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The present invention relates to ionic silicone hydrogels, and ophthalmic devices

formed therefrom, which display desirable protein uptake profiles and improved

hydrolytic stability.

Background of the Invention

It is well known that contact lenses can be used to improve vision. Various
contact lenses have been commercially produced for many years. Hydrogel contact
lenses are very popular today. These lenses are formed from hydrophilic polymers and
copolymers containing repeating units from hydroxyethylmethylacrylate (HEMA). Of
these contact lenses formed from copolymers of HEMA and methacrylic acid, are among
the most comfortable, and have the lowest rate of adverse events. Contact lenses formed
from copolymers of HEMA and MAA, such ACUVUE contact lenses, display substantial
amounts of lysozyme uptake (greater than 500 pg) and retain a majority of the uptaken
proteins in their native state. However, hydrogel contact lenses generally have oxygen
permeabilities that are less than about 30.

Contact lenses made from silicone hydrogels have been disclosed. These silicone
hydrogel lenses have oxygen permeabilities greater than about 60, and many provide
reduced levels of hypoxia compared to conventional hydrogel contact lenses. However,
silicone hydrogel lenses have different rates for adverse events than conventional
hydrogels, and it would be desirable to maintain the oxygen transmissibility of a silicone

hydrogel, but achieve the low adverse event rate of the best conventional hydrogel lenses.
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siloxane monomers are not commercially available and may be expensive to make.

Summary of the Invention

The present invention relates to ionic silicone hydrogel polymers displaying improved
thermal stability and desirable protein uptake. More specifically, the present invention
relates to silicone hydrogel polymers and contact lenses formed from reactive
components comprising at least one silicone component and at least one anionic
component in an amount between about 0.1 and 0.8 wt%.

The present invention relates to ionic silicone hydrogel polymers displaying improved
thermal stability and desirable protein uptake. More specifically, the present invention
relates to silicone hydrogel polymer and contact lenses formed from reactive components
comprising at least one silicone component and at least one anionic component
comprising at least one carboxylic acid group in an amount between about 0.1 and about

10 mmol/gm.
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As used herein, a “biomedical device” is any article that is designed to be used

while either in or on mammalian tissues or fluid. Examples of these devices include but
are not limited to catheters, implants, stents, and ophthalmic devices such as intraocular
lenses and contact lenses.

As used herein an “ophthalmic device” is any device which resides in or on the
eye or any part of the eye, including the cornea, eyelids and ocular glands. These devices
can provide optical correction, cosmetic enhancement, vision enhancement, therapeutic
benefit (for example as bandages) or delivery of active components such as
pharmaceutical and neutraceutical components, or a combination of any of the foregoing.
Examples of ophthalmic devices include lenses and optical and ocular inserts, including,
but not limited to punctal plugs and the like.

As used herein, the term “lens” refers to ophthalmic devices that reside in or on
the eye. The term lens includes but is not limited to soft contact lenses, hard contact
lenses, intraocular lenses, overlay lenses.

The medical devices, ophthalmic devices and lenses of the present invention are
made from silicone elastomers or hydrogels, which include but are not limited to silicone
hydrogels, and silicone-fluorohydrogels. These hydrogels contain hydrophobic and
hydrophilic monomers that are covalently bound to one another in the cured lens.

As used herein “uptake” means associated in, with or on the lens, deposited in or on the

lens.
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Anionic components are components comprising at least one anionic group and at

least one reactive group. Anionic groups are groups which bear a negative charge.

Examples of anionic groups include carboxylate groups, phosphates, sulfates, sulfonates,

phosphonates, borates, mixtures thereof and the like. In one embodiment the anionic

groups comprise three to ten carbon atoms, and in another, three to eight carbon atoms.

In an embodiment the anionic groups comprise carboxylic acid groups.

Reactive groups include groups that can undergo free radical and/or cationic
polymerization under polymerization conditions. Non-limiting examples of free radical
reactive groups include (meth)acrylates, styryls, vinyls, vinyl ethers,
Ciealkyl(meth)acrylates, (meth)acrylamides, C, salkyl(meth)acrylamides, N-
vinyllactams, N-vinylamides, C,_j;alkenyls, C;_j2alkenylphenyls, C; j,alkenylnaphthyls,
Cy.ealkenylphenylC; galkyls, O-vinylcarbamates and O-vinylcarbonates. Non-limiting
examples of cationic reactive groups include vinyl ethers or epoxide groups and mixtures
thereof. In one embodiment the reactive groups comprises (meth)acrylate, acryloxy,
(meth)acrylamide, and mixtures thereof.

Any chemical name preceded by (meth), for example (meth)acrylate, includes both

the unsubstituted and methyl substituted compound.
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In another embodiment, the anionic component comprises at least one carboxylic
acid group and is present in the reactive mixture in amounts between about 0.1
mmol/100g and about 10 mmol/g. By maintaining the concentration of anioinic
component within the ranges recited herein, the stability of the polymer may be
improved. Surprisingly, it has been found that polymers having the amounts of anionic
component recited herein have desirable protein uptake profiles in addition to improved
stability.
In another embodiment, the amount of anionic component may vary based upon
the structure and concentration of the silicone components as well as the structure of the
anionic component so long as the molar product of the anionic groups and the Si from
TMS groups is below the mole product described below.
The silicone hydrogel polymers of the present invention display stable modulus.
As used herein, stable modulus are those which increase less than about 30%, and in
some embodiments less than about 20% over eight weeks, at 55°C. In some
embodiments the silicone hydrogel polymers of the present invention display modulus

that increase by less than about 20% over 20 weeks at 55°C.
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even other silicon-containing groups. On the basis of steric hindrance, silicone materials

containing trimethylsilyl (-OSiMes) groups (such as SIMAA or TRIS) are generally less
hydrolytically stable in the presence of ionic components than compounds containing
polydimethylsiloxane [(-OSiMe;),] chains, such as mPDMS. Thus, in this embodiment,
the stability of the polymer is further improved by selection of the silicone containing
components in combination with controlling the concentration of the anionic component.

In one embodiment, the silicone component comprises at least one
polydimethylsiloxane chain, and in another embodiment, all silicone components are free
of TMS groups.

In one embodiment of the present invention the product of the mole percent of
silicon (Si) in a trimethylsilyl (TMS) group in the silicone component and mole %
anionic group in the ionic component is less than about 0.002, in some embodiments less
than about 0.001 and in others less than about 0.0006. This is calculated as follows:

1) In calculating the mole fractions according to the present invention, the
reactive components of the monomer mix (i.e. excluding diluent(s) and processing aids
which are not permanently incorporated into the lens) are represented as weight fractions
summing up to a total of 100 g.

2) The moles anionic group = (grams of anionic component/MW of anionic

component) * number of anionic groups in the anionic component. For Example 1,
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amounts used to make hydrogels of the present invention are selected such that the
stability product, does not exceed the values specified herein. In another embodiment,
the silicone components used contain no TMS groups, thereby providing stability
products of zero. Silicone-containing components which contain no TMS groups include

those disclosed in W0O2008/0412158, and reactive PDMS components of Formula I:

$1 [ $1- $1
R1—Si—0-SiH0O-Si-R!
KRR

wherein b is 2 to 20, 3 to 15 or in some embodiments 3 to 10; at least one terminal R'
comprises a monovalent reactive group, the other terminal R' comprises a monovalent
reactive group or a monovalent alkyl group having 1 to 16 carbon atoms, and the
remaining R' are selected from monovalent alkyl groups having 1 to 16 carbon atoms,
and in another embodiment from monovalent alkyl groups having 1 to 6 carbon atoms.

In yet another embodiment, b is 3 to 15, one terminal R comprises a monovalent reactive



whi ch are not permanently incorporated into the |lens) are represented as
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(800-1000 MW), (“mPDMS”’) and monomethacryloxypropyl terminated methyl
terminated polydimethylsiloxanes (800-1000 MW), (“mPDMS”). In one embodiment all
silicone in the reactive mixture are PDMS components.
In another embodiment b is 5 to 400 or from 10 to 300, both terminal R' comprise
monovalent reactive groups and the remaining R' are independently selected from
monovalent alkyl groups having 1 to 18 carbon atoms which may have ether linkages
between carbon atoms and may further comprise halogen.
In another embodiment, one to four R' comprises a vinyl carbonate or carbamate

of the formula:

Formula I1

R
| Il
H2C=C—(CH,),-0-C—Y

wherein: Y denotes O-, S- or NH-;

R denotes, hydrogen or methyl; qis 1,2, 3 or4; and b is 1 - 50. In these embodiments
care must be taken to make sure the vinyl carbonate or carbamate silicone component
does not also comprising TMS groups, or the mole product ratios specified herein will be

difficult to achieve.



and in anot her enbodi nent from nonoval ent al kyl groups having 1 to 6 carbon

atons. In yet another enbodinent, b is 3 to 15, one termnal Rl conprises a

nonoval erworesaBpssagr oup, for exanple, a (neth)acryl oxyPCr/us2@lloyseps whi ch

may be further substituted with at | east one hydrophilic group, such as

hydroxyl, ether or a conbination thereof, the other termnal Rl conprises a

nonoval ent aIkyI group having 1 to 6 carbon atons and the remaining R1

conpri se nono | kyl grou having 1 to 3. cq n atons. In one

orbodi ot oSN R e rep A Rt ) Py N SOl o

optl onal {ptcHRsy incHided Wbtidru%&lhﬁrox%arwm@ymm- ltﬂﬁeﬁétﬂ@cﬁyltcﬁﬁlmx@ﬁé A4 1s a
_alkyl', and the remaining re net hyl “or . Non- limting exanpl es

ofPMchmmmMSoftMsemmmHmmRmmmmé

(rmono- ( 2- hydr oxy- 3- et hacryl oxypr opyl }+ propyl ether term nated

polydlnethyIS|onEne (400ed000 b (" "), and

nononet hacr yl oxypftlopyl te*nlnat q nonof n- p 4 al kyl term nated

pol ydi neighytsg Loy )-si U Roxypropyl term nated

nono- n- but yl Hernlnateﬁ pol ydi Fnes (800-1000 MW, ("nPDWV5") and
nmonomnet hacryl oxypropyl tefrm nat erm nat ed pol ydi net hyl si | oxanes
(800-1000 MmN, ("nPDNB").CWh on sall silicone in the reactive

m xture are PDMB conponents. In another enmbodinent b is 5 to 400 or from 10
to 300, both term nal Rl conprise nonoval ent reactive groups and the

remai ning. RL. are. i ndependent|ly sel ected, from nonoval ent al kyl groups havi ng
1to 18 gQWBHﬁi ﬁg'@%g‘Hrﬁﬁ¥mH§L§“EPﬁ'?W?lnkages bet ween carbon atons and
may further coMRRiSEnRALAGRY snlall ARRLAITF v%ﬁ@@&l’b%@tfe,anﬁ Q’ﬁlytl QarBQI‘r'Jte R1
conprises a vinyl carbonate or carbanmate of the formula: "Formula Il R O

H2 C=C- ( G @®uhdOc@npytising TMS groups may be used. Such groups include 3-
(vinyloxycarbonylthio) propyl-[tris (trimethylsiloxy)silane]; 3-[tris(trimethylsiloxy)silyl]

S .
tlhyl si | ox

propyl allyl carbamate; 3-[tris(trimethylsiloxy)silyl] propyl vinyl carbamate;
trimethylsilylethyl vinyl carbonate; trimethylsilylmethyl vinyl carbonate, combinations
thereof and the like.

In some embodiments it may be desirable to add small amounts of silicone-
containing components which comprise at least one TMS group. Such groups include the
TMS containing vinyl carbonate and carbamates described above, as well as silicone-
containing components of Formula I where R' is independently selected from
monovalent reactive groups, monovalent alkyl groups, or monovalent aryl groups, any of
the foregoing which may further comprise functionality selected from hydroxy, amino,
oxa, carboxy, alkyl carboxy, alkoxy, amido, carbamate, carbonate, halogen or
combinations thereof; and monovalent trimethyl siloxane groups;

where b= 0;

wherein at least one R' comprises a monovalent reactive group, and in some
embodiments between one and 3 R' comprise monovalent reactive groups.

Suitable monovalent alkyl and aryl groups include unsubstituted monovalent C; to
Cyealkyl groups, Cs-C4 aryl groups, such as substituted and unsubstituted methyl, ethyl,
propyl, butyl, 2-hydroxypropyl, propoxypropyl, polyethylencoxypropyl, combinations
thereof and the like.



wherein: Y denotes O, S- or NH; R denotes, hydrogen or nmethyl; q is 1, 2,
3or 4, and b is 1 - 50. In these enbodi nrents care nust be taken to nake
sure t he wonglo/segsbonat e or carbamate silicone conponenPClasg00005868% SO
conprising TMS groups, or the nole product ratios specified herein will be
difficult to achieve. Suitable silicone-containing vinyl carbonate or vinyl
car bamat e nononers specifically include:

|, 3-bi s[4-(vipyl oxygarbonyl axy) but-1 -yl ]tetranet hyl -di sil oxang; .and_Formul a
1T oher o v FIY o BRI b VAP et oS gt L ot A S

enmbodi Mept g sSIXBlcl FRPMBhSYaRint ¥IkYY brotad RATRY 6ncaBd 6\chMbh afRhPaRAIE conpounds
conprising TMS groups nmay be used. Such groups include 3-

(vi nyl oxyerdsempotimean) fromopghovafent alkyl groupsetavygsineds p)csitioantdms.

3-[tris(tri hyl si.l.oxy) si |yl ropyl allyl c amat e; . :

S i sctri morgnligg s 4r SRy rodbonins B MR inicn sl Pi 1 y1 et byl

Vi nyl caﬁll@gmatzeh dré;i}ngl[m[l 3i3|y{dmh{amy1_\xi nyl carbonate, conbinations thereof
A 3oy AR . .

and the like. In some enbodinents it may be desirable to add snmall anmounts

of sili clivedhylsilyiaxyldisioremd repaayiliprd it ((SEGMA Deast one TMS gr oup.
Such i gl i ni vi nyl : : d bamat
descr | et s E B e AR BT o “Formul &
wher e R13inscthavelgdpepiantirg(tdaletstsidx§sidamentnRI&),ent reacti ve groups,

nonoval ent al kyl groups,. or. noval ent aryl groups, any of the foregoing
whi ch rra%/'nf%tlwtcﬁé?x%?ﬁi’ili”%(éﬂmﬁ &Silaﬁ§meffvl%lén%rtded from hydroxy, am no, oxa,

Cormbi nat BN T R et vl 11 oxane. ar olps.  where b =
0; wherei n at Wheasiclhaded, flicoerpniagesg compmeu@lcemprisiegdiM Yy gragpeage, and in
sone present in amounts less than about 20 weight%, less than about 10 wt%, and in some
embodiments, less than about 5 wt%.
Where biomedical devices with modulus below about 200 are desired, only one R' shall
comprise a monovalent reactive group.
In one embodiment, where a silicone hydrogel lens is desired, the lens of the
present invention will be made from a reactive mixture comprising at least about 20
weight % and in some embodiments between about 20 and 70%wt silicone-containing
components based on total weight of reactive monomer components from which the
polymer is made.
Another class of silicone-containing components includes polyurethane
macromers of the following formulae:
Formulae IV-VI
(*D*A*D*G), *D*D*E';
E(*D*G*D*A), *D*G*D*E' or;
E(*D*A*D*G), *D*A*D*E'
wherein:
D denotes an alkyl diradical, an alkyl cycloalkyl diradical, a cycloalkyl diradical, an aryl

diradical or an alkylaryl diradical having 6 to 30 carbon atoms,

-10-



enbodi nents between one and 3 Rl conprise nonoval ent reactive groups.
Sui t abl e nonoval ent al kyl and aryl groups include unsubstituted nonoval ent
C to C oabkylogeeaps, C6-Ci 4 aryl groups, such as subsPCTaiSeeIassbos
unsubstituted nethyl, ethyl, propyl, butyl, 2-hydroxypropyl, propoxypropyl,
polyethyleneoxypropyl conbi nations thereof and the like.In one enbodi nent
b is zero, one is a nonoval ent reactive group, and at least 3 Rl are

sel ected fyom nono nt..al kyl Vi n on ato and in
anot her § aaﬁemﬁlmﬁ e BARS ey Bt naodhy SRt 60 8o

at ons. “@Mmh&ﬂb%mﬂﬂk?%ﬁﬂﬂhﬁ&cﬂﬁm§hgnﬂﬁmgcﬁﬂﬁﬂQﬁﬁﬂé§u9®hkﬂh§wﬁﬁﬁﬁﬁi”Ent

i nclude 2- nethyl -, 2-hydroxy-3 -[3-]1,3 ,3,3-tetranethyl- 1-

[(tr|netﬁ#hsﬂhqbbmxy?dﬂ@ﬁ%@xmﬂyh?@n@b@xy]propyl ester ("SlGMNO,

2- hydr ox t hacryl oxypr | oxypropyl -tris(trinmethyl siloxy)silane,
3ot haot PO GRUVET PeRErP RIS  Toxy) i Tane. (~TRS')

3- met hacy glapxygriopyl bi s(tri net hyl si | oxy) met hyl sil ane and

3- nethacryloxypropylpentanethyl di si |l oxane. Wen included, silicone
cont ai ni figicediepa duistent peliperisfadical pifogmslaps are present in ampunts |ess
than about 20 wei ght% less than gb 5449 wt % and in sone enbodi nents,

| ess than about 5 wt% Where bloned) deV|ces W t h nodul us belom/about
200 are desired, only one Rl shaII conprlse a nonoval ent reactive group. In
one enbodi nent, where bne hydrogel lens is desired, the I ens of the
present invention wll de froma reactive m xture conprising at |east
about 20 melghf_wﬁ%H@y s—&rblebiment s bet ween about 20 and 70%m
silicone-containing co 15 based on total weight of reactive nononer
conponents from which | ymer i s made.

