FORM NG COPCLYMER FROM BI CONTI NUOUS M CROEMULSI ON COVPRI SI NG MONOVERS
OF DI FFERENT HYDROPHI LI CI TY FI ELD OF THE | NVENTI ON [ 0001] The present
invention relates generally to polyners suitable for artificial

cornea or contact |ens applications, and particularly to copol yners
formed from bi conti nuous m croenul sions and nethods for form ng them
BACKGROUND OF THE | NVENTI ON [ 0002] WO 2006/ 014138 to Chow et alL

(herei nafter "ERBMINGICOCKIYAER FRODMEE ONorINtIQIS MHCRAGENMULMONh can

be used in a co b £ LG I i ,que,
the pol yrer mmy BaMF SRICHIGNCI REST FROHEEENT RGP BT v o

i ncl udes water, a nononer, a surfactant copolynerizable with the
nononer, and a drug. In one exanple disclosed in Chow, the nononer is
a conbi nation of nmethyl nethacrylate (MVA) and 2- hydroxyl et hyl

met hacryl ate ( gngg nononer concentration in the

m cr oemul si on Egg%%g a j%§$2§N3§S@hange the properties of the
resulting product. SUMVARY OF THE | NVENTI ON [ 0003] It has been

di scover ef0Qdt a pdihemeesadinveatid o refattsigenieraly dopolymens shigable for

m croemnul si.Qn. a conbi nation of first .and secon noners.  The first
mononer 1 MEBALCRGARSLAPTIAG! BAs AP RERAHENS, ATy VBARY T SRpe BT S I9r e
(NVP) or mehhisiesitinuouseicroeMMYionsTagd ArewYd fopRemRig thémas hydrophilic
as HEMA or is |ess hydrophilic than HEMA. The second nononer may be
hydr ophobi ¢, such as MVA. [0004] For exanple, a porous polyner my be
formed and the properties of the porous structure may be conveniently
adj usted by adjusting the contents of the m croenul sion. A polyner

Wi th inproved BAZHSGROENTEAPI THE YNYBNTEDNI | i brium water content may
al so be obtained. Such inprovenent may be obtai ned whil e naintaining

t he nechanj.G stren f | yner at sui.t apl el evel .

[ 0005] Accgckﬂﬁrlgl Y, |\&b}rp%§§cbg§t38§? Y:thI%’ %ﬁé?@ﬁ'&e"?aﬁ@énﬁ%‘ﬁs disglases as
provi ded polyaidiast drtig belvarpaviicPehy Belused ibh @ORtdchIeAY Br BHFICRE BbinghoN
conpri si n? water, a surfactant, and a conbinati ogn of nononers is

provi ded, Wi EChAGUSNE ROVAMI TR PRHTBIASI O A IUBHG e MG a8insiasy
form ng aypiOHsILEEPRYTES mo]%*aﬁqé;pmeuH@&témo‘%nw&aﬁwimwéﬁn@r,

first nononer nore hydrophilic than 2-hydroxyet
and a drug. In one example disclosed in Chow, the monomer is a combination of

methyl methacrylate (MMA) and 2-hydroxylethyl methacrylate (HEMA) monomers.
The monomer concentration in the microemulsion may be adjusted to change the

properties of the resulting product.

SUMMARY OF THE INVENTION

[0003] It has been discovered that a polymer can be formed by including in
the microemulsion a combination of first and second monomers. The first monomer
is more hydrophilic than HEMA, and may be N-vinylpyrrolidone (NVP) or
methacrylic acid (MAA). The second monomer is as hydrophilic as HEMA or is less

hydrophilic than HEMA. The second monomer may be hydrophobic, such as MMA.

[0004] For example, a porous polymer may be formed and the properties of
the porous structure may be conveniently adjusted by adjusting the contents of the

microemulsion. A polymer with improved oxygen permeability and equilibrium



nmet hacryl ate (HEMA), and a second nononer as hydrophilic as, or |ess
hydrophilic than, HEMA. The surfactant and nononers in the

bi conti nuous m croenul sion are polynerized to formthe porous

copol ymer. The surfactant and nononers and their respective
concentrations in the bicontinuous m croenul sion are chosen so that
t he copol yner has an equilibriumwater content of about 76 wt % or

hi gher and has at | east one of (1) a tensile strength of about 2 MPa
or higher and (2) a Young's nodul us of about 100 MPa or higher. The
first nononmer may conprise Nvinylpyrrolidone (NVP) or nethacrylic
acid (MAA) . widter c&e@ohﬂamleobeobﬁahydcsmnmmvbﬁw rodly eeddiyihed while

nmet hacryl ate aye a tot al
concentrati on W %%ggﬁg\ﬂ%@pg o treil'sog hle Phe r?f%%%ﬁ@l s\feg)n The
second nononer may have a concentration of fromabout 10 to about 25
w%in the rEPQQ%enﬁP%Qr@HQ'V,Tﬁé”é&?ﬁ?&ﬁfﬂh%@reé@fwemﬂ“ewsPWé'deda

m croenul si Qﬁetﬁ’@d’ofb@mflrﬁg)afb@%e'rt ﬁ@cé@xn@&@%ucr@@m\/ﬁs% c?ﬂ?hﬁnﬁﬁ{j"@&@i Bation

of the surfact ant i nC}S m.croemul si on be from about t o about
50 wt % The SWEFBEnN%E SRR S PP%’BG% r%"’é%eq VAR Erhe §%ﬁ?ﬁtaa%a”

et hyl ene gl yﬁ@ion(ﬁri@b%ﬁﬁdﬁ%w&‘ﬁz@b(e&@ﬂ%)mg dperous copoBmer S'Iﬂ'@l’boﬁibbhahon
conprise a polymerization ini

h henyl
o6t ophenond (THBRF™ Errnstird b Moy ase P s et Pk &vtiey
macr ormnonermetsamwatas{HEMADrtambachmi péretiey lae hpdrophilibeds4 6r lesschedydphilic
a- met hacryl| %@1 E%‘Rﬁ/@%%‘?f%ﬁa&t%‘%g‘ildn%m%%gﬂ %&o%%o&;ger@&g%@ﬁ%iaﬁﬁ%e“

of the present 'i nvent rovi a co .
accor di ng t drolyeeriped tedermibs @pt%edowwnneﬁe The e@ré&ﬁamg arpshma@qr@@m and their

[0007] I'n acqgéﬂ@f\%eoo%érhraﬁorfs%Heetﬂcd?‘lﬁﬂ%g nrodH&siBh %z%ed?'ztosémé()etﬂat'tﬁ)@

there is provided a copolyner defining interconnected pores and

conpri si ng POPYWBERT RBASENRSHGRREMS Wates coitart of aRAUAAE W%ﬁb'l"?’?ﬁéraﬂﬁéas @ith
one OL gore h|@a|tstbﬁh@ofwﬁ@f@aé@stéh@hmpa&rmemmmrgh@emh@dé%u oner
nor e r ophi a se nononer as r ic as,
or Ies)s/ hygr'B%‘;ﬁﬁtS OE B%E%Mtpﬁﬁr hiERE"- %?tﬁq'é%ﬂmm&h@a %/[BW&E%\I and their
respecti ve wahiyidytrolidahe GSVR)oor infeghazefio byidevAAY. eTreles@nl raondnfeinayhe
copol yner h r t 76 % Qr h| her,
ang hzts at aC%a ﬂ oﬂEMofop(ﬁe) é%cryfg @@V@n hﬁ%gtngmﬁt'onto fn((t){}ﬁge )

hi gher and (23y kav¥aueig! @nmmtlusofcﬁboatbiawt‘ylﬁmemmrmIhnogmetswnTﬁee
OO Tl SN 1HYE o Qo MifhaicT I rBECHEL IR0 QS B

conpri se HEVA ores ave a pore anmeter of about 10
to about 100h®MICragTeuiiRs.- gﬁteqoawr&r ¢nt>fwxeat¢r|'m§terwar@@rr@etswﬂmywéfrom

copol yner rmabobtezab%but%om%t Orh@l%@h'éengat%n of e é’t@f’a&ﬁﬁt if el 0 Of the
second nononer to the co I be .about 15 to about 0.2. The

copol ymer m})CIETE/SEREN at&‘tUt ¥ﬂ8’ Lot WW@ B’Feo'ﬁefctewonaﬂayoxygen
per neabi | i tyboﬁmﬁééacmemmt@‘r sﬁblﬁ)m ahguie él@cdl Glrr@ﬂ(adtyla'ﬂé) EGR). a|31eab0ut
26; a light transm ssi on entage of. ag 8% o %hcﬁ suc%
about 95 %dP'CWerg“HSO” Y °Hh°8 8% APYPELFAR B‘&'ra 5 ?t? BPPPY BNt of
about 1 x 1(phéhy aagiopitendnx (DINOPA). Clime ZLgactant naydeta @lyeth@fe® aoidey-2/ s or
hi gher; f f b| l.j oeff

le cm 2/s o%%&gpﬂ&o%er ébf%bggnmgrﬁ H? Oooiy é%ﬁ%‘ 6?)(' “Bou(%ec 'a%%%g%’%te
cm2/s; a tenairpreorstmaengt h of about 2 MPa or higher, or fromabout 1
to about 7 MPa; a Young' s nodul us of about 100 MPa or higher, or from
about 90 to [pbesjt 40ScRRANcT NN &r‘[&ﬂ@r)é@@éct Hade Besérqrrmeﬂn@qcmemgng to a
met hod descri bed herein. Tpe sur f act ant % D g& éé Wg/ ene

oxi de) - macr diBH CopgpMER lyyBehass P (g R Qﬂge ipgrbind

a- met hacryl aiegagrash ononomer . [ 0008] Ot her aspects and f_eatures of the
present invention will becone apparent to those of ordinary skill in

the art upon review of the follow ng description of specific
enbodi nents of the invention in conjunction with the acconpanyi ng
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[0012] FIGS. 4 to Bare phase-contrast imges of corneal epithelial
cells cultivated on conparison polyners. DETAILED DESCRI PTI ON OF
EXEMPLARY EMBODI MENTS [ 0013] An exenpl ary enbodi nent of the present
invention is related to a transparent and porous polyner. The pol yner
has physical, chemi cal, and biological properties that are suitable
for use in artificial cornea or contact |ens applications. The

pol ynmer contains a copolyner fornmed froma first nononer and a second
nmononer. The first nmonomer may be N-vinylpyrrolidone (NVP) or

met hacrylic @607% ( ¥iddcorddher @:ﬁﬁ@ﬂu@khms?é@rof the pledaidn@nyib@ Bt is
rrethacrylate 0014] Were a lis itens is E%owded wi th an

