METHOD OF PACKAG NG A LENS Field of the Invention This
invention relates to contact | ens packages contai ni ng
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stability and shelf |ife. Background of the Invention
Silicone hydrogels represent one class of materials

used for contact |ens applications. Hydrogels conprise

a hydrated, crosslinked polymeric system containing

water in an equilibriumstate. In the case of silicone
hydrogel contact |enses, the hydrogel copolyners are
generally prepared by polynerizing a nononelic m xture
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BB SANEMEgr  |PorLant (hat (e packaged
| ens Hydrogel contact lenses are typically packaged in a glass vial or plastic blister
package that includes a receptacle portion to hold the contact lens and a sterile packaging
solution. This vial or receptacle, containing the contact lens immersed in tﬁe solution, is
hermetically sealed, for example, by sealing lidstock on the package over the receptacle.
The package serves as a means to safely ship and store the lens. A contact lens may not
be removed from its package for nse for quite some time. For example, lenses in their
package may be held in inventory by a manufacturer or a distributor; also, a contact lené
wearer may purchase and receive a long-term supply of lenses. Accordingly, it is
important that the packaged lenses have sufficient shelf life.. In fact, contact lens
packages will indicate an expiration date indicating the end of the'shelf life of the lens.
Silicone hydrogel copolymers have a greater tendency than conventional, non-
silicone hydrogels lenses to be hydrolytically unstable. Statéd differenfly, ‘silicone
hydrogel contact lenses have a greater tendency to undergo a change in mechanical
properties, such as modulus, over time, due to changes in crosslinking density of the
hydrogel copolymer while the lens is packaged and stored. Such changes in mechanical
properties may translate to a shorter shelf life than desired. Thus, it is not uncommon for
silicone hydrogel contact lenses to have a shorter shelf life than conventional, non-

silicone hydrogel lenses.
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As an example, the silicone hydrogel copolymer is cationic and the stabilizing
agent contains an anionic charge, including an anionic agent and a zwitterionic agent. .

As an example, the stabilizing agent is an amine that complexes with anionic
groups of the copolymer. The arnine moiety of the stabilizing agent and/or copolymer
may be quaternized ammonium.

As an example, the stabilizing agent contains groups that hydrogen Bond with
hydrogen bond accepting groups of the copolymer.

According to preferred embodiments, lidstock is éealed over the receptacle
containing the solution and the contact lens, and the contact lens and solution are
sterilized in the sealed receptacle, such as by autoclaving.

This invention also provides a method comprising: sealing a receptacle of a
contact lens package that contains a solution and a contact lens, wherein the contact lens
is made of a silicone hydrogel copolymer; and storing the contact lens in the package for
an extended period of time, wherein the stabilizing agent inhibits changes in physical
properties of the silicone hydrogel copolymer during storage.

This invention provides a method of improving the hydrolytic stability of a
contact lens made of a silicone hydrogel copolymer, comprising storing the contact lens

in a sealed package and immersed in a sterile solution comprising a stabilizing agent,
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anionic and the stabilizing agent contains a cationic
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agent. As an exanple, the silicone hydrogel copol yner

is cationic and the stabilizing agent contains an
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Hydrogels comprise a hydrated, (,rosslmked polymeric system containing water in an

equilibrium state. Accordingly, hydrogels are copolymers prepared from hydrophilic
monomers. In the case of silicone hydrogels, the hydrogel copolymers are generally
prepared by polymerizing a mixture containing at least one lens-forming silicone-
containing monomer and at least one lens-forming hydrophilic monomer. Either the
silicone-containing monomer or the hydrophilic monomer may function as a crosslinking
agent (a crosslinking agent being defined as a monomer having multiple polymerizable
functionalities), or alternately, a separate crosslinking agent may be employed in the
initial monomer mixture from which the hydrogel copolymer is formed. (As used herein,
the term “monomer” or “monomeric” and like terms denote relatively low molecular
weight compounds that are polymerizable by free radical polymerization, as well as
higher molecular weight compounds also referred to as “prepolymers”,
“macromonomers”, and related terms.) Silicone hydrogels typically have a water content
between about 10 to about 80 weight percent. In the case where the silicone hydrogel
copolymer is formed from a silicone-containing crosslinking agent, the initial monomeric
mixture may further comprise a monofunctional silicone-containing monomer.

Examples of useful lens-forming hydrophilic monomers include: amides such as

N,N-dimethylacrylamide and N,N-dimethylmethacrylamide; cyclic lactams such as N-
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hydr ogel copol ynmer during storage. This invention

provi des a nmethod of increasing the shelf |ife of a
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contained in a seal ed package, conprising storing the

contact lens in the seal ed package and inmersed in a

sol ution conprising a stabilizing agent that inhibits

changes in physical properties of the silicone

hydr ogel copol ymer during storage. This invention
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contact lens with a shelf life of

t | 2
vin'n]rzypmrg}i@@rgm(y]eg})aq:rggqu glc9léqi§,ss,ucg(ﬁ§pge~?x§{iwéy§tsg{ fsrﬁgt;hacrylate, 2-

h%f?ch&fégrgih %&tylz!ttﬁp Ad 'gy&:ﬁﬁ rﬁ'é%ﬁ% 222 0l BHSa POty (Bt ldne glycol)s;

on "co I'ng "a stabilizing agent that . .
(nigthjabhiis achdsngeh asrmethpgiylie acigr Beraryas agjd; apd azlactone-containing
si |icone_hydrqge . Bf 4.0t st &,-58baiahad 2-vinyl-4,4-
R
dinfBiRNtd-6xadotinisefiall (Asr ugpdchaginn ghe iterne S hmethy ¢ dsgetes an optional
- contact | ense Hydr ogel s conprise A " lat
et TR Py rTE Sy BB BB O ekt PG o her methacrylte or
a&GMid, 108 aRe@hairslic Asavieidied yithdnydethgelbic agid or acrylic acid.) Still
copolynmers prepared from.hydrophilic nonopers.
ugtien kBt EonBenUIORIIE MONa YRR b icpHinid monomers
dBERsAL RS Al Yo RERPROEDS Dy0 205 Yy aRd ithé rtgydaophidi¢ Lrxezolone monomers
contai ning at | east one |ens-

disclopesbimeldoh tPatant ANp- et f 1g$o$@g§?f Whish are incorporated herein
bg? 0L Mg M ALIOR vk dphiIRNAESmersi Willefe dpparent to one skilled in the
111

cone-contai ning frononer or the hydrophilic nonomer
amay function as a crosslinking agent (a crosslinking

Sgﬁ;:%o% 1%%!%{: gsﬁgéo%ggcoﬁ?ﬁiﬁngmerﬁ%ﬁ&gia@f&id@bQn the formation of
silicone hydrogels are well known in the art and numerous examples are provided in U.S.
Patent Nos. 4,136,250; 4,153,641; 4,740,533; 5,034,461; 5,070,215; 5,260,000;
5,310,779; and 5,358,995.