! independently denotes an alkyl or fluoro-substituted alkyl group having 1 to10 carbon
atoms which may contain ether linkages between carbon atoms; y is at least 1; and p
provides a moiety weight of 400 to 10,000; cach of E and E' independently denotes a

polymerizable unsaturated organic radical represented by formula:

Formula VIII

R12
RISCHE=C—(CHo— (X —(@—(Ary—R¥—
wherein: R'? is hydrogen or methyl; R" is hydrogen, an alkyl radical having 1 to 6
carbon atoms, or a —CO—Y—R" radical wherein Y is —O—,Y—S— or —NH—; R"
is a divalent radical having 1 to 12 carbon atoms; X denotes —CO— or —OCO—; Z
denotes —O— or —NH—; Ar denotes an aromatic radical having 6 to 30 carbon atoms;
wisOto6;xisQor1;yisOor1;andzisOor 1.
In one embodiment the silicone-containing component comprises a polyurethane

macromer represented by the following formula:
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Anot her class of silicone-containing conponents includes pol yurethane
macroners of the follow ng fornulae: Formulae IV-VI (*D*A*D*G *D*D*EL,
E(*D* G D'W® 200133 EL or; E(*D*A*D*G W D* A*D*EL wher ei nPCDUsetmonssoan al kyl
di radi cal, an al kyl cycloal kyl diradical, a cycloal kyl diradical, an aryl
diradi cal or an al kylaryl diradical having 6 to 30 carbon atons, G denot es
an al kyl diradical, a cycloal kyl diradical, an al kyl cycloal kyl diradical,
an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atons and
whi ch may contain ethglnnﬂ% or am ne |linkages in the main chain; denotes
a urethane or ureido linkage; a is at least 1; A denotes a dival ent

pol yneric radical of fornula Fornukﬁqyll Rl 1,i ndependent Ly denqgfes an

al kyl or  fligr o SubsEitdited kKl gtloln.h; wgmlmmmzomrab@@o@t Q5B .hi ch

may cont ai ket hert | i'nkages bet ween %bon atons; y is at least 1; and p
provi des a noiety weight of 400 to 10, 000;* each of E and E1 |ndependently
denotes a pol yneri zabl e unsaturated organi c radi cal represented by formula:

L,
at ons, othcair@@cy-dRifphasine diisomemaee nAnYSthes sMtable Shccme oohldmmg Radromer

is compound of formula X (in which x + y is a number in the range of 10 to 30) formed

by the reaction of fluoroether, hydroxy-terminated polydimethylsiloxane, isophorone

diisocyanate and isocyanatoethylmethacrylate.

Formula X

e}

O
O\/\ J\ PO N PN )]\ o
NH (@] (SM620)25SM62 (@] NH
NH” ~ OCH,;CF,—(OCF;)—(OCF,CF,),— OCF,CH,0

0 0 o
)\'(O\/\NHJLO/\/\(SMeZO)ﬁSMez/\/\OJL NH

NH

Other silicone-containing components suitable for use in this invention include
those described is WO 96/31792 such as macromers containing polysiloxane,
polyalkylene ether, diisocyanate, polyfluorinated hydrocarbon, polyfluorinated ether and
polysaccharide groups. Another class of suitable silicone-containing components include
silicone containing macromers made via GTP, such as those disclosed in U.S. Pat Nos.
5,314,960, 5,331,067, 5,244,981, 5,371,147 and 6,367,929. U.S. Pat. Nos. 5,321,108;
5,387,662 and 5,539,016 describe polysiloxanes with a polar fluorinated graft or side
group having a hydrogen atom attached to a terminal difluoro-substituted carbon atom.
US 2002/0016383 describe hydrophilic siloxanyl methacrylates containing ether and
siloxanyl linkanges and crosslinkable monomers containing polyether and polysiloxanyl
groups. Any of the foregoing polysiloxanes can also be used as the silicone-containing
component in this invention.

In one embodiment of the present invention where a modulus of less than about

120 psi is desired, the majority of the mass fraction of the silicone-containing

-12-



is a divalent radical having 1 to 12 carbon atons; X denotes -CO or -0OCO;
Z denotes -O or -NH; Ar denotes an aromatic radical having 6 to 30 carbon
atonms; wwe201003963 x is O or 1; y is 0 or 1; and z is @CoMUS200906860he
enbodi ment the silicone-containing conponent conprises a pol yurethane
macronmer represented by the following formula: Formula | X wherein R16 is a
diradical of a diisocyanate after renoval of the isocyanate group, such as

t he diradi cal of g ne .di | X Anot h su abl e il i cone
cont ai ny SRIRRIERS T AR BHS GTRMTBN ARG o by o R e ls s mumber i n
the ranggnefiorkd gfo% @aloﬁcqﬁmﬁmblymm%e CERG i coRp ofnleﬁtg)' OR e .

hydr oxy-term nated pol ydi net hyl si | oxane, isophorone diisocyanate and

i socyanatmbedigiente tchasury [thet desirgbbatance oX oagﬁelrtraslsﬂmssxbﬁéy oo nmdnluﬁ ¢f isonponent s
suitablefﬁr ﬁéﬁi@thi i nvention |nt§ g dl'fcéf e Ls WO 96/ 31792
such as WEEFEHEPY AL SRPRPATHY b8 LP1% %Hw%ne Boryar %&? 8¢ é‘%‘ﬁ Frovp

dii Socyaﬂﬂt&mfuﬁaﬁdﬁfal somponehet) MMer ey Bef thpel ¢ g rioo atgdhetchetveand

pol ysacchari de groups. Another class of suitable silicone-containing
Cconponent¥NpATEN§ R dITFicebhene BaTainAl A el Oreelsherrastiva eonprmenisuch as

(R3S o0 0o, WSy e PO S 3,37, 14
pol ysi | oxaigas%niidinasoprl eaiboldirmiarts batveeh ghoat 10 aiid sbcﬁhe Quadijh diksti Ng a
hydrogen atom attached to a term pal difluoro-substi tuted carbon atom US
2002/ 001938%lIgsRls ?’Ffb‘éﬁeﬂ%‘?l&&ﬁlapfi @b%wtﬂé?m\ght "R YRANA ARt ai ni ng et her
and silo nehisnkanges and crossl i nkabl e nononmers contai ni ng pol yet her and
pol ysi | o@%% groups. Any of the foregoing polysil oxanes can al so be used
as the sili coﬁhae ©actiai mixnge coypdsosromprise hhliesst ony Bydropinlic compereneimbodi nent
of the pr(ﬁf ?or}lt to't é/ 160?1}0' coorr]npvgrqlglgte Pﬁldrop%ulllcur?loggm!crgscgn {)eh gl?y of the Lydrophilic

monomers known to be useful to make hydrogels.

One class of suitable hydrophilic monomers include acrylic- or vinyl-containing
monomers. Such hydrophilic monomers may themselves be used as crosslinking agents,
however, where hydrophilic monomers having more than one polymerizable functional
group are used, their concentration should be limited as discussed above to provide a
contact lens having the desired modulus. The term "vinyl-type" or "vinyl-containing”
monomers refer to monomers containing the vinyl grouping (-CH=CH,) and are
generally highly reactive. Such hydrophilic vinyl-containing monomers are known to
polymerize relatively easily.

"Acrylic-type" or "acrylic-containing" monomers are those monomers containing
the acrylic group: (CH,=CRCOX) wherein R is H or CH3, and X is O or N, which are
also known to polymerize readily, such as N,N-dimethyl acrylamide (DMA), 2-
hydroxyethyl methacrylate (HEMA), glycerol methacrylate, 2-hydroxyethyl
methacrylamide, polyethyleneglycol monomethacrylate, mixtures thereof and the like.

Hydrophilic vinyl-containing monomers which may be incorporated into the
silicone hydrogels of the present invention include monomers such as N-vinyl amides, N-
vinyl lactams (e.g. NVP), N-vinyl-N-methyl acetamide, N-vinyl-N-ethyl acetamide, N-
vinyl-N-ethyl formamide, N-vinyl formamide, with NVP being preferred.
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120 psi is desired, the mgjority of the mass fraction of the
silicone-contai ni ngconponents used in the lens fornulation should contain
only one wolymeaspesabl e functional group ("nonof uncti onalPCiUuS2@OE8605

contai ning conponent”). In this enbodinment, to insure the desired bal ance
of oxygen transmissibility and nmodulus it is preferred that all conponents
havi ng nore than one pol ynerizable functional group ("nultifunctional

conponent s" ke, u o..nmore than, 10 | /100 g.of the r.eactive conponents,
oo or bl e o B Bl ho T Akeh Bo OIS i thadt PLOR SR o The
sili Conoe}acﬂgﬂﬁgéhﬂzilé?ﬁ PRt oS0 ¥R ke BF ﬁé%&?nihzﬂfgﬁﬁﬁm SroHps ﬁegla@&PUt 95

()

wei ght ' in sone "enbodi ments between about and about 380 and in
ot her enhwoliafemttionbletrameeondsiong a0 andizablououlie beed ghkamplepasbdecupon al

reactive_co nents. T reactivye, m xture al so rise,.at | east one
nyar oph P BERE RSkl PRoRTREY biS! P iR SR ERERE R Thackfi T ¢
NDNOMEr SwiBBnd6r ABYe @blat BguitwietoBhad érm-mppﬁlrgegrr§uﬂ<mms isacReatestiyul to nake
hydrogel s. One class of suitabl e hydrophilic nmononmers include acrylic- or

vi nyl - cometirgivhde mbAmb msthasidie anpudrissnmethaciyimid welosideaynylhenserl ves be used
as cross S r - r ing nore

t han one&%gﬁ%%gF?%gﬁ%ém#%§%%¥gﬁgpﬂgggﬁﬁqégégﬁgéhé8?%2?@8%3%€2ﬁlration

shoul d bgollmetizabtk elsfidic $eeiss ddndddav ehd polpsthyieatepalyslahioagh lihkeing nivastiesg t he
desired nodul us, The term "vinyl-type" or "vinyl-containing" nononers refer
to nonontich a8 SHOAMARHG SHRSOFRYI gr oupi ng (- CHECH2) and are general |y

hi ahl v react ] uey sBEh A OPE b kb COREA RIS TPRATREALRRGreknOUN Lo

polynmeri ze relatively ea "Acrylic-type” acry cont al ni ng"
nonomner smanemtidsselosehonE:Ss Patonts NoniS 1901208, adrtlyd hydrgplolip oxqzGldds CRCOX)

e Rt RS e Rk e TR S G MR o, o pol yreri e
monomers will be apparent to one skilled in the art.

In one embodiment the hydrophilic comprises at least one hydrophilic monomer
such as DMA, HEMA, glycerol methacrylate, 2-hydroxyethyl methacrylamide, NVP, N-
vinyl-N-methyl acrylamide, polyethyleneglycol monomethacrylate, and combinations
thereof. In another embodiment, the hydrophilic monomers comprise at least one of
DMA, HEMA, NVP and N-vinyl-N-methyl acrylamide and mixtures thereof. In another
embodiment, the hydrophilic monomer comprises DMA.

The hydrophilic monomers may be present in a wide range of amounts, depending
upon the specific balance of properties desired. Amounts of hydrophilic monomer up to
about 50 and preferably between about 5 and about 50 weight %, based upon all reactive
components are acceptable. For example, in one embodiment lenses of the present
invention comprise a water content of at least about 25%, and in another embodiment
between about 30 and about 70%. For these embodiments, the hydrophilic monomer
may be included in amounts between about 20 and about 50 weight %.

Other components that can be present in the reaction mixture used to form the
contact lenses of this invention include wetting agents, such as those disclosed in US
6,367,929, W003/22321, W003/22322, compatibilizing components, such as those
disclosed in US2003/162,862 and US2003/2003/125,498, ultra-violet absorbing

compounds, medicinal agents, antimicrobial compounds, copolymerizable and
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hydr oxyet hyl nethacrylate (HEMA), glycerol nethacrylate, 2-hydroxyethyl

nmet hacryl am de, pol yet hyl enegl ycol nononet hacryl ate, m xtures thereof and
t he |i ke.wbidroapisBi ¢ vi nyl - cont ai ni ng nononers whi ch nmegThS20000686pHr at ed
into the silicone hydrogels of the present invention include nononers such
as N-vinyl am des, Nvinyl lactanms (e.g. NVP), N-vinyl-Nnethyl acetam de,
N-vi nyl - N-et hyl acetam de, Nvinyl- N-ethyl formam de, N-vinyl formam de,

wi th NVP bei referred. & her hydrophili.c mononers that can be oyed in
the i nvortTPON ARGy Sor s Gt aBos, 15! B ERETA s R G HETOTORY ¢ he
term nal (hRYGE 0¥k sigh QYRS fiSH 86BNt may bARSTd M3t 2@WeHP LEeRL ai ning a

pol yneri zabl e doubl e bond. Exanpl es incl'ude pol yet hyl ene gl ycol,

et hoxy!| atrebodiinkyt the raacowi thexturgn domphisxyn tatabdutbliSspite metting agesicamtinwi t h one

or nore nolar equival ents of an d-c ' roup.such as isocyanat oet hyl
met hacr y PR ST CHOBRCt Befyetn 0Py ishiPRRt v Ptk 4§01 cnior i de,

vi nyl benzoyl aRodfrhéesation cithigst rhiebe nblupEPUGE raachied Melthil eme pol yol having
one or nore term nal polynerizable ol efm c groups bonded to the

pol yet hyp@yi@eﬁiﬂt%|initihﬁowgﬁlluﬂ¢%ﬂanngmﬁés Biches l%lfebld_wewid?abmk REreFidest er |
Orr bt BOBGh S LaPna BB SR Fodi A MMRRANS. i Y¥q BOC BRSO V! Y

hydr ophi mderaxchzebwoital epporalrss, dhd phas@itiatdr systSms Padhedstasorhlatic Apll0, 277.