‘or" before q@,\@dqda%@phy@ﬁ{ RiNGIANtergAgNEsiee RoFestand comeHENGeSY B 1264 ed;

alnd abDOSSI gh@woﬁ@‘r’d)l drited $Lﬁfac@ﬁt @ir";?glyh\éﬁz@{wmmr@ ocafmotrélef théh mbadnertsemﬁe may
al so e use as on as e.co | ne | (,e .e er en

eomat oy draihee e At GRaer A et BoaRlis uhS HEMB a T Ake©nd, ne
copol yner almanoccenbahyoghilgwast edésitydophipoimant HEMAd Théeurfaetaghand at i o

il tnl;'gnoEr{O {é%ﬂggr §e§éé)cgge Qﬂiﬁﬁésfh%et&ﬁgg%%%%&se% R

about 0.15 to a Si'S e su ct'ant
pol yneri zabltee v@ptowrrtelnéamn@qwmuranwtmntbetcéapmty(ﬁez\tt%;dr@méer and has

oxi de) - macr oy @E@t%é@ﬁ&@%@f@muﬁfﬂba%ﬁm Rer%ﬁgiﬁexayYoungno od

pol y(ethyl ene oxXl| und e(I:Dy nmet hacryl ate rra ronon
herei n as Clm@ﬂEGSGinOMOQLM aﬂﬁélgbﬁralwelf'é‘%ﬁ@toﬁo'@ﬁr PRLCoRRrSeMITHer can

be varied. R@sA EXIEBAd ﬁwaﬁorﬂ@@ﬁmé HERM SreiA. Thepbras ma9fhave a
CI—BO(CHZCHZ(gqx-gm nV, or zwW tterioni ¢ surfactants such

S03- (CH2) : N f)arWUt W@P@OWOQ Nah Thﬁt"\é%@é}‘ rqi'aﬁ@ hﬁé'rﬁ‘t TeE o
f20 nli)st an 1ui gtee@ﬁblyn\h/angame ﬁt?]@mast@ati’c@u 0. IThe &Righnia@@ ef thé aétgu!nﬂgbl
rom (0] I S ac or _.an e CcOopo neril sapl e
naat ur at ed GTSIR t Be pondi iy ARt Rl Aer S RBERE 8  y ner
may exhi bit hgeedné orghtretof thesotiosdigqmogerigseart Dxegen sem’reaa&tyacoéf‘!ﬁg'hmt of
transm ssi Of}roPr? P @%%g%[n?ﬁ%@h a%gé’épp{ 2L 958N ranérﬁﬁéwg;ér}égmé gx of

about 1.35 to a cose usron- per mea coetficient
of about 1. éEbQUtlft&/ﬁmtheS sua*n peiAbayt 8 74 Qrshigmr Mwa@mffuwn coef ficient

of about 0. ]pe?rﬁeﬁ;ﬂguéoeg‘lc?é%pof%ﬁgtlﬁx 1@%'3&3&)19&1' Mﬁ q’@ﬁ BE, £ APSRPLK 10f

about 50 to abgut % oxygen perneabi | ?/ coefficient (Dk) of, about

10 to about %0: S?@H%*ielré"” %QWPISWHS'@T p%ﬁ@é?' ity cogfficiens gf abeu é“é’nd’m

%/ﬁung S lm)dlﬂ’sUcﬁr h@fheaBOtEM ABolit®. ﬁbw%to%(aagtlrﬂ!%mdmrl?/% |eﬂeﬁ>§ﬂlt§ se@?ﬂyudbbm”:entz 3
e copol yne ave an oxygen per meahi coefficien ou

or i ghor | en PR bEnBRs i amaft TESao balirrs yaid et & vy ey

be neasur ed awsutmpoaMRobratigigr.ap oo avetitraddp abb @Ol MRaN Tas copayrfrdTiay

met hod narmdoeg(rtrr%’d EB"E)Ordlné% Q&eﬁ%tdtdescr[baélhg%inh%egﬁﬁ%ggnf%fgy}c\t}%%lﬁs Wi th

a Model 2011 avai rom For
further det epolyéethsseee axftted-pratiomanomeh de m-noksivoxy goly RitBdrnepxiials hitdecy as

of January 3 m%ﬁw%grg!a Ol%(%%hgorﬁopol ymer may have an equilibrium water
content of abou

[0008] Other aspects and features of the present invention will become apparent
to those of ordinary skill in the art upon review of the following description of
specific embodiments of the invention in conjunction with the accompanying

figures.



wt % (wei ght percent) or higher, such as about 76 or about 77 wt% The
equilibriumwater content (Q of a copolyner is calculated as
follows: Q=(ws-wd)xl owws, (1) where W is the saturation weight and
Wil is the dry weight. The saturation weight may be neasured after
imersing the polyner in water for a period of tinme so that the total
weight will no I onger increase significantly upon further inmersion.

[ 0019] The copol yner may al so have a |ight transm ssion percentage

hi gher than 88% such as from about 88 to about 93% a refractive

i ndex fromabout 0.9 to about 1.3; a glucose diffusion perneability
coefficient of aBBIEF RESCRETEON OF2FISE DRANIGBEr, such as from about
2.1 x 10-6 to about 3.2 x 10-6 cm2/s; an al bum n diffusion

per meabi | ity ffici ? a t 0- ) - . such
Be about 1. 4088 o" YELERuEE HENRyBoR, Ao ecubie bl b hoGhaNE bt °of
about 2 MPa tbe pigsgHdmventionYoung' s nodul us of about 100 MPa or higher.

[ 0020] For nedi cal applications, the copol yner should be safe and

bi oconpat i bl[eows]t h FIGINEs alphass@stragtdmegd bissorfear epaK@apeds cliltvatetbén &S
contact |enses,, it

is desirable that the pol r is perneable to
Fruf ds such GeoyREEsEE gof8ag ol deemposubfi S I b DVATRR: ent o,
wat er and di verse other conponents of the tear fluid, The presence of
nanopor es dil8011] bufF¥eh.t2and e ahaseeonpiastymegesicielalned gerasaltehihelial
transport ofcemtmn%aih@%odawe're%ae,%gp&w dBldnd BERYIEMERS eve
and the surroundings. Wen used’in an artificial cornea, the polyner
shoul d have %”Lﬁoﬂi”&r’gﬁftth%B'EQS%%{I'”V@P%QW?W an appropriate refractive
i ndex, sufficient strength to withstand surgical procedures, and be
non-t oxi ¢, Ho0td] mMmEIGR)dnd Gidry pleasd-aooinast imidgaemoatongal epih@Rd és used
herein, the term" " adly describes the degree of
transparencf%ﬁ&%%dFéégﬁgggﬁggﬁégégr an artificial cornea, contact
| ens, or |ike devices. For exanple, the degree of transm ssion of
visible light through the copolymer may be equivalent to that of
other materials enployed in the manufacture of artificial cornea,
contact | enses or other ophthal mc devices. [0022]1In one enbodi nent,
t he copol yner has a polynmer matrix defining interconnected pores.
Pores are interconnected when at | east sonme of themare joined or
|l i nked with each other to formone or nore continuous networks. The
pores can be filled with a fluid such as water, air, or another
fluid. The fluid nmay be rel easable fromthe polyner. [0023] The pores
may have a pore diameter of about 30 to 80 nm The pores nay have
round or other cross-sectional shapes and nmay have different sizes.
As used herein, a pore dianeter refers to the average or effective
di aneter of the cross-sections of the pores. The effective dianeter
of a cross-section that is not circular equals the dianeter of a
circular cross-section that has the sanme cross-sectional area as that
of the non-circular cross-section. In some enbodi nents, such as when
the copolyner is swellable when the pores are filled with water, the
si zes of the pores may change depending on the water content in the
copol ymer. When the copolyner is dried, sonme or all of the pores may
be filled or partially filled by a gas such as air. The copol ynmer may
t hus behave |ike a sponge. In alternative enbodi nents, the pore
di aneter may be in the range fromabout 10 to 100 nm when t he
copolynmer is in a dry condition wherein the water content of the
polymer is at or near mninmum [0024] The pores may be randomy
di stributed. Some of the pores may be
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cl osed pores, neaning that they are not connected or joined with

ot her pores or open to the surfaces of the copolymer. It is not
necessary that all of the pores are interconnected since as nore
fully discussed bel ow. Depending on use, copolyners can be prepared
to have nore or |less interconnected pores as woul d be understood by a

skil | ed per sonDETRIZED DESCRIFTIQNEDF MXENIRLARY ENBOCIMENTSY to an
exenpl ary net hod described herein. [0026]In an exenpl ary enbodi nent

of the pr i nvention, the copolyne scri bed. herein, be

ot epared SR | ove ASRRAY: BTN Lo OBR gt TRgSiEed  a
sur f act antrangpdtent SRNPoroas ponRSr. MRB YERMserdRiB! phyBichE ahémichPantior m ng
a porous copolynmer is provided. The conbi nation of nononers includes

the first bi¥ROIG PErREtIRMbREARS SuftaBlefer ysein artifitial eppmereontaghdenshe

surfact ankppidatbhe. Phe pLLT oS EMSCE 0SB RLARAES rBR A FRY hifnid? Shar ™

t he porous copol yner. /] The contents e m croemul sion are
sel ect ed @sechad manemercbedistsnaroner rhay betN-winvlogrrolona (Ne®Ybot, t he

he art, AR WA CPAT SR RBhGRer AR ES v ipERREh R 7

di sper si oHBMAYne |iquid phase into another |iquid phase. The
m croenul sion may be stabilized by an interfacial filmof surfactant.

One. o8 LIy | A BRE of P ST ] PORBR Bt

Typi cal | y hetdig, ahyapleadf tios itepammay ik ased; @ing d Podsilis eembinationsf ametwo
about 100 nanorrgf&\rs_ or | ess, an(ii t hus tc{]e i croerpt.lﬁl sions are
t r anspar eRE MOEE AT TedistRs LGB MEN RIFRPS HPRY. ASA01T 8% te CURRINEH BEES e

prepar at i Bt ifhef8n@y ARBHptiBRSrickckBREN in the art. For exanple, a
m xture of the conponents nmay be dispersed to forma m croenul sion by

standard techni ques such as sonication, vortexing, or other agitation
t echni quetd&I® cr eat? AGMRIEBINRIY CBIROdBERtRcthgicOPRIBISK alSRLOBEING B hi n

the m xt usgefa AbhiESIHHdnedt, Yandthe wlight Yath SRsachBIRRSRRHatdEum 2
filter having pores on the nanoneter scale so as to create fine

dr opl et s. NOOPErEpEedopgyoErhay pe apowttQ. bhtp altoui 2 eneg dyhpdpenhs
and the h ide-li ile. t ( , r

can bo sustiandts Tay BE PR sBlefubhel i atEls Yk ay b s ARYERE
or O01W mi oxidejagr@ngnomer (PED-herrovhdiomadt @rchiast o-thethetysgdy (ethy@Ene
(referred to as inverse or WO m croenul sion), or the m croenulsion
can be bi 86‘9??49196%0.3" P‘U@S@PPW'Qtﬁénalﬁr‘é'ﬁﬁﬂ?‘ﬁ@bt@”ﬁie@_rft%ﬂ'ﬂI3§ime’E_@'rq;ﬂ'
domai ns ( gpNLAI %e%hgmqeag@%%é%ag%%&mﬁ% RIS, E60MRhH1E e
water) are randomy distrTbuted and respectively I nterconnected,

ext endi ngmasrerthbnerhemay ibedm theofesm ofdh (G0 HEORdFklhY, ar may be

pol yneri zed... the. t o} S+r&i@|q§' 1 j .

i nter conng\g'{ﬁgtcﬁ'gglgge@%ﬁ %ﬁrsesgjcvr\‘/i %}'ES(?EWT er 't ‘é‘@ V\%@ i ﬁl k”&:é‘)rq? S PRE

aqueous danegerganging 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 copolymerisable

unsaturated group.

