.5
3. Wh%rmthgdm claémt, N@e&g@rﬂald eossHinkaplenwetting ageat imao,

g M sion conprises from about 0.25
%érgltaf%i vvt'% ls?al d wetting agent. 12. The

met hod of any one of clains 1 to 11, wherein said
4. he moethod ©f 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.

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 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.

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

fromabout 5 to about 40 wt % of said nononmer, and from
wW@bmanek® t o about 50 wt % of said surfactant. BGI/$G2007/000398

porous polyneric material fornmed according to the

nmet hod of any one of clains 1 to 12. 14. A contact

10. frﬁaﬁn@tﬁﬁardf%hp@nbhﬂ o8 UIstad® | whareirc saig ingiciadm@siol caniprises
orous nmteri al conprising:. a t ranspar ent

Fomyaboutfkl o Rboidi itk PFeaH ASHIRE gepor o and a

wetting agent, at least a portion of said wetting
- . |- . .
11 A opE 57 i SRS ORI s d® o oot 025
tooatpoute35 mYdefcsaid aettthgwygdnir oni ¢ aci d (MeHA), at
| east a portion of sai d I\/EHA bei ng cross-linked with
aof claim

id pol t 5

12. JfebRot BF anieneidt siaims, k eopiviaed said siefeddson
BYRbHESSFremP&hslt (18HA)abowt 50 %% ofsHAAteRn f¥m aBbGt MdPabout
bei ng cross-linked with said polymer matrix. 18. The

AB et ef said moenpnagre and fronaaheutl K0 tabqut Shwt%ioh seigh aurfactant
wetting agent conprises an unbonded portion dispersed

13 W86 BEARIE AbreRel AoRRlMIRERG 56 IR 6 A1 6% of

cleimadabli. from sal d rmterl al.. 19. The material of any
one of clainms 15 to 18, wherein said wetting agent

14_8%2}3 dc{iq; #E&%ﬁ%@p&ﬁ%z wnégsa‘%ﬁé"ﬁé'aé@e

conprises polyvinyl pyrrolidone or dextran. 2 1. The

15. REgbUgmAéri@vonipieingf: ¢l ai ms 15 to 20, wherein said
pol ymer matri X conprlses polynerlzed met hyl

t hacr or r et hacr The
A ﬁa?eni‘fp%ymyerana SR ter S8 0ieted Bl ARG ng
0,
grvee iﬁg oaugten ajl Ieast g opli)trtlc(J)n %f szalé \(/)vfettlsnzci_:jI ggémr{ttct:rosg Iua\llged1 Ev'ith 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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23. The material of claim2 1, conprising from about

0.25 to about 0.35 wt% of said wetting agent. 24. The
woredosneehd of any one of clainms 15 to 23, wher ePeI/SG2087/000398

pores have a pore dianeter of about 60 to about 120

nm 25. A contact lens conprising the material of any

20.0he rRatefibPoi@nylond 6f @4ims 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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