O her sujtable hydrophilic monomers wi]l be apparent. to one skilled in the
art. In %Yf’gOWm%ﬁk%méymwa&rﬁcpﬁoeh%ﬁ% ia@éEh%?P}"Iné%’cd%ne hydr ophi I i ¢
Tonomer Gg A5 off L YEELQlar li@lic, RRYEL HOKEF B tn

met hacry?lgﬁgl&gés P,Oﬁv@éfal\glﬁl(? I\el-me ﬁ;rrﬁ%aﬁgraéi gnkl% e,e’ pb ye%%?legneg tyfc:ol
nmononet hike. Yllatretivaadnpieshif phdiotmsatbsere dthydionyeyvddheey! mrhpldictert 2- t he

hydr ophi ] i c noponers conprise at .l east. ane of HEMA, P and

NvE oyl - RSB  BHHLD BR oS b oA AT ambod ment

the hydr @pRithy1FediPINHIEShicCHRAE ASSIBAYRY), bis(2.4,6-trimethylbenzoyl)-phenyl
phosphineoxide (Irgacure 819), 2,4,6-trimethylbenzyldiphenyl phosphine oxide and

2,4,6-trimethylbenzoyl diphenylphosphine oxide, benzoin methyl ester and a combination
of camphorquinone and ethyl 4-(N,N-dimethylamino)benzoate. Commercially available
visible light initiator systems include Irgacure 819, Irgacure 1700, Irgacure 1800,
Irgacure 819, Irgacure 1850 (all from Ciba Specialty Chemicals) and Lucirin TPO
initiator (available from BASF). Commercially available UV photoinitiators include
Darocur 1173 and Darocur 2959 (Ciba Specialty Chemicals). These and other
photoinitators which may be used are disclosed in Volume III, Photoinitiators for Free
Radical Cationic & Anionic Photopolymerization, 2™ Edition by J.V. Crivello& K.
Dietliker; edited by G. Bradley; John Wiley and Sons; New York; 1998. The initiator is
used in the reaction mixture in effective amounts to initiate photopolymerization of the
reaction mixture, e.g., from about 0.1 to about 2 parts by weight per 100 parts of reactive
monomer. Polymerization of the reaction mixture can be initiated using the appropriate
choice of heat or visible or ultraviolet light or other means depending on the
polymerization initiator used. Alternatively, initiation can be conducted without a
photoinitiator using, for example, e-beam. However, when a photoinitiator is used, the
preferred initiators are bisacylphosphine oxides, such as bis(2,4,6-trimethylbenzoyl)-

phenyl phosphine oxide (Irgacure 819®) or a combination of 1-hydroxycyclohexyl
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The hydrophilic nononmers may be present in a w de range of anmounts,
dependi ng upon the specific bal ance of properties desired. Anmounts of

hydr ophi IWo 200mees up to about 50 and preferably betweenTaisoww/o586ahd about
50 wei ght % based upon all reactive conponents are acceptable. For

exanpl e, in one enbodi nent | enses of the present invention conprise a water
content of at |east about 25% and in another enbodi nent betmeen about 30

and about, 70% For t i ments ro I|c y be
bR I SRS SRR e LSRR Gt

conpone n§misbai0) & fenbihes&fbodifhchitBe hRAFII Ao NridrizhGortm@thtibA if @M t he
contact lenses of this invention include mettlng agents, such as those

di scl osewdsibi light 6cBETI0828, profened 2dgaor isWx3AZRERRthdommpayipheiydi ng
conponent.s @uch g%(ﬁhose iscl osed in US2003/ 162, 862 and
US2003/ 2BRssPH35 0 Bt Viot et absorbing conpounds, nedicinal agents,

antim crobi al Tﬁ@fsa@mct@mpéﬁmb ¥eildoing @Bhteinacivenieat By drégthliendyemers! €l ease

agents, reactive tints, pignments, conbinations thereof and the like. The
sum of aWeiinE deats. aBepHve EeBPeRaispEhigh atcgeagistip fomn fiedsns) arcgREeénbodi ment

t he react. r % ing agent, and in
anot her {Oﬁgtﬂamlél%tl{;vﬁge?\w/e@ﬂha {S%afﬁﬂglﬂt ?CU\% r%\}\tﬁ@‘tr%\//\/et ting agent. A
pol yreri zat i ol @ateadbosimdray dh)laemtnchmleﬂvmlg atﬂ@@rft@@@tﬂc@lﬁtlﬂ@ﬁzw e. The
pol yneri zation initiators includes conpounds, such as | auryl peroxide,

benzoyl YeYIRIUEC nPRBEIEFYPPYEER Bt €V CaD B BIS Pfsrsmnoyrcﬁﬂﬁhflpm é9%nd t he
like, thaty apORrRiizt &I%E%Jlﬂﬁg%ﬂh% oﬁﬁleﬁ@% If'%t %s%g@lln@ rﬁ{gﬁqs LaRenghynes. and

phot oi nitiator systens s s aromati c a roxy ketones,
al koxyoxydbeitityi mamaereﬁpphmmuaﬁsemlaﬁiympﬂn@,sthhﬁps lossi th@sabolnit $(aa,<a3ntiphosphi ne
oxi des rtiary amne plus a di ketone, m xturgs t hereaof and the

li ke. ||Pl@gqr%t&¥ & thap 2hotds %’Ftablﬁdit‘]&Flﬁﬁ preApEhe divekosed iy HP e Ng/cl ohexy!
phenyl k@(;/g 98%n Iﬂ}sd(gg?({z; 4 -methyl - 1-phenyl - propan- 1-one,

bi s(2, 6-di ne oxy enzo 2,4-4- trinethyl pentyl phosphine oxide (DVBAPO),
bis(2,4,6-tr | Qrisieg ol sunabid c)ﬂqeh‘emydlude, without limitation, alcohols having 2 to 20
carbons, amides having 10 to 20 carbon atoms derived from primary amines, ethers,
polyethers, ketones having 3 to 10 carbon atoms, and carboxylic acids having 8 to 20
carbon atoms. For all solvents, as the number of carbons increase, the number of polar
moieties may also be increased to provide the desired level of water miscibility. In some
embodiments, primary and tertiary alcohols are preferred. Preferred classes include
alcohols having 4 to 20 carbons and carboxylic acids having 10 to 20 carbon atoms.
In one embodiment the diluents are selected from 1,2-octanediol, t-amyl alcohol,
3-methyl-3-pentanol, decanoic acid, 3,7-dimethyl-3-octanol, tripropylene methyl ether
(TPME), butoxy cthyl acetate, mixtures thereof and the like.
In one embodiment the diluents are selected from diluents that have some degree
of solubility in water. In some embodiments at least about three percent of the diluent is
miscible water. Examples of water soluble diluents include 1-octanol, 1-pentanol, 1-
hexanol, 2-hexanol, 2-octanol, 3-methyl-3-pentanol, 2-pentanol, t-amyl alcohol, terz-
butanol, 2-butanol, 1-butanol, 2-methyl-2-pentanol, 2-ethyl-1-butanol, ethanol, 3,3-
dimethyl-2-butanol, decanoic acid, octanoic acid, dodecanoic acid, 1-ethoxy-2- propanol,
1-tert-butoxy-2-propanol, EH-5 (commercially available from Ethox Chemicals), 2,3,6,7-
tetrahydroxy-2,3,6,7-tetramethyl octane, 9-(1-methylethyl)-2,5,8,10,13,16-
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phosphi neoxi de (Irgacure 819), 2,4,6-trinethyl benzyl di phenyl phosphine

oxi de and 2,4, 6-trinet hyl benzoyl dlphenylphosphlne oxi de, benzoi n nethyl
ester andwe 20twbbesati on of canphor qui none and et hyl PCT/US2009/058605

4- (N, N-di met hyl am no) benzoate. Commercially avail able visible |ight
initiator systens include Irgacure 819, Irgacure 1700, Irgacure 1800,

| rgacure 819, Irgacure 1850 (all from Ciba Specialty Chenicals) and Lucirin

TPO initj ator |Iable ro, rcia vai | ab

ohot of ni FEEP PR ae- BaS ol Ry ey Dot edic g aa Erbesiberd ¢ y

Chem cal g jikdhese and ot her photoinitators mhlch may be used are disclosed
in Volunme Ill, Photoinitiators for Free Radical Cationic & Anionic

Phot opol ymer i Tt feaetjveaniktiEd of t@mr@yn@n%nt@nim@d beoired vibany ke ; edi t ed by
G Bradle n W.ley and initiator used in
Che. r cactiobrnnpar e e Bre BT ROuDS n TR Eo oMok of FifaltBimoe S Byl 1 Sat s on
of the rgagdab@il &P cRastehgd . SpiddadifgamembdPard dls@lo@éwiﬁtUg patits by wei ght
per 100 parts of reactive nmonomer. Iyner|zat|on of the reaction mxture

can be i NPt 3xtWdt239mdg, GRS 4appidoyiiticaesinespbedsrre Hisslosest inJiy §i Batentor
ul travi 0#18& 41 1%*52'4%d%1@%r26%‘3i‘1?8ned QHNAG AR c%g Hg{;}%g?fhﬁ&%&?m i ti ator

used. erna y, 1hi'tiation ca e conducte nltlator
using, far fexantyethe err&&&llmldllrﬂgwé\‘&&rsﬂlddﬁehy@rog&l@t\xbhlﬁlil tsi @bmmcsl uskd, the
preferred initiators are blsac hosphi.ne oxi des, such

el

bi s( 2, 4, B1ables percrgicnBRoIRNEs the Sahshapp b iy reteddrare WF@&E@F@%@QU)) or a
conbi nat } a0 c91hm1]xhgr¥%’ﬁé?/e)dQM%lrﬂﬁﬁ)ﬁwlﬁgﬁy%ha g3 € ke

1 ired silicon.
bi s(2, 6- 5 nmet hoxybenzoy 2,4-4-tr1 nty ospﬁlne OX|§e ( DMBAPO)
and i n amgtrbgal, ienbatirsentled palymet, hod tlwfremioymmvctu_zatﬂ sobjectad to edriddoniss vi a

visible | ctivation. A preferred.init tor S . :

bi o(2. 4, BhEEby AR BT BHEngT ISR HE SRobE ih USCPO e ) . The
reactlveﬂﬁgggp@@qﬁﬁl&ﬁh%agﬁﬂgmconta|nlng conponent, hydrophilic nononers,
wetting agents, and other conponents which are reacted to formthe |ens)

are mxed t ogéfthmurmgtth@kenw&shbm:tevlntcn proactian g Tewne unigagtod pempenontsact i on

m xture. and release the lens from the lens mold. The extraction may be done using conventional

extraction fluids, such organic solvents, such as alcohols or may be extracted using
aqueous solutions.

Aqueous solutions are solutions which comprise water. In one embodiment the
aqueous solutions of the present invention comprise at least about 30 % water, in some
embodiments at least about 50% water, in some embodiments at least about 70% water
and in others at least about 90 weight% water. Aqueous solutions may also include
additional water soluble components such as release agents, wetting agents, slip agents,
pharmaceutical and nutraceutical components, combinations thereof and the like.
Release agents are compounds or mixtures of compounds which, when combined with
water, decrease the time required to release a contact lens from a mold, as compared to
the time required to release such a lens using an aqueous solution that does not comprise
the release agent. In one embodiment the aqueous solutions comprise less than about 10
weight %, and in others less than about 5 weight % organic solvents such as isopropyl
alcohol, and in another embodiment are free from organic solvents. In these
embodiments the aqueous solutions do not require special handling, such as purification,

recycling or special disposal procedures.
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In one enbodi nent a diluent is used having a polarity sufficiently lowto
sol ubilize the non-polar conponents in the reactive m xture at reaction
conditi o8O 20038y t 0 characterize the polarity of thePdiriusermwsssshst he
present invention is via the Hansen solubility paraneter, dp. In certain
enbodi nents, the dp is | ess than about 10, and preferably |ess than about
6. Suitable diluents are further disclosed in US Ser. No 60/452898 and US

6, 020, 445. d asses of tabl e dil uents include, out limtation,
al cohol s havi ﬁwgva@%el@ %a&eﬁfangx fragfon el %ﬁfﬁ@pli%ﬁleﬁo%é@xa@% 3 at oms

derived fiQ8Rh RN cATINASquESR’bRitioR 8t é’ﬁio@ﬁ[gsthe ke enegoRdyhRdqiob® 10
carbon atons, and carboxylic acids having 8 20 carbon atons. For all

sol vent ssolaton:, Ha vatetsembsidinerth ertadtivorceasko 1mdiedmlfmt§aeampl‘e pmfl <a‘rm¢m| et | es

may alsofbglncr ased to rowdtethgk} asw d'@ ﬁ]» sI;F. In
sone emb® e%‘ﬂeﬂﬁsriﬁ’?%k?&l PEFTRANY RGNS OErQCE?P%P% eéﬁve Bt ef erred
cl asses tnakeisig 1@&&%@&@s@@1ﬁmﬁ tdta 1@ cPAfGEARRAH Sa b del6ak RO [bss; aci ds havi ng
10 to 20 carbon atons. |n one enmbodi ment the diluents are sel ected from

1, 2- oct ameehapical e ulfrgong agafben oBthedansandgneasperaies at least apoicactnail an
3, 7-di ”%Q%' e%ug%lﬁﬁ% to 4fewar %@%41&{%??(% 1{1‘!&% a8écfﬁ§{e r%@@o’fuﬁﬁéé’%é{ et hyl

acet at e, ures thereo one ment I'luents are

sel ect edccfﬂilﬁﬁﬂedﬂslfﬂﬁmﬂ& léﬂsatrhlaavlegsmgmaﬂrag:r@ﬁd@d‘tecsmlhahjhl dricgnfiuongt er. | n
sonme enbodi nents at | east about thrfe percent of the diluent is mscible
wat er . ERBRPPESs Wi aptileusHe aatision Pl beahtagitpti) Qfckoth- oct anol , 1- pent anol, 1-

hexanol ,  2- he%@rﬁ@ Em]bgdlgféhérbgh als81 ﬁ@tﬁ)&ythe éﬁ)}ﬁﬁ%{l@t{'%}}yglcgﬁ%tﬁﬂ&{ t-anyl

al cohol, t ert but ano ut ano ut anol", tano
2-et hyI - fachudtahvakh amt tehnsd., F@, @amdlen&tehws-rﬁelblplaam@hvhlaiheaclammscadhﬂedi,
octanoi ¢ aci d,.. do ecan0| acid, | -et - 2- _propanol , )

P are, e b eE 2T &R0t putnd it i P DR Sisohyion @i
Chem cal shbodm3nt@ nfay ih@LASRYAEMNY wdved thibugh HRtdqasRERYlutiest ane,  9- (|
-methylethyl)-2,5 g 10, 13, 16- hexaoxahept adecane, 3,5,7,9,1

1, 13- hexanet hElstqse land ethensisvlanplocessecanrnsevithan aeskpiahle means of releasing

the lens.

As used herein, “released from a mold” means that a lens is either completely
separated from the mold, or is only loosely attached so that it can be removed with mild
agitation or pushed off with a swab. In the process of the present invention the
conditions used include temperature less than 99°C for less than about 1 hour.

The lenses may be sterilized by known means such as, but not limited to
autoclaving.

In addition to displaying desirable stability, the lenses of the present invention
also display compatibility with the components of human tears.

Human tears are complex and contain a mixture of proteins, lipids and other
components which help to keep the eye lubricated. Examples of lipids classes include
wax ester, cholesterolesters and cholesterol. Examples of proteins which are found in
human tears include lactoferrin, lysozyme, lipocalin, serum albumin, secretory
immunoglobulin A. Lipocalin is a lipid binding protein. The amount of lipocalin uptake
to a contact lens has been negatively correlated to lens wettability (as measured via
contact angle, such as via sessile drop), the propensity of lenses to uptake lipids from the

tear film and consequently deposits on the front surface of the lens. Lenses which uptake
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the like. The reactive m xture of the present invention nmay be cured via
any known process for nolding the reaction mxture in the production of
cont act |Iwo=2en/03p656| udi ng spi ncasting and static casti n@CTES2000as860Hg
met hods are disclosed in U S. Patents Nos. 3,408, 429 and 3, 660, 545, and
static casting nethods are disclosed in U S. Patents Nos. 4,1 13,224 and
4,197,266. In one enbodiment, the contact |enses of this invention are

formed by the direct Id| f the I|cone h els, which is
L oomon: ot RSeiS oL Riton R i BheBike fiible) 1S 0Rs o heliPRRLET uP et he
hydr at ec’m'v@tﬂ%n FRrersBy §ptme5 ReGhat b)teou&@ 1ifRaliH PbMrE2 in%/rﬁl' AsRlid n a nold

havi ng the shape of the final desired silicone hydrogel, . water-swol | en
pol ymer, a&wunmh@rﬁéammsanmthmuﬁéSNé subjected to condltlons wher eby t he
nononers poly rlze t he aF%VOXIﬂBte shape

R e TR B e D R e e g SR AR AT I

extracti D?‘soﬁzﬂmé m&mm&%ﬁ%@m&n@ PRI S t@'tg'e ghiaaRclchel ihRRtod.r P t he
| ens nol d e extraction may be done using conventional extraction fl uids,

such or gtRPEt 9bINperEe théwswlaéﬁscfﬂﬁbwn@@rcwély ayailable eaadacs Engesi gichqueous
sol ut | On%ﬁ(eatﬁﬂﬂ&%%ﬁl QMY | h?%?gr%ﬁ% tc? éo@’}ﬁlc%{gka;}ﬁ 1%9@8 18 A“’é‘én%ct In one

enbodi ne € aqueous so ons o |nven I'on conprise at | east
about 30lei%(sMt@nmeﬂcmllsmlz&ﬂré)ﬁdmmehﬁ@na& Jd;hmsﬁ V&iSb@IUCaﬁQ%CV)@hédfr,thdt n some
enbodi nent. s _at Est about 70% water a g%ln others at | east about 90

wei ght%«%&EJe\FUEAa A§HEVYEYE brandrmemeay Frldlson Acqontast leaesstrsniseat er sol ubl e
Cowponen&oﬁnagﬁmggﬁwaﬁdb?@ﬁﬁ ggéps a}a\@h{sgﬁgge&% ¢ I8ER aBOGN Sven

pharnaceutlc nut r aceut | compon I nations t ereo% and t he
| i ke. Retagasd angeoft soraae laenpjhus)dentact lenses wheh @tak@(sn’pmmrdklemblis ofi, when

](c: ?m geglél\lgm(azty?lgs\,\g% gﬁ%@ﬁ@ﬁ riﬁlgﬁeenstesh of t‘hle gFesénec Illjxliern(talgn El}c))tai;e atﬁgéss? abou%g tp%?t ens
100 pg, 200 pg, 500 pg of lysozyme and in some embodiments at least about 800ug
lysozyme, all from a 2 mg/ml solution over 72 hours incubation at 35°C.