[0016] In some exemplary embodiments, the copolymer may exhibit good
light transmission properties, such as a light transmission percentage of about 95%
or higher; refractive index of about 1.35 to about 1.45; glucose diffusion
permeability coefficient of about 1.4 x 10°° cm?/s; albumin diffusion permeability
coefficient of about 0.1 to about 2 x10°cm?/s; equilibrium water content of about 50

to about 76 %; oxygen permeability coefficient (Dy) of about 10 to about 30; tensile



[ 0031] Whil e the nmononers mainly remain in the oil domain, the
hydrophilic groups of the nononers may however extend into the water
domai n. When the nononer is nore hydrophilic, a larger portion of the
nmononer may extend into the water domain. This may have the effect of
reduci ng the pore sizes in the resulting copolyner as sone of the
space in thengmiotabdemiocabdut aGR] &Ml Yuna' Jwddapsiof aiso@ottb @boaf 46the
pol yneri zed nononer. The higher the hydrophilicity of the nononer,
the nore Hpﬁhounced this effect may be. Further, the internal
surfaces of the pores in the resulting copolyner nay al so becone nore
hydrophi | [eo1#3 the snbhaembodghm, the dpPBihRIresayhive émbglzc%éhq{e@rméhbili@
groups of the nononer when the copolyner is forned. [00 The

sur f act anfoeNipieabef apoutaionsighar.tsheh ias N abel26rtegibert BRtNeEsNt he
two diffe [ i el j j BRH

surf act anP gﬂnﬁaigﬁlﬁlﬁeb%ﬁgagééﬁodri@ E P%g%darﬁ?@eﬁ&é%(?% altscdt ant rr%-é;)ﬁ-bee
copol ymer FAZDI reetot maated aftes tDroimeing f-atthd hisomethedsnay\be pesfornedzalih @

surfactant, | e o | i zing. with itself j other,
ronomer | ¢ MeSRheaR A Fach BRRndOTRR ] Ak ol RBterar Meb It I e o
can be anyetilssde! <htpunbaatrahdertdet coraDkEQquiptiantatrhizeasvaftianasryl Bast
one of thg &T%norrers in the mcroenul sion. As can be appreciated, when
the surfaéP8%t is copol ynmeri zed into the copolyner, there is no need
to separate the surfactant fromthe copolyner after polynerization.

This can peo1afvant ageeuspaiynidiendohaueedn EQUimiun® Wapreoeshit bBabout 76
sinplified, The surfactant can be anionic, _non-ioni¢c or zwitterjonic.

Exenpl ar y WGr(vgighl REECENR AT RS ndisd ascahaut BR QT ahevie’ 7 wi%03h¢ eaailibrium

choi ce angap&i Bhtert 2 8 EopdIPmBEPRAFRILTtENEs Sllohact ant for a given
application may depend on the application. Generally, they should be

chosen such that the resulti ngbyco?ol nmer is suitable and conpati bl e
with the environment in QRTWaHE Q:Q{é‘(ﬂ’ymer is to be used and Has the
desired properties. As discussed earlier, adjustment and bal ancing of
t he propephigs Vafis tHessor@bM w%m%n@qw%rth@@w Welgh€i Thé 3hiaFhtiRY vidight
presence of both the first and the second nononers, [0035] The water
in the m BrRYQRIMERBHE aftepBnparsindedrolsrerdn ywaterrfopapetiod phiimg sothat
wat er nay kA0 W6 i é)éé@ﬁ%ﬁf j i kb S
properties. Itthh é%ﬁi t?@é?’@&ﬁﬁ{?ﬁ sel e té‘%”?’g?‘pgﬁﬁ?@%ri’gﬁ%ﬁ%b@r nor e
desired pré}ferti es in the resulting copolyner, and can include one or
more of al@19y, a pridecionolyamerenayaieo have piligkt transmigeion aArdentadgatigher
el ectl 0 Viifan SRR dhh apllfled Raddut 8aol AZREAR hlicx REm'ALR! 81998
by a skilled person in the art, a nanoporous andfransparent polymner
matri x cambbet DB agledsaHiEfusibh@ecmaphilitytosfficfent hbatmut Roehif smdfs a@r e
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[ 0038] Persons skilled in the art, with the gui dance provided in this
di sclosure, will be able to adjust the contents of the nononers and
surfactants to achieve a desired effect on the various properties of
the resulting copolymer, for exanple to inprove the nmechani cal

strength or hydrophilicity of the resulting copolynmer. [0039]1In one

exenpl ary senbosdingt Wheheise@ irbamattifieral 66rngaeERoHnidYshdalen et Riffdient
concentrati on of about 38 Wwii% in the m croenul sion. The concentration

of HEMA n&PUGH cpibLANBPPiRRAAtY Cﬁf@@?'%@dﬁi‘c&%@ﬁntﬁ”@ﬁgt@@ jistand
pol ymeri Z@Qrgﬁbél%Fc%@Q@Fe@ Eﬁﬁbg'nng%éx&KWln{rﬁur?o 'idn g%ﬂdm%rnﬁﬁf‘amﬁ‘éfo
exanpl e, it nmay be polynerized heat, the a a catal yst
by irradiation of the m croenul SI on or by i ntroductl on of free

radi cal s 121t he nifsrusediheseianthetaen iiaisparet’ epgbnsieseriiasdhe draen
will be dgp f

m cr oenul si on%%g%ﬁ%]thgﬁ;%%g%%g?l%#%faﬁﬁgafn&gﬁ%érﬁ}fnté&%ns ?/r hke ol ve
the use ofledcest Bdystamplbehe aegrepsef trmryonimmngf \aablallyghtthmughthe

pol yrmeri z i pi t 0 nerizati he nmononers
nd the oaprdlnahiney ol R B bERYRE ARG AL Sk Al I on ¢ he
parti cul amamofaptresf agtifidiah obiyeas caraditdemesfoactimrtophtrtmierddvivesmet hod
of polynerization. For exanple, poI ynmeri zation can be achi eved by

subj ectin m cr oemul si nto ravi o] et diatiop if _a
hoto-1 ni 1z, " <" S8k Bobhckded berorBl Bt ¢ AGret A dafBing
i ncl ude 2lrﬂerdbﬁiﬁédﬂédwor%sphsﬂ%ﬂaré@ﬂél@bhﬁékﬁé@V\Kh@M%A)ea%ﬂQome of them are
di benzyl ketone. A redox-itnitiator may al so be used. Exenplary

redox- i ni {ARRLPHINKRE I"‘(hf&eeaéﬁr%fﬂﬁrdﬁ]f?fé"r St phaces BPRIINNONS Re \qu»rks The

t et r anet hybeishaahansnikbamme 16idNgBNas wWaier, k! of éHéthé}IfRFoS TR IGH S8y
used, which may include free radical ini tiators such as peroxides. A
t her mal i Faleasadts fromithe aplesol yreri zation as the tenperature is
|ncreased For exanple, in one enbodi nent, thermal curing may be

achi eved ing P HiwRg t he
wch eved ubadt, 19 Poviati g 3ayd bed Derdbgt ot ducth 0 a0l g ¢!
phot o-i ni pPEESANAY hadoseuindiarioghescrossrsactienatshapes andnay hrewg obffezrenﬂae
used. In n emul si o

can be advast Asoacd herpl 8ok Bibeidled S8l RIS AUEEr bR HaRl of,
about 0. 4thst @rtosé sed:t@nmocftlmamrlem e eiﬂ’élﬂﬂé]dﬁmqﬂeoom erotssassﬂdn thist i3ghot

bet ween pol r nole S |n t he res ultin cross-1inker
may be adtETedps e dmetr elf ehiier spsLsSARRERENas Be SoB ot one
gl ycol di sedtivaar areatze thE@IHe noflicetingt eves-8byid. Itsomt Rawodiraéms, such
di et hyl ene glycaol diacrylate, or the like. [0043] The ni cr oenul si on

may be f oPmIENRe CRPAIWERT Bvalab lervdian R posss repiiieg withgvater, the sizes
pol yner i zaﬁfh@rpor@ma@xﬁaﬁ@@deaerﬂ?ﬁg%nmé@me%om #aqhé%g@ymey hen
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or by pl aBiiengprohenefiixdlied spaeecdl of the pofssamay bprﬂilml of partially filled by a
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Tononer s BAGN 45 Cordidbetfnf agty EndinEhBreb e Haer pilet i Power
can be opts firinkeyr ghinigdnand sterilized in preparation for use in a
medi cal or clinical application. Both dryl ng and sterilization can be

acconplis Ln an uitabl e nner wn t erson of

ST e RE2A T 2" TR o e e et Bied  Sama el v R er Rk beon
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et hyl eneofPefetqyihe sy¥facks pEiiEopghmer. It is not necessary at all o?the pores are
interconnected since as more fully discussed below. Depending on use,



[ 0045] The pol yneri zati on process nmay be carried out in one step.

[ 0046] The resulting copol yner can be used to formartificial corneas
or other ophthal mc devises or articles such as contact |enses. The
artificial corneas can be used for corneal wound healing
applications. The contact |enses forned can be used for vision
correcti omopaslymyees cal og prapardd waidvemoer ordess interchrazetddoparestaaiould

| enses. d%JT§$<H§§O|yF®r formed fromthe bicontinuous

nlcroenul dGEXPQERY P KUPLBRMOB ed pores. [0048] The wei ght ratio
of HEMA to the copol yner nay be about 0.15 to about 0.2 and the

vei ght rafooes)f NVP Toe ddpalyhiertnigy 66 RofrigaRIccoRInGI® dAdeEmilad/mémod
about 2. [0049]1n other enbodiments, NVP or MAA may be replaced with
one or noﬂésﬁﬁﬁ@r‘%?@hly hydrophlllc monomers. A nonomer is
considered to be "highly" hydrophilic herein when it is nore

hydr ophi | [goZepan HEWanEXBh@?ér&)émbeﬁnémrd?tHB’ﬂ‘e@@ﬁﬂ|Méhtbﬁrﬂﬁb%bolymer
groups a nonomer has, the nore hydrophilic the nononer. Thus

hi ghl y hy 8eepHied; heraip iomebe pEaparzd/as flowshydpispHinupes ﬂ@@rﬁﬁmisw oups
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groups in a nononer e 1 ndividua
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of a nmate y

can b apral LRSS B R TRR 25 b R SRR R Shapdine
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hi ghly hydrophilic. NVP and MA may thus be replaced by such other

| nl'y iy ophi) |
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as, or | essicrogeHuGdH Isi bicdrhn&ﬂoué‘l%a rESUlt, exafopined cbpslyseenasl nononer
may be neth net hacryl ate (MVA). [0051] I n exenpl ary enbodi nents of

t he presemtgricﬁ(}%?ﬁt?%ﬁorelshe conbi nati on of the first and second
nononers and their concentrations nmay be conveniently selected so

that the [emag]ting men@Iuysaerrstmsmtﬂh@ade*sﬁlbleerrmwrrbfee@‘td‘@r a
particul ar application. [0052]Wiile a sel ect ed nononer shoul d be

copol ymer therpiogynamisalhnsiehierdisraisinn of gpe finwd Phpsea itta apothen ia s Rbass:
may al so BeeRRLMERIUIGER Ry id Rabilis&d B){ aﬂhﬁeﬁé@éﬂﬂm%ff s@ﬁ&&aﬁ@@ﬂ@%ﬁ the

that nmay be enpl oyed to prepare a sul bi conti nuous m cr oenul si on
can be detwe Haiwiead B?eSaISWdTQPéﬁlCﬁEHlﬁgthwp@whr@g veaien lradgbe pihedisar

appl 1,02t | AaRRlobil ofiE4HAs 518 BULARASEICEY Mk BBy obAARRRLARATT:

enbodi nen mer s
microemulsions are about 100 nanometers or less, and thus the microemulsions
are transparent. A microemulsion can be continuous or bicontinuous. The
preparation of microemulsions is known in the art. For example, a mixture of the
components 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 the mixture. Alternatively, the mixture
may be passed through a filter having pores on the nanometer scale so as to

create fine droplets.

