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15 can cause some adverse reactions to the user. The extended use of the
lenses can encourage the buildup of bacteria or other microbes, particularly,
Pseudomonas aeruginosa, on the surfaces of soft contact lenses. The build-
up of bacteria and other microbes can cause adverse side effects such as
contact lens acute red eye and the like. Although the problem of bacteria and
20  other microbes is most often associated with the extended use of soft contact
lenses, the build-up of bacteria and other microbes occurs for users of hard
contact lens wearers as well.
Therefore, there is a need to produce contact lenses that inhibit the
growth of bacteria or other microbes and/or the adhesion of bacterial or other
25  microbes on the surface of contact lenses. Further there is a néed to produce
contact lenses which do not promote the adhesion and/or growth of bacteria or
other microbes on the surface of the contact lenses. Also there is a need to
produce contact lenses that inhibit adverse responses related to the growth of
bacteria or other microbes.
30 Others have recognized the need to produce soft contact lenses that
inhibit the growth of bacteria or other microbes. One reference discloses that

silver, a known antimicrobial agent, can be incorporated into contact lenses

1



silver, a known antim crobial agent, can be incorporated into contact
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DETAILED DESCRIPTION OF THE INVENTION

This invention includes an antimicrobial lens comprising, consisting
essentially of, or consisting of a coated zeolite.

20 As used herein, the term, “antimicrobial lens” means a lens that exhibits
one or more of the following properties, the inhibition of the adhesion of
bacteria or other microbes to the lenses, the inhibition of the growth of bacteria
or other microbes on lenses, and the killing of bacteria or other microbes on the
surface of lenses or in an area surrounding the lenses. For purposes of this

25  invention, adhesion of bacteria or other microbes to lenses, the growth of
bacteria or other microbes on lenses and the presence of bacterial or other
microbes on the surface of lenses is collectively referred to as “microbial
colonization.” Preferably, the lenses of the invention exhibit at least a 1-log
reduction (> 90% inhibition) of viable bacteria or other microbes, more

30  preferably a 2-log reduction (> 99% inhibition) of viable bacteria or other
microbes. Such bacteria or other microbes include but are not limited to those

organisms found in the eye, particularly Pseudomonas aeruginosa,



30 preferably a 2-1og reduction (> 99% i nhibition) of viable bacteria or
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silver, zinc, and copper and the particularly preferred metal is silver.

There are known various kinds of zeolites having different particle
20 diameters, component ratios, and specific surface areas. Any natural or
synthetic zeolites can be used in the present invention.

Examples of natural zeolites include analcime, chabazite, clinoptilolite,
erionite, faujasite, mordenite, and phillipsite. Examples of synthetic zeolites
include A-type zeolite, X-type zeolite, Y-type zeolite, and mordenite. In the

25  present invention synthetic zeolites are the preferred zeolites. The particle
diameter of the zeolites can vary, from about 10 to about 5000 nanometer
(nm), preferably about 10 to about 400 nm, more preferably, about 10 to about
200 nm, most preferably about 50 to about 160 nm.

The antimicrobial activity of lenses of the invention varies with the

30 amount of antimicrobial metal present in the zeolites. If the antimicrobial metal
content of the zeolites is measured before the zeolites are incorporated into the
lenses or the lenses are used on a patient, the initial percentage of

antibacterial metal in the zeolites is about 1% to about 50%, based on total
3



200 nm nost preferably about 50 to about 160 nm The anti m crobi al
activity of lenses of the invention varies with the 30 anpbunt of

anti m cr owoaB/omssal present in the zeolites. If the anti nmpcmasoakosset al
content of the zeolites is neasured before the zeolites are incorporated
into the lenses or the lenses are used on a patient, the initial
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20 I

wherein R' is a monovalent hydrophobic group such as C,_ yalkyl, C, salkenyl,
phenyl, phenylC, ;alkyl, haloC,_salkyl, fluoroC,salkyl,
C, salkoxycarbonyiC, ;alkyl, C,salkylsiloxy; R?is C,alkyl, C,salkenyl phenyl,

25  phenylC,alkyl, haloC, ;alkyl, or C,alkoxycarbonylC, salkyl and nis 1-3. The
preferred R" is C, ,alkyl the particularly preferred R' is saturated C,salkyl. The
preferred R? is C, ;alkyl the particularly preferred R? is methyl and the preferred
nis 3.

In general, silanes of Formula (1II) can be used in which R" and n are

30 defined as for Formula (1), and in which X is any group that can be displaced by
a nucleophile. The preferred X is chloro, bromo, iodo, acyloxy, hydroxyl, or
NH-Si(CH,),.



nis 3. In general, silanes of Forrmula (I1) can be used in which RL and n
are 30 defined as for Fornmula (1), and in which X is any group that can be
di spl acedwwayo3/mai1isucl eophil e. The preferred X is chloro, brramaysoi/seEs)

acyl oxy, hydroxyl, or NHSi (CH3)3. 4 WD 03/011351 PCT/ US01/ 50580 Rln
-Si-(X)4-n 5 11 Exanples of useful silanes of Forrmula | and Formula I1

I ncl ude but are not |limted to phenyltrinethoxysil ane,
phenyl tri et hoxysil ane, di phenyl di net hoxysil ane, di phenyl di et hoxysil ane,
met hyl tri met hoxysi l ane, 1o nethyltriethoxysilane, nethyltripropoxysilane,

et hyl tri met hoxysi |l ane, ethyltrietﬁoxgﬁkk ne, ethyltripropoxysil ane,
propyl tri net hoxysil ane, propyltriethoxysifane, propyltripropoxysil ane,
butyl tri met hoxysilane, butyltriethoxysilane, hexyltrimethoxysil ane,
hexyl t&i et hoxysi |l ane, benzyltrimet hoxysilane, octyltrinethoxysil ane,
octyltriethoxysilane, 15 octyltripropoxysilane, decyltrinethoxysil ane,

dodecyl tri met heﬁ@i@g uselGit GAReY l?tf befﬁ&t&qw E8RBula Il include but are

tetradecyltrine ane, tetradecyltriethoxysilane,
hexadecyl hof limitétbio/phémylEimétbraykilanet phenivieixysiane,

di met hyi di, et h i |  di | dj il i ' i
oct adesy! SRTROVAITEINSEe AihesolciBosTieRe: Mt st ElTEkee %o ' "
acet oxypr H@(Ml{rite?ffé ; 15| rﬁ@ﬁryltﬂﬁﬁo%éﬁ?éﬁlatn@, efHymriptth@agsilane,

trifluoropropy 't hoxysi | ane,” perfluor odec%_l - | HIH2H 2H
di et hyi cathyttdethioxpsijans, ethydinprersiygilgnes paopyibionetpokysiiamet hoxysi | ane, and

3- ani | t.ripeth i lane.. Al i vel : i i
or i ghepra RIS, RIS PLaEPARE MRy ISR R e of {goner s may
be 25 USeQu@ﬁrié&%&y@iﬁaﬁé}ﬁ)éx?ltrﬁnéﬂ‘@&?ﬁbéﬁ%bh@xylﬁldtl@diiﬁiléh@,'y1 ot her silanes

that are capable of reacting with e silanol groups on the surfaces of
zeol i tes banzyieimetbexysilbnei petylfmethaxysiang oebliEiRtiaxystaRe.| azane, can al so
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octadecyltrimethoxysilane, tetradecyltrimethoxysilane,
tetradecyltriethoxysilane, hexadecyltrimethoxysilane, hexadecyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, dibutyldimethoxysilane,
octadecylmethyldimethoxysilane, octadecyldimethylmethoxysilane,

20 acetoxypropyltrimethoxysilane, octadecyltrichlorosilane,
trifluoropropyltrimethoxysilane, perfluorodecyl- 1H,1H,2H,2H-
dimethylchlorosilane, N-(2-aminoethyl)-3-aminopropyltrimethoxysilane, and
3-aminopropyltrimethoxysilane. Alternatively, a condensed dimer or trimer or
higher oligomers of the aforesaid silane may be used. The oligomers may be

25 used as long as they are hydrolyzable. Alternatively, other silanes that are
capable of reacting with the silanol groups on the surfaces of zeolites can be
used. Disilazanes, such as hexamethyldisilazane, can also be used. The
preferred silanes of the invention are octadecyltrimethoxy silane,
octyltrimethoxysilane, butyltrimethoxysilane, and

30 acetoxypropyltrimethoxysilane, octadecyltrichlorosilane where
octadecyltrimethoxysilane is particularly preferred.

To coat the zeolites with silanes, zeolites are stirred with silanes under
slightly acidic or alkaline conditions. When alkoxysilanes, such as

octadecyltrimethoxy silane are used, the pH of the stirred mixture is adjusted
5



30 acetoxypropyltrinmethoxysilane, octadecyltrichlorosilane where
octadecyl trinmet hoxysilane is particularly preferred. To coat the zeolites
with sil awe3/orssl ites are stirred with silanes under sl ipghtuSypr/sssai c or
al kal i ne conditions. \Wen al koxysilanes, such as octadecyltrimethoxy
silane are used, the pH of the stirred mxture is adjusted 5 WD 03/011351
PCT/ USO1/ afip 8Cetivvatid taciout 4atoi a;bdub 5ehoAtterhativelgbalkoxgsinedl smmatsi vel y

al koxysi | anes such as oct adec tr| met hoxysi | a%ne bﬁ rred
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met hact yl eF’auryl met hacryl ate, styrene, 1, 3-butadiene, propylene

gl ycol, hexan?ﬁ@}ﬁgevcfdﬁbtb"d FONRNRIIS thatthe SERM IR i ReVebn iAE1848 but

hydrophoblc 10 nononers can be coated to the surface of the zeolites using
the pl asnare mmtdmmtmhto p@n‘lhodzprdp}denemwa,ldled?hylpaﬂ@ltéﬂd niwhether, meEY C. R
Savage, R

Pol ym SyFﬂ?thaQﬂila ?T@éﬁ‘fj‘c@?t rrgﬁ(re,; 1Om%tAg%q%Eﬁé@g%rf%g[ypgﬁgth as

repl aci nghéfgﬁnéf@wyewwoxahé%n@hﬂﬁtﬁeescﬂ@f@@rr THdda IRydrephbbiog pl asma
chanber, or varyrng the wattage 15 across the el ectrodes. Alternatively,
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or ani oni i.0 r r epRo mers for
use with ﬁ?gﬁﬁ%n ﬁ:{]esg‘f éggﬂf‘r}/ Fgﬁgheﬂ rgagé’r Id%@ér'(rgpgo%y egae&%)'}? de and

di et hyl eng, mlmm@hs\énwﬁz et Bebrhats Ju@pl. IFeileil. Sci.t Appk Eolyrit] 8psip. ref.ers to an
opht hal m ¢ device that 20 resi des in or on the eye. These devi ces can
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are not limted to silicone hydrogel s, 25 fll uor phydr o eI S. Ptl%ferably
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preferred hydrophobic monomers for use with plasma treatment are a mixture
of perfluoropropylene oxide and diethylene glycol vinyl ether.
As used herein, the term “lens” refers to an ophthalmic device that
20 resides in or on the eye. These devices can provide optical correction or may
be cosmetic. The term lens includes but is not limited to soft contact lenses,
hard contact lenses, intraocular lenses, overlay lenses, ocular inserts, and
optical inserts. Soft contact lenses are made from silicone elastomers or
hydrogels, which include but are not limited to silicone hydrogels, and
25  fluorohydrogels. Preferably, the lenses of the invention are optically clear, with
optical clarity comparable to currently available commercial lenses such as
lenses made from etafilicon A, genfilcon A, lenefilcon A, polymacon,
acquafilcon A, balafilcon A, and lotrafilcon A.
Coated zeolites of the invention may be added to the soft contact lens
30 formulations described in US Patent No. 5,710,302, WO 9421698, EP 406161,
JP 2000016905, U.S. Pat. No. 5,998,498, US Pat. App. No. 09/532,943, U.S.
Patent No. 6,087,415, U.S. Pat. No. 5,760,100, U.S. Pat. No.5,776, 999, U.S.
Pat. No. 5,789,461, U.S. Pat. No. 5,849,811, and U.S. Pat. No. 5,965,631. In
5 ,



optical clarity conparable to currently avail able comrercial |enses such as
| enses made frometafilicon A genfilcon A lenefilcon A pol ynmacon,
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i nvention may be added to the soft contact lens 30 fornulations described
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cont act 'Séléwfcehw'a%qs' LRRROR' &, 1Birafilchs A afd silkInf th d‘r@@e%; %g-%wép t rbaNg@n A,

O, a

lotrafilcon A and I cone hydrogels, as prepared in ) .
5, 998, 498U. 2P aalNo. ARR8,#B8, US/Pea2App3N0a08/SRRi HMktE eantinuaiantin-pgrt US Pat

App. No. O 943, [fil t. 30, 20 N 0, 087,415,
U S. Pat. Oﬁgg%tﬁ??-l%%, 61532 44 ik oaAvgst ap 08y, LRSEBhtdNo. 7,

5,789, 461g dd741574).8. e, Ko 839668 HD0, AN, PaSNIBI7.76N9995UBSREE No. These
patents as wel|l as all other patent disclosed in this paragraph are hereby

i nc?r pbrgﬁg(ﬂigb%]mnleu.&r. E’tatel;lof,ﬁﬁ_@i% Teant By Patido apHERi0 s Rr%d zeolites
contained 1 hn e | enses \, 9 0
or ot or abl patbalbas WBToEal bt pate Hhoe Okl b BRYAredish g BoRB8U 2000 0 15

about 0. 3fcoWiistatey by fsfer@ld ihaBeiretikdRd The dreuntrofediatanzesiites si | ver
content of the lenses of the invention ranges from about 0.001 wt % (wei ght

percent) contaitsslin thelgnses-gfrthe dayrnion is @reat 04180 iaabot dYmol yner s t hat

include b I t r t | at e,
11 con aDisfRiaBAL ooyl pAS do eBoRG U ol pRACILIE Bt BRVAPEIY 2 e
pol yi n3 desboMt®Be%.t Iherpsiterizebiites a9é usedrie sreninventien ethamgilves corbgnbe f ound

in JP 200010055, JP 6123860 and U.S. Patent 4,330, 383. t I
of the in9kthe lsAsexpf e invention ranges from about% 001 wg’g (wellg%trp%?géjnt?{o | enses

about 5 wt%. '
Hard contact lenses are made from polymers that include but are not
limited to polymers of poly(methyl)methacrylate, silicon acrylates,