In addition to lysozyme, lactoferrin is another important cationic protein in the
tears, mainly by the virtue of its anti-bacterial and anti-inflammatory properties. Upon
wear, contact lenses uptake various amounts of lactoferrin, depending upon their polymer
composition (for non-surface modified lenses) and the composition and integrity of the
surface coating (for surface modified contact lenses). In one embodiment of the present
invention, lenses uptake at least about 5 pug, and in some embodiments, at least about 10
micrograms lactoferrin following overnight soaking of the lenses in 2 mls of a 2 mg/ml
lactoferrin solution. The lactoferrin solution contains lactoferrin from human milk
(Sigma L-0520) solubilized at a concentration of 2 mg/ml in phosphate saline buffer.
Lenses are incubated in 2 ml of the lactoferrin solution per lens for 72 hours at 35°C,
using the procedure described below for lipocalin and lysozyme.

The form of the proteins in, on and associated with the lens is also important.
Denatured proteins are believed to contribute to corneal inflammatory events and wearer
discomfort. Environmental factors such as pH, ocular surface temperature, wear time and
closed eye wear are believed to contribute to the denaturation of proteins. However,
lenses of different compositions can display markedly different protein uptake and

denaturation profiles. In one embodiment of the present invention, a majority of the
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the tine required to rel ease such a | ens using an agueous sol ution that

does not conprise the release agent. In one enbodi nent the agueous

sol uti onswoanwi3se&3l ess t han about 10 wei ght % and in ®@Charss00ass0% han

about 5 weight % organi c solvents such as isopropyl alcohol, and in another

enbodi nent are free fromorganic solvents. In these enbodi nents the aqueous

solutions do not require special handling, such as purification, recycling
racti on can be

or speci al disposal procedures.|n various enbodi nents, ex

accompl i RIS oRca BT Ens<pioh tianErel BB G A LHEHHTARE AUSI0E S0l ut i on
or exposiithoN&r! ENSthtLebddiRBhi9ht REst ABMRSBS,, 3PlcHitiaBBut 70hn¥ak 1@kS

enbodi nents,” extraction can al so include, for exanple, one or nore of:

heati ng atvat 8¢fveduptaken protasms ars g ranregn niteveadige ddibows) Lidéysrand dnangasi ng t he
| evel oftr?ueqf%4aid in the aqueous solution to a | evel sufficient to cause
rel ease Of "THEGENE! PHE¥hani cal or ultrasonic agitation of the lens; and

i ncor por at i NgInAdnel c@@ldirRER theedhthalint deRidehiof e peus: iBRntibh @Rotuptake | evel
sufficient to facilitate adequate renpval unr eact ed conponents fromthe

(6]
| ens. Thisss GregenuigOtmin seancanlpdimerss {ass Bupehowrl 0¢omnd Huether processes, with

i th g o ' di :
ol so i no et R Bbul B ron Rl AR AR PRI RSt o 1 each and
r el ease. hfydoxexaipkaiumhé buepenpipdnipar trichlorids) CRQa”’) fema ahophdibenied, can be

vi br at ed ?r,caused,to nove back and forth within an aqueous sol ution. QO her
enbodi metleianespnfareing 04 MtraR@hk ¢ waves through the aqueous sol ution

These and ot hef. | REndYOGRPRERAMARE QHLARCAT RSERAL BRbEnITEADS Of

rel easing the | ens. ereln, eased froma notd” neans that a
| ens i s alditertochaploatiebytakeparatactits desctibel nonéid, [roond emlornlimentabsel y

e WL T ool TR G 0o AL B BB i @
t enper at gicgrel @98 abb\A 0 29 Qehdr@inbo8ffentd@0ateP@bh aBod?88%and in still other

embodiments at least about 100. In some embodiments the lenses have tensile moduli

less than about 100 psi.

It will be appreciated that all of the tests specified herein have a certain amount of
inherent test error. Accordingly, results reported herein are not to be taken as absolute
numbers, but numerical ranges based upon the precision of the particular test.

Modulus (tensile modulus) is measured by using the crosshead of a constant rate
of movement type tensile testing machine equipped with a load cell that is lowered to the
initial gauge height. A suitable testing machine includes an Instron model 1122. A dog-
bone shaped sample from a -1.00 power lens having a 0.522 inch length, 0.276 inch “ear”
width and 0.213 inch “neck” width is loaded into the grips and elongated at a constant
rate of strain of 2 in/min. until it breaks. The initial gauge length of the sample (Lo) and
sample length at break (Lf) are measured. At least five specimens of each composition
are measured and the average is reported. Tensile modulus is measured at the initial
linear portion of the stress/strain curve.

Percent elongation is = [(Lf — Lo)/Lo]x 100.

Diameter may be measured using the modulation image generated from a Mach-

Zchnder interferometer with the lenses submersed in saline solution and mounted
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The | enses may be sterilized by known neans such as, but not limted to
autoclaving. In addition to displaying desirable stability, the | enses of

t he presewbd 20mvBmdsBon al so di splay conpatibility wth tReTas2@onsssdS of
human tears. Human tears are conplex and contain a m xture of proteins,

| i pids and ot her conmponents which help to keep the eye |ubricated. Exanples
of lipids classes include wax ester, chol esterol esters and chol esterol.

Exanpl es of protging which are fo i n_human.t I nc ctoferrin,

Iy opymeconer Bk GNPl AP BEY 1 G Bheb e 5 BiBocal | n
s a i pid iR BF 9 BlifluteT RELIIDUAL fort hRAGALKA WPt ake to a cont act

| ens has been negatively correlated to lens wettability (as neasured via
cont act angl eWasurchntast is inecasiesd ad lldwep)The tdneespp bp esssidtaye aflowahead it o
uptake lipids fromthe tear fil d consequent|ly deposits .on the.front

i f ace B0l Eife Tor dh BB whedio SIESIRS! 10 FEVEhe Sl GOt 1o i

t her ef or gigles sFRt Gppddsvtean@PRRdl BB Blot@hg HiRs WSSa c bBMEMhRRAcd t he | enses
upt ake | ess than about 3 ng lipocalin froma 2 ng/m |ipocalin solution

over 72 wohmpsckingsdatiororBeth s@lEs of the yene aymeonitastaglenigh ticlwippr Bsisgt i n hunan
tears in_substantjal, concentrations.,Lysozy i s . bacteriolytic and. believed
o pr ot cBteere By o ET PSR i T RiehmimB e o a1 b Tor 1Ny me

whi ch assegilal£8 pWiphftd aaaWRIgealak YbAxaThaphe abPRhagtard ®BiBASd Whakd afedr eat | y
fromonly a few mcrograns to over 800 m crograns for etafilcon A contact

| enses (@shtheprsragd iy tha/ et wBB. f r om Johnson & Johnson Vision Care, Inc.

under the A0 ARYIMEZRLANS.IAI5S) e SUADELSANNA GRILAGHC enses have

been conmercially or na s an sone of the | owest

adver se @WRAthat B¢@Spreficatidito 507C fsrBOta@titck eWacuubh bSapplighti@dtat lagies whi ch
upt ake substantial |evels of |ysozynme are desirable. The | enses of the
present inghestg srattapeak dhavaquaistalybangpusm #rg turnedoiignd sigdersgs a%00 g of

lysozy nedt"fl&fjfo;r Bout R0Ers© rﬁ)lg %h&% LR olke%%ﬁ tan("ilﬁl%%tveg QSOEnged reach
atmospheric pressure. The pans are removed and weighed. The water content is

calculated as follows:

Wet weight = combined wet weight of pan and lenses — weight of weighing pan
Dry weight = combined dry weight of pan and lens — weight of weighing pan
% water content = (wet weight — dry weight) x 100

wet weight

The average and standard deviation of the water content are calculated for the
samples are reported.

Lysozyme and lipocalin uptake were measured out using the following solutions
and method.

The lysozyme solution contained lysozyme from chicken egg white (Sigma,
L7651) solubilized at a concentration of 2 mg/ml in phosphate saline buffer
supplemented by Sodium bicarbonate at 1.37g/l and D-Glucose at 0.1 g/l.

The lipocalin solution contained B Lactoglobulin (Lipocalin) from bovine milk
(Sigma, L.3908) solubilized at a concentration of 2 mg/ml in phosphate saline buffer
supplemented by Sodium bicarbonate at 1.37g/l and D-Glucose at 0.1 g/1.

Three lenses for each example were tested using each protein solution, and three

were tested using PBS as a control solution. The test lenses were blotted on sterile gauze
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| ysozyme, all froma 2 ng/m solution over 72 hours incubation at 35 C. In
addition to |lysozyne, lactoferrin is another inportant cationic protein in
t he tearsworraimi3gesBy the virtue of its anti-bacterial amdTarskéoviosfebmmrat ory
properties. Upon wear, contact |enses uptake various anmounts of

| actof errin, dependi ng upon their polyner conposition (for non-surface
nodi fi ed | enses) and the conposition and integrity of the surface coating
(for surface nodified contact enbadi t of .the esent

| en: o one .
T oent | ol SR Bkt sobdobang asSTRER) fnsheriy: v SmaseedofareitogiRns o at

| east abauoHQeTLARRERATE (bASKA Rirkidh) Lok OV BhiAHRE @hbF 5ARKIRO of the
g

lenses in 2 ms of a actoferrin solution. he |lactfoférrin solution

cont ai nssdletenofléach ilensfwas dultyuimemensed k thSkelniorl. - DR 0F the dy Wiy ing seldtion a
concentrati OIH of. 2 rT‘%mt iq pho€ th]%te sal i ne buffer. Lenses are incubated
in 2 m BF PREG IR b IO SSPRRF 35 Y948 f or 72 hours at 35C, using t he
procedure desThé plas bent@iideahe ldndQCAUItRe @itrol YRAZ YORainIt ol broteh t he
proteins in, on and associated with the lens 1s also inportant. Denatured

pr ot ei nsscdyteongdithy legsasdn ehsritBS. prare persfiberdiearevcnt ¢anmiation ynevent s and
ypear er daalg, &fﬁ%ﬁtpl%élém‘é'ngogﬁ%ﬁhagsgﬁfe‘%taﬁa %na}t%{%d%g éﬁéé \\;ggﬁqggt%ﬁ&%tf 1¥pe

t enper at ur wear clos eye wear are contribute to
t he denatpui &fri7@moofs. prfadreha'® hdipweu@htion wupdshofensbisteee entedomwfosingd ons can
di splay markedly different (l%r otei n uptake and denaturation profiles. In one

enbodi meRX JBPIEHENSHY BERHICS (3Y neraihYiae GoRfagYRg JPRSPXIMIRlY SPQMh¥olptaken by
the | ensgspd ’m@leﬁgeegsvgé%gl !&welta g%g{)@}rtswangr RER &by ﬁéser?&Ednv dform

during wear. In ot i men | east about 50% at [east about 70 and
at | east traiybarted80%0 sodrilel phrake tules 01 Einp peanbe)acth tereaiontanat v eohficssf 24

nours, SpEYS ARl %Gbne, Ll endes ear, PeClod. L1 e prbad ot the
2%, ST T 8t el oy i AR o
within the albumin standards range as described by the manufacturer (0.05 micogram to
30 micrograms). Samples known to uptake a level of lysozyme lower than 100 ug per
lens were diluted 5 times. Samples known to uptake levels of lysozyme higher than 500
ug per lens (such as etafilcon A lenses) are diluted 20 times.

1 ml aliquot of PBS was used for samples 9, CE2 and the balafilcon lenses, and
20ml for etafilcon A lens. Each control lens was identically processed, except that the
well plates contained PBS instead of either lysozyme or lipocalin solution.

Lysozyme and Lipocalin uptake was determined using on-lens bicinchoninic acid
method using QP-BCA kit ( Sigma, QP-BCA) following the procedure described by the
manufacturer (the standards prep is described in the kit) and is calculated by subtracting
the optical density measured on PBS soaked lenses ( background) from the optical
density determined on lenses soaked in lysozyme solution.

Optical density was measured using a Synergyll Micro-plate reader capable for
reading optical density at 562nm.

Lysozyme activity was measured using the solution and incubation procedure
described above for lysozyme uptake.

After the incubation period the lenses were rinsed 3 to 5 times by dipping lenses

into three (3) separate vials containing approximately 200 ml volume of PBS. The lenses
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hydr oxyet hyl ) azani unyl] but-2-enyl]azaniumtrichloride) ("PQ") froman
ophthal m c solution containing 0.001 wt% PQ ). The | enses of the present

i nvent i orwbavw/m9esanber of desirable properties in addi PCoUSt@90bs0Hr ot ei n
upt ake characteristics described herein. In one enbodi nent the | enses have
an oxygen perneability greater than about 50 and in other enbodi nent
greater than about 60, in other enbodi nents greater than about 80 and in

still other enbodi nents at | east about 1 I n sone, enbadi nents the | enses
PEve t onSEICOTMRALAT & PESE RhveL i SBIE Sie° PES SORHORAT] CHRTRIBE: SERE: ( ot

all of thewbR3ts ARREplkRFoNERB! PorlRYB cBelt&ntAhilg 2MRUHexRhctidANBeBh t est
error. Accordingly, results reported herein are not to be taken as absol ute

nunber s, canpospdinks &40 nmiag < Yhasedluapesctichrsidamlzicsioonrilsf(TFAEARAN t i cul ar
test. Mduyl us (ensile nmodul ys) i.s measured by usi e crosshead of a
const ant U S Eeh o TR Ppi R oS SRR BB M P PERRE W ¢ b a1 o
cel | thaknﬁﬁﬁﬁﬁﬁered to the initial gauge height. A suitable testing
machi ne i ncludes an Instron nodel 1122. A dogbone shaped sanple froma
-1.00 power | Brardblitheylysogynspoontrel splytegigves dibitazie thoexrackan bukfgrde s and
0.213 ingh " " WLdtho sl j ' t a
const ant s SFGfogttdiblls bin yPREF N Bhic<dyBEh S o808 SLATAM SR O 1o
| engt h ofnalyred s Aopthe ekdopleaodihs prgste dppligition alic dxpeatkd (ysbzynas € neasured. At
| east five specjnens of each co os“%ion are neasured,?nd t he average is

r epor t edonpeMEtoas wstiul g0 Wongdlapage sontitsolutipn wgre difyiehio theit i on of t he
stress/s I i IStz = i anet er
may be n%ggﬁgg Mgg%ﬁbﬁ?ﬁgﬁﬁ%ﬁﬁpgpgﬁﬁa?ﬁgggmgg%%%%Fégﬁ%&éﬁ%ﬁ?i@gaf@%ehnder

i nt er f er bomtbeth thictldnsthand tho sesrdubmerssged fordgdazpme sotiuty wngand

o e OGN LRSS, 00 D B, SHEL] Bt AL SeseLoR 0 e o
bef ore npasyh&URAL -

The EnzChek kit is a fluorescence based assay to measure levels of lysozyme
activity in solution down to 20U/ml. The test measures lysozyme activity on Micrococcus
Lysodeikticus cell walls, which are labelled in such a degree that the fluorescence is
quenched. Lysozyme action relieves this quenching, yielding an increase in fluorescence
that is proportional to lysozyme activity. The fluorescence increase is measured using a
fluorescence microplate reader that can detect fluorescein using excitation /emission
weivelenghs of 494/518nm. A Synergy HT microplate reader was used in the examples
of the present application.

The assay is based on the preparation of lysozyme standard curve using the same
lysozyme incubated with the lenses or as a control. Lysozyme activity is expressed in
fluorescence units and plotted against lysozyme concentrations expressed in Units/ml.
Activity of lysozyme extracted from the lenses as well as lysozyme control was
measured and converted using standard curve to an activity expressed in units per ml.