[0029] Depending on the proportions of various components and the
hydrophile-lipophile value of the surfactant, the droplets can be swollen with oil and

dispersed in water (referred to as normal or O/W microemulsion), or swollen with



et hyl eni cal |y unsaturated nononers including HEMA, MVA,

2- hydroxyl ethyl acryl ate, nonocarboxylic acids, glycidyl

net hacryl ate (GVA), and silicone-based nononers. Suitable

conbi nati ons of these nononmers can al so be used. [0054]1t has been
found that when a suitable anount of a highly hydrophilic nonomer,
such as NvRt@rbuvBispetsedus el (leferesantal axsihieBe Wi Vi CamsdiddrablsRnfrorug  of
a | ess hydrophilic¢ nonoper, such as HEMA, to formthe copolyner, even
i f the toffiFTORBIH CaHPR BICOPHAYBY- i n t he bi conti nuous ni cr oemul si on
is relatively low, such as about 38 Wb or |less, the resulting

copol yner F@aad]l has |@tHd KiboHRBas nﬂ@@éhﬂr%n&ﬂ%ﬂ%ﬂﬁtﬁﬁ(c@hfaﬁﬂ@@ fhe
suitable tor use as an artificial cornea or contact |ens. Further,

the resul MAGTBPAFhEIUOKR( @maénﬁ (eoPtaiag priRsbats ragdembiistsbuiegrand
oxygen pe t wat er
absorpti oir\égb% L\gérll}g:)é‘é&ggg i ng agé#ﬂd;/maaﬁ %%ﬁlﬁgh%xgﬁﬁg}r&ﬁéggﬁ“é t( y. The
copol ymer dpmamswemwmertz@dpmelmmemetdf theaaqurmisidoshaing cssiultsnint eri al s.

For exanp t t n | i ferat]
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enbodi rfenh&)r@hetrl‘@n’iof‘elﬁmr‘opmh@@Iab@r%ﬂ&:rﬁ@fﬁﬁ@hdﬂomewnﬁéy ébu@fﬁdlmﬁiﬁﬂﬁm

fibroblasts ce|lls and nechanically rong and can be advantageously
used to nﬁ’ﬁLﬁréJ&mlﬁ'% %Bﬁtrﬁﬁlf ?‘éﬁ‘ng‘@sefééff of %QE%'H%HIS Befetsiresdy éhe resulting
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and bi ochem cal properties. [0057]In_sone enbodi nents, a“drug such as

an opht haPAitend tfe @@Mmsézed]af@ﬂpmeat &b higher thechysiserNiNaitsrof &mmoa@mer
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rma transparen
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easy to h#&ntHed. and perneable to nutrients. They nay al so support the
attachrrent and proliferation of human corneal epithelial cells

(HCEQ) , g con uent. s ified epitheljal. ets. Th ma e
b ooonmat LTS e "t aBlh B bleafy e enf T iR BB EL alah et e A
ri sk of dt\ﬁ@dﬁﬁrémaibﬁmn‘i@Iaﬁ&std‘:ﬁl(i@@@héih@eﬂdﬂﬁmﬁi stency in tissue

conposition associated with biological substrates. The materials may

be custo d or _fabri 0. ecific requir ts

oot our OGO AR R R e el de ARES Msfa TR AS A SuedEnL
intact ephidyedd @dpdgaﬁémﬂbxe\[v@r%{ﬂeb@pé@@ﬂtﬁg mdﬁbﬁwé?ydlb\qnmmé@zdb}é of a
surface can inprove the wettability of the surface. Thus, when the

surface oFUHBEIBRLECAPAIAST PaIVRSFEINHy i o e the QoS BRRGIREIT oTEPoAS

be nore ¢ t i ,
Phe ourt ot SRR WRALrRE fir S RERTRCATSS Bh) dlilbbie Ffdchdftmat
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peri od of "We Wit Hout - Gl e ARl ng oSl s can ensive 1 f
t he surfaae mdSo Bepanatfemeasulnﬁaghm from the copolymer after polymerlzatlon. This

can be advantageous as the polymer formation process is simplified. The surfactant
can be anionic, non-ionic or zwitterionic. Exemplary surfactants include those

described above.



standard of confort and bioconpatibility. An exenplary enbodi nent of
the present invention may provide a contact |lens material that
reduces such deposits. [0060] Exenpl ary copol yners according to sone
enbodi ments of the present invention may al so provide inproved oxygen
perneability, equilibriumwater content, refractive index, or

gl ucose/ alfposgn per ”ﬁ\%t&HdléeVanc{\QQi@H @?o'dfkﬂ@%ﬁbﬁeré&% %%ﬂt'f&sa of

sanpl e poI yrrers and exenpl ary processes form ng such yners are
(9]
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copol ymer §ubﬁﬂ43‘t’%@p ERHB%BE&@H\&?P%I é’dﬁ%\%}% W@orﬁé’ét ridwﬁﬁ tﬁéjlex]ngl‘%ﬂ?nt in
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Table 1. Th i ght ta st ed t ed .based o
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bi cont i nugatslitaiednyans lpsds@nge of Eatlnltﬁe firdtantiené se@ndvhenaasml si on
Conmponents (W% Sanple I 11 111

[0035] The water in the microemulsion can be pure water or a water-based
liquid. The water may optionally contain various additives having specific
properties. Such additives can be selected for achieving one or more desired
properties in the resulting copolymer, and can include one or more of a drug, a
protein, an enzyme, a filler, a dye, an inorganic electrolyte, a pH adjuster, and the
like.

[0036] 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
appropriate sizes. As is known to persons skilled in the art, to determine the
appropriate proportions of the components suitable for forming a bicontinuous
microemulsion, a ternary phase diagram for the monomers, water and the
surfactant may be prepared. The region on the diagram corresponding to single-
phase microemulsion may be identified and the proportions of the components may
be so 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 diagram in order to
achieve a certain desirable property in the resulting copolymer. Further, the
formation of a bicontinuous microemulsion can be confirmed using techniques
known to persons skilled in the art. For example, the conductivity of the mixture
may increase substantially when the microemulsion is bicontinuous. The
conductivity of the mixture may be measured using a conductivity meter after

titrating a 0.1 M sodium chloride solution into the mixture.

[0037] Suitable bicontinuous microemulsions can be formed when
proportions of the components are respectively from about 25 to about 50 wt% for

water, from about 10 to about 50 wt% for the combination of monomers, from about



IV V VI PEOR MA-40 37.5 35.0 32.5 37.5 37.5 37.5 Water 25.0 30 35.0
25.0 25.0 25.0

10 to about 25 wt% of NVP, from about 10 to about 50 wt% of MAA, and from
about 10 to about 50 wt% for the surfactant.

[0038] Persons skilled in the art, with the guidance provided in this
disclosure, will be able to adjust the contents of the monomers and surfactants to
achieve a desired effect on the various properties of the resulting copolymer, for
example to improve the mechanical strength or hydrophilicity of the resulting

copolymer.

[0039] In one exemplary embodiment, the combination of monomers may
have a total concentration of about 38 wt% in the microemulsion. The

concentration of HEMA may be about 15 wt%.

[0040] The microemulsion may be polymerized by standard techniques
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.

[0041] 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
method of polymerization. For example, polymerization can be achieved by
subjecting the microemulsion to ultraviolet (UV) radiation if a photo-initiator is used
as a catalyst. Exemplary photo-initiators include 2,2-dimethoxy-2-phenyl
acetophenone (DMPA) and dibenzylketone. A redox-initiator may also be used.
Exemplary redox-initiators include ammonium persulphate and N,N,N’ N’-
tetramethylethylene diamine (TMEDA). Thermal initiators may also be used, which
may include free radical initiators such as peroxides. A thermal initiator initiates
polymerization as the temperature is increased. For example, in one embodiment,
thermal curing may be achieved by using Perkadox 16 as the thermal initiator and
curing the material at a temperature of about 70° C for 1 hour. A combination of

photo-initiator, redox-initiator, or thermal initiator may also be used. In this regard,

10



EGCDVA 1.0 1.0 1.01.01.0 1.0 DWA 0.3 0.3 0.3 0.3 0.3 0.3 MVA 18.75
17.5

including in the microemulsion an initiator can be advantageous. The

polymerization initiator may be about 0.1 to about 0.4 wt% of the microemulsion.

[0042] To promote cross-linking between polymer molecules in the resulting
copolymer, a cross-linker may be added to the mixture. Suitable cross-linkers
include ethylene glycol dimethacrylate (EGDMA), diethylene glycol dimethacrylate,
diethylene glycol diacrylate, or the like.

[0043] The microemulsion may be formed into a desired end shape and size
prior to polymerization. For example, a sheet material may be formed by pouring or
spreading the mixture into a layer of a desired thickness or by placing the mixture
between glass plates prior to polymerization. The mixture may also be formed into
a desired shape such as a rod, for example, by pouring the mixture into a mold or

cast prior to polymerizing.

[0044] After polymerization, the copolymer may be rinsed and equilibrated
with water to remove un-reacted monomers and any other un-reacted substances.
The rinsed copolymer can be optionally dried and sterilized in preparation for use in
a medical or clinical application. Both drying and sterilization can be accomplished
in any suitable manner, which is known to person of skill in the art. In some
embodiments, both drying and sterilization can be effected at a low temperature so
as not to adversely affect a material contained in the copolymer, for example by

using ethyleneoxide gas or UV radiation.
[0045] The polymerization process may be carried out in one step.

[0046] The resulting copolymer can be used to form artificial corneas or
other ophthalmic devises or articles such as contact lenses. The artificial corneas
can be used for corneal wound healing applications. The contact lenses formed
can be used for vision correction or eye color modification, or can be diabetic

contact lenses.

[0047] The copolymer formed from the bicontinuous microemulsion defines

interconnected pores.
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[0048] - The weight ratio of HEMA to the copolymer may be about 0.15 to
about 0.2 and the weight ratio of NVP or MAA to the copolymer may be about 0.15
to about 2.