Examples of applicable silicone-containing monomers include bulky
polysiloxanylalkyl (meth)acrylic monomers. An example of such monofunctional, bulky

polysiloxanylalkyl (meth)acrylic monomers are represented by the following Formula I:

R2

Ra —$i"Rz

| PR
AN X/(CHZ)h Si—O i}, Rz
2

Ri ©
Ro _$1“R2
R2

@

wherein: |
X denotes -O- or -NR-;
each R, independently denotes hydrogen or methyl;
each R, independently denotes a lower alkyl radical, phenyl radical or a group

represented by
4
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(ID
wherein:
Y' denotes -O-, -S- or -NFH-;
RSi denotes a silicone-containing organic radical;
R3 denotes hydrogen or miethyl;
dis1,2,30r4;andqisOor 1.



by reference. O her suitable hydrophilic nmononers w il
b e apparent to one skilled in the art. Applicable
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formati on of silicone hydro gels are well known in the
art and nunerous exanples are provided in U S. Patent
Nos. 4, 136, 250; 4,153, 641; 4,740,533; 5,034, 461;

5,070, 215; 5,2606000 5, 310,779; and 5, 358, 995.
Exanpl es of applicable silicone-containing nononers

i ncl ude bul ky pol ysi | oxanyl al kyl (nmeth)acrylic
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(CH2)p O\O](\

wherein p'is 1 to 6;

Rs denotes an alkyl radical or a fluoroalkyl radical having 1 to 6 carbon atoms;

eis 1t0200;n'is 1,2,3 0or4;andm'is 0, 1, 2, 3, 4 or 5.
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vi nyl carbonat e;
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lane] ; 3- [tris(trinmethylsiloxy)silyl]propyl vinyl

carbamate; 3-[tris(trimethylsiloxy)silyl]propyl allyl

carbamate; 3-[tris(trinmethylsiloxy)silyl]propyl vinyl

carbonat e; tbutyl dinethylsiloxyethyl vinyl carbonate;
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Another class of silicone-containing monomers includes polyurethane-
polysiloxane macromonomers (also sometimes referred to as prepolymers), which may
have hard-soft-hard blocks like traditional urethane elastomers. Examples of silicone

urethane monomers are represented by Formulae IV and V:

v) E(*D*A*D*G)a*D*A*D*E'; or
2 E(*D*G*D*A),*D*G*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;

G denotes an alkyl diradical, a cycloalkyl diradical, an alkyl cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical having 1 to 40 carbon atoms and which may
contain ether, thio or amine linkages in the main chain;

* denotes a urethane or ureido linkage;

ais at least 1;

A denotes a divalent polymeric radical of Formula VI:

RO R
E‘_(CHQ)]H ?I—O ?1—'(CH2)m"“"E'
[ Rg Jp Rs

(VD



and wherein: R denotes (CH2)P - O O wherein p' is 1to

6; R denotes an al kyl radical or a fluoroal kyl radica
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3or 4, and nis 0, 1, 2, 3, 4 or 5 An exanple of a

particul ar species within Formula Il is represented by

Formula 111: (111) Another class of
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pol yur et hanepol ysi | oxane macronononers (al so soneti nes

referred to as prepol yners), which may have

hard-soft-hard bl ocks |ike traditional urethane

el astomers. Exanpl es of silicone urethane nononmers are

wkaensented by Formulae IV and V: (1V) E(*DPA*D*Q a
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or an al kylaryl diradical having 6 to 30 carbon atons;

G denBY dsatdpasalkgnd di radi cal, a cycloal kyl diradical,
an al gyl » GYsbeAiih plovidd £Rbiety weight of 400 to 10,000;

each of E and E' independently denotes a polymerizable unsaturated organic

radical represented by Formula VII:

Ry ~ .~ _ - —_p ——
\KTW\@HZ)W COx ™ (Z)z(A)y—Rg

Ry
(VI)

wherein:

Rs is hydrogen or methyl;

R is hydrogen, an alk};l radical having 1 to 6 carbon atoms, or a -CO-Y-Ry
radical wherein Y is -O-, -S- or -NH-; |

Rg is a divalent alkylene radical having 1 to 10 carbon atoms;

Ry is a alkyl 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;xisOorl;yisOor 1l;andzis O or 1.

A more specific example of a silicone-containing urethane monomer is

represented by Formula (VIII):



an aryl diradical or an al kylaryl diradical having 1
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urethane or ureido linkage; a is at least 1; A denotes
a divalent polyneric radical of Fornmula VI:
(VI )wherein: each R i ndependently denotes an al kyl or
fluoro-substituted al kyl group having 1 to 10 carbon
atonms which may contain ether |inkages between carbon
atons; m is at least 1; and p is a nunber which
provi des a noiety weight of 400 to 10,000; each of E
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wherein m is at least 1 and is preferably 3 or 4, a is at least 1 and preferably is 1,
p is a number which provides a moiety weight of 400 to 10,000 and is preferably at least
30, Ry is a diradical of a diisocyanate after removal of the isocyanate group, such as the

diradical of isophorone diisocyanate, and each E" is a group represented by:
CH;
5/ O\/

I
O

CHy—

A representative silicone hydrogel material comprises (based on the initial
monomer mixture that is copolymerized to form the hydrogel copolymeric material) 5 to
50 percent, preferably 10 to 25, by weight of one or more silicone macromonomers, 5 to
75 percent, preferably 30 to 60 percent, by weight of one or more polysiloxanylalkyl
(meth)acrylic monomers, and 10 to 50 percent, preferably 20 to 40 percent, by weight of
a hydrophilic monomer. In general, the silicone macromonomer 15 a
poly(organosiloxane) capped with an unsaturated group at two or more ends of the
molecule. In addition to the end groups in the above structural formulas, U.S. Patent No.
4,153,641 to Deichert et al. discloses additional unsaturated groups, including acryloxy
or methacryloxy. Fumarate-containing materials such as those taught in U.S. Patents
5,512,205; 5,449,729; and 5,310,779 to Lai are -also useful substrates in accordance with

the invention. Preferably, the silane macromonomer is a silicone-containing vinyl
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In addition to the end groups in the above structural ‘
unity imaluds catiprdc npgaHEs foforpulesX:641 t o Deichert et al .

di scl oses additional unsaturated ggoups, including

acryl oxy or nethacryl oxy. Fumarate-contai ni ng

materials such as t pse taughtgjn U S. Patents

5,512, 205; 5, 449, 729;' and 5, 31 479 to Lai are also

usef ul substra{{es |n .accor gn_c]g th v

| Si—

R, R,
(X)

wherein each L independently can be an urethane, carbonate, carbamate, carboxyl
ureido, sulfonyl, straight or branched C;-Cso alkyl group, straight or branched Ci-Cso
fluoroalkyl group, ester-containing group, ether-containing group, polyether-containing
group, ureido group, amide group, amine group, substituted or unsubstituted C,-Cso
alkoxy group, substituted or unsubstituted C5-Cso cycloalkyl group, substituted or
unsubstituted C3-Cso cycloalkylalkyl group, substituted or unsubstituted C3-Cao
cycloalkenyl group, substituted or unsubstituted Cs-Csp aryl group, substituted or
unsubstituted Cs-Csp arylalkyl group, substituted or unsubstituted Cs-Csp heteroaryl
group, substituted or unsubstituted C3-Cso heterocyclic ring, substituted or unsubstituted
C4-Cso heterocyclolalkyl group, substituted or unsubstituted Cs-Cao heteroarylalkyl
group, Cs-Cso fluoroaryl group, or hydroxyl substituted alkyl ether and combinations
thereof.