The percentage of active or native lysozyme is determined by comparing
lysozyme activity on lenses to that in the control solution and is calculated following the
formula below:

% of active or native lysozyme on lens = Lysozyme (unit/ml) extracted from the

lens X100/Lysozyme (unit per ml) obtained from control.
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Water content is neasured as follows. The lenses to be tested are all owed
to sit in packing solution for 24 hours. Each of three test lens are
renmoved fwornpashisag sol uti on using a sponge tipped swalpCarus2@asssds on
blotting wi pes which have been danpened with packing solution. Both sides
of the lens are contacted with the w pe. Using tweezers, the test lens are
pl aced in a meighing pan and meighed The two nore sets of sanples are

prepared and as above. an d es are ighed three times
e he anor obE DB B NG IBRE. AR R R R R TR ety G aci e
the sanplignRapQil @ol%thr?sC;SHéﬁAr@d’ﬁ&blﬂ?th‘é%ﬁ@@ng%gﬂceﬁfr%&ﬁt eds 1608 6@0ndf or 30

m nutes. Vacuumis applied until least 0.4 inches Hg is atfained. The
vacuum vl ve'mdndlpuepwercelaogd ngd pofybrapytene lventhetriswsscaag withidired of or  f our

or essur cONTHE oo ) G BUEAS Aot OreR " he® P B SRE M ENRRT Cor et el

as fol | owsconyen cw@ﬂr@héns—cag@r@bhﬂa dg/@hﬂy@@hmoﬁfbm@a condct IeRSREs alscWel ght of
wei ghi ng pan Dr = conbi ne dry wei ght of pan and |ens - agt of

wei ghi ngpPisa#cds i)a @rnsqwﬁti@ﬂmrd spl»@pnwp@r@tﬂoweéwm rgﬁm)tempq_r@mrm7 i ght
The a"erﬁcﬁ{%s ai‘ﬂﬂ%ﬁf@‘&lﬁ’ﬁérﬁwgﬁ’eh?o%a’ﬁoﬁf th%f ﬁﬁl Fe?’él{n?g&nt?oﬁ?a&%&‘éhat ed for
t he sanpl es are repor e anda OoCa R Wer e measured out
usi ng theltﬁcﬁhﬂlmmnsaéldt(l(ops) anlcb mtﬁ@dwasﬂaﬁdlhqtabm@HBDCmnm aedat ai ned

| ysozyme from chi cken i‘e'r?‘? white (Si gma L7651) solubilized at a

concent r Brangmeaex bunaf4{4.6 mmp K IsHAaP a8 RRITIRkS SWP flpma app thaieHpwingby Sodi um
bi car bonggn%ltiaotnsl 379/l and D-d ucose at 0.1 g/1.

Instrument: Agilent 1200 HPLC or equivalent with Sedere Sedex 85 ELSD

Sedex 85 ELSD: T = 60°C, Gain = 10, Pressure = 3.4 bar, Filter = 1s
Mobile Phase A: H,0 (0.1% TFA)

Mobile Phase B: Acetonitrile (0.1% TFA)

Column Temperature: 40 °C

Injection Volume: 100 puL

Table I. HPLC Conditions.

Time (minutes) | %A | %B | Flow Rate (mL/min)
0.00 100 ] O 1.2
1.00 100 | O 1.2
5.00 5 100 1.2
8.50 5 1100 1.2
8.60 100 | O 1.2
11.00 100 ] O 1.2

Three lenses were run for each analysis, and the results were averaged.

Oxygen permeability (Dk) was determined by the polarographic method generally
described in ISO 9913-1: 1996(E), but with the following variations. The measurement
is conducted at an environment containing 2.1% oxygen. This environment is created by
equipping the test chamber with nitrogen and air inputs set at the appropriate ratio, for
example 1800 ml/min of nitrogen and 200 ml/min of air. The t/Dk is calculated using the
adjusted oxygen concentration. Borate buffered saline was used. The dark current was

measured by using a pure humidified nitrogen environment instead of applying MMA
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The lipocalin solution contained B Lactoglobulin (Lipocalin) from bovine
mlk (Sigma, L3908) solubilized at a concentration of 2 ng/m in phosphate
sal i ne buvbepip@Benent ed by Sodi um bi carbonate at 1. 3Pgriusasd/oE36® ucose
at 0.1 g/1. Three lenses for each exanple were tested using each protein
solution, and three were tested using PBS as a control solution. The test

| enses were blotted on sterile gauzeto renove packing solution and

aseptically transferred, usjn erile forceps, into sterile, 24 |1 cel
ul tur e liSked e GH8eT Siie nBbbiofef bSToBBrENS. EOUSIR N2 RS ozy e
sol uti onef EaEIchRESf Warsede thckdess MABISRM desdr RWis 994 diini ke of alat &inséhe

| ysozyme sol ution was placed in a well without a contact lens as a control.
The pl at ke wowltiag Bkngluche réponisé s bartkrs.he control pl ates containing only
protein sol utipn and tpe Ientes.in.thetPBS per e arnglned totprevent
evaporation anda&RYEPISt QRO IHML thedmyAtigna A hEY B AT AnE RN &Y SUERSS 4 c ubat ed at
35 C, Wi fnbtha@giof piacAfin@theli@Pertidm) MabseAdoRdetpBabloit &intddh@nded ARawdll dsncubat i on
period the | enses were rinsed 3 to times by dipping |lenses into three (3)

5
separ at eoifipraipsciakbies gianifng olss mestharkitod Piactiong %he ipyeniion. dfowese. theke | enses
wer e bIoﬁ&ﬁgdgge%egﬁgfﬁgégwﬁkﬁgﬁaﬁgggéfmﬁﬁgg%ﬁmﬁBS solution and transferred

into sterirle conica each tube containing a

vol une of PBS determ ned based upon an estinate of |ysozynme uptake expected
based upon on each |l ens conposition. The |ysozyne concentration in each
tube to peyhgsi ed needs to be within the albumn standards range as

descri bed by the manufacturer (0.05 mcogramto 30 m crograns). Sanples
known toThmﬁéM@ma;ﬂév@hmﬁmsBy@n@@hEmb@ﬁEnpkhbﬂOWOO my per lens were diluted

5 tines.,Sanples kpown to uptake |evel f lysoz igher .than 500 ng per
ens. (SUMROREE; af VLR RIS Gr bl MlriPSB P M Thol ARerBR oF Pes
was usedp&@&aﬁ@MﬁﬂEgmﬁbkgQEﬁTﬁpQO@hQOQﬁD&LAICon | enses, and 20nm for etaf

| con A lens. Each control |ens was identically processed, except that the

vel | pl at@HNBnt ai bisd-mREoKrthydepxypropiytorapropykradydimetylsiopseal i n sol uti on.
(MW 2000, acrylated polydimethylsiloxane) from Degussa

Blue HEMA the reaction product of Reactive Blue 4 and HEMA, as described in
Example 4 of U.S. Pat. no. 5,944,853

CGI 819 bis(2,4,6-trimethylbenzoyl)-phenylphosphineoxide

CGI 1850 1:1 (wgt) blend of 1-hydroxycyclohexyl phenyl ketone and bis(2,6-
dimethoxybenzoyl)-2,4-4-trimethylpentyl phosphine oxide

D30 3,7-dimethyl-3-octanol

DMA N,N-dimethylacrylamide

EGDMA cthyleneglycol dimethacrylate

HEMA 2-hydroxyethyl methacrylate

MAA methacrylic acid

mPDMS monomethacryloxypropyl terminated mono-n-butyl terminated

polydimethylsiloxane, manufactured by Gelest, molecular weight
specified in the Examples
Norbloc 2-(2’-hydroxy-5-methacrylyloxyethylphenyl)-2H-benzotriazole
mPDMS-OH mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated, mono-
butyl terminated polydimethylsiloxane, made according to Example 8,

molecular weight 612
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Lysozyme and Lipocalin uptake was determ ned using on-lens bicinchoninic
acid nethod using QP-BCA kit ( Sigma, QP-BCA) follow ng the procedure
descri bedwbyotomsossanuf act urer (the standards prep i s de®cCriuseaviosssvhe Kit)
and is cal culated by subtracting the optical density nmeasured on PBS soaked
| enses ( background) fromthe optical density determ ned on | enses soaked
in lysozynme solution. Optical density was neasured using a Synergyll

M cr o- pl reader bl adln tic dens at. 562nm Lysozyne
Nectvi LyPhSs | roaupaPaar Ry e SEB R e G B DR e Bt adur ¢ doscr bed
above for Iysozynesy%h@&QmGQ f.ter the incubation period the |enses were

y

rinsed 3 to 5 tines 'di ppi ng | enses into three (3) separate vials
Contalnlﬂ@?hpprOXIﬂdvewyﬂﬁﬂmlﬁKdMKﬂth@HﬁﬂDpBB“ﬂ?ﬁB@hEW§@SW@W@HEWﬁIted on a

paper towel to renpv s .PBS.sql utiion and transferred into sterile, 24
wel | cell culturenﬁwg% %5ﬂ8m@§ﬂ§ﬁﬁg@ﬂmell) each containing 2 m of
extractipypsol uti Ofol¢ @Nrpg%egymh@nép(@aam@%d@éd)o 2% of trifluoro acetic

acid and acetonitrile solution. The lenses were incubated in the
extract i 9WM4! ut i oF-methaaglorgii-Bydexynsemileenpepabisemathylgloxglsilare  t he

| ysozyney S cthe extraction buffer to a range
of concengggﬁﬁgns %ﬁ %h@@n ?EPLéQQ% ! ed | ysozyne upt ake of the | enses
bei ng an@Pyiixd. Fotripkdy/l@xan@h@stiod the present application the expected

| ysozyme concentrations were 10, 50, 100, 800 and the control solution were
diluted to those concentrations and incubated for 16 hours at room
tenperature. The |ysozyne extracts fromboth the | enses and the controls

wer e assayed Egpnb¥§9§yne activity using EnzChek(r) Lysozyne Assay Kit (

i nvitrogen) f he instructions described by the manufacturer. The
EnzChek kit i Bered haidngethe dndeulitine dhass ayTitde Masdimedd ssvfellswof | ysozyne

The diluent for Examples 1-3 was a mixture of 18. 33 gm PVP 2500/ 48.34 gm t-amyl
alcohol. The diluent for Example 4 was 16.2 gm PVP 2500/64.8 gm t-amyl alcohol. The
monomer mixes were dispensed into Zeonor front and Zeonor:Polypropylene (55:45)
back curves. The monomer mixtures were cured under visible light (Philips TL-03 bulbs)
in a nitrogen atmosphere (about 3 % O,) using the following cure profile: 1 mW/cm” for
about 20 seconds at ambient temperature, 1.8 + 0.5 mW/cm? for about 270 seconds at
75+5°C, and 6.0 £ 0.5 mW/cm® for about 270 seconds at about 75 + 5 °C.

After curing, the molds were opened, and the lenses released in 70% IPA in DI
water. After about 40-50 minutes the lenses were transferred into: 1) 70% IPA in DI
water for about 40-50 minutes; ii) 70% IPA in DI water for about 40-50 minutes; and iii)
DI water for at least about 30 minutes.

The lenses were packaged in 950+/-50 uL of borate buffered sodium sulfate
solution with 50 ppm methyl cellulose (SSPS) using polypropylene bowls and foil, and

autoclaved once (124°C, 18 minutes).
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Blue HEMA
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0.02

0.02

CGI 819
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0.23

0.25

0.25%

Sum of monomers

100

100

100

100

Diluent:

40

40

44.75

23**

*CGI 1850
**D30

Example 4

Lenses were made using the formulation listed in Table 1, for Example 4,

and the conditions described in Example 1, except that the cure profile was: 1

mW/cm” (10-30 seconds, ambient temperature), 1.5 + 0.2 mW/cm” ( about 160
seconds, at 80 + 5 °C), 6.0 £ 0.2 mW/cm” (about 320 seconds, at about

80

+5°C)].

The molds were opened, and the lenses released in 70% IPA in DI water.

After 60 minutes the lenses were transferred into: 1) 100% IPA for 60 minutes; ii)

70% IPA in DI water for 60 minutes; iii) DI water for 30 minutes; iv) DI water for

30 minutes; v) DI water for 30 minutes.

The lenses were silver-treated by exposure to aqueous sodium iodide

solution, followed by exposure to aqueous silver nitrate solution. The lenses were
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Phenonmenex Luna C4 (4.6 nmx 5 mm 5 mmparticle size) colum and the
follow ng conditions Instrunent: Agilent 1200 HPLC or equivalent with
Seder e SewioxoBH3IMSID Sedex 85 ELSD: T = 600C, Gain = 10PCPUS3&088665 3. 4

bar, Filter =1 s Mbile Phase A: H2(Q(0. 1% TFA) Mbil e Phase B
Acetonitrile (0.1% TFA) Col um Tenperature: 40 OC Injection Volune: 100 nL
Table | . HPLC Conditions. Three | enses were run for each analysis, and the

results were averaged. tmeabi lity. was det er m ned he

ol ar ogr apht cHiGEHAT JOmEE B PyPSRLERroet Mihralsoss ebiers Teg8rERYedar wi th
the foll ow ngthY@ertirﬁéé-QQ?QC BenigRSUr enent i s conducted at an environment
cont ai ni ng 2. 1% oxygen. THi's environnment is created by equipping the test

chanber with nitrogen and air inputs set at the appropriate ratio, for
exanpl e 1800 rlrjn of nitrogen and 200 m/mn of air. The t/Dk is
cal cul at ed usgﬂgﬂ\g—ﬂ% VRO o4 oxygen concentration. Borate buffered saline

was used. Ther dacknshrinafipuass IREEURAEAYe HRLARICA PUE BT Ethi t rogen

envi ronnment instead of applying MVAI enses. enses were not blotted
bef or e nwib tempegatufécnontrbBab@E S SHEr & centeaskeedpulted tfead thefchambeopt lestableshe df
vari ed thickness ved sensor .was used in .g{lggtce of _a flat]nzensor. The

. A
resul ti ntteke Mrﬂeée#ﬁ‘giuf?é@@ﬁvl@a Maripgpy et anghianctet anbXanpies bt 1imt the

i nventi oppsclREYe philfd R A TS ¥oi§19fo’?‘ﬁ%§&%m@nt%tf9%§f8-ﬂf Rfdes by the
i nvention. Those know edgeabl e in contact | enses as well as other

speci al t diemetenynchsurementh@ tensest thotid],6% andréadd lensesgor mechamceghprioperty However ,
those ne‘;[egtcl)rggs; f&rlfxa%?ﬁ,ds f[egsets)%ve\{r\é {)1%6'21 att fe]gchst?nqg Soi?l]z ast f%hgwis:%vleegéeis or Exanpl es
diameter testing, 9 lenses for %H,0 and 5 lenses for mechanical properties). The
stability data from Examples 1-4 is shown in Figure 1. In addition, stability data from
lenses made according to Comparative Example 1, below, which had no ionic
component, are also included as a non-ionic control.

The modulus of the lenses was measured at various time intervals and is reported

in Tables 2 and 3.

Table 2
x | Stability | [MAA] | MAA | Time | Modulus | Elongation | Diameter
Product | wt% (wk) | (psi) (%) (mm)
0.0017 |1 0.12 |0 81 +7 252+ 47 13.66 + 0.06
0.0017 |1 0.12 |2 80 +6 243 +20 13.59 + 0.06
0.0017 |1 0.12 |5 88 +6 163 + 28 13.59+0.14
0.0015 |1 0.12 |10 92 + 8 175 + 34 13.56 +0.05

0.0017 |1 0.12 |18 117+11]112+34 [13.54+0.1
0.0008 [0.5 006 |0 81 +8 294+42 [13.53+0.04
0.0008 [0.5 0.06 |2 81 +5 284 + 41 13.59 +0.05
0.0008 [0.5 0.06 |5 85+5 216 +15 [13.49+0.08
0.0008 [0.5 0.06 |10 NM NM NM

0.0008 | 0.5 0.06 |18 118+8 | 144+20 [13.49+0.12
0.0026 [ 1.6 0.19 |0 72+5 210+67 [14.00+0.07
0.0026 [ 1.6 019 |2 81+6 169+37 |13.94+0.05
0.0024 [ 1.6 0.19 |5 97 +4 104+26 | 13.89+0.04
0.0026 [ 1.6 0.19 |10 131+7 | 81+15 13.72 +0.06
0.0026 [ 1.6 0.19 |18 174+11 48+ 11 13.62 +0.07
* Moles/100 gram of reactive components

W || [L | [N [P [ [N | = | == [ — | — |3
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The follow ng abbreviations are used in the exanples bel ow. Macroner

Macr onmer prepared according to the procedure disclosed under Macroner

Pr epar at iwo 20r0/B%@apl e 1, of US-2003-0052424- A1 acPDVS PCT/US2009/058605

bi s- S-acryl oxy”- hydr oxypr opyl oxypr opyl pol ydi net hyl si | oxane ( MV 2000,
acryl ated pol ydi net hyl si |l oxane) from Degussa Bl ue HEMA the reaction product
of Reactive Blue 4 and HEMA, as described in Exanple 4 of U S. Pat. no.
5,944,853 CA 819 bis(2,4,6-trimethyl benzoyl)-phenyl phosphi neoxi de CA 1850
1:1 (wgt) blend of 1-hydroxycycl ohexyl phenyl ketone and bis(2, 6-
di met hoxybenzoyl) -2, 4- 4-tri net hyl pent yfapbgsphi ne oxi de D3O
3,7-dinethyl -3-octanol DMA N, N-dinet hyTacryl am de EGDMA et hyl enegl ycol
di met hacr yEatte| HEMAtR - hjddAGN)| SVAW* [TBintealcMptalue | Mlokhgatiomh aBiarhéter acild nPDVB
nononet hagr yl okRidogy! | tve¥om nat ed npidoni-(pei)y! 1 €volxi nat ed(mm)
pol ydi met hyl si | oyao® Mmanuf adtured by Gel £51 8 mphygcdiar wed ght- gpeci fied in
the Examplgs NopBOO® 2j 42  [012 |1 [56+11 [169 +97 [13.94+0.09

- hydroxyFp-Trel figeg 3 Y 9XYET hyj pITenyl )= 2FE ez ol np gz afee TPDYe-Ghs
ITDI’IO-(3-IT4||01\, d& 2 hyd ' ‘ﬁMIIIaLC 1\guuu ity

a ; eul ar

t er m nat eg—pof 9“ d A ple
wei ght 61 %EQ GI,,QQ y 1o 1.1%91#73 X Im;ﬁ— ‘ha nesi um
247 + 45 14.05 + 0.02

(Si gma, DB6E2)[0PQ 1
(di met hyl F6E$[ (&) - 4- [t B3 +52 | 14.07+0.01
CEl |0 220+52 | 14.05+0.02

CEl |0 249+38 | 14.08+0.02
CEl |0 0 0 8 106 +16 | 202+ 61 14.05+0.01
*Moles/100 gram of reactive components

Figure 1 is a graph showing of the modulus vs. time data included in Tables 2 and
3, above. The lines for the comparative Example and Example 4 are very flat, due to the
small changes in modulus over the time periods measured. As the concentration of
methacrylic acid and mole product increases, the slope of the line also increases, with a
substantial increase between Examplel (having a concentration of 1 wt% methacrylic
acid and a stability product of 0.0017) and Example 3, having a concentration of 1.6 wt
% methacrylic acid and a mole product of 0.0024. The changes in lens diameter and
strain provide additional confirmation of trends observed in the modulus.