[0049] [n other embodiments, NVP or MAA may be replaced with one or
more other highly hydrophilic monomers. A monomer is considered to be “highly”
hydrophilic herein when it is more hydrophilic than HEMA. Typically, the more
hydrophilic terminal groups a monomer has, the more hydrophilic the monomer.
Thus, a highly hydrophilic monomer can have more hydrophilic terminal groups in
its base structure than HEMA does. Alternatively, the hydrophilic groups in a highly
hydrophilic monomer may be individually more hydrophilic than the hydrophilic
groups of HEMA. The hydrophilicity of a material may be measured by its
equilibrium water content. As can be appreciated, NVP and MAA are highly
hydrophilic. There are other materials, such as silicone-based monomers, which
are also highly hydrophilic. NVP and MA may thus be replaced by such other
materials. A highly hydrophilic material may be amphiphilic.

[0050] HEMA may be replaced with anther monomer that is as hydrophilic
as, or less hydrophilic than, HEMA. For example, the second monomer may be
methyl methacrylate (MMA).

[0051] [n exemplary embodiments of the present invention, the combination
of the first and second monomers and their concentrations may be conveniently
selected so that the resulting copolymer has the desired properties for a particular

application.

[0052] While a selected monomer should be copolymerizable with another
monomer or the surfactant, the monomer may also be polymerizable with itself. The
amount of each monomer that may be employed to prepare a suitable bicontinuous
microemulsion can be determined by a skilled person depending on the particular

application and in view of the guidance given herein.

[0053] In some embodiments, the second monomers may be selected from

ethylenically unsaturated monomers including HEMA, MMA, 2-hydroxylethyl

12
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acrylate, monocarboxylic acids, glycidyl methacrylate (GMA), and silicone-based

monomers. Suitable combinations of these monomers can also be used.

[0054] It has been found that when a suitable amount of a highly hydrophilic
monomer, such as NVP or MAA, is used in combination with a suitable amount of a
less hydrophilic monomer, such as HEMA, to form the copolymer, even if the total
monomer concentration in the bicontinuous microemulsion is relatively low, such as
about 38 w% or less, the resulting copolymer still has a high enough modulus and
tensile strength suitable for use as an artificial cornea or contact lens. Further, the
resulting copolymer exhibits improved properties such as higher oxygen
permeability and equilibrium water content, reduced bulk water absorption,
enhanced swelling ability and nutrients permeability. The copolymer is also still
compatible with various biological materials. For example, the copolymer can
support attachment and proliferation of corneal epithelial cells. The resulting
copolymer can thus have balanced properties, i.e., having both acceptable
mechanical/optical properties and acceptable other properties, such as surface

properties, that allow improved fluid transport through or into the copolymer.

[0055] Conveniently, the copolymer according to various embodiments of
the invention can be made compatible with human dermal fibroblasts cells and
mechanically strong and can be advantageously used to manufacture contact

lenses for placement on the eye.

[0056] The copolymer can have various desirable physical, chemical, and

biochemical properties.

[0057] In some embodiments, a drug such as an ophthalmic drug can be
incorporated into the copolymer such as dispersed in the microemulsion for forming
the copolymer. The microemulsion may be polymerized to form a transparent and
porous copolymer wherein the ophthalmic drug is incorporated, either in the

copolymer or the pores, or both.

[0058] The copolymer may be used in a cornea implant. The materials may
be transparent, highly flexible, easy to handle and permeable to nutrients. They

may also support the attachment and proliferation of human corneal epithelial cells
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[ 0066] These conponents were m xed by vortex-m xing, respectively for
each sanple. [0067] The singl e-phase region of a m croenul sion of Cl-
PEO C11- MA-40, HEMA, MVA, and water was determined by titrating water
to various conpositions of the mcroemulsion, in a screw capped test
tube. Each sanple was vortex-m xed and allowed to equilibrate in a

t enper at UQﬁCE@Wtfb%in@%oﬁﬂL\{éﬁt%ﬂﬁﬁmd abitheR4t sh-E'%?s %@?héﬂé’bl@c&ﬁbﬁﬁbﬁe
were used to establish phase boundary of the m croenul sion region
i n a phaseénditkajf esa aﬂaﬁﬁg@hc@éﬁ@ﬁmelmn@ﬁ the@slhptdiaeasaisansniegpon
was furth Y

conduct i V%d&%ﬁ%?’%gb% gtrrgnt% ? g'%stu dow%@?%ﬁ ggﬁfgn{egh‘)ﬁorl g'é)a'scg ution
into the Hubtstta”tes msnmtesrimm&ytﬂeaausmnﬁmmmmbmatmm et Specified
vvhentheaueous ontel{ f thg mi Xt ur. {e heraneo about g
W% to 60 WYETIRNT MRATHEARRIGRLIG ¢ edf‘a Ha' RSe TIPANteE MaX PLgvide
rapidly \A/gﬁmtbblee@m@ﬁgm%rmnt ent increased from bel ow about 20 W% to
above about 20 % It is believed that the sharp increase in

conductiv t abouyt 20 w s, due to the formation of us. .
ot er connBtssl ¢ onauRTPRYN Hosialrab RIETDAS AaucBEa D SBipve the welabilty
char act er bstheCsupfaca. mhﬁgﬂkhélﬂﬂm@%dﬂa@é@ﬁﬁ%bﬁta@ﬂ lensiPRRA m]&o hilic, the

m cr oemnmul si on ‘precursors were pre gur e nltrogen gas 0 ensure
t her e was cAdasi lgAs Maydif Mess ermfopia heetﬁtweawueﬁo inpseasedareiiablityray
inhibit p en
two. gl ash’ paTt drebifibe FASARATNIRANAY BE e lto Wb oRhBR S o RIS
with the pnédjpndscﬁnonmmrtﬂhelrdtpingwd |A1:carrﬂsa}eméen’¢altpmnmaeaee;w

chanber a ect t -radiat | about SC to
cfrect pollsePiotpPafet Blahisllth, AeRbh Flehaad eaffhy BlyBdMY witksu

pol ymer i zaleaning, theeddpoglis dambe reatems|veiibihetsuafasé doedof meet athighét d
Dretaet | R Rt Ra bbb AS st Pab i h b
observed gfvkftioPRlaymrbiidahi @ntad KAEGhdteRalRRhYBUELELSUchaddositerat eri al

after being renoved fromthe plates or mold, was washed to renove
unpol ynmerized resi due nononer, surfactant, tinolol naleate, and etc.

The sanpl P98 eri al EXRERBYFEROYMEERASAURNG tosomeRERadiPers AT S | | ed
water at hHeigaaf ﬁi/é'ﬁt%% Q@&%%r&h@eﬁrﬂﬁﬁv&&%&%éﬁ Hér%éa%nﬁ;b@d{hn@ﬁ@nf or
one to two hours. At end of washing, no Substantial  anount of

un- r eact eWatRyrfemans, r&ﬁéC’Wen*ﬁd@F of@éicepe/alkmin pefmeakiipl e mat eri al

as confirmed by the absence of UV absorption bands between 190 and
350 nm i ndggaiwashi ”ng |ﬁl§’§tt‘étté QRe pFé&?tHsT&%a%ﬂéﬁo@ﬁfetré QH@EX&HE@%J aphy
of sanple poI yrrerl C nmbranes was conducted using a JEOL 6700TM fi el d
eni ssi on gmﬁegaemfwﬁyném@@wbpplmmerwed@écmm@m The menbr anes
were freeze-fractured in liquid nitrogen to expose the

Cross-sec (m;?z. Pri gtxAi@peE@m nation, they were vacuumdried at room
t enper at u;e r about 24 Eours and then coated with a thin | ayer of
gold (using a JEQOL ion-sgutter JFC-1100Tm . The thermal behavior of
the pol yni¥083npl es EXAMBLRY each) was eval uated for 30-600C (ranp
rate = 10¢ mn) under dry nitrogen flow using a Perkin El ner TGA7Tm
thermal gygodaretric @amw%eﬁoxyh%%?%}:m.n@%wa%sbh%owrg LR FmARLR!
content of the polymer nenbranes, pre-weighed dry sanples were

i mrer sed fallowsi oni zed water at various tenperatures. The sanpl es were
imrersed in water for at |east 24 hours before the saturation weight
was neasu After Myt pi ece
of fil teri(gjz:ibp r, theﬁo&%a@lﬁ%& lé%ﬁ}é&?&ﬁ%ﬁ(‘iur l'en f?Wate sa?u?at ed)
sanpl e vvagrmepbr@empon‘éh@ efdbe Irmanr&mfowdtfferertt@amms atadistedlic UbbkeddThe

accor di ngv&e?gh'%%"é?cte'n?ange(s]l?sted were calculated based on the total weights of the listed

components only. The mixtures formed bicontinuous microemulsions.
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[0073] The strain, Young's nodulus and tensile strength of the sanple
menbranes were neasured using an Instron TM m croforce tester
(I'nstron 4502, USA). Sanples of a standard size were used according
to ASTM (Anerican Society for Testing and Materials) 638. The |ight
transm ssion rate of the polynmer nenbranes was exam ned using an
Agi |l ent 5453TM UV-vi si bl e spectrophotoneter. [0074] Refractive indices
of the sanple materiTabs | QontentdytiMairesmuBioplOsApaientdubtber ed saline

(PBS), were neasured on a refractoneter. [0075] Oxygen perneabilities
of the materials were measured usi ng Model 201T Per anet er (Rphdpr

TM , MO1T) . ShOpI&] Repr edent at i v negsur ¢l prppei i es ofVthe sawpl es
formed fi cQnri s|m enmuisi are Listed o Tabtg_ 1
Table 11 3%%)@"2:?" %280} %Z%I 3 ngg Vi ersﬁgsénp e3ll7'§l I ﬁ?fﬁ VIV %75
Oxygen pernealviatdrt y cloeffioci ent k) 35.0 25.0 25.0 25.0
EGDMA 1.0 1.0 1.0 1.0 1.0 1.0
DMPA 0.3 0.3 0.3 0.3 0.3 0.3
MMA 18.75 17.5 16.25 22.5 - -
HEMA 18.75 17.5 16.25 15.0 15.0 15.0
NVP - - - - 22,5 -
MAA - - - - - 225
oo 375 35 325 | 375 | 375 | 375
onomers
[0066] These components were mixed by vortex-mixing, respectively for
each sample.
[0067] The single-phase region of a microemulsion of C1- PEO-C11-MA-40,

HEMA, MMA, and water was determined by titrating water to various compositions
of the microemulsion, in a screw-capped test tube. Each sample was vortex-mixed
and allowed to equilibrate in a temperature-controlled environment at 23°C. The
clear-turbid points were used to establish the phase boundary of the microemulsion
region in a phase-diagram. A rough demarcation of the bicontinuous region was
further deduced from conductivity measurements using a conductivity meter after
titrating a 0.1M sodium chloride solution into the mixture. Tests showed that a
microemulsion can be formed when the aqueous content of the mixture is in the
range of about 20 wt% to 60 wt% and that the conductivity of the mixture increased
rapidly when the aqueous content increased from below about 20 wt% to above
about 20 wt%. It is believed that the sharp increase in conductivity at about 20 wt%
was due to the formation of numerous interconnected conducting channels in the

microemulsion, characteristic of a bicontinuous microemulsion.
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16 22 24 14 26 28 Equilibriumwater content (%9 64 74 76 60 76 77 %

of

| i ght transm ssion (400-800 nm 89 91 92

[0068] The microemulsion precursors were pre-purged with nitrogen gas to
ensure there was no significant oxygen present, which, as is known, may inhibit
polymerization. The precursor for a sample was placed between two glass plates or
in a polymethacrylate mold. The plates or mold with the precursor was then placed
in a Rayonet™ photoreactor chamber and was subjected to UV-radiation (254 nm)

at about 35°C to effect polymerization for about two hours.