X' is at least a single charged counter ion. Examples of single charge counter
ions include the group consisting of CI', Br, I', CF3CO2, CH;CO;, HCOs", CH3804, p-
toluenesulfonate, HSO4 ,HoPO4', NO3~, and CH;CH(OH)COz'. Examples of dual

charged counter ions would include SO4 *, CO3 * and HPO4 2. Other charged counter

10



the invention. Preferably, the silane macronononer is
a silicone-containing vinylcarbonate or vinyl
woanamedse or a pol yur et hane- pol ysi | oxane havi RQTAIS2006/047795
nore hardsoft- hard bl ocks and end-capped with a
hydr ophi i ¢ nononer. Specific exanples of contact |ens
materials for which the present invention is useful
are taught in US Patent Nos.: 6,891,010 (Kunzler et
al .); 5 908, 906 (Kunzler et al.); 5 714, 557 (Kunzl er
et al.); 5,710,302 (Kunzler et al.); 5, 708 094 (Lai et

b G530 SNl B BB oo v

(elr{lmal anowit flcohntefioR ity beprédeat )n; thamddﬁx,taﬁmpdﬁﬂ Therefore, the

QSu re
o B sohtetiopb o By Hiespatee Bl dfbfic hrgunderstood thar, for
gxapnlaely cbrgRapouselibe, tﬂatatﬁﬁbﬂl:oﬁih’[drﬁ)ﬁ&nd QhRiHErN llloxanyl will be
ﬁno(g@rel ic.i \MI%I ts include cgationic m)nongrs of formnu
uniqrigns,of @Feafer negahy a chargfeyhisapt 3 difispng gatigs BasEd upon the
i atdhanR ofdRE Bidrfon, Car banat e, car boxyl urel do,
sul fog strai ght or branched Cl1-C30 al k roup,

st r ai ghengRasrasrshdadependerdly Hydiesesar kifp mu anched Cy-Cao alkyl
El%tuﬁr StER Pk R Y 1O BV, BubRa Hgﬂgf‘cﬁipn N9 E&Hlpgrou? ether

pol yet her-contai ni ng group, ureé€i roup, amd oup,
mﬁtwelrgg Fapp. palyshértogniaining sueipu brstida groad, u@:moup, amine group,

Sy CP CEBfﬁ’r&ub&HQt%h'C% U‘{: dallggx bip%hb{)tﬂﬁt%g o g%%flg%d C3-Cso

group Ut ed unsubstitute
@xﬁdbaihyl@balb ksybstgnisd pr uSS}ﬂStlhtttd €a-Cag cmm}bﬁaﬂ%'h gedip, substituted

R AL A AR PSS Fipped oo
group, substituted or unsubstltuted Cs-Cso arylalkyl group, substituted or unsubstituted
Cs5-Csp heteroaryl group, substituted or unsubstituted C;3-Cso heterocyclic ring, substituted
or unsubstituted C,4-Cso heterocyclolalkyl group, a substituted or unsubstituted Cg-Csg
heteroarylalkyl group, fluorine group, a Cs-Csg fluoroaryl group, or a hydroxyl group and
V is independently a polymerizable ethylenically unsaturated organic radical.

Monomers of formula IX include those represented by formula X below:

R X
R, 2 Ry
I + ]
R] |Sl L 1 II\T LZ CI: C R4
Rl Rz R3

X
wherein each R; is the same and is -OSi(CHj3)s, R; is methyl, L, is an alkyl amide, L; is a
alkyl amide or ester having 2 or 3 carbon atoms that is joined to a polymerizable vinyl
group, R; is methyl, R; is H and X" is Br” or CI".

Further structures have the following structural formulae XI-XV:

11



unsubstituted C5 C30 aryl al kyl group, substituted or
unsubstituted C5-C30 heteroaryl group, substituted or
wanswrbsedss ut ed C - C30 heterocyclic ring, substPCOUS2006/047795
unsubstituted C4- C30 heterocycl ol al kyl group,
substituted or unsubstituted C6-C30 heteroaryl al kyl
group, C5-C30 fluoroaryl group, or hydroxyl
substituted al kyl ether and conbinations thereof. X is
at | east a single charged counter ion. Exanples of
singl e charge counter ions include the group
consisting of d , Br , I , CF3CO2 , CH3 " HCO 3 ",
CH3S™ " p - toluenesul fonate, HSO H2PO4 T,°NO3 ", and
CH3CH(OH)CO 2 ". Exanpl es of dual chafged$c&tiht er ions

woul d includ%DSCﬂ 2", a8 2 a?d HPO 4 2".?C1he?H3

char 9ed13©0@mCL}LbOH@HMtdCQ?‘é-bWi—BH&HZQ—GBB-@iSi—CHa
ordinary skill in the ?. t should be u deraégod

that a residéal anmount ©of® €bunterion may lbe present in
the hydrated product. Therefore, the e 5 <4bxic
counterions is to be discouraged. Likew s€H;it shouh@n,

be understood that, for

and
oM
H,C—$i—CH,
Q s 9 Q¢ GHs
lgC—ﬁ—C*NH—%myg—NLmt—C*NH—%CHZ;—?PO—?ECHs
CH, CHy o O CH,
H,C—Si—CH,€
CH, (XID),
GHa
H,C—Si~CH,
Q GHy, @ ? G
H,C—C—C—0 «}m;wlmgec—NH (CHp);—$i-0—Si—CH
CH, CH, g, O CHy
H,C—Si—CH,
Ch, (XIID),
GHs
H,C—S$i~CH,
Q M Q o CH
tgc—ﬁ—c—NH—ﬂmyg—$Lmt~c—NH~«mg;—g—o—g—mg
CH, CHy g o CH
H,C—Si=CH,
CH3 (XIV),
g
_ H.,C—Si—CH
Br 3 I 8
i GHs ¢ G
+ - -_
HyC—G—C—0—(CH,)7~N—(CH,)7—Si~0—$i~CH,
CH, CH, O CH
H,C—Si-CH,
CH
3 (XV).
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a singularly charged counterion, the ratio of

counterion and quaternary siloxanyl wll be 1:1.
wa@aowTigedsens of greater negative charge w |l reeuwius2006/047795

differing rati os based upon the total charge of the

counterion. Ri and R are each independently hydrogen,

a straight or branched G -C 0 al kyl group, straight or

branched C1-C30 fl uoroal kyl group, Cl-C20 ester group,

et her contai ni ng group, polyether containing group,

urei do group, am de group, am ne group, substituted or

unsubstitute - C30 bstituted or . ..

nduB el EiprestntainsSet fthodt 19%kealit i cabgic fticon-
contaimnhmbhoémerss 8103 leyahasdvieyis atdevydedgredanp;

substituted or unsubstituted C3-C30 cycl oal kenyl H

gr oup, gUbstituted or unsubstituted C5-C30 ary] r,ug,

sub$tFT§EE; or unsubstj tuted C5-C30 aryl aIkyIHégBﬂb,Ha

substitqtedcpg unsubstjl t uted C5- C30 heferoaryl grdpp, ¢Hs
Hstq@.gt)g_t_gt_eﬁ.?ucwans196§1"i‘tcdﬁz€'d C3-A3Hye Cembey (SH, 5 $ing;-Si—CH,

subsiltgted(g{ unstubstituted C4- C30 heterocycl ol algyl CH,

grogﬁ _$;§¥Psfituted or unsubstituted C-C O | ~_g—cH

het &k%a %I al kyl group, fluorine group, a C5-C3D ZH ®

fiuoroaF group, or a hydroxyl group and Vis 3

i ndependently a polynerizable ethylenically

unsaturated organic radical. Mnoners of fornula I X

i nclude those represented by fornmula X bel ow. wherein

each R ig%the sanme angis -OSi(CH 3) Ris nethyl, L1

i s, an alkKyl*ayi de, He-fs-e@hiyt:ani de o esteg, haying ™ 3°ﬁw
C._C,ZZ_EJ&H_?(CH(Z;:EU?IO i:@';::; ons tHat is joi ned :{cha':—BQJcﬁg | ad.H} H-e(CHz):,—-§i-O—§i-ZCH3

vinyl grogp, c&3 is nmethyl, RA 1s H ane:X is Brher O . o  coH
Fur t her"%tréfet ures have the foll owi ng structural A
formul ae XI*-XV: and H3C- C -SSi- O Si - CH3 ’

Another class of examples of applicable cationic silicon-containing monomeric
units for use herein include cationic monomers of formula XVI:
Rs Ry Ro Ry X

| |

N—L—— W—L—[— Si-O] Si L—— N* [——
n

s |

,Rg RIO 1{]2

X

XVD
wherein each L can be the same or different and is as defined above for L in formula IX;
X' is at least a single charged counter ion as defined above for X in formula I; Rs, R, Ry,
Rg, Ro, Ryp, Ry; and Ry are each independently as defined above for R, in formula I, V is
independently a polymerizable ethylenically unsaturated organic radical and n is an
integer of 1 to about 300.