Figure 1 clearly shows the relationship between hydrolytic stability of lenses, and
the mole product of anionic group (carboxylate) and TMS silicon content. Only moles of
silicon (Si) derived from trimethylsilyl-containing monomers (TRIS or SIMAA2) were
used in the calculation of the mole product listed in Tables 2 and 3. From these
experiments it was surprisingly found that the stability of silicone hydrogel lenses
comprising a silicone component having at least one TMS group and at least one anionic
component, such as methacrylic acid, display a sharp drop in stability above a certain
concentration of the anionic component. Thus, Examples 1 and 2 have substantially
similar stability even though the Example 1 contains twice as much methacrylic acid
(1%) than Example 2 (0.5%). However, the stability of the lenses made in Example 3

were much worse than Examples 2 and 3. This result was unexpected, and provides a
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but - 2-enyl ] azaniumtrichl oride) PVP poly(N-vinyl pyrrolidone) (K values

not ed) Si GVA

( 3- met hacwl20:y0326358y dr oxypr opyl oxy) propyl bi s(tri met hyl siPCofispemloasses TEGDVA
tetraet hyl enegl ycol dinethacrylate TPME tripropyl ene nethyl ether Exanpl es
1-3 Lenses having the formulations shown in Table 1 were nade as foll ows.
The diluent for Exanples 1-3 was a m xture of 18. 33 gm PVP 2500/ 48. 34 gm

t-anyl alc | . The di.l yent f.or anple. 4 was 16.2 gm. PVP 2500/ 64. 8 gm
Lyl arEohGrmAge R orricleEt aRatis CoBBRA £ DRG AORPPIA and
Zeono PobytRiyd /N&ist R TR R8EK THY MERsion BE TVRNEIRLin M XIIIORS miB6 R Ur ed
under visible lIight (Philips TL-03 bul bs) in a nitrogen atnosphere (about 3

% O ) usé¢ampanieetsfiohinowits that progidsrtbé rdcged dtabitinprofieats plowides #0 abddphals at

anbi ent er re, .1. 0.5 nWcnR, for about 2 seconds at .75 0C, and
50 0. SPARERpLHEF vibisthe FrpElontt B¢ A Sm S BB R R Rng. ¢ e
nol ds veTke aRsingtbrodids, nitehdcBReSid @ne@tRtioh ant0%chiyd i iddunataes . Af ter
about 40-50 nminutes the lenses were transferred into: i) 70%1PA in D

wat er f othoawoutTablz-Sbelomhut es; ii) 70% 1 PA in DI water for about 40-50
mnutes; and iii) D water for at |east about 30 m nutes. The |enses were

packaged H% %%1+/-50 qL of borate buffered sodiumsulfate solution with 50
ppn1neth§9—8%+£%$g§gm%§éPS) usi ng pol ypropyl ene bow s and foil, and
aut ocl aved once (1240C, 18 ninutes}.T ble 1 *Cd 1850 **D30O Exanple 4
he reactive monomer mixture listed in Table 1 under CE 1 was dosed into
Zeonor front curves, and the molds were closed using Zeonor back curves. The lenses
were cured under visible light in a nitrogen atmosphere. Cure profile: 1) Pre-cure
(TLDK-30W/03 bulbs, 30-120 sec, 60-80°C); 2) Cure (TLD-30W/03 bulbs, 320-800 sec,

70-80 °C). The molds were opened, and the lenses released were extracted and hydrated

in [IPA/water mixtures. The finished lenses were packaged in borate buffered saline.

Example 5

A monomer mixture was formed by mixing the components in the amounts listed
in Table 4. The monomer mixes were dispensed into Zeonor front and
Zeonor:Polypropylene (55:45) back curves. The molds were closed and the filled, closed
monomers were held at 65°C with no irradiation. The monomer mixtures were cured
under visible light (Philips TL-03 bulbs) at 65°C in a nitrogen atmosphere (about 3 %
0,) using the following cure profile: 1.5 mW/cm” for about 330 seconds, 7 £ 01
mW/cm” for about 440 seconds.

After curing, the molds were opened, and the lenses released in 70% IPA in DI
water. After about 60-70 minutes the lenses were transferred into: 1) 70% IPA in DI
water for about 30-40 minutes; ii) 70% IPA in DI water for about 30-40 minutes; and iii)
DI water for at least about 30 minutes.

The lenses were packaged in 950+/-50 uL of borate buffered sodium sulfate
solution with 50 ppm methyl cellulose (SSPS) using polypropylene bowls and foil, and

autoclaved once (124°C, 18 minutes).
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Lenses were nmade using the formulation listed in Table 1,
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The lenses were placed in a chamber with the temperature controlled at 55°C.

Lenses were pulled from the chamber at 5, 10 weeks, and tested for modulus, maximum

strain, diameter and % water. The results are shown in Table 5.

Table 5: Example 5, 100% TPME

Properties Baseline | 5 weeks |10 weeks
Modulus (psi) 93+10 105+8 | 102413
Elongation (%) 231461 | 206+43 | 196439
Gravimetric HO (%) | 52.240.2 | 52.2+0.1 | 52.540
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in Tables 2 and 3. Table 2 Ml es/ 100 gram of

*Mol es/1 00 gram of

reacti ve conponentsTable 3
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Table 7: Example 7, 75% butoxy ethyl acetate/35% 3-methyl-3-pentanol

Properties Baseline | S weeks |10 weeks|15 weeks|20 weeks
Modulus (psi) 84 83 71 75 83
Elongation (%) 232 184 209 169 178
Gravimetric H,O (%) | 533 54.2 53.7 53.8 54.1
Diameter (mm)

(-1.00 Iens) 14.43 14.48 14.50 14.48 14.46

Only nol es

| east

as nethacrylic acid,
entration of the

y simlar

met hacrylic acid
enses made in

t was

udi ng ani oni c
TVMS group. The

The stability product, weight% methacrylic acid and percent change in modulus

for each of the Examples is shown in Table 8, below.

Table 8

Ex | Stability | [MAA] | [MAA]* | A modulus A modulus

# Product (Wt%) @ 10wk (%) | @ 18wk (%)

1 0.0017 1 0.012 14 44

2 0.0008 0.5 0.006 NM 46

3 0.0026 1.6 0.019 35 141

4 0.00019 1 0.006 13* NM
CEl 0 0 0 12%* NM

5 0 1.5 0.017 9.7 NM

6 0 1.5 0.017 -12 -4E*

7 0 1.5 0.017 -15 -
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conponents in anmounts that provide the recited stability products provides
the ability to balance stability with other properties, such as a desired
nodul us, wDengBdesa or tan delta. The stability product CTrESRIRO860F C aci d
concentrations and % change in nodulus are shown in Table 8, bel ow
Conparative Exanple 1 The reactive nononmer mxture listed in Table 1 under
CE 1 was dosed into Zeonor front curves, and the nolds were cl osed using
Zeonor back curyes. The |enses m@ e cured under visible light in a nitrogen
at nospher e. CurenEPSFPP@nSi ChARS ¥GFE ( TLDK- 30W 03 bul bs, 30- 120 sec,
60-800C) ; 2) Curd nepspensvtakenat B wesko- 800 sec, 70-80 0C). The nol ds were
opened, and thec medulus chasge agied foetr emparetiveck e d 1ihypeites drt meduiua/ wat er

m Xt ut es%a }Q%B{é?rée@ﬂ&? _th‘(p/%%th\éﬁ an &%‘%ﬁg@@ﬂp&&n{)"f@ % QW Jh%'{xz%dogstﬁé' ne.

ure was e conponent I'n the

armu nt S $tiusdaedidéviaticabneted in Thiglcs1D aRdBr THd ohaﬁge/\mrmocdﬂmep@mﬂ font o Zeonor
front and Zeonor: Pol ypropyl ene (55;45) back curves. The nolds were cl osed

and t he Ex4mplgs 6 andd ats RISt IcHRipve %Baeﬂba%aue%@e%dw}wﬂ% stghidy omicen. The
nmononer g xtyras 208¢RKE Ul w?dtﬁ cr{a ?Lr% gnuﬂ@the(s%ﬂdhfdagoﬁhoﬁomé bs) at

650C in a nitrogen atnosphe out using t | ow ng cure
profile: mbdﬂum%bmﬁthbdrandbhmldi{b@@omw&s reﬁresﬁltlhngOhm@d drabltbalso 440
seconds. After cur , the nold d th ses released in
S0 1 P oy R bty RSk B s Nt 8 neE BNk SUERRS er 1 ed
into: i)méRdméR /ﬁablﬂimMS‘@RRﬁ)(sf) Qs a@@tﬂﬂ&ne%@ﬂf‘t@e %a@ﬁ@@ﬁuxt{lﬂe)(EZQr{f)ﬂeaA in D

wat er for about m nutes; and i1i) water for at |east about 30
m nut es. witish had ngdxMpend Hmmmfge@hd E}X@E@@SIS Bovhith lfd OrmPBMSf fléeced sodi um

sulfate Examples which had PDMS-type silicone as the only silicone (Examples 5-7) displayed

the best stability.

Example 8
To a stirred solution of 45.5 kg of 3-allyloxy-2-hydroxypropane methacrylate

(AHM) and 3.4 g of butylated hydroxy toluene (BHT) was added 10 ml of Pt (0)
divinyltetramethyldisiloxane solution in xylenes (2.25 %Pt concentration) followed by
addition of 44.9 kg of n-butylpolydimethylsilane. The reaction exotherm was controlled
to maintain reaction temperature of about 20°C. After complete consumption of n-
butylpolydimethylsilane, the Pt catalyst was deactivated by addition of 6.9 g of
diethylethylenediamine. The crude reaction mixture was extracted several times with
181kg of ethylene glycol until residual AHM content of the raffinate was <0.1 %. 10 g of
BHT was added to the resulting raffinate, stirred until dissolution, followed by removal
of residual ethylene glycol affording 64.5 kg of the OH-mPDMS. 6.45 g of 4-Methoxy
phenol (MeHQ) was added to the resulting liquid, stirred, and filtered yielding 64.39 kg
of final OH-mPDMS as colorless oil.

Example 9 and Comparative Example 2
The components listed in Table 9, (except PVP K90) were mixed in a jar for at least 1

hour with stirring. The PVP K90 was slowly added to the reactive mixture with stirring

such that no clumps were formed during the addition. After all the PVP had been added
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solution with 50 ppm net hyl cellul ose (SSPS) using pol ypropyl ene bow s and
foil, and autocl aved once (1240C, 18 m nutes).Table 4 The | enses were

pl aced i rwa2otvaske@s with the tenperature controll ed at PEOWTS2000/05885 wer e
pulled fromthe chanber at 5, 10 weeks, and tested for nodul us, nmaxi mum
strain, diameter and % water. The results are shown in Table 5. Table 5 :
Exanpl e 5, 100% TPMEExanples 6 and 7 Exanple 5 was repeated, except that
the diluent was changed to thaose shown in Tables 6-7.bel ow. The | enses were
bl aced | Fre s A HARORR VG T Y et el KOREGR dipedtt PB0eIof SHBL  ver o
pul I ed fg0mydh6l& RS a@200.rphQvedBighnd 20 weeks, and tested for nodul us,
maxi mum strain and di aneter, % water. The stability data from Exanples 6-7
is shown in Flgreestid rantird waFdpgassel in aFmaauph dedgcat@(9o8ndrb¢rhylg 3- pent anol

The stabjlit oduc wei ght % et hacrylic,acid and percent change in

rodut v Pt S 10 M B, (ERRSRCl IR e aRogRe Tk R o

8" measur %ﬁgﬁﬁ irf @K Bnatonfhee@es, TRRELBRES Hoake ThabackkusReksld waxe modul us
change noted for Conparative Exanple 1 illustrates that nodul us can vary by

as nuch @gdagddsdtnebiromtergnishihe fioshgaremold was madsoffepgosohhe by t he
standard iati LN I . an The ¢ I reported
for Exarrlrpe gﬁs% %;ﬁ[élg %@gcq?ﬁetﬁg}?agéﬁ gesdzlﬁgg%tc ?\gg Jéaeﬂgg&%ggﬁsémtgﬁggﬁodul us
was sl i gilowly depositedad tchise 12 rasids. 2hivereksss whdewevet out ielee Nargeso@nentwi t hi n

t he stanga()d deviation for the nodulus test method, and shoul d be

consi der ﬁflz/agb)r-epr esenting no change. Table 8 al so shows that the best

results mrﬁe%&ﬂo?ﬁ’e?ﬁli&ﬂﬁré(sg?gé}y LAkl ARG YNGR li%lﬁéjﬁi?gbs Rave 4§ FhlIbGIme

mononer s having TMS group as a conponent reaction mxture
( Exanpl ea ditrogen atmosphere (about <2 % O,) using the following cure profile: 5 + 0.5

mW/cm® for about 10 minutes at about 50 + 5 °C.

The base curve was the removed from the assembly by prying. The lens remained
with the front curve and the front curve was press-inverted to separate the dry lens from
the front curve.