20 fluoroacrylates, fluoroethers, polyacetylenes, and polyimides, where the
preparation of representative examples may be found in JP 200010055, JP
6123860 and U.S. Patent 4,330,383. Intraocular lenses of the invention can be
formed using known materials. For example, the lenses may be made from a
rigid material including, without limitation, polymethyl methacrylate,

25 polystyrene, polycarbonate, or the like, and combinations thereof. Additionally,
flexible materials may be used including, without limitation, hydrogels, silicone
materials, acrylic materials, fluorocarbon materials and the like, or
combinations thereof. Typical intraocular lenses are described in WO
0026698, WO 0022460, WO 9929750, WO 9927978, WO 0022459, and JP

30 2000107277. U.S. Pat. Nos. 4,301,012; 4,872,876; 4,863,464; 4,725,277,
4,731,079. Coated zeolites may be added to hard contact lens formulations
and intraocular lens formulations in the same manner and at the same

percentage as described above for soft contact lenses. All of the references
7



formed using known materials. For exanple, the | enses nay be nade froma
rigid material including, wthout limtation, polynethyl nethacrylate, 25
pol yst yr ewe,03poi3gcar bonate, or the |like, and conbi nati ons PCarseo$as80
Additionally, flexible materials may be used including, wthout

limtation, hydrogels, silicone materials, acrylic materials, fluorocarbon

mat er i al spsmtohbe in tie applicationndriertatrelby indonsoratdd b yefiecaricd inttheiocul ar
| enses are described in WO 0026698, WD 0022460, WO 9929750, WD 9927978, WD
0022459, aptiret 30 2000107277. U.S. Pat. Nos. 4,301, 012; 4,872, 876;

4, 863, 464; 4, 7Eén3%s7 Preg%r@@?roﬁ]@oat@@%%ﬂt e{Hd iRSaBRmbRLGHsied to hard

cont act lens for I ntraocu ens fornmulations in the sane
manner anfbrammtlwssmay beperated e asmbes of apentsdbat/aref usedsiof coat densact

| enses. All’lg he referen 03/0 351 P lUSOl/S 580 rpé oned in
this appli '%ﬂ% %&rf@@@er‘ﬁ&é} ARBY M %&)S?@ QIEAERSG %?%Pfe ntirety.
Lenses pr gpa ﬁ§e§ S bP B AR %ldﬁab{/\ﬁq@tﬁe&@réake%f%ﬂ@éretas&néIs@h%@ndfr@rrml ations

may be coate er of agents that are used to coat lens. 5 This
add|t|onatlsmeserﬁme)tamplectlrwmqajanODQdewmpDﬁl@D@a,s@nd methedg okt of the

tosues. Hob. RahhR. S04 L0 7 R SuBo o, £51539%: P2y et nods of
U'S. Pat. GN@‘% 369, %11%@4 é,zbb%%%nd% 2806,1988nag bR iketPand thebds, 297,
6, 193, 369, 6, 213,604 626, and 5, 760,100 nay be used and these 1o

pat entis apatemnis erg/herahyrlpmr@péated;byrréf@eeﬂ@&or’ftbpS@ peReeqMeSedur es,
conposi tigns, artll(czlmrret h Sst 5&%t her, the invention includes an anti m cr obi al
| ens coinPg'ﬁpﬁa' 8oﬂ'§ H or consisting essentially of, a coated

zeol i te havi ngFartfef, &he@rﬁ\zé?ﬁon&ﬁélU&é@éﬁmrmlrma@bﬁauléws gmmphemgt han that of a
| ens conprising a non-coated 15 zeolite. The terns |ens, antimcrohial,

coated zeebnsistingafi or censisiing essaatiallytafen coatgdzenlip hrving AREORG and
Phe. amoun? B Pha! AEGRS/ 8o AT Ry lend hBriPa fondidetes b, ZPan
col oniyzat zegliten the | enses. The duration of antim crobi al
The terms lens, antimicrobial, coated zeolite, and zeolite all have their
aforementioned meanings and preferred ranges. The phrase “duration of
antimicrobial activity” means the amount of time that the lenses of the invention
reduce microbial colonization on the lenses. The duration of antimicrobial
20  activity can be tested by a broth assay or a vortex assay.
In the vortex assay a culture of Pseudomonas aeruginosa, ATCC#
15442 (ATCC, Rockville, MD) was grown overnight in a nutrient medium. The
bacterial inoculum was prepared to result in a final concentration of
approximately 1 x 10° colony forming units/mL. Three contact lenses were
25  rinsed with phosphate buffered saline (PBS) pH 7.4 +0.2. Each rinsed contact
lens was combined with two (2) mL of bacterial inoculum into a sterile glass
vial, which was rotated in a shaker-incubator (100 rpm) for two (2) hrs. at 37 +
2°C. Each lens was rinsed with PBS to remove loosely bound cells, placed
into 10 mL of PBS containing 0.05% w/v Tween™ 80 and vortexed at 2000
30  rpm for three minutes. The resulting supernatant was enumerated for viable
bacteria, and the results, reported of the detected viable bacteria attached to
three lenses were averaged.

In the biological broth assay, lenses of the invention are washed with
8



20 activity can be tested by a broth assay or a vortex assay. In the vortex
assay a culture of Pseudonpbnas aerugi nosa, ATCC# 15442 (ATCC, Rockville,
MD) was gwowa/oomer ni ght in a nutrient medium The bact eripall/iSaosesBum was
prepared to result in a final concentration of approximately 1 x 108
colony formng units/nL. Three contact |enses were 25 rinsed wth phosphate
buf f ered PalidteosHBspHate Bhffered SEhed withoatdalciont shlorideeamsl was conbi ned
with two (2) nL of bacterial inoculuminto a sterile glass vial, which was
rot ated i magnesiwe chlatidebareplacedintefig00fidof Mieliep Hipion Brgth gontainigg Each

| ens was rinsed wth,PB Into 10 nmL
of PBS poﬁPBﬁoﬁ(i'q{é\fe&y 6\55)0)5’%\53}@' %%%%%%@@gﬁgﬁﬂ%ﬁ ’55883%3@ ar"Jp()em for
three m nicepatethst 32340 HErBigPEr TAEFBSUMAG SEIKBRE Actd dhservddaor e
bacteria, and the results, reported of the detected viable bacteria

attached opacithare cliburedsoenumerate thecencteria tarel eompatgdta similat lengssay
| enses of ttEe 'énq\{ént i_on .%re washed with 8 WD 03/011351 PCT/ USO1/ 50580
Dul becco' WBRBEEPRIEH 289H%Sr ed Sali ne wit hout cal ci um chloride and

magnesi um chl opjifgugRtife RInBesdf ithd MveABEn mayf ndlirlst&in thk shate BYek &f
containing approxiantely 10$ cfu/m Pseudononas aerugi nosa (ATCC 15442),

aBd are patidtydostheadumtionzf itsveeommandethese:, diqilanseg of dheinventioter e
df 5 ity . . . t | d d
S0 et m 1 acriah BER AR AT o P BEPBEM G o fiherEhEngs 0 The e ©

| nvenyj onprEyare@tropt shaoatedotig®e | evel of activity for the duration of
Its recomrended use, the |lenses of the invention_ sustain their

anti microbi al &tillifwither, the inventienyinclystas amaihod pheeducitg thend@wers® pr epar ed
from unco zeql i S t Lhe | ' a met hod of
reduci ng ?ﬁggtgafﬂ\‘?%f)g%ﬁg%Wfﬁt'cwscr%%élo%ﬁé?%%{']C\S/a'\n’ ln{]‘t‘ﬁ%ﬂ%:drug%i ng%cdéﬁgﬁ&} zation in the
ocul ar r egigmmadtomprismgebnsistiny of iongonsistisg essetiallly,ofpplacimgsarst i ng
essentially of, placing an _antim crobial |ens conprising a cPated zeolite
on the ey@an"&OE@Hﬁils.Col'BpW'ég aaated éﬁ%‘,‘teé‘rﬁ‘tﬂ‘ﬁi%%o@saa W& and coat ed

zeol 14 al | NavRelBRh lod, AhBRGbLRN fthsTBAAIdARPRELIR il HaBdneRNges. The

phrase” "adverse ef
aforementioned meanings and preferred ranges. The phrase “adverse effects

associated with microbial colonization” include but are not limited to contact
ocular inflammation, contact lens related peripheral ulcers, contact lens
associated red eye, infiltrative keratitis, microbial keratitis, and the like. The
20 term mammal means any warm blooded higher vertebrate, and the preferred
mammal is a human.
Yet further, the invention includes a method of producing an
antimicrobial lens comprising, consisting essentially of, or consisting of a

coated zeolite

25 where the method comprises, consists essentially of, or consists of the
steps of
(@) coating a zeolite with a silane or with a hydrophobic monomer to

produce a coated zeolite
(b) adding the coated zeolite of step (a) to a lens formulation prior to
30 curing said lens formulation.
| The terms lens, antimicrobial lens, and hydrophobic monomer, coated zeolite
all have their aforementioned meanings and preferred ranges. The Coatin‘g of

the zeolites can be accomplished by a number of methods which include but
9



associated wth mcrobial colonization"” include but are not limted to
contact ocular inflammation, contact |ens related peripheral ulcers,
contact |lwp3/oassoci ated red eye, infiltrative keratitis, PEiTarsobs@Bo
keratitis, and the |ike. The 20 term mammal neans any war m bl ooded hi gher
vertebrate, and the preferred mammal is a human. Yet further, the

i nvent i ona'rmnd)udﬁmcatdmmﬁing smragrrrgdsohmgtlagl, plasmiandaatioli af healirg tenpri si ng,
consi sting essentla é , gé, Si Stl ng of a coated zeolite 25 where the
met hod co#PPlitedyth 3 shane pEadydierRoli¢ PAOMY: consists of the steps of (a)
coating a zeol v%? Mk s‘i‘lllsﬂhlea}ﬁﬁerﬁfoﬁ"ﬁwEMd%s@y%ﬂWQf SodTPROAREONE wilf oduce 2
coated zeolite i ng the coated zeolite of step (a) to a |lens

fornul ati amllpne@nmmm@ccrutacm the zedldawithdhmsilane @ a pivef ebout | ens,

antim crobi al noner, coated zeolite all have their
af or en®nt BEﬁ?éﬁrﬁ@Qn"r 835%8 %%égg?'?é ‘ranges. The coating of the zeolites
can be acconpl kghgede @Yur%él“smﬂefheoiﬁvéﬁﬁiélpﬁféluﬁés@rdé’r.'l%dldﬁc@aﬁng 8 24Blite

03/ 011351 PCT/ USOl/ 50580 are not limted to stirring, spr

soni cat i nyjthp sitane coraprisigy O@ntaﬂtlalglthg zehlite widly i silangiat i@ @Hsﬂflagﬁ@t or a

hydr ophobi mer,~ Yet _fur t he invention includes a nmethod of
coati ng a9 Eeeago ﬁ‘é’\ﬂ‘%ﬂ”dé‘b&‘f& tﬁ% %‘r sing contacting the zeolite with the
silane at a pHE9EnapsfurthcBEHRLIeS wtxmlﬂoﬁ mdd@é)guﬁeﬂh@a%ftma@uanganYet even
further still, the invention includes a nmethod of coating a zeolite wth a
si | an@o complimigraliat lemsaamprising.consitingeessentially of, oasensisting fRof about
greater t@sa %j aonige about less than 12. Even, yet further still, the

i nvention 1-t?}l a met hod of producing an 1o antimcrobial |ens

conpri si ng, COWﬁe‘ﬁé it nesthed tomiprigesf corsists essentidllydpfodr eonsistatafthaeol i te

where the method conprises, consists essentially of, or consists of the
steps of steps of

(@) coating a zeolite containing a non-antimicrobial metal with a
15 silane or a hydrophobic monomer to form a coated zeolite;
(b) adding the zeolite of step (a) to a lens formulation prior to curing

said lens formulation;

(c) curing the lens formulation to produce a lens and
(d) treating the lens of step (d) with an solution containing soluble
20 salts of an antimicrobial metal.

The terms lens, antimicrobial lens, and coated zeolite all have their
aforementioned meanings and preferred ranges. The term “non-antimicrobial
metal” refers to metals that impart little or no antimicrobial activity to zeolites
and lenses made from those zeolites. The non-antimicrobial metals include but

25  are not limited to potassium, sodium, and calcium. The preferred non-
antimicrobial metal is sodium. The antimicrobial metals are metals that confer
antimicrobial activity to the zeolites and lenses made from those zeolites. The
preferred antimicrobial metals are silver, copper, and zinc, or a combination
thereof. If the antimicrobial metal is silver, the soluble salts of that metal

30 include but are not limited to silver nitrate, silver acetate, silver citrate, silver
sulfate, and silver picrate. Said soluble salts may be present in a concentration
of about 0.5% to about 20 %, (weight/weight; w/w), preferably about 5%. The

preferred solutions are aqueous solutions.
10



(a) coating a zeolite containing a non-antimcrobial nmetal with a 15
silane or a hydrophobic nononer to forma coated zeolite; (b) adding the
zeolite ovogBmpI3fn) to a | ens formulation prior to curingPCTAISA1/FEREG
formulation; (c) curing the lens formulation to produce a |l ens and (d)
treating the lens of step (d) with an solution containing soluble 20 salts
of an anti mi cr Bpdovdatinged Ens thbefitser wild enge afrpatients lods beeh engyesindl coat ed

zeolite all have their afor ntione ani hgs an ref erred ranges. The
t erm " nonS¥RCAMR e?&gilanerwiﬁsr@%lﬂfgcgﬁewﬁgPé‘um $r gﬁ%? 7 P¥ € or no
antim cropy ﬁho%ts'swchya [ehisZ RRry\R bPéSad,sh@ﬁ%@ﬂeﬁ@ﬁ%téﬁ&ﬂﬁé&@ﬁ?s@@é&é tes.