Monomers of formula X VT include those represented by formulae IX-XXI below:

i fs Q@ e T T fiie 7
H,G—G—C—0—(CH,);N-CHy—C—NH—(CH, )5 1§~ 0~ Si—(CH, )~ NH—C—CH;—N"~(CH,);-O— C~&—CH,
CH, . CHy o CH,  CH, CHy o CH,
(XVID,

13



C-3 (XII1), CH3 H3CGSi-CH3 OCH3 OO Il T+ CH3 3 II |
| 3 3G CCNH (CH2)- NCH2- GNH(CH 2 -Si-OSi-CH3

W 7@ABSBr - O CH3 H3C-Si-CH3 CH3 (XI'V) 5A scheautiseo06/047795
representation of synthetic nmethods for naking a
cationic siliconcontaining nononmer as discl osed
her ei nabove is provided below CH3 CH3 H C Sf1li-CH 3
H3CG-"i-CH3 OCH ftdl Od-C CH2C CH3 H2N (CH2
3-Si-O0Si-CH3 d-CHR-CG NH. (CH )3--Si-OSi-CH3 O
CH3 CH, H3C-Si-CH3 H G- ?S

Hy H, Hy Q 'ja
H:,C-—E—C—NH—-(CHz)s—f}l’—CH.‘,—C—-NH—(CHQ;—[—?i—O—];'?i—(CHz)g—NH—C—-CH;—l}l—(CHz)a—NH-C—ﬁ—CHS
CH, CHy o CH;  CH, CHy o CH,

(XVIID),

I 3 ] Hs My ® s i
Hsc—-ﬁ—c—O—(CHZ)Z—Y}JLCHZ,—C—NH—(CHz):,—[-§i-O-an—§i—(CHZ):,—NH—C—CHZ-—r?l—(CHz);O—-C—ﬁ—CHS
CH, CH, g~ CH,  CH, CHy g - CH,

(XIX),

Ha q ?Ha ¢H ‘ i +H 2 fl

H:,C—ﬁ—([‘,—NH—(CHa)s—?rIJLCHl,—-g-—NH—(CHz)a—PC]‘ai-O—]n—§i—(CHz)rNH—C—CHi—I\II—(CH-z)s—NH—C-—(&—CHS

CH, CH, g~ CHy,  CH, CHy o - CH,

(XX), and

Br Br
0 CH CH,  CH, CH, 0

I PR N 9 1+ o e

Hac—ﬁ—C—O—(CHZ)Z—ITJ—(CH2)3—[—?I—O—}—n ?I—‘(CHz)é—l‘ld—(C )3 ¢ 3
CH, CH, CH,  CH, CH, CH,
(XX).

A schematic representation; of a synthetic method for making the cationic silicon-

containing monomers of formula XVI is provided below:

GH,  CH,
1 |
HN—(CH,)5-8i~0—J §i—(CH ) NH,
CH,  CH,
0
Cl—C—CH,CI
CH CH, o

I 73 §
Cl—GHy—G—NH—(CH, ) [~ $i-0—+-Si—(CH,);~NH—C—CH;—Cl
CH,  CH,

14



Sfii--CH CH CH Another class of exanpl es of

applicable cationic silicon-containing nononeric units
wobano7usesskher ei n i ncl ude cationi c nmononers of fBCWWIS2006/047795

XVl : wherein each L can be the sanme or different and

is as defined above for L in formula IX; Xis at |east

a single charged counter ion as defined above for X in

formula l; R5, R, R7, R8, RO, Rio, Rn and R 2 are

each i ndependently as defined above for Rin formula

I; Vis independently a polynerizable et hyl enical |y

unsat ur at ed organi ¢ radi cal nd n ,qs an |nQFger of 1
to about 300. ¢ MpportRng @ )f Lnglgde, thgse
éb@w XVII)(XVIII)

represented by fof nul ae I
(XIX), (XX), and (XXI). scherratl ¢ representation of

a synthetic nethod for king the cationic

siliconcont ai ni ng nonomer sHBTETETATICHIPNFH:k s provi ded

bel ow. O CH3 CH3 Q I | rT13|Csz3TI - CH CNH(CH
2)5"-Si-0N"-Si-(CH2)-NHCCH d CH CH A schematic
repre§ent ati oif'of & synt het} E"' %d for rrﬁkl ng fhe ?

B "luc')'ﬁ' _éqWZ*F&oﬁéorﬂ Al :f. (CH2)3 NH—C—CHz—N™—(Ch);-0—C~G—CH,

Hy o CH:, ar CH2

A schematic representation of a synthetic method for making the cationic silicon-
containing monomers of formula XIX is provided below:
CH, CH,

| ]
HzN—-(CHz);{-‘?l—O-}?Sll—(CHz)a—NHZ
CH, CH,

i
CI—C—CH,CI

G gH

Il i
C|—CHZ—C—NH—(CH2)5{~-§|—0—-};§|—(0H2)3—NH—C-CH;—C|
CH,  CH,

0 Hy  GH, 0
I ) _ ]
cx—CHZ—-C—NH-—(u,Hz)a—Pg—o—]n—§|—(CHz)3—NH——c-—CHZ—-C|
CH,  CH,

]
H,C—G—C—O—(CH,J;N(CHy),

CH,
Hy O Hy  GH, Hy
I
Hc—cf—-c—o—(CHz)2 N™~CH;—C—NH— (CHz)a—[—§| o—]——§. (CH,)5—NH— c—CH-——-N (CH, 2—o—c— =—CH,
CH, CH, o CH, CH, CHS o cH2

Another class of examples of applicable cationic silicon-containing monomeric

units for use herein include cationic monomers of formula XXII:
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nmonomers of formula XI X is provided bel ow. CH3 CH3
H2N- (CH 2)3 - |:-Si-O|"Si-(CH 2)3 - NH, CH CH d-

WQ2EH/0653C- C- C- O (CH 2) IN(CH3) ., CH, Anot her PCiras2006/047795
exanpl es of applicable cationic silicon-containing
nmononelic units for use herein include cationic
mononers of formula XXIl:wherein x is 0 to 1000, y is
1 to 300, each L can be the sanme or different and is
as defined above for L in formula |l ; Xis at |least a
singl e charged counter ion as defined above for X in
formula |I; each R, RB and R 4 are | ndependently as
defined above for RRiin forMuBa | an?l-’A is a

pol yneri zabl e vinyjl | moi efly[ |A prefierded cationic

r andom gepet EW—‘%FS#—&F Siett O%s* hown i Tér nul a

XXII'1 below (XXl I whereitn & is-d tfjo 1000 and y is 1

to 300. A schenmmticgprepresentation oR,a synthetic

net hod for making thé catRenjc siliconcontaining

random copol yners of For mh e XXI'l and XXI'Il is

provi ded bel ow. N( CHR,3—Andt Her cl ass of exanpl es of

appl i cable cationic materilals for use herein include

cationic random copol yner g, of f & mul a XXl V: wher eL}@Xﬁ)

is O0to 1000, yis 1 to 30(5; each Ri5 and R g can be
w}u?riins}? {Tse 0 g)rlO%IOf ;?sr le?cE 30a0r1 Cclaach L can be the same or different and is as
defined above for L in formula I; X 1s at least a single charged counter 10n as defined

above for X in formula I; each Ry, Ry3 and R4 are independently as defined above for R;

in formula I and A is a polymerizable vinyl moiety.