The dry lenses were inspected. Passed lenses were packaged in blister with 950ul
borate buffered packing solution with 50ppm methyl ethyl cellulose for each lens. The

lens was then sterilized at 121°C for 18 minutes

Table 9

Component Wt %

Ex. 9 CE2
HO-mPDMS 55 55
TEGDMA 0.25 0.25
DMA 16.78 18.28
HEMA 12.5 12.5
MAA 1.5 0
PVP K-90 12 12
CGI 819 0.25 0.25
Norbloc 1.7 1.7
Blue HEMA 0.02 0.02

Lysozyme and lipocalin uptake were measured as described above.
Lysozyme is a hydrolytic enzyme able to cleave the cell wall of gram positive and

some gram negative bacteria. Cleavage of the peptidoglycan wall at the 31-4 linkage
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whi ch had nPDVS and macroner, and Exanples 5-7 which had HO nPDMS). The
Exanpl es which had PDVS-type silicone as the only silicone (Exanples 5-7)
di spl ayedwOhle10ssds3st abi lity. Exanple 8 To a stirred solPariuseo9/0586855 kg of
3-al Iyl oxy-2- hydr oxypr opane met hacrylate (AHM and 3.4 g of butyl ated

hydr oxy tol uene (BHT) was added 10 ml of Pt (0)

divinyltetranet hyl di sil oxane solution in xylenes (2.25 %t concentration)
foll owed by additio f 44.9 k f n-putyl pol ydi pet hyl sil ane.. The rgeacti on
ot her nbe e Sk SheBitorism S REHa GRS St afurbr S ues Sooc
After cogplpgégrigonsunpti on of nbutyl pol ydi met hyl silane, the Pt catal yst was
deactivated by addition of 6.9 g of diethylethylenediam ne. The crude
reacti on ni xt Lymzyas aetxtityavasatcasaredrtaldeteimms thei ¢apadigidddenses tthyineie gl ycol

until regidual . AHM content of. the raffjnate was <0.1 %, 10 of . BHT was
ndded 1 oEnEOIEL G vF S it DSl bl BEb Sord R Eredenriss FOHE 1061 Foved by
removal @ftive eosad detkhiyined &l BhWEDIhe prdREGcids@hed akgveof the OH nPDVS. 6. 45
g of 4-Methoxy phenol (M was added to the resulting liquid, stirred,

and fi | t Ehetpsylisereiphpyv s BdlkH).of final OH nPDVS as colorless oil. Exanple

9 and Conparative Exanple 2 The con?ﬁgg%s listed in Table 9, (except PVP

K90) were mxed in ajar for at |eas ur with stirring. The PVP K90 was

sl ow y added Ee.# he| [®agt|i VienH Ntiursezphd h Lspdcalin NGs Nagike tth@Q1ng cl unps were

formed during the additggn. After ghb)the PYR)had [peepmaddgeikhe reactive

m xture was stigrred| TPk gn apgl {1 o, s30| My Uy @S| Eheyyarl Weg Seal ed and

put on a jar b(ﬁii'er Mg @it -4%064%11 JV8'5+_()"69"“-3()"+'3€ nmreactivie m xture

was degasset e vacttmd Sioge Lu.'6-‘ .uun“’g*r"'m "3“5;""3“6) far about 40

m nut es. Thz}ak heqn by leng rtQDq és and noms?l' 'ég'éi ng Zyg'?nges re put in a N

envi r onnent (<29% 02) for at leadt 12 houts. The back curve ml was

Etafilcon | 1.98 | 0.023 843+23 1.840.2 80+11 2
A

* Moles/100 gram of reactive components

Balafilcon A is the lens material used to make Purevision® lenses commercially

available from Bausch & Lomb

Etafilcon A is the lens material used to make ACUVUE® AND ACUVUE®? lenses

commercially available from Johnson & Johnson Vision Care, Inc.

Preservatives uptake from lens care solutions can impact contact lens
performance, particularly contact lens induced corneal staining. Preservative uptake of
the lenses of Example 9, Comparative Example 2, and Purevision was measured by
incubating the above lenses in 3 ml of OptiFree® RepleniSH® for 72 hours at room
temperature using the procedure described above to lysozyme and lipocalin uptake.
OptiFree® RepleniSH® contains 0.001 wt% PQ1 as a disinfectant/preservative and
citrate dihydrate and citric acid monohydrate concentrations are 0.56% and 0.021%
(wt/wt). The quantity of PQ1 uptake was determined using HPLC analysis by comparing
the level of PQ1 in the initial soak solution to the level of PQ1 after 72h soak in presence

of the test contact lens. The results are shown in Table 10.

Examples 10-18 & Comparative Example 2

Formulations were made as in Example 9, but varying the concentration of methacrylic

acid as shown in Table 11, below. The lysozyme and PQ1 uptake were measured as in
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made of 9544 pol ypropyl ene,

curve,

process was carried out under .
m xtures were cured under visible light (Philips TLK 40W 03 bul bs)

and the front curve nold was nmade of
Zeonor (tm). The reactive mxture (50 mcroliter) was dosed into each FC

amslotzhevn3BB3cur ve was sl owl y deposited to cl ose Pha/usRdd®s860Hi S

N2 environment (<2% O2) The nononer

nitrogen atnosphere (about <2 % O2) using the follow ng cure profile:

0.5 mMNc
r enoved

Frunele pomitbenoe

i nu

S By

t
8

By iy T nd2 el Srond

base ¢

in a
5
rve was the

PFEROCHEYE r ont curve

and the §nemtalGUmMEeWaY. Press-inverted to separate the dry lens fromthe

front curve.

THe dry | enses were inspected. Passed | enses were packaged in

blister with 950ul borate buffered pgabkihg sol ution with 50ppm et hyl et hyl
cellul ose for each lens. The lens was then sterilized at 121 C for 18
m nutes TangodedtysWzyse and| | ipogalin juptakie were meagured |as descri bed
above. Lysozyme ig @hy[deoloyt EQ1ENEXTR [aDl1§ [Pk Cl eaYEes 1R 16€IEx 1WAl Exf | gram
positive|and sone |gram negative bacterija. Clepyage of the pegpti do|gl ycan
wal | at l B——=4tgnkagepet N??” Nsgcetyd= ot %:., santre and Njagety|
gal act osam nurlaat e) " Testfts i|A~1ysis of| the bactedia. LysSozype
activi ty paas—Heasdredteodetermnethecapactiy—of-tenses—t oAt hi s
pr ot ein i J‘EQQM%,’-H‘ inZS Qf()-tz; Qﬁé L& |+ Snnfézét 0282\ msr‘ { Zi 0
the | evell DAact i vie 83kl | 428 H768d ot lolid- 2| 1 HE8 hrl6S8dukte’ e ku$8 bed
above. Thepaul tg @re sfrown| imsTahbg 102 sTapbles 101Mel €95 5100208 am 03
reactive gpRRONENTS, 02 104 (06 08 |10 |12 |14 [15 [16
PVPK-90 |12 12 12 12 12 12 12 12 12 12
CGI 819 0.25 [0.25 [025 |0.25 |025 [0.25 [0.25 [0.25 [025 |0.25
Norbloc 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7 1.7
Blue 0.02 {0.02 |0.02 |0.02 |0.02 [0.02 [0.02 [0.02 |0.02 |0.02
HEMA
Table 10
V]
Ex# |MAAwt% | [MAA]* | PQLC@per | Lysozyme
lens (mg/lens)
CE2 0 0 0(0) 6.78 (0.48)
10 0.2 0.002 0.0 14.23 (1.7)
11 0.4 0.004 2.05(2.0) 21.23(2.31)
12 0.6 0.007 0.36 (0.5) 37.76 (3.51)
13 0.8 0.009 0.0 38.41(2.93)
14 1 0.012 12.92 (4.4) 56.55 (10.39)
15 1.2 0.014 427
16 1.4 0.016 51.5
17 1.5 0.017 84.5 (7.8) 83 (7.21)
18 1.6 0.019 72.6

*Moles/100 gram of reactive components

As is seen in Figure 5, formulations can be made which display desirable lysozyme

uptake, and low PQ1 uptake with existing contact lens care solutions. Thus ophthalmic
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Bal af Icon Ais the lens material used to nake Purevision(r) |enses
comercially avail able from Bausch & Lonb Etafilcon Ais the | ens materi al
used to MER2OADNMIE(r) AND ACUVUE(r) 2 | enses commer ci al IPgTAS2a000AB8605 f r om
Johnson & Johnson Vision Care, Inc. Preservatives uptake fromlens care
solutions can inpact contact |ens performance, particularly contact |ens

i nduced corneal staining. Preservative uptake of the I enses of Exanple 9,

Conpar ative Ex le 2, and Pur SIO asu i nc batlng t he above
ences. | {0 DR REpRFRSEIOR SReh PR o o7 THEIS RS oom ¢ enper at ur e
usi ng t heorRFRBAAYLEHhASSEnE REd BRVRitTARs hvFBER sabdit) | pocal i n upt ake.

Opti Free(r) Repleni SH(r) contains 0.001 wt% PQ as a

di sinfectant/preservative and citrate dihydrate and citric acid nonohydrate
concentrations are 0.56% and 0.021% (w/w). The quantity of PQ uptake was
determ ned using HPLC anal ysis by conparing the level of PQ in the initia
soak solution to the level of PQ after 72h soak in presence of the test
contact lens. The results are shown in Table 10. Exanples 10-18 &
Conpar ati ve Exanple 2 Fornul ati ons were nmade as in Exanple 9, but varying
the concentration of nethacrylic acid as shown in Table 11, below. The

| ysozyne and PQ uptake were neasured as i nExanple 9, and the results are
shown in Table 12, below. The results are also shown graphically in Figure
1. Table 9 Table 10 *Mdles/1 00 gram of reactive conponents As is seen in
Figure 5, fornulations can be nmade which di splay desirable | ysozynme uptake,
and | ow PQ uptake with existing contact |ens care solutions. Thus

opht hal m cdevi ces of the present invention display a bal ance of desirable
protein uptake, conpatibility with existing | ens care solutions and therma
stability. WE CLAIM
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1. A polyner fornmed fromreactive conponents conprising at |east one
silicone conponent conprising at |east one trimethylsiloxy silyl group and
at | east woeoio3pe3conponent conprising at | east one aniPOmiUS2gO8B05Wher ei n
said silicone conponent and said ionic conponent are present in said
polymer in nolar concentrations providing a stability product |ess than
about 0.002. 2. The polyner of claim1l wherein said stability product is

| ess than abogéze g%%é 3. The polymer of claim1l wherein said stability
product is le k bout 0.0006. 4. The polymer of claim1l wherein at

| east one silicone conmponent is selected from conpounds of Formula |

where b = 0 to 100, R is a nonoval ent group conprising at |east one
ethylenicalIylunsaﬂuxﬁmnﬁﬂhnnﬁt@mﬂ@thVR@MthkmdﬂpenmEm@Mykaﬁnmﬁovalent

al kyl, ou furt ted wth I ohol , am ne,
et one, B comren Gy BBl Able Ry o R RHESL kB n A & BERE o “ary)
group, Wahfthcoonbi@ coiphbRg a8 leasitont tahi@ehcvgrbﬁp #heeliOkaid 8MicHs ctRicABE:
carboxylic acid or ether groups; and R is independently al kyl, aromatic, or
a nmonovathiiionis,emPoBRiare RISHBE INsSaHPIIYBRT 11 Mejan GOICPRFERNF AYVEING: uni t .
5. The pﬁ%%ﬂﬁ{1ﬁ&mﬁ<%kﬂhﬁ @Gﬁﬁﬁkﬁ said at | est one silicone conponent is
sel ected’tromy conS|st|ng of nononet hacryl oxypropyl term nated
nono- n- aIkyIternlnated pol ydi al kyl si | oxane,

bi s- 3-acryl ox - hydr oxypr opyl oxypr opyl pol ydij.al kyl oxane
met hacr y| oxyp¥ opy! ¥ beporymst %%c 1381 ﬁﬁfﬂo‘ﬁlle!%waé‘i $t619e§wepr0§ftmés less: than about
nethacrygg?y 2- hydr oxypr opyl oxy) propyl term nated, nono-al kyl term nated
pol ydi al si | oxane and conbi nations thereof 6. The pol ymer of claim1
wherein sald at | east one silicone conponent is selected from
monomnet hacr yl dxypr ohy poly@endidiian] whoeimsabdistybilityeprotmatieldss than about

0.0006.

4. The polymer of claim 1 wherein at least one silicone component is
selected from compounds of Formula I:

R4 TZ R2
Ri Si O—Si O)y, Si —Rs
R2 Ro Ro

where b =0 to 100, R; is a monovalent group comprising at least one ethylenically
unsaturated moiety; each R, is independently a monovalent alkyl, or aryl group, which
may be further substituted with alcohol, amine, ketone, carboxylic acid or ether groups;
Rz is a monovalent alkyl, or aryl group, which may be further substituted with alcohol,
amine, ketone, carboxylic acid or ether groups; and R4 is independently alkyl, aromatic,

or a monovalent siloxane chain comprising from 1 to 100 repeating Si-O units.

5. The polymer of claim 4 wherein said at lest one silicone component is

selected from the group consisting of monomethacryloxypropyl terminated mono-n-alkyl
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pol ydi net hyl si | oxane, bis-3-acryl oxy-2-hydroxypropyl oxypropyl

pol ydi al kyl si | oxane, and nono- ( 3- net hacryl oxy- 2- hydr oxypr opyl oxy) pr opyl

t er m nat ewlQ 200mB943a8t yl t er m nat ed pol ydi al kyl si | oxane cegibiusatvosssos her eof
and the like. 7. The polyner of claim1 wherein said at | east one silicone
conponent is selected from nononet hacryl oxypropyl -term nated nono-n-butyl
term nat ed pol ydi net hysi | oxane, bis-3-acryl oxy-2- hydroxypropyloxypropyl

ol ydi net hyl sj | oxang, hacr m nat e di.met hyl si | oxane
gndyrmno (%IWWQB’%I@H@OZ‘”% &'éﬁ%ﬁ%‘éﬁ%&éf?ﬂ%ﬁ%o @F‘Kﬁ Yhat edy mono- but yl
term nat ggly &Qik&f&ilﬂ%ﬂ%}’!n%ﬂhb%%&?p%?l {&rﬁddfe%%)o‘lﬁﬂll%ﬁﬁﬁox%ne TheadpoLymer  of
claim1l mhere|n said ionic componeit is a carboxylic acid cont ai ni ng
conEonerme‘él@CIﬁthe’eﬁ hYdeXHﬁepﬂom)pTO@Ehfsrrslflawg mgn(f _ﬂrlﬁﬁfl ﬂealdmeaﬂ rfeac]t ive .
car boxyl i c at ons e polyner of claim
mherei% @iyﬁ'%ﬁﬁg8§ ea@ ?@H%%ﬂWﬁ%ﬂFﬂg conponent is gelgcted fromthe
group consisting of (meth)acrylic acid, acrylic acid, itaconic acid,
crotonic acid, cinnamc acid, vin | benzoi ¢ aci d, fumari c aci d, nalelc aci d,
N-vi nyl oxycar @onyl hﬁmivmr airdaim kpdews sarbatdesst orlfosﬂlcm@ cOBIPPRRY iof cl ai m 8
wher el N SHCRRMONLEERCHIERN A At FATRANERk,. L MRELARS, Mot hacr vl [ c

acid. 11 orne i ve comnponeént nprising about 0.1 to

about 0. @oly@ngﬂtylﬁto@ﬁn@tbli gastyl@ne2-andioryeropploppitemtl p@[}dha&kylhlﬁﬁ&&fle one
silicone conpon ntsel ected fromthe group consistin ctive
el mﬁ%gfﬁampno

pol ydi al ¥A BPNsAsthagyiyeehy dieky RIBREBNADY topry Wibre b = 2 to
20; ter MRginaRl 4R ggildlpﬂﬁnsﬁg{é?@&hmn?@&qﬁ&%ffaha%émova' ent groups

conpri sing at one eni ca unsaturated noi ety, nonoval ent alkyl
group having 2 to 16 carbon atons, prOV|ded that one termnal Rl conprises

an ethyl eni cafly The polymer of claim 1 wherein said at least one silicone component is

selected from monomethacryloxypropyl-terminated mono-n-butyl terminated
polydimethysiloxane, bis-3-acryloxy—2-hydroxypropyloxypropyl polydimethylsiloxane,
methacryloxypropyl-terminated polydimethylsiloxane and mono-(3-methacryloxy-2-
hydroxypropyloxy)propyl terminated, mono-butyl terminated polydimethylsiloxane and

mixtures thereof.

8. The polymer of claim 1 wherein said ionic component is a carboxylic acid
containing component selected from the group consisting of free radical reactive

carboxylic acids comprising 1-8 carbon atoms.

9. The polymer of claim 8 wherein said carboxylic acid-containing
component is selected from the group consisting of (meth)acrylic acid, acrylic acid,
itaconic acid, crotonic acid, cinnamic acid, vinylbenzoic acid, fumaric acid, maleic acid,

N-vinyloxycarbonyl alanine and mixtures thereof.

10.  The polymer of claim 8 wherein said carboxylic acid-containing

component comprises methacrylic acid.

11. A polymer formed from reactive components comprising about 0.1 to

about 0.9 weight % of at least one anionic component and at least one silicone component
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unsaturated noiety, and the remaining Rl are sel ected from nonoval ent al kyl
groups having 1 to 16 carbon atons. 12. A contact |ens fornmed by

pol ymer i 2aWogonaspesdent s conpri sing at | east one sili conecCrarspa@stcoand at

| east one ionic conponent wherein said ionic conponent is present in said
pol ynmer in concentration |less than 0.8 wt % and wherein said contact |ens
absorbs at | east about 10 ng |ysozyne, |less than about 5 ng |lipocalin and
wher ei n aﬁ | east about 50% of. al | roteiqs.%gs rbed in or an said contact
ens ar esISFHAFID LTS PR Cas gl BBt ROV URLY BSOS RS fRBY of n sai d

i oni c copReRRmMls 6PPRHEEp at | east one pol ynmerizable group and three to ten
carbon atons. 14. The contact lens of claim 12 where said ionic conponent
conprises three to eight carbon atons. 15. The contact lens of claiml
wherein said ionic component conprises at |east one carboxylic acid

group. 16. The contact |l ens of claim1l5 erein said ionic conponent is

sel ected fromthe group consistRig|of RAfyliR%acid, methacrylic acid,
furmaric acid, nmaelic acid, |taton|c ati crnotonj c acid, cinnamc acid,

vi nyl benzoi ¢ aci d, nnnoestéki—dﬁi relBi i-Reelic acid and itaconic

acid and N-vinyl oxycarbonyl al ghin (N#ﬁinyl ycar bonyl - b-al ani ne) and
of. 1A [IThecontact |ens of claim12

honmopol ynmers and copol yners théne
wherein said contact | ens absorbs | eas¥ about 50 ng | ysozyne. 18. The

contact lens of claim 12 wherein said contact |ens absorbs at |east about
100 ng | ysozyne. 19. The contact lens of claim 12 wherein said contact |ens
absorbs at | eahtredbolto 200cmynalyRs czy imelep@entThel @omlt famh nhewsalofit cl ai m 12

wherein sai d contact I?ns ab50£ s .at | east .
groups comprising at least one ethylenically unsaturated moiety, monovalent alkyl group

having 2 to 16 carbon atoms, provided that one terminal R' comprises an cthylenically
unsaturated moiety, and the remaining R' are selected from monovalent alkyl groups

having 1 to 16 carbon atoms.