The non-antimcrobial netals ||¥cl uge ut 25 are not limted to potassium

sodi um atrdatraémtsyand Bdditipnat eomedneois-susitasophtbBinic dregsl tints, dyssi um  The
antimcrobigl .netal]s are netal s .that confer ntinm crohial activity to the
zeol i t®s éﬁa_nl@ﬂee ‘?ﬂhﬁomfédﬁtotm&'e%?&??(?m@ ﬁfﬁgge&pe%vy%ﬁwa;ﬁﬁ/qqﬁlcr obi al
netal s ar gqak hy&muchdie] add@ienal cdmpdfierdt, SEHPAS aRhiaMtimitiaid @igent,fa t he
antimcrobial nmetal is silver, the soluble salts of that netal 30 include

but are ntgns that wildogeoree ladberad to theesyesisIpreducaibt However,lilere i t r at e,

il f at d sil ' . Sai toi
concent r aprtanege HRsReue g BTy BhieT T Al Sl Rk oo 1"
pr ef er abl yefpeaH Bmuc@ea |sHLfRt EBAtaH o Rits aptiicrebiaPagentabprodmsse 10 WO
03/ 011351 PCT/ US01/50580 Providing a lens that fits a w de range of

patients Hesdesiead affgefasithait psgdueiag @ Iprathatiadhesestai® ¢¥hs nanuf acturers

for a nunber o ear I der .pI.0 r..abl es,
such as | ens n&%rger\ﬁgi:toggg%l ﬁaslﬁb?gggs %&%ggﬁn%@té:thgrll R4di ia\éﬁgf%
conponent $ BUsdse’s thP igRtassofdhsifisof & ilarss, (Ydueg, &. abdl. pirditents of Softcone
into play. For exanple it has bheen shown that if one adds, too much of an

addi t i onalCoréagsdeastDesgige pndsliniealdrarformanss: Qptergely and VisihsSeiRaeewi | |
becone adhey t i I i ' : ting to

o oduce. ahapt (e 8P S 48P AR of 8 i navi o BRSecspa GHAGER T

pr oduas ng vivd push Ghédstc omtizatieste adeghisapiacad onabpatierd@este.t o produce 1o the

desired e%fu%%gqt\?érgtpy?%tn ep);eoggr%i r;]r ct?ticl)neer}spréshsaets i?i(sj rg)errh(:é? fikge} Q%itgp{f '
upward against the lower lid of the patient’s eye and observes whether the lens
moves on the patient’'s eye (/d.). Lenses that do not move under these
circumstances are not considered to be a good fit for the patient’s eye, for
20 lenses that are too tight will not move when the patient blinks and may become
uncomfortable. Therefore one of the objects of this invention is to produce an
antimicrobial lens that does not adhere to the patient’s eye.
To meet this objective, the invention includes an antimicrobial lens
comprising, consisting essentially of, or consisting of silver, wherein said lens
25  has sufficient movement on the eye of a patient, provided that the lens does
not contain significant amounts of un-coated zeolites having a diameter of
greater that 200 nm.
The terms lens, antimicrobial lens, all have their aforementioned
meanings and preferred ranges. The phrase “movement on the eye of a
30 patient” refers to whether a lens, when placed on the eye of a patient moves
under the push-up test described above. This test is described in further detail
in Contact Lens Practice, Chapman & Hall, 1994, edited by M. Ruben and M.
Guillon, pgs. 589-99. Under this test lenses are given an -2 rating if they do
11



One way to assess if a lens fit is acceptable (i.e. the lens is not
adhered) 1is to assess the tightness of the fit of a lens. (Young, G et

al ., Inflwensm®iBhl Soft Contact Lens Design on Cinical PecCTarSramse)
Optonetry and Vision Science, Vol 70, No., 5 pp. 394-403) Tightness of a
|l ens may be assessed using an in 15 vivo push up test. In that test, a lens
is pl aceﬂ notlrr&)vﬁadn' thet e of @ patuéubmetheetigitay puelmuspytestaTleer@rf@retlemsemer
presses his or her finger digitall war d I|d of t he
patient'st é%ﬁ%gfﬂ%@?m et tﬂé’t%ﬂfggq{g %ﬂtﬂ/&'sstt F \égf{t? eye
(1d.). -eRnee fiéirs H E6nt, FAeFY BBHAREES, Rhe @ﬂt t

consi dere p e a S%/ gnl IS ?ﬂ@rsgt ﬁent FSs‘dgye%%) enges ethat are

too tight n\my be suitalie\fer mhepatlbet r[maylr@fhbebiwltabke f@nanaﬁyerbé'(t@nﬁore
unconf ort?bl e. Ther efo e. one of t

f. thi d
ananb RGN GATEIE mevernaTB e e Bat PR o Haes Gyl S0 ot
this obj e%‘ob\ﬂ?m@%ﬁ‘?ﬂ é‘ﬁ%h'ﬁ%ﬂlehﬂﬁbti&i@ﬁoﬁn P@@Fe'ré‘ﬂl(}rémd #nde¥YPovE ORPT i Si ng,

consi sting essentia , or consisting of silver, wherein said |lens 25
has suffi @bent 75ntxvebeut 16@1%1; bépetjents mare ateferably, mhowit 88dotabaut  A8%, ens
does not cont ai n s |f|c a f, un-coated zeolites having a

di anet er t ?%éoﬁ £I'i%‘s){"er ms | ens, antimcrobial |lens, all

have thelr afonfﬁ@t@trmogwbr" FaTary t@gﬁlvéf‘ﬁtel@élef%{n'deudéitmﬂ\e&ateT(KgOpAga&ﬂ
"“novenent on the eye of a 30 patient” refers to whether a |ens, when placed

on t heoeyddst) thapiatinesrporajed dntouniess, whergiherpreferied oxidaten st i '~°above Th| s

t est d

el | 100l By, Tip SRRl B Shven ht e Ffbra S MEUAE s GBS
test | ensgmpnabdodi 2@ ppatc é?bcblﬁt‘llomowd thﬁwt@e Bhy\éndB6MaIAd at least

PCT/ US01/ 50580 not nove on the eye of a patient in the dl?lta| push-up

test. Therabbyt 80Ippna bgs antigticrobis @“@P&!ﬁ@%r Thapreferredzamgunt efesilypgthal

push-up t e atisticall
B 11 cant MeRiRorafEtE i i tep™ fiog@CadppRf ohaut 4200 phfh Pastell ' o' Y
pati ent Nayefeeablpe2G ppiratd gbdutr1, 800 ppaT, evéhen@femsreferéblyeatxﬂ 30egppmdo
sufficient novenent are | enses that nove on at | east about 50 to about

100% of a poWEROB RPNt popul ation. Preferably, said | enses nove on about
75 to about 100%,8% BAtdifiRGSeo¥forRidRi&d 28bites aROBhe &y 6f SOAUEING00%

an antibacterial lens that contains silver and have sufficient movement on the
eye of a patient. However, they are not only lenses containing silver that may
20  have sufficient movement. Other methods of incorporating into contact lenses
may be used, provided that those methods produce lenses having sufficient
movement on the eye of a patient. For example, lenses containing monomers
that reversibly bind to silver (“Monomers of 030”) are another way of producing
such a lens. The preparation and use of lenses containing Monomers of 030 is
25 disclosed in U.S. Provisional App. Ser. No. 60/257,030, filed on December 21,
2000 and in a U.S. patent application entitled “Antimicrobial Contact Lenses
And Methods For Their Production,” that was filed on December 20, 2001 and
claims priority from the provisional application. This reference is hereby
incorporated by reference in its entirety. In addition to the methods disclosed
30 in the filed application, one can bind silver to Monomers of 030 prior to
incorporation into lens formulations to produce lenses containing silver and

Monomers of 030.
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nost preferably about 90 to about 100% The term"silver" refers to silver
nmetal of any oxidation state (Ag, Ag'+ or 1o Ag2+) that is incorporated
into a | ewe,03hBse the preferred oxidation state is oxidipeadisei/boses . The
amount of silver that is incorporated into the | enses ranges from about 20
ppmto about 100,000 ppm where any |ens containing at |east about 20 ppm
has anti m cr obiAmotipsrapetiadest. inddv@opatirigesilved irdotengesd$ te treats Iemathati s

i ncorporated into the lens is abgut 20 ppmto about_4,000 ppm nore 15
pr ef er abl {09 MohEANKEM gihesafwith gﬁév?frﬁﬁntg'gm $RIVEOT Eh%Feg‘Brley%%ﬁ)out 30 ppmto

about 600 RRioh GHiEdeS BB fffhd SRRy 8 aRofitffloredRlIbgs are one way of

produci ng an antibacteria ens t contains silver and have sufficient
nmovenent eomnipgnsinge yensikting paseetidlly diporcmrsistingeyf eatingoa lems! with anses

cont ai ni ng,silver t hat nga%/ 20 have sufficient nmovenent. O her nethods of

i ncor pdr aBilYR] GANINEWRALEON-enses may be used, provided that those methods

produce | enses gyg¥} AfhyBE bHGEEH thdTRHE By WasHing Bife B¥RdAndhpdratélensFor

exanpl e, |enses containing nononers that reversibly bind to silver
(" Mononer én afsilogosglutore sac Bl silvermyitrete iprdrionized watec(iD&). &iber The

0 & ov oy i of Rt sty g 8 e iy B AT B e SIS, SMAS00 and
in a US. ipadendivepriciset b%rﬁiﬂ%rh’éé,%‘ﬁd"ﬁ%{ Q%If-‘dt@bime Sontenthtibevses  And

Met hods For Their Producti on, at was filed on Decenber 20, 2001 and

cl ai mgopr isdvenin thesgrsolhiops eah sapnibmathel Jongenatiomrequiresk ioradtta i s her eby

I ncorporated by referepce in its entir e d N 1L t t hods

di scl osed Bwinnqlfar%'%f PF@'_E/G;SIS?)FH%Q? Pooﬁ’s%g%gteéf;ﬂﬁlgfﬁéfuglgpvgpto,?%e noners of
030 prior chfuldtees Bohaénteatidrmbithbagel solitlibrheedsd tthefolisiving | enses
containing silver and Mnoners of 030. 12 WD 03/011351 PCT/ USO1/ 50580

Anot her meelsiatisn isnisedpdreaconggndiationof siivey soliifinasisiaguabtq feadesiradens t hat
o SRS Enlhhl Tl R RERMEN B o TRe P, e
conprigi ngetat POIBhR bhgeSHresdluidhy of, or consisting of heating a lens with
a 5 silver containing solution.

silver solution concentration (ug/mL) = [desired silver in lens (ug/g) X

average dry lens weight (g)]/ total volume of treating solution (mL)

For example, if one requires a lens containing 40 ug/g of silver, the dry weight
of the lens is 0.02 g, and the vessel used to treat said lens has a volume of
20  3mL, the required silver concentration would be 0.27 pg/mL.

As used herein “heating” has its common meaning where the
temperature at which the lens is heated is from about 40 to about 130°C.

Yet another method of incorporating silver into lenses is to add silver
salts to lens formulations. Silver salts that may be added include but are not

25 limited to silver acetate, silver citrate, silver iodide, silver lactate, silver picrate,
and silver sulfate.

Yet, still another method of incorporating silver into lenses is to produce
lenses containing nano-sized zeolites. Therefore the invention includes an
antimicrobial lens comprising, consisting essentially of, or consisting of nano-

30 sized zeolites.