A preferred cationic random. copolymer of formula XXII is shown in formula

XXIII below:

CHa CHa cI;H3
o—é—gz Sli———O]'—{'SL-——O}—Si—(gz)—O o

S o

CHj CHa
CHa
|/

HaC—N
oH, T (XXII)

wherein x is 0 to 1000 and y is 1 to 300.
A schematic representation of a synthetic method for making the cationic silicon-

containing random copolymers of Formulae XXII and XXIII is provided below:
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can be the groups as defined above for R in formula
I; Ris independently one or nore of the follow ng
woanimresss XXV and. XXVI: R18 XI + - L N R18 RP8TUX206)/047795

and R18 RI9 I + 1 N L-C=C R19 R 18 R 19 ( XXVD,

wherein L can be the sanme or different and is as

defined above for L in formula I; Xis at least a

singl e charged counter ion as defined above for X in

formula |I; R 8can be the same or different and can be

the groups as defined above for R in fornula |I; and

Ri 9i s i ndependently hydrogen .qr ,methyl. A schematic

representation of a syntheti g,%é hod for preparing

cationic siliconcontaining~randorm copol ynmers such as

pol y(di net hyl si | oxane) bear/'r%g pg’h\dant pol yneri zabl e

cationi c groups disclosed heP 'SQ’q s provi ded bel ow.

(A) (B) Another synthetic sche for preparing

pol y(di net hyl si | oxane) beari ng pendant cati oni c groups

and pendant pol ynerizable cati ani}\gbg,up; IS provided

bel ow. Yet another synthetic sghenme for preparing

pol y(di met hyl si | oxane)O)a'egri ng
/

~d. \ -
A S~ O g,
Owg;i-O
/ N\
—Si~ H H (o]
PR 2 s Gt
a0 s< :?—o—(CH2)2—§.—0—§.—(CH2)2—0—€=
 O-gi-O CH, CH,
/\ . CH, H,C
Q o, GH o, 0
ow(CHz)z—P-g—o—};{—s.—o{TLT,I—(CHz)E—oAg:
CH, CH,
CH, H,C
02
Br
l N(CHg),
: ol o g :
O—(CH,);{-$i-0-J;f-Si-0]; §i-(CH )0
: CH, CH,
CH, H,C
o
2 Br-
.
H,C—N"CH,
CH,

Another class of examples of applicable cationic materials for use herein include

cationic random copolymers of formula XXIV:
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pendant pol ynerizabl e groups and pendant cationic
groups i s provided bel ow. The silicone hydroge

woami7ageesb enses are packaged in a container thaCT/US2006/047795
i ncludes a receptacle portion to hold the contact |ens
and a sterile packagi ng solution. Exanples ofthe
contai ner are conventional contact lens blister
packages. This receptacle, containing the contact |ens
imrersed in the solution, is hernetically sealed, for
exanpl e, by sealing lidstock on the package over the
receptacle. For exanple, the lidstock is seal ed around
a perinmeter of tﬁﬁsrecepta 1e The ol ution and the

contact | ens relsterq il aled in the
package rggepiacﬂ;ie.—c}fxa&&pr 1|‘I“ Btion
techni ques in uﬁe sub ilng the solution and the

contact lens to h§rnal end,gy, m cReypave rad t??
ganna radi ation or ultraviolet radiation. Cc

W am 1es d ﬁBVﬁ)'otSe? 141??& e eB&}?RE OlndtR @ 822 BéEl tHehﬁr:iwﬁ‘tcﬁﬁ‘brent and
%ﬁgl a I'n the age contalne
canébiEthe gta]mpe amﬂeﬁmed abeyt ﬁ1101®1 mcform\alé IR @f‘éﬁ%‘lﬂpﬁnda“t“ﬂy one or more
t 120 pcl aving. The invention
fﬁEE%ﬂHﬁ?&% g%$§ % at srllcone hydr ogel cont act
| enses have a greater @endency t han conventi ona
non-sili cone hydrogels gnses to undergo changes in
physi cal propertleﬁ mh tored in their package.
| mport ant physical ~pro ert 8% of silicone hydrogel
contact |enses |nclude nmechani cal properties, such as
nodul us and tear stren ‘1§, wat er con{>EKV), axygen
permeabi lity; and surface characteristics, especially
when the | ens incl ules afsurfagqgcoating
Addi tionally, this |qyent|on recognlzed t hat changes

in mechani cal_pgropefntiep cantfptther result in
undesi red changes |p dlﬁEﬂ%lOﬂS of the | ens, such as

| ens dianeter. Rig Ry (XXVD),

wherein L can be the same or different and is as defined above for L in formula I; X is at

Jeast a single charged counter ion as defined above for X in formula I; R;g can be the
same or different and can be the groups as defined above for R, in formula I; and Ryo is
independently hydrogen or methyl.

A schematic representation of a synthetic method for preparing cationic silicon—
containing random copolymers such as poly(dimethylsiloime) bearing pendant

polymerizable cationic groups disclosed herein is provided below.

Q H C‘{—SI—O—]‘{"SI o—]—s.—CH
HC{}&—O%%}%—O{—SrCH C*‘C—U%?M CH, fayk CH,
(CHy); CH > NH

NH,

=0
CH,CI
&)
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As an exanpl e, silicone hydrogel contact |enses have a
greater tendency to undergo changes in crosslinking
wdensiorgssever tinme. This can | ead to changes i RCT/US2006/047795
mechani cal properties, particularly nodul us, and
result in a shorter shelf life of the packaged |ens
than desired. The problemw th changes in physica
properties nay be nore prevalent with silicone
hydr ogel copol ynmers conprising an ionic |ens-form ng
nmononer. Exanples of anionic | ens-form ng nononers are
aciﬂs, i?cluﬂ;ng c?rboxylgc acid-containgng 3mers?H3 ?Hs
such as (meth)acrylic acid, itaconic aci -_ - Si—CH
styrenecar boxylic acid and ﬂvinyloxycarboﬁﬁT{_?'c}%ﬂ—?é;i%;éH :
b- al ani ne. Exanpl es of Hatt—emoc (¢HerNCHbr m ng Blomer ¢°H2s ©M
arecayaterfﬂgy-$nyoniun1cgﬁ;aining nononers. Exarrple§H
" it i064§§4w@'f0rm!ﬂlDﬁnﬂﬂpﬂiswe mononers  €=0
co E in 9%99} lani oni ¢ noi eties and cationic GH,
noi 6t ? es. ‘AZPS &l i eved the ionic functional gr QUBS-N-CH,
particularmy t hose contai ni ng carboxyl groups, have 4§HﬁzCr

t he abilit?=Po partially hydrolyze silicone-containi
noi eties oWCltime, thus leading to changes in

physi cal properties of the silicone hydrogel =0
copol ymer. And al thoughsilicone hydrogel copol ynet§=¢
conprising an ionic nonomer are nore prone to CH,
hydrol ysis, even silicone hydrogel copolynmers | acking

such an ionic nononmer may still be subject to ,
hydr ol ysis and changes in physical properties when ®)

packaged and stored for, prol onged tiods, gf i . dant
espediathey syitheticcitBemy &'y EP?T%pQﬂlgﬁé‘Pg&?dﬁg ’lﬁ%‘%eﬁg’e%nng pendan
ca§ﬂo|nic‘3@188;9§£l{éﬁ£éﬂdaﬂt S Assliz b gicaestbupd 18 prividedbelont
st 1 cone hydrogel copol yners conprising an ionic
| ens-form ng nononer, one class of stabilizing agents
i ncl udes agents that forman ionic conpl Hu t h §Hs Hy  ¢H
J ngci—xgi—o " ;i—o—];{—-?i-o-};?i—CHa

o}

1. H,C—ﬁ—g—o—(CHz)gN(CHg)z i::lz)a CH, S;Hz)a CH,
H )
H, ¢Ha GH, CH, |=o o
ch—[—;i—o—};[—g—o—}ﬁi—cm = $H2 $H2
CH, fCHz)a CH, 2. N(CH,), Hac"f}r—CHa Hac“l;lLCHa
zio CH, - {CHz ci
CH,CI . @:o
HC=¢
CH,

Yet another synthetic scheme for preparing poly(dimethylsiloxane) bearing

pendant polymerizable groups and pendant cationic groups is provided below.