12. A contact lens formed by polymerizing components comprising at least
one silicone component and at least one ionic component wherein said ionic component
is present in said polymer in concentration less than 0.8 wt % and wherein said contact
lens absorbs at least about 10 ug lysozyme, less than about 5 ug lipocalin and wherein at

least about 50% of all proteins absorbed in or on said contact lens are in native form.

13.  The contact lens of claim 12 wherein said ionic component comprises at

least one polymerizable group and three to ten carbon atoms.

14. The contact lens of claim 12 where said ionic component comprises three

to eight carbon atoms.

15.  The contact lens of claim 1 wherein said ionic component comprises at

least one carboxylic acid group.
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about 500 ng |ysozyne. 21. The contact |lens of claim 12 wherein said
contact | ens absorbs at |east about 800 ng |ysozyne. 22. The contact |ens
of cl ai mwO 2edva3ed58 sai d contact | ens absorbs about 3nyPor/use@w/osdepdcal i n.
23. The contact |lens of claim 12 wherein at |east about 60% of all proteins
absorbed in or on said contact lens are in native form 24. The contact

l ens of claim1l wherein at | east about 75% of all proteins absorbed in or
on said conta | e are in native form25. The contact |ens of claim 12
further compr 1&i ng e wvest T ot M of e bt oot st aloHE. cont act
l'ens of ghbAltAR ddupUbhdi@ngCR RIS 2B, Mefsci9fic abid] R@RhiARUMImRDic 28, The
contact |lens of claim 16 wheréin at |east about 60% of all proteins

absor beditaqenigracgh cxdordc eot @etaniie asidavigylibanzeat acid rhgnogsteB® I fai@ricont act

| ens of cl.aim 16 erei.n at. | east out, 75% of all prot.ei.ng absqrbed in or
on et S aaehg s Bedthc G Rhe RPBho S BBt TR RS REoRFE 115
wher ei n ghbhg@§hn@m@m§@ﬂ%@@@gn@@ & thgestel ect ed from conpounds of

Formula | : where b = 0 to 100; I's a nonoval ent group conprising at
| east one ethylenically unsaturated noiety; each Ris independently a

monoval ent al kyl, ?ﬁe 96&%&@88?@%‘159@%?&( Ea‘?d‘Eb‘x{tw%nssaﬁ?&%in%t%é%‘?. W th
al cohol , am ne,” ketone, carboxylic acid, ether groups or conbi nations
t her eof ; atdat 56 pg lysorpval ent al kyl, or aryl group, which may be further
substituted with al cohol, am ne, ketone, carboxylic acid, ether groups or

conbi nati ons thereof; and R4 is independently al kyl, aromatic, or a

monoval ent  si | @xangyChgikt RATBE ERIAY WeMid sdi@ AR 16REBLADYaTeasP uni ts.
about 100 ug lysozyme.

19. The contact lens of claim 12 wherein said contact lens absorbs at least

about 200 ug lysozyme.

20. The contact lens of claim 12 wherein said contact lens absorbs at least

about 500 ug lysozyme.

21. The contact lens of claim 12 wherein said contact lens absorbs at least

about 800 ug lysozyme.

22.  The contact lens of claim 12 wherein said contact lens absorbs about 3ug

or less lipocalin.

23.  The contact lens of claim 12 wherein at least about 60% of all proteins

absorbed in or on said contact lens are in native form.

24. The contact lens of claim 1 wherein at least about 75% of all proteins

absorbed in or on said contact lens are in native form.
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30. The contact lens of claim29 wherein said at | east one silicone
conponent is selected fromthe group consisting of nononet hacryl oxypropyl
t er m nat eslorrora3m@EBkyl term nat ed pol ydi al kyl si | oxane, PCT/US2009/058605

bi s- 3-acryl oxy- 2- hydr oxypr opyl oxypr opyl pol ydi al kyl si | oxane,

met hacryl oxypropyl -term nat ed pol ydi al kyl si |l oxane, nono- ( 3-
nethacryloxy-2-hydroxypropy|oxy)propyl term nat ed, nono- aIkyI term nat ed

pol ydi al kyl si | pxang, and co tlon reof 3.1. The f cl aim 29
Bt el n oxid 2+ oduf Ot Eis DEGHEN Jomoie fpmpuae f ack B Goararat 16
nmononmet hgguy 1 ox%ypr opyl term nat ed nmono-n-Ci _ 4 al kyl term nated

pol ydi met hyl si | oxane, bis-3-acryl oxy-2-hydroxypropyl oxypropyl

pol ydi al kyl si | oxane, and nono- ( 3- net hacryl oxy- 2- hydroxypropyloxy)propyl
term nat ed, o- O 4 Ik | termn di al.k e tions

t hereof and t Iii%ec ¥%@ §8?§ﬂi??%?‘%Fé?%?ﬁ@gﬁﬁg%gﬁﬁﬂ?% { ‘east one
silicone conponent is selected fron1nnnonethacryloxypropyl-ternlnated

nono- n-butyl term nated pol ydi nmet hysi | oxane,

-acryl oxy- 2- hylr ox Ve epyaciapp pbpipin po W@r%mﬁ% iaﬂp(mt &A%, of all proteins

met hacry [ | i | oxane and

nono- ( 3- %%?ﬁ%g?@?JoﬁEafkﬂﬁ%ﬁﬂnﬁ%¥%gy oxyﬁ%&bpyl term nat ed, nono-butyl
term nat ed pol ydi net hyl sil oxane and m xtures thereof. 33. A contact |ens

formed by polgner|2|ng conPonents conprising at | east one silicone

conponent and?&t | &8&Eondé lang Af elapy hp ShsrRin iR PRI g rofi alauptedise
Carboxy'Mﬁoﬁ%HQnSJQWQn&&nﬁ&h@ﬁm%ﬂ?&%ﬁh%@h#ﬂﬁs up to about 9.3 mmol/ 100 gm
and whereln said contact ns absorbs at |east about 10 ng |ysozyne, |ess
t han about 5 ngy Ilpocalln and wherein at |east about 50% of proteins
absorbed in o Onmigld act Ienslg inn tlve foén1 34. The contact

| ens of cl ai T & Cé 03 of gl Wﬁﬁ%ﬁﬁ‘éﬁ’t CHHAPT PYEWCAOMPEYER 1Hne

pol yrer | ¥Ated 5B gpmapendsit Eergaden carbon at ons.

R4 TZ R2
Ri Si O—Si O Si —Rs
R2 Ro Ro

where b= 0 to 100; R, is a monovalent group comprising at least one ethylenically
unsaturated moiety; each R, is independently a monovalent alkyl, or aryl group, which
may be further substituted with alcohol, amine, ketone, carboxylic acid, ether groups or
combinations thereof; Rz is a monovalent alkyl, or aryl group, which may be further
substituted with alcohol, amine, ketone, carboxylic acid, ether groups or combinations
thereof; and R4 is independently alkyl, aromatic, or a monovalent siloxane chain

comprising from 1 to 100 repeating Si-O units.
30.  The contact lens of claim 29 wherein said at least one silicone component

is selected from the group consisting of monomethacryloxypropyl terminated mono-n-

alkyl terminated polydialkylsiloxane, bis-3-acryloxy-2-hydroxypropyloxypropyl

42-



35. The contact lens of claim 34 where said ionic conponent conprises three
to eight carbon atons. 36. The contact |lens of claim33 wherein said ionic
conponentwD08di3ees8ed from the group consisting of acrylPCE/UseH0d/058605

met hacrylic acid, furmaric acid, maelic acid,itaconic acid, crotonic acid,
ci nnam ¢ acid, vinylbenzoic acid, nonoesters of furmaric acid, nmaelic acid
and itaconic acid and N-vinyl oxycarbonyl al anine (N vinyl oxycarbonyl -

b- al ani ne n nopol rs and coppl yners ther .. 37. The contact |ens of
o1 ol o 5ty RICRRE. MET SN B Bl e N s ane. TS v s ovyme.
38. The gemMhasioxyengy®b @%ﬂb T @HRingRH dnEANLRGE tchRgtcabsor bs at | east
about 100 nga?;ggzyn%. %g# hé%?gﬁ?gct 'ens. of claig1§3 wherein sai d

cont act papdiabiybdokancand lcembinatibether200 ng | ysozyne. 40. The contact |ens

of claim 33 wherein said contact | ens absorbs at |east about 500 ng
| ysozynme. 41. The contact lens of claim33 wherein said contact |ens

absorbs at |east abpipolPRer SclAMSTE W ABcinkdid akNEasEOY flidonk @BSpOhentisai m 33
wherein said contact |ens absorbs about 3ng or |ess I|Pocalln. 43. The

cont act $edepsedofrors mgnenmthagrdexeipron taragstedgponan€o9a ! wrmingtegt ei ns
absor bed_ (0 53] | ' r : nt act
ons. of BarResIRRRE TR AFRILE R laPOp e b b AP B o
on sai d anhthesd-(3-erthaarytoxyr2-hadriox gprbpyloxy fmpyllemibartabnd-ans, atifyl cl ai m 33
further conprising a water content of at |east about 15% 46. The contact
| ens of f@rlamﬁmg)og@ﬂ%lﬁ@?l arpreepingionsdhsiefand gl of 1 ess
32.  The polymer of claim 29 wherein said at least one silicone component is
selected from monomethacryloxypropyl-terminated mono-n-butyl terminated
polydimethysiloxane, bis-3-acryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane,
methacryloxypropyl-terminated polydimethylsiloxane and mono-(3-methacryloxy-2-
hydroxypropyloxy)propyl terminated, mono-butyl terminated polydimethylsiloxane and

mixtures thereof.

33. A contact lens formed by polymerizing components comprising at least
one silicone component and at least one ionic component comprising at least one
carboxylic acid group in molar concentrations up to about 9.3 mmol/100 gm and wherein
said contact lens absorbs at least about 10 ug lysozyme, less than about 5 ug lipocalin
and wherein at least about 50% of proteins absorbed in or on said contact lens are in
native form.

34.  The contact lens of claim 33 wherein said ionic component comprises at

least one polymerizable group and three to ten carbon atoms.

35.  The contact lens of claim 34 where said ionic component comprises three

to eight carbon atoms.

36.  The contact lens of claim 33 wherein said ionic component is selected

from the group consisting of acrylic acid, methacrylic acid, furmaric acid, maelic acid,
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t han about 90. 47. The contact |ens of claim46 wherein at | east about 60%
of all proteins absorbed in or on said contact lens are in native form 48.
The cont aw0 2088968 cl ai m 46 wherein at | east about 75%pofi/uskéopsssbei ns
absorbed in or on said contact lens are in native form 49. The contact

| ens of claim 33 wherein at | east one silicone conponent is selected from
compounds of Formula I : where b = 2 to 20; at |east one termnal Rl
conprises a nDnovaIent react.i ve . gapp t@e ot her. ternlnal4§ conprises a
monoval efCOPEAELY: GRS A dornng a) BRSO ACIG BRI CHERSi éurfla’fé car bons
and the §&qMahaioGcidand ifcéEenE raﬁ&mtbmywy@a%&gl hIb R MRASYAbSfhriRdhky |
groups having 1-16 carbons. 50. The contact |ens of claim33 wherein said
at | east feheins) hidhereomdympenend copolgméns thazebff rom t he group consi sting of
nononet hacryl oxypropyl term nated nono-nal kyl term nated

pol ydi al kyl si | oxane, bis-3-acryl oxy-2-hydroxypropyl oxypropyl

pol ydi al kyl si §pxanghe sokdratny b h 9P Wheted 5did abmbct P&lsyBsabkyd 1sdsk oxane,
nono- ( 3- nethachony 2- hydr oxypr opyl oxy) propyl term nated, nono-al kyl

t er mi nat &pupsf ydileiorynei | oxane and conbi nations thereof. 51. The pol yner of
claim 33 wherein said at | east one silicone conmponent is selected from
nononet hacryl oxypropyl term nated nmono-n-C _4 al kyl

t er m nat edpol ¥8li meThytsitdcdiamsef clains 3Swaerai eny Cottydnamsypsapyhtdeaspr opy|
polydlalkyIS|onane and nono- ( 3- net hacr yl oxy- 2- hydr oxypr opyl oxy) pr opyl

t er m nat #put ﬁgﬁbg‘%?zw%ﬁkyl t ermi nat ed pol ydi al kyl si | oxane conbi nati ons
thereof. 52. The polynmer of claim 33 wherein said at | east one silicone
conponent is selected from nonomet hacryl oxypropyl -term nated nono-n-butyl
term nated poB%dinﬁhmysﬁamkﬂmefchhnssvdmﬁymmﬁ@e@ﬁmydﬂmwygnb@mﬂamypropyI

pol ydi et 0){1I Ebd ug ysozyrne

40, The contact lens of claim 33 wherein said contact lens absorbs at least

about 500 ug lysozyme.

41, The contact lens of claim 33 wherein said contact lens absorbs at least

about 800 ug lysozyme.

42.  The contact lens of claim 33 wherein said contact lens absorbs about 3ug

or less lipocalin.

43.  The contact lens of claim 33 wherein at least about 60% of all proteins

absorbed in or on said contact lens are in native form.

44.  The contact lens of claim 33 wherein at least about 75% of all proteins

absorbed in or on said contact lens are in native form.

45.  The contact lens of claim 33 further comprising a water content of at least

about 15%.
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met hacryl oxypropyl -term nat ed pol ydi net hyl si | oxane and
nono- ( 3- met hacryl oxy-2- hydr oxypr opyl oxy) propyl term nated, nono-butyl
t er m nat edlopoioydpesdt hyl si | oxane and m xtures thereof.  PCT/US2009/058605

46.  The contact lens of claim 33 further comprising a contact angle of less
than about 90°.
47.  The contact lens of claim 46 wherein at least about 60% of all proteins

absorbed in or on said contact lens are in native form.

48.  The contact lens of claim 46 wherein at least about 75% of all proteins

absorbed in or on said contact lens are in native form.

49.  The contact lens of claim 33 wherein at least one silicone component is
selected from compounds of Formula I:

$1 [ $1- $1
R1—-Si—0-SiH0O-Si-R!
KRR

where b =2 to 20; at least one terminal R' comprises a monovalent reactive group, the
other terminal R' comprises a monovalent reactive group or a monovalent alkyl group
having 1-16 carbons and the remaining R, are independently selected from monovalent

alkyl groups having 1-16 carbons.

50. The contact lens of claim 33 wherein said at least one silicone component
is selected from the group consisting of monomethacryloxypropyl terminated mono-n-
alkyl terminated polydialkylsiloxane, bis-3-acryloxy-2-hydroxypropyloxypropyl
polydialkylsiloxane, methacryloxypropyl-terminated polydialkylsiloxane, mono-(3-
methacryloxy-2-hydroxypropyloxy)propyl terminated, mono-alkyl terminated

polydialkylsiloxane and combinations thereof.

51.  The polymer of claim 33 wherein said at least one silicone component is

selected from monomethacryloxypropyl terminated mono-n-C; 4 alkyl terminated
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polydimethylsiloxane, bis-3-acryloxy-2-hydroxypropyloxypropyl polydialkylsiloxane,
and mono-(3-methacryloxy-2-hydroxypropyloxy)propyl terminated, mono- C; 4 alkyl

terminated polydialkylsiloxane combinations thereof.

52.  The polymer of claim 33 wherein said at least one silicone component is
selected from monomethacryloxypropyl-terminated mono-n-butyl terminated
polydimethysiloxane, bis-3-acryloxy-2-hydroxypropyloxypropyl polydimethylsiloxane,
methacryloxypropyl-terminated polydimethylsiloxane and mono-(3-methacryloxy-2-
hydroxypropyloxy)propyl terminated, mono-butyl terminated polydimethylsiloxane and

mixtures thereof.
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