The terms, lens, antimicrobial lens, silver, and zeolites all have their
aforementioned meanings and preferred ranges. The term “nano-sized” refers
to the diameter of the zeolites. The diameter of the nano-sized zeolites used in

13



Silver may be added to the | ens by washing the cured and hydrated lens in
a silver solution such as silver nitrate in deionized water ("D "). Qher
sources owoBlovssi i ncl ude but are not limted to silver a®ewaisel/sessé ver
citrate, silver iodide, silver lactate, silver picrate, and silver

sul fate. The concentration of 1o silver in these solutions can vary from

t he concetHig ivieption ésiaboei 0 to ald@utaomnmmnqm(mmy mreferablyeabbot #01 ens to
a saturated silver solution. In order to calculate the concentrati on of

the silvefo gmtﬂtﬁ%n%@&%ﬂpr@ﬁe@hlwbew Py nnelg ebeuk 1Y used: the

concentration il
per | ens, Irrul tlg'E)l c}%ﬂ?ﬁ]eﬁ%g@@v%ﬁaﬁaﬂatat&ﬁ él(@ﬁgﬁgpé&gﬁdg %}d&( 1? t\(;'?;J
\[/gl ume gf I@lﬁeatcbnganlsmglmlwen?néiah\m«ldlzmglagergm Qlftmewhemsﬂw Iépg; m.) :I
esire Ilver In Jen rage dr n t t ot
Lot unes of MePBRTAI 1667 AnsaR, TeLsnees sk diapr £learfo aicrdaind dbcarplid
taini / - d
cont ai ni g, 4Oy fe! S aRkbiRatio Ay UomRhIls tholislBead o iled? 0. an

the vessel Used to tr unme o the required
si | ver coandrandis esth\abmlby uﬂmnpeaﬂngg(b the palenis elcharefose npreveatinghgt has its

whi h d f
about 40 [Shaihsl fogsioestionssia Bk et SHBD RGP e nd BBEL T goar s i i o

I enses i sjdRnadd ifdlyes aﬁ%'nhhér@blaﬁ&sf&frﬁb'ﬂlﬁﬁ? @Nver amd ¥BloxfAXihg that nmay
be added 1 nclude but are not l[imted to siTver acetate, silver citrate,

sil veroi odgeet. silver lactate, silver plcrate and silver sulfate. Yet,

still another od of i.ncarporating._sil uce

| enses cont ai nﬁcﬁaqﬁgﬂ% %r?tg’rélgrcgaé%lr fe[ngsan Y%!’f Y%@rgﬁ %fgﬁm%ﬁhﬁeqdudes an
anti m cr ofieniddy én@?mérréurrgngégnsmﬁaiznq; sgémat bfd Siybsthnces theensi sting of
nano- 30 sized zeoli he ternms, |ens anti m.crobial lens, silver, and

zeol ites fmoveas aleeron frambAghienpriodtee Agsaar AGE. Hediging agerls indudes. The

the nano- Sioef DetitEl i idtobRf s5-ailio roRhie felfRoayhamabraidi «

I nvents ongbl, peabimitCadi@, pdrbehzaio dicith e imdrgaaic(oxidantprsticraadodiumbout 10
to about 150 nm nost preferably about 50 nmto about 100 nm
hypochlorite, potassium permanganate, oxygen, iodine, sodium iodate, nitric
acid, sodium or potassium nitrate, sodium peroxide, sodium or potassium
periodate, sodium or potassium perchlorate, potassium persulfate, sodium
perborate, and potassium peroxydiphosphate. The preferred oxidants for use

20 in this invention are those with good water solubility and low toxicity such as
hydrogen peroxide, oxygen, sodium or potassium nitrate and sodium
hypochlorite. The most preferred oxidant is hydrogen peroxide. Oxidizing
agents are added to contact lens formulations prior to curing at a concentration
of about 10 to about 1000 ppm.

25 In addition to preparing antimicrobial lenses containing silver and
oxidizing agents, there aré other methods of reducing discoloration in lenses
containing silver that are prone to discoloration. Therefore, the invention
includes a method of reducing discoloration in an antimicrobial lens comprising,
consisting essentially of or consisting of contacting said antimicrobial lens with

30 an oxidizing agent.

The terms, antimicrobial, lens, and oxidizing agent all have their
aforementioned meanings and preferred ranges. The term “contacting”

includes any means of placing the oxidizing agent in close physical proximity
14



Still, yet another nmethod of incorporating silver into |lenses is to produce
| enses containing silver and an oxidi zing agent. O ten when silver is 5

i ncor por awed3iont3sl | enses, the lenses turn fromclear to aPdirdasol/srsed
appearance over tine. This discoloration may conprom se the visual acuity
of the lens and can be esthetically unappealing to the patient. Therefore,
prevent i ngvitrthern@icThe ribstadnemhehimethbd of contdcting ity ptepeare@noducer . To
neet this goal, the _invention_ includes an, anti m obial |ens co ri sing
si | ver an@qaﬁob}&ﬁaiuilpﬁg?fi'aeQét@'h%‘ng PEENT ARG S%fsp QIHNEIWISE EHX %md

5| | ver all orenenti oned neanings and preferred ranges.

"xi di zi néeﬂégé%éls@gg{ugaéubst ances that renove an electron fromAgo to
produce Ag+' oln Agiet to@isdiaté tige myentisn thmfalidwmg)axampmsrm'e ihcloideed to

hydr ogen r oxi de, gnl Cc i des such ags er acet 13 aci d erfor m c
acid, per %3&%8.%%%69 gmat ﬁm* Rilgv Ioﬂ‘anﬂééys @nmggn ool PnSUHQS% lorite,
pot assi “mnﬁ)@cHBHQﬂgPéétﬁ:ind)W|ﬁOenﬂld}fi' TRose REGWIBdYEEBISin dbntddtdenstd 45 sodi um

or potassiumnitr sodi um per oxi de, sodi um of potassi um periodate,
sodi um or \Ap&ﬂtaseﬁhenspemahiesrraaye;fmdcmﬂwsmathqurca‘wae’mcmg ﬂtﬁjlmrﬁﬂtlmr bor at e,

and pot as roxydi ph hat e., The er xi dant s r.use 20 in this
i nvent i on?_!?r oﬁ%ﬁﬁt?@gié@rwgm%g ﬁb‘? tﬁﬂ? tg‘ﬁosqog\?/ qfc}%sclml?mkounch as
hydrogen peroxi de, oxygen, sodi um @xAapPges umnitrate and sodi um

hypochl orite. The nost preferred oxjdant is hydrogen peroxide. Oxidizing

agent goar e addddnetfollowingaabbregiagions wene asedns the exampescuri ng at a
of , about 1000 ppm 25 In addition to preparing

;ﬁ??ﬁinzzigﬁ‘%@sl ea'gggr"agﬁf |f'ﬁﬁﬁﬂg'§$?'§/%?c' oxi di zing agents, there are

ot her net tp_;pg@HgMAedgqtrngemV[gqgqureihyMﬁemackﬁmes cont ai ni ng silver that
are prone to discoloration. Therefore, the invention includes a nethod of

reduci ng dleebiEMALT e remctian areduat of seadivel kive NEEREri4saml HEMONAS st i ng

tiall act t bi al | th 3
oot o zoesCH R ERRENL P U s PRLE SO B5F nc. | And oxt ai 2i g agent all
have tbei ICGP{85GENY l(wweplbl@aamfngsymoﬂywc&fr@xyememgemnemm biar (2,6-

"contactin i ncl udes ané/ means of placing the oxidizing agent in close
physi cal rpgihyioxybanzoyl)-2,4- 4-tr|methylpentyl phosphine oxide

DI water = deionized water
D30 = 3,7-dimethyl-3-octanol
EGDMA = ethyleneglycol dimethacrylate
20 EO,V = diethylene glycol vinyl ether
DMA N,N-dimethylacrylamide
DAROCUR 1173  2-hydroxy-2-methyl-1-phenyl-propan-1-one
HEMA = hydroxyethyl methacrylate
60% IPA = Isopropyl alcohol, 60% v/v DI
25  MAA = methacrylic acid;
MMA = methyl methacrylate
TMI = dimethyl meta-isopropenyl benzyl isocyanate
mPDMS = mono-methacryloxypropyl terminated polydimethylsiloxane (MW
800-1000) |
30  Norbloc = 2-(2’-hydroxy-5-methacrylyloxyethylphenyl)-2H-benzotriazole
PVP= polyvinylpyrrolidinone (K 90)
TAA = t-amyl alcohol

TBACB = tetrabutyl ammonium-m-chlorobenzoate
15



WO 03/ 011351 PCT/USOL/ 50580 with the |ens. The nost common net hod of
contacting is to prepare an aqueous solution of the oxidizing agent and to
stir, soawponipssherwi se mix the lens in said solution. PCTASAdEs058®
illustrate the invention the follow ng exanples are included. 5 These
exanples do not Iimt the invention. They are neant only to suggest a

met hod of TEGDMACE tetrddtylenegiytoldimelimsglaleow edgeabl e in contact |enses
as well as ot her speC| alties may find other methods of practicing the

i nventionl Fl—b\ﬁ\%t{}%hy r@%@'é rret hods are deened to be within the scope of

this inve n ations were used in the
exanpl es ITEL%E tn yce S" er| g'r;&}ﬁk;ﬂﬁg@??ﬂé\é% d Bl oc- HEMA =

2-(trinet ﬁMRTMM}rlmeﬁrwlolmephaemymathaclﬁ}'la’e HEMA = the reaction product of
reactive bl ue nur@' and HEMA, as described in Exanple 4 or U. S. Pat.

no. 5,944&T Wel tOtﬁbWG'gbtl 1 (ww blend of 1-hydroxycyclohexyl phenyl
ket one anq,/\pl_swél @totgl Jhgoxybenzoyl) 2,4-4-trimethyl pentyl phosphine

oxi de DI water : e| oni zed water D30 = 3, 7-dinethyl-3-octanol ECDVA =

et hyl eneghvfjcetoldineéptadeolme e 20 EQRV = di et hyl ene glycol vinyl ether DVA

N, N- di net 1173
2- hydroxygyﬁfﬁ{/mqh)ﬁ}ﬁgﬂ §1@APbpan- 1- one HEMA = hydroxyet hyl nethacryl ate
60% | PA =ThagafRigtions M%re%%dwb\prabare&ﬁe%es oEthBasvantion wersd, MVA =
met hyl nethacrylate TM = di methyl neta-isopropenyl benzyl isocyanate nPDVS
= nonae mpW?deH@WI t ermi nat ed pol ydi met hyl si | oxane (MN 800-1000) 30
Nor bl oc = 2-(2'-hydroxy-5-nethacryl yl oxyet hyl phenyl ) -2H benzotri azole PVP=
pol yvi nyl pyrrolidi none (K 90)

Macromer 2 Preparation

To a dry container houséd in a dry box under nitrogen at ambient

temperature was added 30.0 g (0.277 mol) of bis(dimethylamino)methylsilane,
15 a solution of 13.75 mL of a 1M solution of TBACB (386.0 g TBACB in 1000 mL

dry THF), 61.39 g (0.578 mol) of p-xylene, 154.28 g (1.541 mol) methyl

methacrylate (1.4 equivalents relative to initiator), 1892.13 (9.352 mol) 2-

(trimethylsiloxy)ethyl methacrylate (8.5 equivalents relative to initiator) and

4399.78 g (61.01 mol) of THF. To a dry, three-necked, round-bottomed flask
20 equipped with a thermocouple and condenser, all connected to a nitrogen

source, was charged the above mixture prepared in the dry box.

The reaction mixture was cooled to 15 °C while stirring and purging with
nitrogen. After the solution reached 15 °C, 191.75 g (1.100 mol) of 1-

25  trimethylsiloxy-1-methoxy-2-methylpropene (1 equivalent) was injected into the
reaction vessel. The reaction was allowed to exotherm to approximately 62 °C
and then 30 mL of a 0.40 M solution of 154.4 g TBACB in 11 mL of dry THF
was metered in throughout the remainder of the reaction. After the
temperature of reaction reached 30 °C and the metering began, a solution of

30 467.56 g (2.311 mol) 2-(trimethylsiloxy)ethyl methacrylate (2.1 equivalents
relative to the initiator), 3636.6. g (3.463 mol) n-butyl monomethacryloxypropyl-
polydimethylsiloxane (3.2 equivalents relative to the initiator), 3673.84 g (8.689

16



TAA = t-anyl al cohol TBACB = tetrabutyl ammoni um m chl or obenzoate 15 WO
03/011351 PCT/US01/50580 TEGDVA = tetraethyl eneglycol dinethacrylate THE =
tetrahydrebuwsam3¥RI S = tris(trimethylsiloxy)-3-nethacryl orPgpruspybesse ane
TMPTMA = trinmethyl ol propane trinethacrylate 5 ww = wei ght/total weight

wv = weight/total volunme v/v =volune/total volune 3MP =

3- et hyl - Bagdf TRISAT. Qébelv’aternltmfeaam\mm thbanitiserand 0.0 g prepare the | enses
of the invention were ared as follows. Macromer 2 Preparation To a
dry cont aﬂ?éﬁj'mﬁfmél@mm%)néetg Isllans was fsideg; ¢ rogen at anbient tenperature

was added 30.0 g (0.277 nol) of bis(dinethylam no)nethylsilane, 15 a
solution of 13.75 nL of a 1 Msolution of TBACB (386.0 g TBACB in 1000 nL
dry THF), 61.3%he rﬁ&n&éamamiauowédtogyd)teaan ta Sppasxigataly 3814240 jandet hy|

2 (tre e slveg e o inal Bme i & o oSTEpiEnd) 0" ™

initiator %)lssglﬂ‘netﬁgl ﬁqlg@ngeth@%n% M) 2@5 (At421700f rﬁéﬂ’vyl MW@%W4

r ound- bot equl pped with a thernocoupl e and condenser, all
connect ed eguivalents relgtive tcsthmcégatw@andt’i&%e’tﬁ gr(% 3@deel)rﬁ-xture prepared in

bur i g wiamehifipsREi Rpdtbrobie MR AR SiiPalsrlatiesbihe fufdet A, 215,
nol ) of 1_aaéeardn@qha%§<tdre>@galn H%\b@dYo 8X61ﬁbhﬁ|t6réb@?@§n'falel9%m@| FRE) was

injected into the reaction vessel. The reaction was allowed to exothermto
appr oxXd naredagtiopZe@pedatyire Heop 3wl marmroammtabffm%%lanﬂu%galmnm@ththg TBACB in

11 nL of dr T S rretere in_throu eacti on.
After 1 he Vel maaeg st Setten e idn anatu B AR St 7D Segan, “a
?gl lft ion meltﬁﬁrtmdifa?nobé .80y (¢.088 e tichibroacétieadiy wedd gddedtany theretikiaes y| at e
equi val en
q refluxed for 4.5 hours to de-block the protecting groups on the HEMA.
Volatiles were then removed and toluene added to aid in removal of the water

15 until a vapor temperature of 110 °C was reached.