Hy Hy | CHy G
1. Hac-g--g—cn ¥ CI-CH;('C?:—CI H,c+;i—o{;{—;s—o—];{-§i—o—];§i—cri3

GH GHy My CH, {CH)y  CHq {CHz); CHs
¥ NH
Hzc—[—§i—o—]-;[—§i—0—]7$i—CH3 : - $: . ‘% "
o ri:fin)a o 2. N(CHy), H, H,C=
’ HC—N=CHj CH,
CH, .
cl

The silicone hydrogel contact lenses are packaged in a container that includes a

receptacle portion to hold the contact lens and a sterile packaging solution. Examples of
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t he hydrogel copolyner. Thus, for silicone hydroge
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in physical properties while stored in their package. Important physical propertles of
silicone hydrogel contact lenses include: mechanical properties, such as modulus and
tear strength; water content; oxygen permeability; and surface characteristics, especially
when the lens includes a surface coating. Additionally, this invention recognized that
changes in mechanical properties can further result in undesired changes in dimensions
of the lens, such as lens diameter.

As an example, silicone hydrogel contact lenses have a greater tendency to
undergo changes in crosslinking density over time. This can lead to changes in
mechanical properties, particularly modulus, and result in a shorter shelf life of the
packaged lens than desired.

The problem with changes in physical properties may be more prevalent with
silicone hydrogel copolymers coraprising an jonic lens-forming monomer. Examples of
anionic lens-forming monomers are acids, including carboxylic acid-containing
monomers such as (meth)acrylic acid, itaconic acid, styrenecarboxylic acid and N-
vinyloxycarbonyl-3-alanine. =~ Examples of cationic lens-forming monomers are
quaternary-ammonium containing monomers. Examples of zwitterionic lens-forming
monomers are monomers containing both anionic moieties and cationic moieties. It 1s
believed the ionic functional groups, particularly those containing carboxyl groups, have
the ability to partially hydrolyze silicone-containing moieties over time, thus leading to

changes in physical properties of the silicone hydrogel copolymer. And although
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copolynmers that are not ionieally charged may be
therhadrdge) eePWRR-var i ous i onic stabilizing agents. For

exanghgs, 8 5iGesg MydrapeelcopoRalerseompesiigaiani agonic lens-forming
pol y(vinyl p>yrrolidinone); poly(ethylene oxi f??’])‘, r . .
newoyTey ﬁtyﬁlblhgmgoprgq:x’@ 1}3(31}1@1:;: AZERS| 9org e A, cag caé:ggr’ge, including

c iD&ngt é\?ﬂtﬂe}iéﬁfé_ Wednls At ABHANAE 188 Ndom518€ wAB the anionic lens-
pol'ymers of acrylic acid. For exanple, a |ens surfage
fwﬁngimbm@n@ouﬁ@;a@pl@n@ff gtgrﬁ:egatlomc stabilizing agents include quaternary
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dstiadtives bbﬂgina?gqgar{;;\;}?mmgg;ﬂm ?,fé%’;'u&,%aﬁﬁ't déf ;r gﬁt ive

to i Ilj?)ir bsMco%Q %Qg%s’gei Qopolymers comprising a cationic lens-forming monomer,
stabilizing agents include agents containing an anionic charge, including anionic agents
and zwitterionic agents that form an ionic complex with the cationic lens-forming
monomer.  Examples of such anionic stabilizing agents include polymers of
(meth)acrylic acid, itaconic acid, hydroxyalkyl phosphonate and
ethylenediaminetetraacetic acid. Examples of zwitterionic agents include diglycine and
3-(N-morpholino)propanesulfonic acid (MOPS).

For silicone hydrogel copolymers comprising a zwitterionic lens-forming
monomer, the stabilizing agent may be a mixture of a cationically charged agent and an
anionically charged agent.

A class of suitable stabilizing agents includes amine-containing agents,
particularly non-polymeric amine-containing agents, such as amino hydrocarbons; amino
alcohols, including monoethanolamine, diethanolamine, tris(thydroxymethyl)-
aminomethane (Tris), bis-Tris and bis-Tris propane; N-morpholino-containing agents
and amino acids and derivatives thereof. These agents form a complex with, and are
effective at stabilizing, or inhibiting hydrolysis of, various silicone hydrogel copolymers,
especially those containing an anionic lens-forming monomer such as acid-containing

monomers.
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pHysial ippdySertiéd™®f the silicone hydrogel copolymer while packaged and stored.
Preferably, the stabilizing agent is effective at inhibiting changes of the modulus of the
silicone hydrogel copolymer to no more than 25 percent, throughout a period of at least 1
year, more preferably at least 2 years, and most preferably for at least 3 years, when
stored at room temperature (25°C). Preferably, the stabilizing agent is effective at
inhibiting changes in water content to less than 1 weight percent, more preferably less
than 0.5 weight percent, when stored for these periods of time at room temperature.
Preferably, the stabilizing agent is effective at inhibiting changes in lens diameter of less
than 0.1 micron, more preferably less than 0.05 micron, when stored for these periods of
time at room temperature.

Stability of a silicone hydrogel contact lens may be tested using methods known
in the art for testing shelf life of a silicone hydrogel lens stored in its solution and
package. One manner of such testing is on a “real-time” basis, where one or more lots of
contact lenses are stored at room temperature with several lenses tested at various time
intervals. If the lenses maintain their physical properties at a tested time interval, then

the lens has the desired stability for that time interval. Another manner of such testing is
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The packaging solutions preferably have a pH of about 6.0 to 8.0, more
preferably about 6.5 to 7.8, and most preferably 6.7 to 7.7. Suitable buffers include
monoethanolamine, diethanolamine, triethanolamine, tromethamine
(tris(hydroxymethyl)aminomethane, Tris), Bis-Tris, Bis-Tris Propane, borate, citrate,
phosphate, bicarbonate, amino acids, and mixtures thereof. Examples of specific
buffering agents include boric acid, sodium borate, potassium citrate, citric acid, Bis-
Tris, Bis-Tris Propane, and sodium bicarbonate. When present, buffers will generally be
used in amounts ranging from aboﬁt 0.05 to 2.5 percent by weight, and preferably from
0.1 to 1.5 percent by weight. Some of the stabilizing agents will act as buffers, and if
desired, a supplemental buffering agent may be employed. It has been found that
stabilization is dependent on pH, as illustrated in the accompanying examples.

The packaging solutions may further include a tonicity adjusting agent, optionally
in the form of a buffering agent, for providing an isotonic or near-isotonic solution
having an osmolality of about 200 to 400 mOsm/kg, more preferably about 250 to 350
mOsm/kg. Examples of suitable tonicity adjusting agents include sodium and potassium

chloride, dextrose, glycerin, calcium and magnesium chloride. When present, these
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removed from the mold, extracted and hydrated.