[0069] After polymerization, the liquid microemulsion transformed into a
solid polymer having interconnected pores filled with the water initially present in
the microemulsion. No undesirable side products were observed after

polymerization.

[0070] The polymerized sample material, after being removed from the
plates or mold, was washed to remove unpolymerized residue monomer,
surfactant, timolol maleate, and etc. The sample material was washed successively
with deionized distilled water at temperatures between the room temperature to
about 60°C for one to two hours. At the end of washing, no substantial amount of
un-reacted monomers and timolol was present in the sample material, as confirmed
by the absence of UV absorption bands between 190 and 350 nm in the washing

solution.

[0071] The cross-sectional topography of sample polymeric membranes
was conducted using a JEOL 6700™ field emission gun scanning electron
microscope (FEG-SEM). The membranes were freeze-fractured in liquid nitrogen to
expose the cross-sections. Prior to examination, they were vacuum dried at room
temperature for about 24 hours, and then coated with a thin layer of gold (using a
JEOL ion-sputter JFC-1100™). The thermal behavior of the polymer samples (~ 10
mg each) was evaluated for 30—600°C (ramp rate = 10°C/min) under dry nitrogen

flow using a Perkin ElImer TGA7™ thermal gravimetric analyzer.

[0072] To measure the equilibrium water content of the polymer
membranes, pre-weighed dry samples were immersed in deionized water at
various temperatures. The samples were immersed in water for at least 24 hours
before the saturation weight was measured. After the excess surface water was

removed with a piece of filter paper, the weight of each fully swollen (water
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90 88 93 Refractive index 1.2 1.2 1.3 1.1 0.9 1.3 d ucose diffusion
perneability coefficient (10-6¢cn2/s) 2.4 3.0 3.6 1.4 2.1 3.2

saturated) sample was recorded. The equilibrium water content was calculated

according to Equation (1).

[0073] The strain, Young’'s modulus and tensile strength of the sample
membranes were measured using an Instron™ microforce tester (Instron 4502,
USA). Samples of a standard size were used according to ASTM (American
Society for Testing and Materials) 638. The light transmission rate of the polymer

membranes was examined using an Agilent 5453™ UV-visible spectrophotometer.

[0074] Refractive indices of the sample materials, fully hydrated in

phosphate buffered saline (PBS), were measured on a refractometer.

[0075] Oxygen permeabilities of the materials were measured using Model
201T Permeometer (Rehder™, M201T).

[0076] Representative measured properties of the samples formed from the

bicontinuous microemulsions are listed in Table .

Table Il Properties of Sample Copolymers

Sample | i n v \' Vi
Oxygen permeability coefficient (Dx) | 16 22 24 14 26 28
Equilibrium water content (%) 64 74 76 60 76 77

% of light transmission
(400-800 nm)
Refractive index 1.2 1.2 1.3 | 1.1 | 09 | 1.3

Glucose diffusion permeability
coefficient (10°cm?/s)

89 91 92 | 90 88 93

24 | 30 |36 | 14 | 21 | 3.2

Albumin diffusion permeability

coefficient (107 cm?/s) 04 | 10 |16 | 01 | 14 | 18

Tensile strength (MPa) 5.7 4.7 38 | 64 | 27 | 1.9
Young’s modulus (MPa) 280 | 195 | 120 | 320 | 165 | 102
[0077] The sample materials were optically clear with about 90%

transmission of white light, and had refractive indices of about 0.9 to about 1.3,

which were comparable to that of human corneal stroma (1.38).
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~Rra

i ffusion perneability coefficient (10-7cn2/s) 0.4 1.0 1.6
.8 Tensile strength (MPa) 5.7 4.7 3.8 6.4 2.7 1.9 Young's
MPa) 280 195

[0078] The glucose diffusion permeability coefficients for the materials were
about 2.1x107® to about 3.6x10°° cm?s, comparable to that of corneal stroma
(about 2.5x10° cm?/s).

[0079] The albumin diffusion permeability coefficient was about 0.1x107 to

about 1.8x107 cm?s.

[0080] The nanostructured materials were attractive for their higher
permeability associated with the nanoporous channels, allowing for greater
interaction between the graft and the underlying tissue and more rapid diffusion of
nutrients and substances. The sample materials had mechanical properties that
were suitable for withstand stitches inserted around the implant-to-rim junction. The
tensile strengths varied from about 1.9 to about 5.7 MPa, which generally increased
with decreasing water concentration in the microemulsions used to form the
samples. The tensile strength also decreased when the water content in the test
samples was increased to above about 60%. It is expected that a material with a
tensile strength of about 1.9 MPa or higher and a Young’s modulus of about 100
MPa or higher would have sufficient strength and durability for use in corneal

implantation.

[0081] As can be seen from Table I, the sample materials showed different
hydrophilicity and oxygen permeability coefficient (D). While these quantities
generally increased with increasing water content in the formation mixture, Samples
V and VI, which included NVP or MAA respectively, exhibited higher oxygen
permeability and equilibrium water content even though these Samples were
formed from a mixture with a relatively low water content, in comparison with
Samples [, I, lll and IV, which included MMA instead of NVP or MAA.

[0082] Thus, replacing MMA with NVP or MAA provided an improved
polymer product. It is expected that replacing MMA with another strongly

hydrophilic monomer may also provide improved products.

[0083] Thermal analyses showed that the decomposition temperatures (Tq)

of the materials ranged from 300°C to 350°C. A higher thermal stability may be
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120 320 165 102 [0077] The sanple materials were optically clear with
about 90% transm ssion of white light, and had refractive indices of
about 0.9 to about 1.3, which were conparable to that of hunman
corneal stroma (1.38). [0078] The gl ucose diffusion perneability
coefficients for the materials were about 2.1x10-6 to about 3.6x10-6

cnR/'s, compeairadié esuch dshatalion t®pogaler siatend td Bb@tﬁnhi@@&&ﬂn%uﬁ@{/ s) .
[0079] The al bum n diffusjaon perneability coefficient was out 0.1xle

to about BUBCRYINg RiR/te clipi @%@@Pm'oﬁénostruct ured materials were
attractive for their higher perneability associated with the

nanopor ougogdgnnel s,EahlsAMpid nisdérid f@aicdra thid¢£tmsdrisishapeimeen the
graft and the underlying tissue and nore rapid diffusion of nutrients

and subst dABesiructyed spapdeslikmbydrpaslstmes tranehaiing lioganepadidls ard t hat
were sui t?@ HRedifg tc‘/‘h&ﬁéﬁ@”ﬂutﬁtehhﬂig @m'vﬁ@(&cﬁﬁeﬁrﬁﬂr}qeédb‘?ﬂcal g[;)og&rtlef 9

inmplant-to-rimjunction tensi estren vari ed
t o about Hat wePa simitar ¢ ngleiralicalmea. |H'mrea<a3@¢b e hammerrea@na@ healt er

concentra t eroe oformthes s. The.
CensiTe oePERgrrr s PaiR it it Frtotiop sl BreBR. Branedli
sanpl es wisgiuncseease dthieo natiievis, aho tel@&%conrhpativditettpe oeeslstitile for use
material wth, a%enswe strength of about 1.9 MPa or higher and a
Young' s mB3a@tifCi@fOmE8ut 100 MPa or higher woul d have suffi ci ent
strength and durability for use in corneal inplantation. [0081] As can

be seen f[goB5]abl e lih addifien $cﬂ6d$ﬂn@anfhb@ahﬁilén&@i&ﬁadipfdwr@éﬁthat were
hydrophi | i CI ty and oxygen perneability coefficient (Dk). Wile these

quant i ti e&lsgeivdpblRfor H‘Sr?c?%%t@iid%ﬁ Wear ﬁ%’?té‘été?'ﬂﬁfsvvaf wipladablerndi n t he
formati on dhixddtif corpaR!i&fse¥. and VI, which included NVP or MAA
respectively, exhibited higher oxygen permeability and equilibrium
wat er content even though these Sanples were forned froma m xture
with a relR86)e| y I(ﬁkf‘%gf’bﬁ lcontent, in conparison with Sanples I,

[1, I'l'l and 1V, which included MVA instead of NVP or MAA. [0082] Thus,

repl aci ngddgrwi t h Wy HEFCHhRYE desh RevalRft@¥pkhelial coverage. They
were seeded on Samples | to VI, supplemented with a serum-free medium
containing keratinocyte growth medium supplemented with 10 ng/mL of human
epidermal growth factor (HEGF), 5 ng/mL of insulin, 0.5 pg/mL of hydrocortisone,
8.4 ng/mL of cholera toxin, 30 pg/mL of bovine pituitary extract, 50 pg/mL of
gentamicin, and 50 ng/mL of amphotericin B. The cells were incubated at 37°C in
5% CO,. The medium was changed every 2 days. The cells formed a confluent
epithelial sheet on the polymer membranes after 7 days. The cell cultures were

monitored under an inverted phase-contrast microscope.

[0088] Cell viability was determined by staining with FDA. The cultures were
incubated at 37°C with 2 ng/mL of FDA in PBS for 15 min. Each sample was
washed twice in PBS, and placed in 0.1 mg/mL of propidium iodide solution for 2
min at room temperature to stain the non-viable cells. The samples were then
washed twice in PBS, and viewed under a confocal laser microscope (IX70-
HLSH100 Fluoview, Olympus™).
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pol ynmer product. It is expected that replacing MVA wi th anot her
strongly hydrophilic nononmer may al so provide inproved products.