The reaction flask was maintained at approximately 110 °C and a
solution of 443 g (2.201 mol) TMI and 5.7 g (0.010 mol) dibutyltin dilaurate
were added. The mixture was reacted until the isocyanate peak was gone by

20 IR. The toluene was evaporated under reduced pressure to yield an off-white,
anhydrous, waxy reactive monomer. The macromer was placed into acetone
at a weight basis of approximately 2:1 acetone to macromer. After 24 hrs,
water was added to precipitate out the macromer and the macromer was
filtered and dried using a vacuum oven between 45 and 60 °C for 20-30 hrs.

25

Macromer 1 Preparation

The procedure for Macromer 2 used except that 19.1 mole parts HEMA,
5.0 mole parts MAA, 2.8 mole parts MMA; 7.9 mole parts TRIS, 3.3, mole parts
mPDMS, and 2.0 mole parts TMI were used.
30

Macromer 3 Preparation

The procedure for Macromer 2 was used except that 19.1 mole parts
HEMA, 7.9 mole parts TRIS, 3.3 mole parts mPDMS, and 2.0 mole parts TMI
17



relative to the initiator), 3636.6. g (3.463 nmol) n-butyl
nononet hacryl oxypropyl - pol ydi net hyl sil oxane (3.2 equivalents relative to
t he initiwo®msp1138673.84 g (8.689 16 WO 03/011351 PCT/ USOPCINHB05058®] ) ,
IRIS (7.9 equivalents relative to the initiator) and 20.0 g

bi s(di met hyl am no) net hyl si |l ane was added. The m xture was allowed to

exot her m twerappedxi mately 38-42 C and 5 then allowed to cool to 30 C At
that time, a solution of 10.0 g (0.076 nol)

bi s(di et hyl am no) net hyl sil ane, 154.26 g (1.541 nol) nethyl nethacryl at

e
(1.4 eq”il\)fé\]c?c%?rigrféﬁér‘éﬁ?ﬁo the initiator) and 1892.13 g (9.352 nol) 2
trimethyl crylate (8.5 equivalents relative to the
initiator) was Thedoededure fohMacrorner 2 wagaisedadxoepethat dibestyitim dilanirate
approximately 40 C.. The,. lo reaction tenperature dropped to approxi mately
30 C aAd ¥ rlelp%}??dd’i"n‘ﬁfﬁm%‘r@m&dded to decrease the viscosity. A solution
of 439.69 g water, 740.6 g nethanol and 8.8 g (0.068 nol) dichloroacetic
acid was added and the mixture reffEuxegdor 4.5 hours to de-block the
protecting groups on the HEMA. Vol atiles were then renmoved and tol uene
added to ai d in rBranaiation of Ristagaeyt Trimethoxysilane Gioated daglitest ure of 110 C

hed. T ' ' i t ' 0 C and
sl ut ton of - 44355e03 250 Ay T8 0B s0BG B nARE RS R0B0N I © o
di | aursat e 2000riempdsiedinidda0nd sitverdywasighewetedddad itd ndieansiq¢gamalt)e peak
Vel & an Gliaciahpestic BGHIOLS Pd SRISRRATItOQIRIADRE!S MNIMASIIRT oo
yield an , h -
| di - i ' ' | 1
Pacr oner - SR GE S3BRpgon P iice BPTich BB BRLR Houts TRT SORERE 1.

and t he mavasorepniowsrbby Uatlwndiltratioh W gied ausdlidg Thiy solidimagversuspended 45 and
60 C for 20-30 hrs. 25 Macronmer 1 Preparation The procedure for Macroner 2
used excep? ethanol agdisolgied bwyvacuympiration plimese g fesuNing saidavag)| e parts

MV, - 759 @ﬂg@ R Sabfim todive Z&Bli RO5L § finddRieand 2.0 nole parts T™

wer e used

Example 2

Preparation of Lenses A'

20 A hydrogel blend was made from the following monomer mix (all
amounts were calculated as weight percent of the total weight of the
combination): 17.98% Macromer 2, 28.0% mPDMS, 14.0% TRIS, 26.0% DMA,
5.0% HEMA, 1.0% TEGDMA, 5.0% PVP, 1.0% CGI 1850, 2.0% Norbloc, and
0.02% Blue HEMA. To 80 part (wgt) of this blend were added 0.19 parts

25  Zeolites of Example 1, 1.0 part acetic acid (when Macromer 4 is used, no
acetic acid is added) and 20 parts 3,7-dimethyl-3-octanol. Zeolites of Example
1 (0.24%) were added to the hydrogel blend. This mixture was sonicated until
all components were dispersed (ca.30 minutes). The sonicated mixture was
loaded to an eight cavity lens mold of the type described in U.S. Patent

30 4,640,489 and cured for 1200 sec. Polymerization occurred underé nitrogen
purge and was photoinitiated with visible light generated with a Philips TL
20W/03T fluorescent bulbs, at temperatures of 45 to 75°C. After curing, the

molds were opened, and the lenses were released into 60% IPA, then leached

18



Macromer 3 Preparation The procedure for Macroner 2 was used except that
19.1 nole parts HEMA, 7.9 nole parts IRIS, 3.3 nole parts nPDMS, and 2.0
nol e par twODRM011337 WO 03/ 011351 PCT/ USOL/ 50580 wer e usedPCIVHArSO1/s0580 4
Preparati on The procedure for Macroner 2 was used except that dibutyltin
dilaurate 5 was replaced wth triethylamne. Exanple 1 Preparation of

Cct adecy! id ahrPiliDkwatdratiep Goanad réaovetas reghiahmeomdre grar dilugnes (15. 0
gr ans, aver_aqe particle size 1000nmto._ 10 2000 nm) contai.ning 10% sil ver
by wei ght FiRally. Hifilednses avgequnibrateddn either DI walgsi i physidlegicaldirales pL) and
oct adecyl t i { )aiwer e added and the suspensi on was
stirred atwﬁgg%%%f)ée{ro:gﬁﬁg‘%igr%fh' hours. The solvent was renoved by
vacuum filtration to give a solid. This solid was re-suspended in ethanol
and isglated by vacuumfiltration 3E§<%ﬁﬁ'§§e g3The resulting solid was 15 dried
under vacuumto give Zeolite A" as a fine powder. Exanple 2 Preparation
of Lenses A" 20 PRrdpatatiorebf Di-gimg! Bts/lered©xidecfiedllies Bol|l@nisag Biononer mi x

|1 t I t i ght t of the taotal .weight of th
Corbi nati on) . L7 ool e GREHes 155 SbieHACNE 2008 v WRISCrEY b6 ok, - 5. 096
HEMA, - 1. 09 E%er?a?%@ép yémﬁm%ﬁd 64 Hﬁo %"/ﬁmb'erfi%gﬂasrﬁa%ha%ﬂé%% Bl ue
HEMA. To 80 part (wgt) o tﬁls end were added 0.19 parts 25 Zeolites of
Exanpl e 1,asldéscpbed ycét Pencludlidgamheh Qhar, GriR. Savagay$edB. Tiommaerseand aci d

[ dded 0 t 7-dj met pyl - 3- | .. Zeol it f 1

5. S5 RS, B T AR 5 e a8 B
al | componghice Wes %cﬂjiﬁ@&b?@éplééﬁﬁetﬂe@télﬁr%ﬂ) chgﬁﬁeﬁ%%F&Qtir@ Xture was

| oaded to an eight cavit ens nmold of the type described in U S. Patent 30

4, 640, 489 chambelr dief diied 2edliteewereplanedrpaded oro dhe totating ghambes andt r ogen
purge and yaze PARhULEGH Sdsita st 5P 6100 M- SHA St el T Ps TL

cycle”) and 100 Watts for 15 minutes The argon treated zeolites were

15 subsequently treated with EO,V plasma, pulsed at 10/200 ms cycle and 100 W
for 100 minutes. The resulting particles were removed from the chamber and
passed through a 400-mesh stainless sieve. These filtered particles were
treated a second time with EO,V plasma, pulsed at 10/200 ms cycle and 100
W for 100 minutes and collected to give Zeolite B' as a solid. One percent

20  (1.0%) of Zeolite B'was added to the hydrogel blend of Example 2. Once the
zeolites were added, the mixture was treated and cured according to the

method of Example 2 to give Lenses B'.

25 Example 4
Preparation of Uncoated Zeolites and Lenses C'

Type A zeolite particles (15.0 grams, average particle size 1000 nm to
2000 nm) containing 10% silver by weight were added to the hydrogel blend of
Example 2. Once the zeolites were added, the mixture was treated and cured

30 according to the method of Example 2 to give Lenses C'.

Example 5
19



20W 03T fluorescent bul bs, at tenperatures of 45 to 75C. After curing, the
nol ds were opened, and the | enses were released into 60% I PA, then |eached
18 WO 03/W0X3h113PCT/ USOL/ 50580 in an | PA/D water step deea/usol/sesaove any
resi dual nononers and diluent. Finally, the lenses are equilibrated in

either DI water or physiological borate- buffered saline to give Lenses A'.

5 Exanpl e 3 Prepar atRalgagd Rlaitesxbmllveimamr@ué@sweBZe@hd O¢s and Lenses B
Type A zeolites (10% silver 1000-2000 nm were dried in_a vacuum oven at

100C over ni ght FAYRI(?)daners watecallasied fqr@dvgn Argtysie iramssiatelspriider i bed by

Eber har (. IS 1 siff elgise Sugh?) FAkGyy fvotao] ISREBE et hoielied)” i

devi ce vvasndmduéllyem Wrmlemjlmopgehbmeﬁ abhtaummg 2¢hatrio proteirhsalutiont at i ng
chanber. The dr.i ed zeollte? wer e %aced oaded into the rotating chanmber
V]

andl t Peatc@ASRING o -Smgm b’ls%)ﬁ'ﬂep +8sr@a/raka?@vn1@@rm|8.m§ Mg/ of}‘
Curet1s s olobisin kol soRfGHE TS Vgl wete Bditiled o e SHRSIAERLE G085 ! oo

and 100 Wr.pl.ow HJO@Ienswtwsre rEceveresidnd ;mplpdrfd)n amayssmmaehrctemmted fromthe

chanber and ass hr ou a 40 stai nl.ess ,sieve. These filt
et el o HnprSa ey s SHMenR 87 HPe TRt RTRIBU0 A Ve T SGHIOREHT6) 200 ms

cycl e and ol Jfiedh Qfén’i“sBMTn@ﬁ M%éﬁﬁﬂ)lb@%‘h@%é‘hv@'db%tr%ﬁ@n‘sb@v@reas a

solid. One percent 2 of Zeolite B was added e hydrogel blend
of Exanpl @rizd /mw:euoraé appmlmta@yﬁé?@aadcwmlyztelde‘onsbblarr@m kv eat ed and

cured accor 2 to, give L es Bl. Exampl e 4
o erar ot sl Ceditied BB a®mif s iBHGR Sreldbebya TREAMAUNL T | o1 oo
(15.0 gr a%ﬂve@d@ftéﬁt@pé}ﬁéhéﬁ\}% r’ﬁbé%rb@oel'ﬁérﬁvb@ht %@Q,Qen‘ﬁé%xépgﬂ\@rm ng 10%
silver by weight were added to the hydrogel blend le 2. Once the

zeolites W)@mlmﬂ@lﬁdthqlﬁﬁsmm&sﬂ@w@teﬁrmIédlsmlnc'[ﬁtéd1 30 according to the
nmet hod of Exanple 2 to give Lenses Cl. Exanple 5

15 Table 1
Lens C' Lens B’ Lens A

Day silver content silver content silver content
0 100 % 100 % 100%

1 41% 44% 80%

2 13% 44% 60%

3 10% 39% 56%

4 <9% 38% 80%

5 <9% 33% 30%

Example 6

Release Rates of Silver From Lenses A%, D', E'and F’

20 Four different silanes were applied to the surface of type A zeolites
particles having an average particle size of 1000 nm to 2000 nm and an initial
silver content of 20%, using the method of example 1. The silanes are
octadecyltrimethoxysilane, octyltrimethoxysilane, butyltrimethoxysilane, and
acetoxypropyltrimethoxysilane, and they géve zeolites A%, D', E'and F*

25  respectively.
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19 WO 03/011351 PCT/ US01/ 50580 Rel ease Rates of Silver From Lenses A'. B,
and C. Five (5) lenses were collected for silver analysis immedi ately
prior to womBiesi ng the silver rel ease study. Twenty-fivecfaspi/sessses were
i ncubated individually in 20 m pol ypropylene vials containing 2.2 m of
protein solution 5 consisting of 1.8 ng/m |ysozyne, 1.8 ng/m al bum n, and
1.8 ng/m gammAppngbuétbnﬁo Daveafiheee&@mereTémedwme o&og@lﬁl@h@d on
an orbital shaker at 10 m Five | enses were recoveg\eﬁ,ap ﬁool ed for

anal ysi s efdnaimplest usegﬁhemﬁ’a@@py Expepie rdo iR - ensefaih i ni ng

| enses wer sanpl es
and the 1osSANRNETAF deledse astalb Balp® B et hdbien dhidle ddha 50" 3nd
anal yzed fdisplayéd ér TabletZznt by inductively coupled plasna atom c em ssion
spectroscopy The amount of silver content per |ens was neasured. The

wei ght percentage of silver remaining in the |l enses was cal culated and is
listed in Table 1. 15 Table 1 Lens C Lens B Lens A Day silver content
silver content silver content 0 100% 100% 100% 1 41% 44% 80% 2 13% 44%
60% 3 10% 39% 56% 4 <9% 38% 80% 5T~ab%33% 30% Exanple 6 Rel ease Rates

of Sil verFremtenses—A2 b and-F—20-Foyt—di-fferentsiHapes—wgre
applied tg__t_he_s_ur_f_a!;%%f\_t_y_pi;gns | Tclenﬁg ticl p'eenﬁan ng qL@H%ﬁrﬂanp
particle |sUIZ¥ of 1000 nmto 2000 nm and |an initial| silver content of 20%
usi ng t hg Dayshod of | ¥xAgple 1, %9Ag silands Age oct%ddgyl tri ntApxysil ane,
octyl trimed hoxysi |l aneQ0but yl t 1106t hoxysi|l{@@e, and | 100 100
acet oxyprjopyl tri net wsi [ ane| 7angd they [gave zeol iftes3A2, D | 4K and F1|25
respectivejy. 41.8 53.1 62.2 47.8 13

3 40.8 38.8 31.1 54.8 10

4 36.7 52.0 31.1 53.9 <9

5 34.7 36.7 38.9 32 <9

10
Example 7

Preparation of Nanoscale Zeolites

Nanoscale zeolites were prepared with a tetramethylammonium

template, using the procedure described by B.J. Schoeman et. al. In

15 ZEOLITES, 1994, Vol. 14, February, 1994, p. 110-116, following the procedure
to make A1, but without the addition of NaOH. Particle size analysis using a
BECKMAN Coulter Particle Size Analyzer showed the particles to have a mean
size of 164 nm with a standard deviation of 44 nm. These particles were rinsed
three times with borate buffered saline solution, once with deionized water,

20  three times with methanol, in each case isolating the zeolites by
ultracentrifugation. 3.42 g of zeolite was suspended in 34.2 g methanol. 3.42
ml deionized water, 0.34 g acetic acid, and 3.42 g octadecyltrimethoxysilane
(OTS) were added. The suspension was stirred for 71 hours at room
temperature, then rinsed three times with 25 ml methanol and ultracentrifuged.