The buffers listed in Table 1 were prepared. The borate buffers include boric
acid and sodium borate, with the ratio of these components adjusted to obtain the desired
pH value. The phosphate buffers include sodium phosphate monobasic and sodium
phosphate dibasic, with the ratio of these components adjusted té obtain the desired pH
value. The citrate buffers include sodium citrate, with HC1 added as necessary to obtain
the desired pH value. The Trizma buffers include Trizma (tromethamine), with HCI
added as necessary to obtain the desired pH value. The MOPS buffers include 3-(N-
morpholino)propanesulfonic acid, with NaOH added as necessary to obtain the desired
pH value. The diglycine buffers include diglycine, with NaOH added as necessary to

obtain the desired pH value.
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As controls, various properties of contact lenses of Example 1 were measured,

- including water content (wt % warer), diameter (mm), and modulus (g/rnmz). Contact
,lenses of Example 1 were immersed in each of the buffers in Table 1 in a contact lens
glass vial package. The packages were sealed with lidstock, and then autoclaved for 30
minutes at 121°C, either for one cycle or two cycles (designated by 1X or 2X,
respectively, in the following tables). Properties of the sample contact lenses were
remeasured following the autoclave cycle(s). Modulus tests were conducted according to
ASTM D-1708a, employing an Inistron (Model 4502) instrument where the hydrogel
sample is immersed in borate buffered saline; an appropriate size of the film sample is
gauge length 22 mm and width 4.75 mm, where the sample further has ends forming a
dogbone shape to accommodate gripping of the sample with clamps of the Instron
instrument, and a thickness of 200+50 microns. Water content is measured by

comparing the weight of a hydrogel contact lens in its hydrated and dehydrated states.

Average values are reported in the following tables.
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5-K, paedayAg.Xol utTlhs ¢ont!®2dl ngia staBiliking
agent |aRiEMA 7.7| 149.0 158.0 9.0
M MOPS 6.7 177.0 164.0 -13.0
N MOPS 7.2 157.0 140.0 -17.0
O MOPS 7.7 120.0 129.0 9.0
P Diglycine 6.7 157.0 143.0 -14.0
Q Diglycine 7.2 163.0 149.0 -14.0
R Diglycine 7.7 146.0 147.0 1.0
Table 3
%Water|% Water| % Water
Buffer/pH 1x C2x Change
A [Borate 6.7 50.2 50.5 0.3
B [Borate 7.2 49.8 51.3 1.5
C |Borate 7.7 53.1 52.0 -1.1
D [Phosphate 6.7, 50.5 50.1 -0.4
E |Phosphate 7.2 52.8 49.7 -3.1
F |Phosphate 7.7 50.5 49.7 -0.8
G [Citrate 6.7 51.0 50.3 -0.7
H [Citrate 7.2 51.0 49.3 -1.7
1 [Citrate 7.7 50.6 48.1 2.5
J [TRIZMAG6.7| 48.0 | 475 -0.5
K |(TRIZMA 72| 47.7 47.9 0.2
L |[TRIZMA 7.7| 48.0 48.6 0.6
M [MOPS 6.7 50.7 48.4 -2.3
N |MOPS 7.2 48.4 | 48.6 0.2
O |MOPS 7.7 50.2 51.1 0.9
P [Diglycine 6.7| 49.5 47.6 -1.9
Q [Diglycine 7.2| 48.2 | 49.2 1.0
R iglycine 7.7| 48.7 49.0 0.3
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invention were nore effective at stabilizing the
contact lens than the conparative solution (borate

WG .208)7/076¢39i ng t hus descri bed various preferredPCT/US2006/047795
enbodi ment of the invention, those skilled in the art
wi || appreciate that various nodifications, additions,
and changes may be made thereto w thout departing from
the spirit and scope of the invention, as set forth in
the followng clains. W claim1l. A contact |ens
package i ncluding a sealed receptacle containing a
contact lens inmmersed in a sterile solution, wherein
the contact lens is nmade of a silicone hydroge
copol ymer, and the sol utiggpemrises a stabilizing

agent in an anpunt effective to inhibit changes in

phiBaiffealplbr ojder dinaetaf| tstd. devi i ¢dxdidmeten ebtd. dev. Change
ACO[Bate®7 2| Tisesarackage0.08s cl ai mid58Ghef ei 0.G3% 0.053
BST IHEARS .Y dr 008 530Pql yno67 S 1| onig.528. TThe opesskage -0.013
co A7 efE4gh TT€ Sh bsaone Ny§REPET | copaiayner | I S-0.258
D ; [Phosphats.$.d ':Zl,;sf.’é‘éjﬁi‘w -0, 164"‘"“;13‘3@?”_” o610 -0.078
B alPhagehats 72 ot 24 wer coSE he lot AARPE 2t b Dis 0316
Fan|Phosplate il comadexds ARl anilonié-83d oups G0 | -0-443
Geolmmitrgest.7 6] TieSHackage0 887 ¢l 4i m!B.30khel ei ®-9%e -0.209
St atitrthtezi g pger®.406 slel e@0d8l f iomlBI®E1gr pup 0.074 -0.350
[COlSkatd 79 Of - mmI® hydrogasbons; 129180 al cdhtd®; and-0.305
TR 71 7- 13785 packagezet dl ainmssg wher .03 hey -0.017
K N2 b k2 4iP q”@bﬁb”ary 3RO UlCorg @3l g -0.030
Lo, RZMA T hL 13 16 & OBJF"U' pt 9% ot NENGSTS 0.014
MihVEPS ¢Re &t a -4515 R TN .‘13%?5:.“. I oot
N haviOPS 7.2 13.487 022 13.515 | [ 0.032 | 0.028
O |MOPS 7.7 13.565 0.066 13.619 0.041 0.055
P |Diglycine 6.7| 13.404 © 0.035 13.418 0.029 0.014
Q Diglycine 7.2| 13.434 0.056 13.409 0.028 -0.025
IR [Diglycine 7.7| _13.476 0.036 13.479 0.047 0.003

The comparison of lenses subjected to one and two autoclave éycles is useful for
screening packaging solutions, i.e., packaging solutions that result in lenses exhibiting
significant changes in a physical property between one and two aﬁtoclave cycles are
unlikely to result in contact lenses remaining stable for extended periods. As seen in
Tables 2-4, many of the packaging solutions that did not contain a stabilizing agent of
this invention resulted in unacceptable stability of the contact lens packaged therein.

Various solutions and contact lenses were tested on an acceierated shelf life basis,
followiné USFDA guidelines for such accelerated shelf life testing. Contact lenses
immersed in a packaging solution of Table 1 were stored at 60 °C with several lenses
tested at various time intervals; in this case, estimated stability corresponds to 11.3 times

the test interval.
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conplex with the cationic groups of the copolyner. 9.
The package of claim 2, wherein the stabilizing agent
woami7arews3 gr oups t hat hydrogen bond with the i 8araS2006/047795
groups of the copolyner. 10. The package of claim9,
wherein the stabilizing agent is selected fromthe
group consisting of: poly(vinylpyrrolidinone)s;
pol y(et hyl ene glycol)s; poly(vinyl alcohol)s;
pol y(propyl ene glycol)s; saccharides; and pol yhydric
al cohols. 11. The package of claim1, wherein the
silicone hydrogel copolyner is_the polynerization
product " 1of a nononelic n1xtuf£a%%ﬁ€

rising: a
biiigong cort T Ng _cr pssl 1 nKifng nononer;gand a AD
hydr ophi lic MONgIEkine 1 P . ackpdmepdy clfai m 11, (Base-
oh i, o] isgilvalVd C)Istiev.| 16day)
R AT % M N X T SO 398 ol G064 | -0.210
noﬂ%ﬁ@ﬁi7éhe 1ydﬁdﬁwfr:;0 . 1L 02 | 6n 21007
i INMOBSCBNt af ni Rdfonor04013 TS, Hackade GP2%| i o066

2 Digheis T2t he siz420né dogel  JdSpi0yner] i@0the| 0.029

pol ynmeri zation product of a nononelic n1xture

conprising: a silicone-containj noner ;

hydr ophi Il i ¢ nononer; and an idh?@l nomner . 14 The

package of Cl z Bhdelineier ei n the piafieterononmer AD (Base-

CO@Jﬂfé‘?ﬁ‘H tlbﬁ%&eufm@?aﬁﬁev a8sl D66 [AiStiizbee 35day)
eﬂé\r*a zjt:‘l et eﬂ édéjm T @%ﬁr p cpjnggst I ng @57 S, -0.470

XU Fhod TEDh. 02951 T0DSs

[radige 12 oL BT L
t o MOPR7-2The | nakdcddle 4t ,-mﬁqn [aseT 0 R [7g 021

| oiglycime 281 L | CLoblnl |agebad | 13477 | 0,034 1 ' 0bs5

w ""

pe)

Table 7
Baseline Modulus ‘ Change in
Buffer/pH Modulus {Std. Dev| 16 day (60 C) | Std. Dev. Modulus
Borate 7.2 131 12 229 32 98
Trizma 7.2 163 16 134 9 -29
MOPS 7.2 162 10 134 6 -28
Diglycine 7.2 166 9 132 13 -34

As seen in Tables 5-7, packaging solutions containing a stabilizing agent of this
invention were more effective ai stabilizing the contact lens than the comparative
solution (borate 7.2).