[ 0083] Ther mal anal yses showed that the deconposition tenperatures
(Td) of the materials ranged from 300C to 350C. A higher thermal
stability may be desirable, such as to allow the polyner material to

be steril [guspidur i nghe@nhyha@bms:b@gém@ Rigr&te fiobn ¢ld MeMBlane on the
applicati gg;ﬂ_& 0084] Each sanple material forned a three-dinensi onal

(3D) nano @ﬁyecf‘f@bérﬁjg“é@ 13 RNTleat shrat of densgly Pepulated spihelial cells
bi ocompat kot PERABARE RickPeultié LEfdifonsiiiid i@ H0 tot Brfl "

content and mechani cal properties that were simlar to natural

cornea. FHICEGawpreidentical Suithin & /nenethe slaspieithatgyipiopnd ap gontrol tissue

transpare strength, oxygen perneability, perneability
to gl ucosgﬁ%{lnSrHFEﬁE%nHg %i ent s, and cellular conpatibility that were

suitable for use as artificial cornea. [0085]In addition to cornea,
the sanpl 0089 eri al Merghplogisalanadysis bbtisswe reguivabotswas abtfernfiest byifist as

Cences. [ DoRErERHRRE | PRTGaLind REWEROGE b ehuBET Rt BiRE
epi t hel i alTekBeb-pgesectivay vwes eu’sa&ﬁetdm@ﬂ vt restokylm afdd esdippl enent ed

wth a serumfree rredlumc nta keratlnocte growth medi u
suppl emenBEURPERINES Wa? RENEIme A CHBR N sRacTEP R masesinat ndiepdy s

pg/ L of td‘§y{bkérathK59 anld%et Nﬁrrﬂw%&@erﬁqhﬁmgmba uflaﬁw BhcRbkerh@ er a

t oxi n, /hqg m. of _bovine pituitary extract gent am ci n,
and 50 ng/( 1oanda/h%f?aﬁh@rwﬁﬁd BS thmée@aé|VE§nﬂeq0éltWﬁc,eebﬁ@Iédreépegwelw fhe

(c::%fl-urgﬁt epl tﬁ?g}/\?%lsggﬁé}q?q on t ééd %’gﬁ%éond%ﬁ@ndg? a?t g‘r%ﬂx) gays The

cell cult bm@symd@manmnmsanmmur@glqbnmﬁ)é@r Phaeige- E)@mssadtcytokeratm

m cr oscop [ it termned by stainin
The cul ¢ i1 LB et dr 85 ted Ovmt i dRCH AR ey et haich i Bidpspeth
m n. Eacmss)&n@d:d ﬁnvamT mms}ae?hmgnteeséaorm@ anAtitbdyl (go&tchnitimBude w L (r)]f
ropi di um_i odi sol utjon for mn . at roomte ure to s t he
on-vi bl IBUEAEY RSB BUn G Pletinehs Ragh Bt TP ST iR BBYToRase
vi ewed unggérodc focal |aser mcroscope (IX70- HLSHL100 Fl uovi ew,

A ynpus T™. %ﬁgQ] The epithelial cells began to mgrate from t he

a conf] uent sheet

menbr ane t he sec d After

densel y p&&ﬂﬁt ed e%‘qgﬁeﬂ%? 8W|r§PW§§Xﬁ@8Y?rBBaSWS|Oé§Pﬁ ?B'H]e"a‘ cells
culture ceuﬁv&mer@% sanffle FQ¥idls ﬁﬁél@&mb @anﬂﬂé WR(FYG HOESEmpR ¢ 1F¢GBt peal
(within 5% on the sanple materials and on control tissue culture

pl ate sur PAESS. Sample v (FIG 4), Sample | (FIGS. 5 and 6), and Sample Il (FIGS. 7 and

8).

[0092] Cells cultivated on Sample VI formed a confluent sheet of corneal
epithelial cells, with some areas containing more elongated cells. The corneal
epithelial cells shown in FIGS. 2 and 3 were stained positively for K19 and Ki67
respectively. The corneal epithelial cells shown in FIG. 6 were stained positively for
fluorescein diacetate (FDA). The corneal epithelial cells shown in FIGS. 7 and 8

were also stained positively for K19 and Ki67 respectively.

[0093] The cells on the sample materials displayed a healthy morphology
with areas of stratification and differentiation. Most of the cells in the epithelial sheet
were found to be viable. The cultured corneal epithelial cells also demonstrated a

positive immunoreactivity for antibodies AE1 and AE3, and cytokeratin K19 (see
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[ 0090] Mor phol ogi cal anal ysis of tissue equival ents was perfornmed by
first enbedding themin optimal cutting tenperature (OCT) freezing
conpound (TissueTekTn). 5-pm sections were cut and stained with
hemat oxyl i n and eosin. |nmunostai ning was perfornmed by incubating
speci nens wi th nonocl onal antibody to cytokeratin K19 and Ki 67.

Nor mal nogse FIGNRYadhfeubdriiordbicglia Reaitek posifivealy fohkid7 anticAgeliver e
used as the negativye and 'posi tive controls, respectively. The cells
wer e subs@EﬂI‘é‘?{gI'W (S foetfd®- Wit h secondary antibody (1:200 dil uted
bi oti nyl at ed horse anti-nouse inmunogl obulin G for 1 hour. Expressed
cyt oker at [0094}9 and TiReGanRE erA&IRS ek bB¥ed mm{[@gahumhwﬁ@alby

i ncubation with fluorescein isothiocyanate (FI -conj ugated
secondar y eaiigliypucell gewth and pdhesiere ityas, four t SAMPIB trAte fiRys

| munost ai I \ P . Grscope.
10091 Fi R B B o e e LB e e T
cel | s cul sirgtificatiomnNeae ltexicityt was abssrvédcT g, e Satgrlads YhayFheQiseld) as a
Sanmpl e VI mple IV (FIG 4), Sanple | (FIGS. 5 and
6), and sa%IOZ%SIﬂr%e?%?%é@h%?%nd 8). [0092] Cells cultivated on Sanpl e
VI fornmed a confluent sheet of corneal epithelial cells, with sone
areas con{@l9%]ng noEXAMBhEdt ed cells. The corneal epithelial cells
shown in FIGS. 2 and 3 were stained positively for K19 and Ki 67

Ctarned phoelyer AP sl bbfFe: MarEfl RARBERL T adq ) aihrf Eyfiantec

epi t hel i ainte &d ¥git legernf NewrZ&dand waitel rabbierazcaldi tottae ARV QORid | vel y

for K19 and Ki.67 respectively. . [0093]The cells an the s I

ot e | al < ASPOHTURLET BCREHER i) VIRATLR Qg0 A T HoR o R Rae Hsei on
and di f f epambalgin @ahtﬂuhﬁéxogp ahf &/igiéd ResédrchhReepidahindis skeet were
found to be viable. The cultured corneal epithelial cells also

denonst r aBBEPIEERES With 4 Mlnplinbraeeyly kefamie it rzne s oMme tiie AET)
and cyt Okgﬁéﬂdd?cé@%fo@ﬁﬁ%@n%iirc bstrérhal ;ﬁ)cjikléfélﬁe %Eﬁé’ﬂpmth Glbsss,

stained positively for Ki ndi cati ng ce prolifteration (see e.g.

FIG 3). pode4iqiecofsnbpmlacansiira¢ronakerial (Gyoo-diemetgipwes insentad into the
corneal e B&Qe(?l(ri] um,cel ”ﬂ"rciiﬁ\%fhe nd adhesion. It was found that the
sanpl e material's SL)lppornt ed attachment and proliferation of corneal
epithelial cells, as well as stratification. No cell toxicity was
observed. [00973, t he Sampde adlfisiahagrnbe matedalasvese desifified dnd farmed from

ker at opr ogt i S - I The, sanpl e pal yner

mt o+l S HessabPlenpenak Gk b PR AR A R gy o
?f NEW Zeﬁid«n@sm/\p}bhetratmghidrstoﬂtaﬁwlr m‘bF@dare. I&Shesmn(p;&t&a \Aﬁﬁ@@utg%si?m
or Research. i i sion. t hal no Statenent for the Use

Aot ol s P SItRGAER 845 R o0 OO AP SRR sV AR ST o
anest het i gefplddtiond ofitheOhatefibl iAHE ealbite 68 btk e hgatsd | R ol une
ratio = 1:7) and topical xylocain. 6-mmcircular stromal pockets were

made fronfqhevad ersuyeekaties ey eStilamp saapiratio i thaabbiecetsagl (6
mm- di amet gf ?e-é?iﬁ?eﬁi’é tﬂoﬂmsh‘irhfﬁem?&‘ﬂﬁéel& ’AltﬁPéah Fnifl dz%'v?ésé‘ihgiﬁgy

cornea. [009/]Sanple artificial cornea materials were designe
f or med fr obsarked Swomel of thentreplanis shdwed rinpein of iEekviRaEON oaregeolien @ver

It vas neft PR sestbad BrEEIETERaRE o5 bPd ARLGRA B 2FREmer:
nati ve cohis&dogiddieppearancegasaitoraparesus e abntradtdradassieht ¢hat were not

conplications of .the material iin the rabbit eyes were, investigated.
St o bo wenBeeEiat Shrabne Sadkim ihoitCall Bawba T S ars AR MR on’ of

the rabbi prexghbeasas AL pitBelRPbhARK I PHd Zdbit@Ye Webiiid thhwéle sthinugek.
Al though a m|d haze was initi all%/ observed, none of the inplants
o

showed anyit§ihgmasexyiin@andmeatn a0 showeq astrbiiederithelinmsovseihemplant,
Sections [REQAEHY Rt ihERHAMNORNErIGEN N drEte SIS e RO EHeasnor mal
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[ 0098] No adverse reactions were observed in the rabbits. The
artificial cornea remained optically clear. Topography measurenents
al so showed that the surface of the artificial cornea was snooth and
had a profile simlar to a normal eye. It was observed that the

i npl ant ed sanpl e pol ynmer pronoted regeneration of corneal cells, and

denonst r ajeadsgt abl e Nwsdvegsafdactiohiege s dsvarvddind0d QAdbas. fTeatatifRsal
benefits and advant ages of the present invention not expressl

ment i oned “@HEPECOER é’nﬁi%'é’r@?i‘foquF)rOSFﬁPMirﬁe%lsé‘é%mpbisi%?P givachipat the
drawi ngs Byrrida0smans KitfcRf chiebMrasihooth G4 HAA bRAKKINALT 16 LASHRI LY.
enbodi nents of this invention have been described above, those

ski |l ed i i waseokservag that ihedaiplaptethparepieatodyreraaromeiad ieganeiatan cbns

are possi i j ' 4 i ng.:fromthe novel

t eachi ngsgéﬁgggﬁlgh%ha%\%éggﬁ ét{ﬂ?égl{ér??/éeh%tﬁm[@%éﬁgﬁ he inventi on,
rather, is intended to enconpass all such nodification within its
scope, as[i®9]ned bPihérfeatuaembenefithaindiaivahtaigredf the: predentAnventinodobf

form ng a_pol r : i.sSLNg; rovi.di bi cont i nuous

m cr oenul SRGRS oM ETRy 2Rareran B SNHpihierom MG xS eBr AReitBR o
nmonomner s, deavidgsby fract akllledndthaoaroner s bei ng copol yneri zabl e for
form ng a porous copolyner, wherein said conbination of nononers
conpri ses first nmer, nmor e _hydrophilic.than 2-hydroxyet hyl

ret hact yi K0S OP ke AMBRGEN SRl SRR S Sitacty of B v PN 35, baens
hydr ophi | besdribat,aboE/Ahog®bkined inzhe Grtsaill desdil fapptsdite agt rA@ONEr s in
sai d bicontinuous m croenul sion to form said porous copol ¥‘mer,
wher ei n sHIdiTcghentargRossie sHIfuitodyRatenially deeariag frogethe novel
concent r aidRRhgs AndAddakiagLE bl HMSe Mg oemul sion are chosen so that
sai d copol ymer "has an equilibriumwater content of about 76 wt % or

hi gher and has_at | east one of ﬂl) a tensile strength of about 2 MPa
or hi gher [@H81]2) a ThgimENdioRv@ihaisisdntengraiio ampmEss @il sHrl Fadification

within its scope, as defined by the claims.
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2. The nethod of claim1l, wherein said first nmononer conprises