25  Silicone hydrogel lenses were made by combining 0.25% (wgt) of this OTS-
treated nanozeolite with the hydrogel blend of Example 2 and lenses were
prepared by the method of Example 2. These lenses were treated with silver

21



20 WO 03/011351 PCT/ US01/50580 Approximately 0.05% of these zeolites were
added to the hydrogel blend of Exanple 2 using the nethod of Exanple 2 to
gi ve Lenswe 08811351 E and F' respectively The rel ease ass&¢TafSoEx@#epl e 5
was conducted and the data displayed in Table 2. 5 Table 2 Lens A Lens D
Lens E Lens F Lens C Tinme Days % A% A% A% A%Ag O 100 100 100 100 100 1
69. 3 71. 4 bi2placihyy.tBemlint® 5480 &qbdolis 8ver riffafd dalutich 4048°Chrdivdl. 1 54.8 10
4 36.7 52.0 31.1 53.9 <9 5 34,7 36,7 38.9 32 <9 10 Exanple 7 Preparation
of NanoscdBUuiesHPNG sdbsegratly iinsigthanewWithd?le prepared with a

tetramet hyl ammoni um tenplate, using the procedure described by B.J.
Schoeman et. al. In 15 ZEOLITES, 1994, Vol. 14, February, 1994, p. 110-116,
followi ng the procedure to make Al Exboiple8t hout the addition of :\laC]-I
Particle size apalysis using_a BECKMAN Coulter Particle Size Analyzer
showed°t he partaIi[]'@é@CPQUF?aQEEéaWBE%(V‘@Sngﬁ%We 62XGRRt WSty ety
devi at i on ki Thess : b i e tinmes with borate
buf fered Ségf\lin%‘e’rn?ﬁc& | on, t%ﬁ%&%?ﬁtaﬁ??ﬁ%g?k?ﬂgrﬁzo three tines with
met hanol , in each case isolating the zeolites by wultracentrifugation. 3.42
g of zeolite was suspended in 34.2 % met hanol . 3.42 nl deionized water,
0.34 g acetic acid, and 3.42 g octa éempﬂ? nmet hoxysi | ane (OTS) were added.
The suspension was stirred forprghahtigsofleds@@y! t enperature, then rinsed

three tines with 25 m net hanol and ultracenirituged.
10 Using a procedure adapted from Chem. Mater. 5(6), 1993, 869-875,

silver zeolite (2 g Type A zeolites, 20% Ag by weight), 200mg of polybutadiene

(average Mn = 3,000, 0.066mmole), and 20mL of dichloromethane were
charged in a 150mL beaker flask. The apparatus was connected to a rotary
evaporator and rotated for 30 minutes with the heating bath set at 40°C. The

15  reaction mixture was cooled to room temperature and a solution of 60mg of
2,21-azobisisobutyronitrile (0.375mmole) in 5mL of dichloromethane was
added to the suspension. The flask was connected to the rotary evaporator,
and the solvent was removed with rapid rotation, while maintaining the
temperature below 20°C.

20 The solid reactant system was spread as a thin layer in a crystallizing
dish. The vessel was covered with filter paper and placed in a vacuum oven at
100°C for three hours to crosslink the polybutadiene coating. The yield was
1.85¢g of white hydrophobic material (84.09%, Note- the zeolite used in the
process had a water content of around 10% by weight, isolated yield is greater

25  than that reported (closer to 92%)).

The coated zeolite (0.5% w/w) was dispersed into the hydrogel blend of
Example 2 and lenses were fabricated using the method of Example 2 to give
lens G'. The release assay of Example 5 was carried out and the results are
tabulated in Table 3.
30
Example 10

Preparation of Lenses H’

2 grams of zeolite containing 10% Ag zeolite (Type A having an average
22



25 Silicone hydrogel |enses were nmade by conbining 0.25% (wgt) of this OTS-
treated nanozeolite with the hydrogel blend of Exanple 2 and | enses were
prepar ed wo whesset hod of Exanple 2. These | enses were treardsowsisko sil ver
21 WO 03/011351 PCT/ US01/50580 by placing theminto 5.0% aqueous sil ver
nitrate solution at 45C for five mnutes and subsequently rinsing them
with D . baghge disinsielbe1000¢@a00€ nod), E8 anpheetifylene dhidride)&d0 mkdgQt, using
triethylamne amne in place of acetic acid to catal yée the OIS reaction.

Exanpl e 9 10prekfieihyigmine Wesaseshmed i a<dAgnk bsaseeats stigadpdl fr om chem
Mater. 5 ; S A S : } ; lites, 20% Ag b
S S R A IR o= 2ok

wei ght), dt adi ene 066mmol e), and 20niL
of di chl ooctasidegitichierosilacd arageatided evelpAdbimimeddseto & fatakof Tine. appar at us was

connected to a, rotary e or at and rotated for, 30 njnutes with the
heat i n balana ¢ agfliboe: 2 FRbrs)s TetAmBR s (e e g b5 lorEs oom

t enper at ur, j : , oS IatdH

(0 575 Py R, R e O e e P R e e ORte. e
fl ask was shakingofigatotslyt Berapeah{) andi(@)rdatimes. Adied theéourti filinationvas r enoved
with rapid rotatign,. whil intai,ning the t rature bel ow 20C. 20 The
Sol 1 r 6aPlaRINs S inclated o S0 gy iAcuyyF i o reomdetiPeratiiy ai oh.
The vesselpigpto (Y Shedatlitd pbiviELKaBIPSUnRAGhR] #oPE@r BRdHesaeUUM oven at
100C for three hours to crosslink the pol ybutadi ene coating. The yield was

1. 85g 10f whi t e Tingcromtedsllanermasraddied(te4he dygiragst blendhef Examplee asdd in t he
process had a water. content of arqun %.h i ght. i he ieldis
greater %\S[%a%erteﬁg{mﬁgw}q%@e(@pﬁgogiré%ajé%éﬁ %‘geé%%lf d j@él ite (0.5%
W W was @leass aeday BF Bxhmplds dax0ed il @t anll th&xesutseard tabdiatexnfes wer e
fabricated using the nethod of Exanple 2 to give |lens GlL. The rel ease

assay of HeBlfpBe 5 was carried out and the results are tabulated in Table
3.

15 Table 3
Lens G' Lens H' Lens C'

Time

Days Ag% Ag% Ag%
0 100 100 100
1 48.9 39.4 41
2 29.3 32.9 13
3 30.1 28.8 10
4 31.8 31.8 <9
5 27.9 <9

Example 11

Bioloqical Vortex Assay Resulis

Lenses were made from the hydrogel blend of Example 2 with 0.5%
20 OTS-treated zeolite containing 20% silver. The lenses were tested using the
biological vortex assay described above. The number of viable bacteria found

in the assay was reduced by 99.7%.
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30 Exanple 10 Preparation of Lenses H 2 grans of zeolite containing 10%
Ag zeolite (Type A having an average 22 WD 03/011351 PCT/ USO1/ 50580
particl e Wwpag®iBsl of 1000 to 2000 nm), 50 nL net hyl ene chipemiuse1/5G8O ni
H2O, 100 nmL triethylam ne were conbined in a 250 nL beaker and stirred
until uniform consistency achieved (typically 30-60 mn). 250 nL of
octadecyl trichlorosilane was added mygfipiet2 mnutes to a total of 2 nL of
5 silane (8 additions- 2 hours). The sanple was filtered using the

fol | owi ng procedure: 1) vaAligmativeddengmenrormgaiens 2) re- suspend in

met hyl ene | sl igorously, 3) repeat (1) and (2) 4 tinmnes.
After the § H &L % Hgné/rocedure the isolated solid dried under
vacuum for 4 hiFcinuiznions BeRpistad i TableRY, iape thobase mondeneranixes ¢alpowder was
ground with a nortar and pestle, 10 The coated silane was added to the

hydr ogél @wt@ﬁr@sz@dﬁwlaaedzagw&lght@ﬁgc@@t@éﬂ@ total melohiaf Ale Meaomardiel of
Exanple 2 e I |ed out
and the recg) t%Wée\f{taf@?l)r Iﬁsl_ﬂ% e&%oﬁﬁé’é@ﬁ(@%ﬂ%(#ﬁag&?ﬁ LaZ)r?gjt [g\&fsWH Lens
C Tinme Dayse ;ﬁg&fmﬂkg%rm%e @ddéwtolélﬂoﬂtﬁé cofnpéBitidn8 @f Fable 1 2n2¢ohtaR?. 9 13 3
30.1 28.8 10 31.8 <9 5 1 Bi ol ogical Vortex Assay
Resul ts L&FSSS %Yéer%@%arﬁﬂ(ﬂﬁ@ %H‘ih@d@\FX"HnErﬁﬂe PdExanple 2 with 0.5%

10

Contact Lens Formation

The blends are sonicated at 25-37°C until all components are dissolved or
dispersed (30-120 minutes) and are subsequently loaded to an eight cavity lens
15 mold of the type described in U.S. Patent 4,640,489 and cured for 1200 sec.

24



20 OTS-treated zeolite containing 20% silver. The | enses were tested using
the biological vortex assay descri bed above. The nunber of viable bacteria
found i nwdws/assay was reduced by 99.7% 23 WO 03/011351 Fe@TVd0$S15860580
Exanple 12 Alternative Mnoner Fornul ations Base Mononer Formations
Formul ations B-R, listed in Table 4, are the base nononer mxes (all 5
anounts are cal cul ated as wei ght percent of the total weight of the nononer
m x conbination). The coated zeolites (0.0005%Vv w (50 ppn) to about 1.0 %
ww) of the invention may be added to all of the conpositions of Table |
and contact |enses may be prepared according to the follow ng nethod. 10
Contact Lens Formation The bl ends are sonicated at 25-37C until al
conponents are dissolved or dispersed (30-120 m nutes) and are
subsequently |l oaded to an eight cavity lens 15 nold of the type described
in US. Patent 4,640,489 and cured for 1200 sec. 24 WO 03/011351
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A hydrogel blend was made from the following monomer mix (ali
amounts were calculated as weight percent of the total weight of the
5 combination): 17.98% Macromer 2, 28.0% mPDMS, 14.0% TRIS, 26.0% DMA,

5.0% HEMA, 1.0% TEGDMA, 5.0% PVP, 1.0% CGI 1850, and 2.0% Norbloc,
blended with D30 as a diluent in a ratio of 80 parts mixture with 20 parts
diluent. To this blend was added 1.0 part acetic acid, 1000 ppm (wt) A-type
zeolite containing 20% (wt) silver and 354 ppm hydrogen péroxide. This

10 mixture was sonicated until all components were dispersed (ca.45 minutes).
The sonicated mixture was loaded to an eight cavity lens thermoplastic mold
and cured for 1200 sec. Polymerization occurred under a nitrogen purge and
was photoinitiated with visible light generated with a Philips TL 20W/03T
fluorescent bulbs, curing for 25 minutes at 50°C. After curing, the molds were

15 opened, and the lenses were released into 50% IPA in water, then leached in
IPA to remove any residual monomers and diluent. Finally, the lenses are
equilibrated in physiological borate-buffered saline. After four days at room
temperature these lenses were colorless, as compared to lenses that were
made without addition of H,O,, which had developed a visible brown color.

20  Additional concentrations of hydrogen peroxide tested as described above and

the observations of lens color are listed in Table 5.

Table 1 — Hydrogen peroxide added to monomer mix.

Example ppm added H,0, lens appearance
354 colorless
177 colorless
105 colorless
25 Example 14

Treatment of Lenses With an Oxidizing Agent

26
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Preparation of Lenses Containing an Oxi |ng A&;ent A hydrogel blend was

nmade frontypleeAfzgpltf@vaow@alﬁm«no%% (mtkSIb@rand adgition FVEiPeRd as wei ght

nPove,  1aPotR & MoaBh s i TheSe iiRes Py s Maced S BHLARI2™) Gy o

1850, andirgnd3ardat bbikcconthintmyigedt or toniEBQeas stordgé selutionn Taerlanses of 80
parts mxture with 20 parts diluent. To this blend art

acet i c5 acwgre itsoeifirh S(t%e)d WQ%fﬁebaQ‘éBf ﬂ‘ﬂ‘é’e§6?ﬁta{'igﬂﬁ1€$a%d%m%tﬁ35| r and
component 11 SPERGRSE aSHbl o7 st bobate, ¥Rc 36, BAURSAHIN ertiorete

conponent e 'di sper se e sohi ca m Xt ure was
| oaded t osafficRingtd geagiaitey ubetoi) 006X Tyalrogen peraxide (satdiunderitieftradel 200 sec.