Having thus described various preferred embodiment of the invention, those
skilled in the art will appreciate that various modifications, additions, and changes may
be made thereto without departing from the spirit and scope of the invention, as set forth
in the following claims.

We claim:
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17. The package of claim 1, wherein the solution
conprises 0.02 to 5.0 weight percent of the

wetrelsineessng agent. 18. The package of clai m 1pCnuse®in47795
lidstock is sealed over the receptacle containing the
solution and the contact lens. 19. The package of
claim 18, wherein the |idstock is sealed around a
perimeter of the receptacle. 20. The package of claim
18, wherein the solution and the contact lens are
subjected to thermal energy while sealed in the
package receptacle. 21. The package of claim

1. wheraintact Henss pheltageringhdinghe wealedateceptanie SR gqpontact lens

irrgilegis%g{ ng %{/ﬁtéérj E&HB{)ﬂ afyht r%ﬂxsfhej&g% 1624 is ThedePerck agRoAk hydrogel

'le sol ution and the contact |ens
co@b@nsdr;eﬁndl |thedomuuoheccsmat®d a stabPigings egeny dnr &t @proxet &ffective to

b B3 SRS Tept S L 0B PR

2.2k OFARYBE of Adim Th@ha&ﬁk&@eﬂnﬁ)ne hzdrmgtl] camarmms idndc.
stabilizing agent

3. cﬁhﬁg%agﬁof&}aw 35“’3?"65’?1@‘ §aifq°88ﬁ?¥ %{%g éolgf\é %plcs):agr?gkr

4.2%he F@ BECIGRAR! Whikhsh theedlidong hdfogeEgipatyraerns cationic.
cont ens acka e that contai.ns a sol ution

5.cdhe a@qkag@ (<13 clamél; yhﬁrquh thestailizFps paed 15 an ﬁglgéeatglflt complexes with
a:ﬁblluc @f@ﬁé}&ﬁ} Qlol yner; and storing the contact

ens the package for an extended period of
6\/\h7é11leepapkage of claim 5, wherein the stab1hzmgp agentdls selectergiefrom the group

consisting of: amino hydrocarbons; amino alcohols; and amino acids.

7. The package of claim 3, wherein the stabilizing agent is a quaternary ammonium-
containing compound that forms an ionic complex with anionic groups of the copolymer.
8. The package of claim 4, wherein the stabilizing agent includes anionic groups that
complex with the cationic groups of the copolymer.

. 9. The package of claim 2, wherein the stabilizing agent contains groups that hydrogen
bond with the ionic groups of the copolymer.

10. The package of claim 9, wherein the stabilizing agent is selected from the group
consisting of: poly(vinylpyrrolidinone)S' poly(ethylene glycol)s; poly(vinyl alcohol)s;
poly(propylene glycol)s; saccharides; and polyhydric alcohols.

11. The package of claim 1, wherein the silicone hydrogel copolymer is the
polymerization product® of a monomeric mixture comprising: a silicone-containing
crosslinking monomer; and a hydrophilic monomer.

12. The package of claim 11, wherein the silicone hydrogel copolymer is the
polymerization product of a monomeric mixture comprising: the silicone-containing
crosslinking monomer; the hydrophilic monomer; and a monofunctional silicone-
containing monomer.

13. The package of claim 2, wherein the silicone hydrogel copolymer is the
polymerization product of a monomeric mixture comprising: a silicone-containing

monomer; a hydrophilic monomer; and an ionic monomer.
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the stabilizing agent inhibits changes in physica
properties of the silicone hydrogel copolyner during
wetarrages326. A method of inproving the hydrol pCTRS2006/047795

stability of a contact |ens nade of a silicone

hydrogel copol ymer, conprising storing the contact

lens in a seal ed package and imersed in a sterile

sol ution conprising a stabilizing agent, wherein the
stabilizing agent inhibits changes in physica

properties of the silicone hydrogel copolyner during

27. A nethod Qf | ' I
1 SonTRE PR HAGRABH 13- SHRTER I OB LB YREFSamd cationi

mSAOhRE "B tHe &a5i82Ing0adRAE KR gelecte®@ MRdth Sthe Greti rcongstide of MOPS,
contact lens in the seal ed package and inmmersed in a

trgmeiaine, @@giwmg,ua@gralmtlabmereﬂ ng agent that inhibits
1%“399@%14;1 hﬁq' gne&aﬂh@ssmﬁ Hab8 p¥i b GRI®

ring storage. 28. A nethod, of
1q’nr The dacﬂquga oﬁ clalm d nehbseil 6@§Dh&1@nt1@f&ﬂ5 angpEmjFroRiah agent.

I'Z ﬁdhg RHac %,?ggf c";}alfrh?a\%ler%lry %@rs% utfod Hink C}:ﬁ'lsgg 0562%' 49 V\tré?glt percent

e seal ed pac age and 1mmersed in a
oﬁﬁk%ﬁ%@ﬁnﬁ@ﬁ@ﬁﬂSlng a stabilizing agent that inhibits

lﬁ.y %p% Qé?ka(%s %gyéw@all, 8&ﬁffﬁl tgl'ft%(?’l& segféﬁ o%ie} f.h%qgc?eptacle containing the
solution and the contact lens.
19. The package of claim 18, wherein the lidstock is sealed around a perimeter of the
receptacle.
20. The package of claim 18, wherein the solution and the contact lens are subjected to
thermal energy while sealed in the package receptacle.
21. The package of claim 20, wherein the solutibn and the contact lens are heated to a
temperature of at least 100°C.
22. The package of claim 18, wherein the solution and the contact lens are sterilized
while sealed in the package receptacle.
23. The package of claim 1, wherein the package containing the solution and the contact
lens is autoclaved.
24. The package of claim 1, wherein the stabilizing agent is in an amount effective to
inhibit changes in modulus of the silicone hydrogel copolymer.
25. A method comprising:
sealing a receptacle of a contact lens package that contains a solution and a
contact lens, wherein the contact lens is made of a silicone hydrogel copolymer; and
storing the contact lens in the package for an extended period of time, wherein
the stabilizing agent inhibits changes in physical properties of the silicone hydrogel
copolymer during storage.
26. A method of improving the hydrolytic stability of a contact lens made of a silicone
hydrogel copolymer, comprising storing the contact lens in a sealed package and
immersed in a sterile solution comprising a stabilizing agent, wherein the stabilizing
agent inhibits changes in physical properties of the silicone hydrogel.copolymer during

storage.
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27. A method of increasing the shelf life of a contact lens made of a silicone hydrogel
copolymer and contained in a sealed package, comprising storing the contact lens in the
sealed package and immersed in a solution comprising a stabilizing agent that inhibits
changes in physical properties of the silicone hydrogel copolymer during storage.

28. A method of providing a silicone hydrogel contact lens with a shelf life of at least 3
years, comprising storing the contact lens in the sealed package and immersed in a
solution comprising a stabilizing agent that inhibits changes in physical properties of the

silicone hydrogel copolymer during storage.
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