Nvi nyl pyrrolidone (NVP) or nethacrylic acid (MAA). 3. The net hod of
claim1l or claim?2, wherein said second nononer conprises HEMA or

met hyl nethacrylate (MVA). 4. The nethod of any one of clains 1 to
3, wherein said conbination of nonomers has a total concentration of
about 38 wt%or less in said mcroenmulsion. 5. The nethod of any one
of claims 1 to 4, wherein said second nononer has a concentration of
fromabout 10 to about 25 Wt % in said mcroemul sion. 6. The nethod
of any one of clains 1 to 5, wherein the concentration of said water
in said mcroenmulsion is fromabout 25 to about 50 wt% 7. The

met hod of an{/hatieclaimegiisiins 1 to 6, wherein the concentration of said

surfactant in said n?]%o?nul_si on is fromabout 10 to about 50 wt %

8. The methold of AdRRNUHY 'YMING 2PN ¢PNPFISNGher ei n sai d ni cr oemul si on
further conprises a cross-linker. . 9. The nmethad of claim rein
the crosel | nker PRGEB PemPfamr amBeRaer r dre eiReohay 2ohib X ne
met hod of any one oémbihaiioms oi tmon@nershesaél rsugactdntmaod oewnbreersn being
further conprise ; i i LNt 1 . g%il :
claim 10, wherei ?\O@% n?éﬁ?«% :f%? %HPQ rlﬁbsb%'o%)u %F%?‘%%%ywﬁg%ﬁeﬁ“f 'ﬁgtlon
acet ophenone ( D\vPApononegs capsisget hod of any one of clains 1 to 11,

wherein said surfact %nﬁrsfl %oﬁorRQJ %()F'\et nyérgpq\(ﬁicotﬁgirggzﬁy%%é%%nrr?eqﬁ"ardrylate
(HEMA), and

a second monomer as hydrophilic as, or less hydrophilic than, HEMA,;

polymerizing said surfactant and monomers in said bicontinuous

microemulsion to form said porous copolymer,

wherein said surfactant and monomers and their respective concentrations
in said biconﬁnuous microemulsion are chosen so that said copolymer has
an equilibrium water content of about 76 wt% or higher and has at least one
of (1) a tensile strength of about 2 MPa or higher and (2) a Young’s modulus
of about 100 MPa or higher.

2. The method of claim 1, wherein said first monomer comprises N-

vinylpyrrolidone (NVP) or methacrylic acid (MAA).

3. The method of claim 1 or claim 2, wherein said second monomer comprises
HEMA or methyl methacrylate (MMA).

4, The method of any one of claims 1 to 3, wherein said combination of

monomers has a total concentration of about 38 wt% or less in said microemulsion.

5. The method of any one of claims 1 to 4, wherein said second monomer has

a concentration of from about 10 to about 25 wi% in said microemulsion.

6. The method of any one of claims 1 to 5, wherein the concentration of said
water in said microemulsion is from about 25 to about 50 wt%.

7. The method of any one of claims 1 to 6, wherein the concentration of said
surfactant in said microemulsion is from about 10 to about 50 wt%.
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13. The method of claim 12, wherein said surfactant is co-nethoxy
pol y(et hyl ene oxi de) 40 undecyl cc-nethacrylate macronononer. 14. A
copol yner defining interconnected pores and conprising polynerized
nononers and a surfactant copol ynmerized with one or nore of said
nononers, said nononers conprising a first nononer nore hydrophilic
t han 2- hydroxyet hyl nethacrylate (HEMA); and a second nononer as
hydrophilic as, or |less hydrophilic than, HEMA, wherein said
surfactant and nononers and their respective weight ratios to said
copol ymer are chosen so that said copolymer has an equilibrium water
content of dbhout TREmMatdorf ahy greeof clamed 1Ha g, aberbipasitd i®eotuls{oh)fugher

tensile stren MPa or higher and (2) a Young's nodul us
of about 100 %ﬁgﬁs%ﬁaﬁrﬁ?ﬁﬁnk@r 15. The copol ymer of claim 14, wherein

said first r@)norn?ﬁe CRBIRLY S<§¥S cié!-m vs nwh&x,w eld f&%@ ibRYP)s QEnylbhggEy! i c
acid (MAA). . The co&o claim14 or claim 15, wherein'said

second nonor%?etéé‘?f’ﬁ?esﬁg or met hyl et hacryl ate (M\/A) 17. The
copol ymer of one & cl.ai s 14

o A rrer 0 ot T Godt By Bast ol et T whah SR B B G any

one of cl ai rmmbdsésca gdlymedretiai initiatomei ght rati o of sal d first nononer
to said copolyner is about 0.15 to about 0.2. 19. The copol yner of
any one of cllai nghelgnethpdl1 g, clgifvel @i wherewesairhinitiadari ip 22-diswithpxy-abaaly!
nmononer to SpLEpRARALYHRPA) S about 0.15 to about 0.2. 20. The

copol yner of any one of clainms 14 to 19, wherein said copol yner has

an oxygen pemmeaibhd iniethauosehdy 6hert crRimd ro@ ahoierdif bRl abREtanB®R a

poly(ethylene oxide)-macromonomer.

13.  The method of claim 12, wherein said surfactant is w-methoxy poly(ethylene

oxide)sp undecyl a-methacrylate macromonomer.

14. A copolymer defining interconnected pores and comprising polymerized
monomers and a surfactant copolymerized with one or more of said monomers,

said monomers comprising
a first monomer more hydrophilic than 2-hydroxyethyl methacrylate (HEMA);
and
a second monomer as hydrophilic as, or less hydrophilic than, HEMA,

wherein said surfactant and monomers and their respective weight ratios to said
copolymer are chosen so that said copolymer has an equilibrium water content of
about 76 wt% or higher, and has at least one of (1) a tensile strength of about 2
MPa or higher and (2) a Young's modulus of about 100 MPa or higher.

15.  The copolymer of claim 14, wherein said first monomer comprises N-

vinylpyrrolidone (NVP) or methacrylic acid (MAA).

16.  The copolymer of claim 14 or claim 15, wherein said second monomer

comprises HEMA or methyl methacrylate (MMA).

17.  The copolymer of any one of claims 14 to 16, wherein said pores have a
pore diameter of about 10 to about 100 nm.
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21. The copol yner of any one of clains 14 to 19, wherein said

copol ynmer has an oxygen perneability coefficient of about 26. 22.
The copol ynmer of any one of clains 14 to 21, wherein said surfactant
is a poly(ethyl ene oxide)-macronononer. 23. The copol ynmer of any one
of claims 14 to 21, wherein said surfactant i s conethoxy

pol y(et hyl ene oxi de) 40 undecyl a-nethacryl ate macronononer. 24. The
copol yner of any one of clains 14 to 23, wherein said copolyner has a
| i ght transm ssion percentage of about 88% or higher. 25. The

copol ymer of any one of clains 14 to 23, wherein said copolynmer has a
light transniSssi dhe perotyerer ajemobneatfalaim934 A9 1arwiergiherweigh atiotheaid
copol ymer —ofg a0y, Ry %féagdfdpg@m%r IS% o&%é’\’@%;ﬁutrb sal d copol yner has a

gl ucose diffusion perne coe ICI ent about 2 x 10-6 cm2/s

or higher 25 Thge 66HRAIMETRY a or?éWf dRaﬂrﬁsQﬁt&H@'mréﬁatv@n%%@ran\ﬁffb%%”
sai d copol ynmer has a glucose diffusion perneab % coefticient of

about 1 x 10°°6P% 3B erioﬁa"iéoﬁ?'y@\ﬂr?/@om%‘éf’toﬁji@uk pol yrrer of any one
of clainms 1 rel n.sai d copol gs,,& al di ffusi on
per neabi | i t COef?? e tmeéf’f ABAE © 281 '”1\% 1fdog CW%?QSS'H CH?"&W&? has?@
The copol ynmexygdn pamyeamiigy obsefficeinhef fibd amul 79 tovdbentsdon sai d copol yner
has an al bum n diffusion perneability coefficient of fromabout 0.1 X
10-6 to abowd!-2 Xhecemelysrer of &1y ong@f clims WdpdPyuareipaidispp@yieerdrs an

claims 14 tqyd&en Fy)gp%gé,ﬂyg@éfﬁh&@gpé%[}pgg has a tensile strength of
about 2 MPa of higher. 31. The copol yner of any one of clains 14 to

29, wherein i dm@p@dcwmarr dnasy ané enslhin® ® tergtwhetdin E4i0BuARRAH: islat O

about 7 MPa, z l (%g aémar of any one of clainms 14 to 31,
wher ei n sai POOSFBY ?X' OPRIRG s rmdul us of about 100 MPa or

hi gher. 33. TheTﬁeog ;{?Yﬁro? nf)‘g?(? ONGai0k 19,"[3,[ gwg?retn dléur%wéﬁnﬁvﬁéq-

sai d copolyner has™ a Ul Us df " abou

34. The copohsthery pofy( ahyermmldm)m chdecyiso-idtHaoryBBs mboaomedoragrcor di ng t o
t he nethod of any one of clainms 1 to 13. 35. A copolyner forned
accor di ng t 4 he Thecdrotymelr ohary @reeofsfained &4 trs23L wherelr8said copolymer has a

light transmission percentage of about 88% or higher.

25.  The copolymer of any one of claims 14 to 23, wherein said copolymer has a
light transmission percentage of about 95 % or higher.

26.  The copolymer of any one of claims 14 to 25, wherein said copolymer has a
glucose diffusion permeability coefficient of about 2 x 10°® cm™?/s or higher

27.  The copolymer of any one of claims 14 to 25, wherein said copolymer has a
glucose diffusion permeability coefficient of about 1 x 10°to about 4 x 10 cm¥s.

28.  The copolymer of any one of claims 14 to 27, wherein said copolymer has an
albumin diffusion permeability coefficient of about 1.4 x 10”7 cm™®/s or higher.

29.  The copolymer of any one of claims 14 to 27, wherein said copolymer has an
albumin diffusion permeability coefficient of from about 0.1 x 10®to about 2 x 10

cm?/s.

30.  The copolymer of any one of claims 14 to 29, wherein said copolymer has a
tensile strength of about 2 MPa or higher.
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31.  The copolymer of any one of claims 14 to 29, wherein said copolymer has a
tensile strength of from about 1 to about 7 MPa.

32.  The copolymer of any one of claims 14 to 31, wherein said copolymer has a
Young’s modulus of about 100 MPa or higher.

33.  The copolymer of any one of claims 14 to 31, wherein said copolymer has a
Young's modulus of about 20 to about 400 MPa.

34. The copolymer of any one of claims 14 to 33, formed according to the
method of any one of claims 1 to 13.

35. A copolymer formed according to the method of any one of claims 1 to 13.

26