Pol t '
ol yer| Z%a}n%anfc?(uéerlr%dFlll{lrl] EﬁNé s”bﬁb??c?ﬁ thuéﬁBeA %scion Corporation), and

the test solution was borate buffered saline without the sodium perborate. The

2
O
ZO

10  color of the lenses was measured using the CIELAB convention with an
portable sphere spectrophotometer from X-Rite, Incorporated. The L, a, and b
values of three lens measurements were averaged and are reported in Table 6.
The small changes in the a and b values of the perborate-treated stored
lenses, as compared to the saline-stored lenses, illustrate that the perborate

15  prevents discoloration of the lenses. The b color coordinate indicates the
amount of yellowness (higher positive b value = more yellowness) in a given
material or its blueness (lower negative b value = more blueness). Comparison
of the b values of Table 6 show that the yellowing of lenses is prevented in

perborate containing solution.

20 Table 6 — L, a, and b values for light-exposed lenses
Storage solution L value a value b value
before aging 845+1.3 -057+04 79823
saline 84.8+0.7 -4.06 £0.6 20.0£3.9
perborate 85.6+0.6 -1.12+0.4 845+1.9
Example 15

Treatment of L enses With an Oxidizing Agent
Lenses were prepared as in Example 13, but without addition of silver-

25  zeolite or addition of hydrogen peroxide to the monomer mix. These lenses
were placed into commercial foil-sealed polypropylene lens packages, along
with 10 ul of of a 0.10% aqueous solution of H,0,, 20 pl of a solution of Ag”
(0.75 wt% Ag), and diluted with a solution of 9.26 g/L boric acid, 1.86 g/L

27



was photoinitiated with visible Iight generated with a Philips TL 20W 03T
fluorescent bul bs, curing for 25 mnutes at 50C. After curing, the nolds
were 15 operdiizand the | enses were rel eased i nto 50% | PAPCA/usatl/snsgo t hen
| eached in |1PA to renove any residual nmonomers and diluent. Finally, the
| enses are equilibrated in physiological borate-buffered saline. After

four days sadiuno Gorateeameambppeodrizés sulfectaatinwaertobabt ¥8lunds of arpared to
| enses that were made w thout-addition of H202, which had devel oped a

vi si bl e brBwnl hserled Jensesdvereontorcleyad dot 3Qminwesat 1R18Coghe pRiutiam de

tested as ' (o) e Al .of lens col e listed in
Tabl o 5. 108 R rES R KA BT IRl S e R AR S RiedbR pom
added H2OM Ognis aighaharokitioh vidstviehpoyéikse 2 177 colorless 3 105
colorless 25 Exanple 14 Treatnment of Lenses Wth an Oxidi zing Agent 26 WO
03/011851 PCT/ US01/50580 Lenses were made fol | owi ng exanple 13, but with
addition of 0.25% (w) type-A zeolga&%ﬁgq%ai ning 20% (wt) silver and

wi t hout addition of hydrogen peroxide to the nononmer m x. These | enses were
pl aced into optical |y Tteemephobbénse WithcomOaldiding Agesit or control |ens
storage sol uti g_rlmn The | enses 5 were th?n ei ther stored under a bank of

fl uorescent i S$ Yrere\BAGR As iy Example {1 3gkutayith,1PEA PREE ok 18% Wt on of

t v . T : R o
© o Do ienzettes; i Witndiidns SIUNIIRFGRKATY 1Y oISl a0 hgerate up
FI NI SHb NGlsS@egwens pipcall Balikidsalpnin@oglass addlemith 2and botdte-ieffired ghlihé on was

borate buffered saline withput the sodium perborate. The 1o color of the
| enses vvaégoﬂéé@ﬂggldé%slflz@ft e [ENSEANIERPSRIYSSHOVR t3hPariod ﬁ’g@zﬂﬂués,sphere
spect r opheiarihith firhethey RrhSinetoMmsatAhiysio forlsilver irfi gia%g?l\gaégfé‘?sTﬁ‘;

three | ens neasurenents were averaged and are reported in
smal | chatgpssformatine andatiihouredbies showethme graphorsilver leveht Elok &msesd | enses,

as conpar %thtbﬂeﬁré% .S/alk)b%erégﬁno\r/%glel bactena in {hleu\% ea>2[aGSStar;/a estcr}l e@ea‘nrb%?/reat ©

15 as compared to lenses without the silver-zeolites and not treated in H,0O,.

Example 17

Dispersion of Monomer Formulations with Particulate Matter

A dispersion that may be used to form some of the lenses of the invention,

20  such as lenses containing silver salts, Momomer of 030 that are bound to

silver, or zeolites, is prepared by the following method. Once formed this
dispersion may be cured 'using the methods of Example 1.
. Pre-Dispersion

1. Sterilize mixing vessel and cover.

25 2. Pre-mix the dry silver complex in the liquid formulations at slow speed
ensuring minimal heat build up. Keep container covered to preclude
light and contamination.

3. Slowly increase speed to breakdown agglomerates (Note: Do not allow
heat to build up.).

30

Il. Dispersion
1. Thoroughly clean mill with isopropyl alcohol. Allow to air dry. Assist

with heat if necessary.
28



15 prevents discoloration of the | enses. The b col or coordi nate indicates
the anmount of yell owness (higher positive b value = nore yellowness) in a
gi ven newermali3sr its bl ueness (I ower negative b val ue =pPaorEsobbeseness) .
Conparison of the b values of Table 6 show that the yellow ng of |enses is
prevented in perborate containing solution. 20 Table 6 - L, a, and b

val ues for PRi dfocleupstaidlasesies intBkeragoultst lingsfrom mixiog vesselitaenitl val ue

bef ore agi ng 84. 1.3.-0.57 . 0.4 1.9 2.3 sali 84.8 0.7 -4.06 0.6
20.0 3.9 perqﬂﬁfg?@ @gl_tgogrgpt_yl_s@éz g’89°1§£‘?§ve§ejml e 15 Treat nent of
Lenses Wt h3an dad steriifed AR inte RGBS were prepared as in Exanple 13, but
w thout addition of silver- 25 zeolite or addition of hydrogen peroxide to

t he nonomer 4ni Rocepe satpdaldbrougheherizgnialdgmperatuee aapirelied mesia milkal ed

pol ypr.opyl ege i A1 09 ous

Dl P isoPY ¢ B g5 RIS sp8: 8 B methi Qgéﬁe%g%_ﬁa}@?eﬁﬁgé%@ﬁg‘édi | ut ed

W th a sol uti cadjodted.td@chidvetdediedadispersibn86 g/ L 27 WO 03/ 011351

PCT/ US01/ 50580  sodi um borate and an appropriate surfactant in water to a

total vol unB- ofteps#4 and #Jia bedgpegtaddmal snaterial achievrg Kige®@aBEd30 ni nut es
t 121 C. Th i ; ; i
o perimont b HisiEd BRpei¥ion °Bidissidii 1o B2 dBRATEE HpferbodmAE ot VD, |

yel | ow. 5 Exampladudifonlr eat ment of Lenses Wth an Oxidi zi ng Agent Lenses
were made as in Exanple 13, but with 1000 ppm of 10% (w) silver-zeolites,
and wi% hout the hydrogen peroxide in the nonomer mix. The 1o | enses were
placed individually into glass viatgyW Eh1§ m borate-buffered saline
containing 1.5% H202. The | enses were served over a period of 48 hours,
over which tinme they renmi ned ddbwerhestsof Lensegsi s for silver inmediately

after lens formati d 48 hpurs | h ' ' :
The | enses OLenselsov(/]er"ienprepglredo Hglﬁg tﬁé %etﬁog\g?%xg?npégp Alple?qlsleg er level

contained 0.25 weight percent of Type A zeolites. The zeolites of entries 2-13

15 contain 20% active silver by weight based upon the weight of the added
zeolites. The silver content of entry 1 was 10 % active silver by weight based
upon the weight of the added zeolites. In addition, the zeolites of entry 1 were
coated with EQ, V as described in Example 3. Entry 14 was prepared using
0.25 % of a Type A zeolite that contains sodium instead of silver. This zeolite

20  was coated with OTS using the method of Example 1 and subsequently treated
with a silver solution before it was incorporated into the lens formulation of
examplé 2. Prior to insertion in patient’s eyes, the amount of silver in the
lenses was determined by inductively coupled plasma atomic emission. The
movement of each lens type was tested on ten (10) subjects per type of lens

25  using the push up assay (Contact Lens Practice, Chapman & Hall, 1994,
edited by M. Ruben and M. Guillon, pgs. 589-99). All lenses were evaluated
30 minutes after placing the lenses on patients’ eyes. The percentage of
lenses having acceptable movement qualities was calculated as follows. Any
lens having a score of greater than —2 on the push up test was an acceptable

30 lens. In aeach patient study, the number of acceptable lenses was divided by
the total number lenses. Lenses having a percentage of movement equal to or
greater than 50% are acceptable. In addition, prior to insertions in a patient’s
eyes the efficacy of the lenses tested using the Vortex Assay. The activity of
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exhibited a 1.7 log drop in viable bacteria in the vortex assay descri bed
above 15 as conpared to |l enses without the silver-zeolites and not treated
in H202. whoatpli3el 17 Di spersion of Mnoner Fornul ati ons wPCh/uBat/s658ul at e
Matter A dispersion that may be used to formsone of the | enses of the
invention, 20 such as |enses containing silver salts, Mononmer of 030 that
ar e boundthelenses iretheserassaysiis bstediin Tableparedhejog reduatibh@fiting assayhod.

Once for IS i spersjion be cured'usin he et hods ,of anple 1.
T b - D SR osndi B SorBolih Bfste halot Bcifntablk B0VeBis YT he
dry sil veamumpbesingt ih eachilend. d formul ati ons at sl ow speed ensuring

m ni mal heat build up. Keep container covered to preclude |I|ight and
contam nation. 3. Slowy increase speed to breakdown aggl onerates (Note: Do
not allow heat to build up.). 30 H Di 5 ion 1. Thoroughly clean ml|
with isopropyl alcohol. Allowto air dry sist wth heat if necessary.
28 WO 03/ 0113FEntRCT/ USO1/ 50580Ag ppntfiook up st ai nl ¢sg Réd@@ltionnt ake and
outlet lines frommxing vessel to mlIl and frommll to enpty,
sterilized, cdvered vessel. 383Load sterilized me®N/A into mill. 4. Process
material throuygh horizontal tgrgmer ature controll eq{l/ﬂedi amll. 5 5. Speed
of mll and speed of nedia and tenperature of nmaterial to be adjusted to
achi eve desiréd dispersion. 6203teps #4 and #5 toNjJA repeated until

mat eri al achi eves the requi reg finished dispersion, D spersion to be
det er #f ned by4m' croscopic ev Bhati on. 10 Exanpl e 1B
141

5 0.9
6 146 N/A
7 145 N/A
8 202 N/A
15 9 234 1.6
10 232 1.4
11 224 1.3
12 175 0.7
13 214 0.7
20 14 485 2.5

N/A not available
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Movenent of Lenses Lenses were prepared using the nethod of Exanple 2. All
| enses contained 0.25 wei ght percent of Type A zeolites. The zeolites of
entries 2w033/01B85contai n 20% acti ve silver by wei ght base@capmal/s4380 wei ght
of the added zeolites. The silver content of entry I was 10 % active silver
by wei ght based wupon the weight of the added zeolites. In addition, the
zeol i t es W¥hadris claimeddse coated with E02 V as described in Exanple 3.
Entry 14 s prepar.ed. usi.n 0.25 %of a T A zeolite that contains

Sodi um | ndt ead AL AN CORMIBNG SE0FEE 265M&d with OTS using the

met hod of Exanple | and subsequently treated wth a silver solution before
it was incorporated into the lens fornulation of exanple 2. Prior to

i nsertionZin pdhpaitinicepial lensef elaiuit woerain the zeplifetih goateshuitls anas
deternined by i tvel : I tom c em ssion. The novenent of
each In%ens typec%%%%géﬁe%ﬁ@ﬁgt%@%?gﬁ%?’g%? ' per type of |lens 25 using
the push up assay (Contact Lens Practice, Chapman & Hall, 1994, edited by
M Ruben and M_ Guillon, pgs. 589-99). Al lenses were evaluated 30

ni nutes aPter phadengof saimiybereihtheatqaiad geolipccommmigespeivesnt age of

| enses havi ng accept abl e novenent qualities was cal cul ated as foll ows. Any

| ens having a score of greater than -2 on the push up test was an

accept abl 4. 30 Taedend of elagaChvheatsiretie lehsdya coheadtlsder of acceptabl e
| enses was divided by the total nunber |enses. Lenses having a percentage
of mo¥&ment equal to or greater than 50% are acceptable. In addition,

prior to gnser i i tol ; i | anses tested
using t hes\/or t g?%%@%gf @L?ﬁg zla\@t?lér\?i §/h%g§‘%?g%?%@$e%ﬁ§g§{plg%{}§gll 50580 the
| enses in thesEoapakyls is listed in Table 7 as the |1 og reduction of the
assay. Figure 1 shows the percentage | enses having acceptabl e novenent vs
the anmount of silver in each lens. 5 Table 7 Entry [Agppm Log Reduction

183 NA 2141 NA 3202 NA R _gi(OR?),.

15
I
wherein

R"is C,alkyl, C,salkenyl, phenyl, phenylC, calkyl, haloC,_alkyl,
fluoroC, salkyl, C, salkoxycarbonylC, ;alkyl, or C, salkylsiloxy;

20
R?is C,4alkyl, C,salkenyl phenyl, phenylC, salkyl, haloC, salkyl, or
C,salkoxycarbonylC, ;alkyl; and

nis 1-3.
25
6. The lens of claim 5 wherein R is C,,alkyl.
7. The lens of claim 5 wherein R is C,alkyl.
30 8. The lens of claim 5 wherein R is Calkyl.

9. The lens of claim 5 wherein R?is C,_salkyl!.

10.  The lens of claim 2 wherein, the silane comprises a composition of
31



10 4 234 1.6 5 141 0.9 6 146 NA 7 145 NA 8 202 NA 15 9 234 1.6 10
232 1.4 11 224 1.3 12 175 0.7 13 214 0.7 20 14 485 2.5 N A not

avai | abl ewB®3M0388/ 011351 PCT/ US01/ 50580 What is cl ai medPCIIUSE1/50480
antimcrobial |ens conprising a coated zeolite. 2. The antimcrobial |ens
of claim1, wherein the zeolite is coated with a 5 conposition conprising
at | east one sFbanglaIB. The lens of claim2 wherein the coated zeolite
conprises silver. 4. The lens ofv\;%] ai %vvherei n the lens is a contact
lens.. 10 5. The lens of claim?2 er‘e”lfpr( dhe silane conprises a conposition
of Formula I. RIn -Si-(OR 2)4-n 15 wherein Rl is Cl_20al kyl,

C, 8al kenyl, phenyl, phenyl d _$al kyl, HaloC,-,alkyl, fluoroCl-8alkyl,
Cl_8alkoxycar bomHegdin8al kyl , or Cl-8al kyl siloxy; 20 R2 is Cl-6al kyl,

Cl1_8al kenyl phenyl,. phen 1_8al kyl al o 8al kyl , .0
C1- 8al koxycar bon 1@%&@1&&: eaﬁ&‘%ﬂ’quﬁngephenyﬁ-salkyr’ haloCqalkyl,

fluoroC, salkyl, C, ;alkoxycarbonylC, zalkyl, or C,_salkylsiloxy;

X is any group that can be displaced with a nucleophile; and

10
nis 1-3.
11.  The lens of claim 10 wherein X is selected from the group consisting of
is chloro, bromo, iodo, acyloxy, hydroxyl, and NH-Si(CH,),
15

12.  The lens of claim 10 wherein R is C,,alkyl.
13.  The lens of claim 10 wherein X is acyloxy or chloro.
20 14. The lens of claim 10 wherein R' is C,,alkyl.

15.  The lens of claim 2 wherein the silane is selected from the group
consisting of phenyltrimethoxysilane, phenyltriethoxysilane,
diphenyldimethoxysilane, diphenyldiethoxysilane,

25 methyltrimethoxysilane, methyltriethoxysilane, methyltripropoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane, ethyltripropoxysilane,
propyltrimethoxysilane, propyltriethoxysilane, propyltripropoxysilane,
butyltrimethoxysilane, butyltriethoxysilane, hexyltrimethoxysilane,
hexyltriethoxysilane, benzyltrimethoxysilane, octyltrimethoxysilane,

30 octyltriethoxysilane, octyltripropoxysilane, decyltrimethoxysilane,
dodecyltrimethoxysilane, octadecyltrimethoxysilane,
tetradecyltrimethoxysilane, tetradecyltriethoxysilane,
hexadecyltrimethoxysilane, hexadecyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane,
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25 6. The lens of claim5 wherein RL is ClOalkyl. 7. The lens of claim5
wherein Rl is Cl8alkyl. 30 8. The lens of claim5 wherein RL is C8al kyl.

9. The | ew® odfo1ssni m 5 wherein R2 is Cl_3al kyl. 10. The | @a3/ush1/60580 m 2
wherein, the silane conprises a conposition of 31 WD 03/011351

PCT/ USOL/ 50580 Formula Il Rn -Si-(X)4-n |1 | 5 wherein R is Cl_20al kyl,
C1_8a: Ii:enyl : Ehbblyt I Iyldimbﬂm)dyl oK G]a_@ldcyddeldghremiyl_c&abmdxysiléﬂmoroC1_8a|hky| , )
Cl1_8al koxycar bon ,, or Cl 8alkylsiloxy; X is any group that can be
di spl aced with #%@aviﬁmﬁxémemyg Ny gestaxypropyitrimetaokylanss ¢l ai m 10

wherein X is s ; r LSt 15 C , 10do,
acyl oxy, hydro?f?%d %%clithkm@s(?#%pg)QHBEW§bﬁ%ﬁ%h§%¥SIL eéplgﬁfn@ Bgéé}g?ei n R1L
i s ClOal kyl . 13H,The2iH@hbkdmfietbylehlordsiladee Ne(Zradineethgh43exy or chloro. 20
14. The lens of claim 13 .wh?r ein Rl i%ﬁ: Sal .k\tl)l . 13.{_ Tt%e I er_]s of claim 2
wherei A the si IHABOPORHNGRYSHIBAS é‘r%ﬂ'ﬁ PEYATIEIShgXSilane.

phenyl tri met hoxysil ane, phenyltriethoxysilane, diphenyl di nethoxysil ane,

di phenyl di et hoxysi | ane, 25 nethyltrinet hoxysilane, nethyltriethoxysilane,
met hyl t ri gifopoxiys leasef clainhy ivhereiptthe sijané ensgleetetyframitlee goowysi | ane,

ethyltripropoxysil ane pr | tr.i.et.hoxysi | ane r.opyl tri et hoxysil ane,
propyl tripr opofg?gﬂsgﬁg,()f OBFHD‘{yﬂce{[‘ﬁ'W&imﬂ'ﬁf‘sn@?y@ﬁ%ﬁ%ﬁﬁmys; | ane,
hexyl tri met hoxygitjigitRethoRpidnke! betdaexysidin®siideZad r i met hoxysi | ane,
octyl trimethoxysilane, 30 octyltriethoxysilane, octyltripropoxysilane,

decyl t'Pi met hoxasetapygropyltrimethoxysilane.

17.  The lens of claim 2 wherein the silane is octyldecyltrimethoxysilane.

18.  The lens of claim 2 having
15 more than about 0.02 weight percent coated zeolite, and

less about 1.0 weight percent coated zeolite.

19.  The lens of claim 2 having
more than about 0.025 weight percent coated zeolite, and
20 less about 0.1 weight percent coated zeolite.

20.  The lens of claim 2 having
more than about zero weight percent coated zeolite, and
less than about 0.1 weight percent coated zeolite.
25
21.  The lens of claim 17 having
more than about zero weight percent coated zeolite, and

less than about 0.1 weight percent coated zeolite.
30 22. Thelens of claim 17 wherein the coated zeolite comprises silver.

23.  The lens of claim 2 wherein the coated zeolites comprise at least two

different compositions of Formula .
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dodecyl tri met hoxysi | ane, octadecyl tri nmet hoxysil ane,
tetradecyl trimet hoxysil ane, tetradecyltriethoxysilane,
hexadecylwoios®i13oxysi | ane, hexadecyl tri et hoxysil ane, PCT/US01/50580

di met hyl di met hoxysi | ane, di net hyl di et hoxysi |l ane, 32 WD 03/011351

PCT/ US01/ 50580 di butyl di met hoxysi | ane, octadecyl net hyl di met hoxysi | ane,
oct adecyl di net hyl net hoxysi | ane, acet oxypropyl tri nmet hoxysil ane,
octadecyltrichlorosilane, trifluoropropyltrimethoxysilane, perfluorodecyl -

1 H, 1 H 2H%H dl helang Stalaimdwhaiein thecRated aeeitey cymprise at two different

am nopropyl tri I am nopropyl tri met hoxysilane. 16. The
| ens of claim g‘%ﬁéﬁ%‘ﬁ%?ﬁﬁ%ﬁ@ﬁﬁrl s selected fromthe group consisting
of octadecyltrinmethoxy silane, octyltrinethoxysilane,

butyl tri nmet hoxysi |l ane, octadecyltrijchlorosilane, and 10
acet oxypr ol t r I etansxgf«ilaighd whereinthe qogird geolieacainpriRfat &eastone si | ane

is octyldecyltri I R i j nore than
about 0. 02 wei g Rar Aa ohbaray? el efs! 1 fpBsRdptramiLGd b 1
percent coat ed médlirieseahed®f. The | ens of claim2 having nore than about

0. 025 wei ght percent coated zeolite, and 20 |ess about 0.1 weight percent

coated zeolite. 20. The lens of claim 2 having nore than about zero wei ght

percent c ed L MR T SERkh goat ed
zeolite. %6'21.?%3}1}@}%8@%' lﬁngfo;cﬁﬁﬂgvi ngélprgpé Zkéﬁg%hgbcggg zeEtg%wei ght
per cento coat ed ammpositon gorhprisingsattlbast aimhydrophobieirgbhomer.cent coat ed
zeolite. 30 22. The lens of claim 17 wherein the coated zeolite conprises

silver. 23. The lens of claim2 wherein the coated zeolites conprise at

lleast two ofi f fERERINSCHBIAR 26 Wher8ih the MtébHobic monomer is selected from
the group consisting of perfluoropropylene oxide, diethylene glycol vinyl
ether, methyl methacrylate, lauryl methacrylate, styrene, 1,3-butadiene,

15 propylene glycol, hexamethylcyclotrisiloxane, and mixtures thereof.

28. The lens of claim 26 wherein the hydrophobic monomer is selected from
the group consisting of perfluoropropylene oxide, diethylene glycol vinyl
ether and mixtures thereof.

20
29. Thelens of claim 26 having
more than about 0.02 weight percent coated zeolite, and

less about 1.0 weight percent coated zeolite.

25 30. Thelens of claim 26 having
more than about 0.025 weight percent coated zeolite, and

less about 0.1 weight percent coated zeolite.

31.  The lens of claim 26 having
30 more than about zero weight percent coated zeolite, and

less than about 0.1 weight percent coated zeolite.

32. A method of reducing the adverse effects associated with microbial
34



33 WD 03/011351 PCT/ US01/50580 24. The lens of claim?2 wherein the coated

zeolites conprise at two different conpositions of Fornmula Il. 5 25. The
| ens of cwaiosioPi3gherein the coated zeolites conprise at | ®@a3tUSONE0580
conpositions of Formula I, at |east one conpositon of Formula Il or

m xtures thereof. 26. The antim crobial lens of claim1 wherein the zeolite
i's coated W th jafectiOn§ HPRSOUIreGRINY 6fd Athndvhal €3HpriSing pra¢ElngRiRObI C
mononer. 27. The |ens of claim 26 wherein the hydrophobic nononer is

sel ected from ariinigrabig) lenhsPRPrigigE C@@eﬁla@@hép% ey obrirgammAlet hyl ene
glycol vinyl ether, nethyl nethacrylate, lauryl nethacrylate, styrene,

1, 3-but adi ene, 15 propyl ene glycol, hexanethylcyclotrisiloxane, and

m xtures t3gr edfhe @dthddef tlams 3ofwisdreimh2tadverseieffetiis doythictpdrmbacuteonomer
is selected from the group consisting of perfluoropropyl ene oxide,

di et hylSene gl yd8f &¥enyl ether and mixtures thereof. 20 29. The lens of
claim 26 having nore than about 0.02 wei ght percent coated zeolite, and

| ess about 1.0 weight percent coated zeolite. 25 30. The |l ens of claim 26
havi ng nor3t.t harhehetitod oD@aimd2ghhenear thehanoadldd adeohahe, and | ess about
0.1 wei ght percent coated zeolite. 31. The lens of claim 26 having 30 nore
t han about zero wei ght percent coated zeolite, and |ess than about 0.1

wei ght pergent i & e ; ki ef fects
Rssoci at ed it - anop e predfingdn A0 Ko< RiFISHG e BBReCt T

t he ocuwl ar r egiwnesredheanatiodedoncnigesitbersgepd akci ng an  anti nicrobial |ens
conprising a coat lite or‘ the e nmet hod, of cl aim

32 wherein the ad ré’g‘%@fgfaeé?o jte Wl gﬁgq g'h\g’ﬁggﬁ{’@r g’ghogigef'nonomer to
produce a coated zeolite
(b) adding the coated zeolite of step (a) to a lens formulation prior to
curing said lens formulation.
15
36. A method of producing an antimicrobial lens comprising a coated zeolite
where the method comprises, the steps of
(a) coating a zeolite containing a non-antimicrobial metal with a
silane or a hydrophobic monomer to form a coated zeolite;
20 (b) adding the zeolite of step (a) to a lens formulation prior to curing
said lens formulation;
(c) curing the lens formulation to produce a lens and
(d) treating the lens of step (d) with an solution containing soluble
salts of an antimicrobial metal.
25
37. The method of claim 36 wherein the non-antimicrobial metal is sodium,

potassium, or calcium.

38. The method of claim 36 wherein the solution is about 20% silver nitrate

30 in deionized water.
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5 red eye. 34. The nethod of claim32 wherein the mammal is a human. 35. A
nmet hod of producing an antimcrobial |lens conprising a coated zeolite 10
wher e t hewpaBlogsconpri ses the steps of (a) coating a zeolPCorasei/s58@ si |l ane
or with a hydrophobic nononmer to produce a coated zeolite (b) adding the
coated zeolite of ste Qég) to alens fornmulation prior to curing said |lens
formul ati 88, 1% ®eth Pajtngod zpelieditha sianasemprisinebsentactiigstheonpri si ng

ealite contal RERUEHHOMERIATR Ar0BFETHHeRE Bred BFrEh"EAnd e 7t 170 @

hydr ophobi ¢ nofggres. 5.0 form a coated zeolite; 20 (b) adding the zeolite of
step (a) to a lens fornmulation prior to curing said lens fornulation; (c)
curing the lens fornulation to produce a lens and (d) treating the | ens of

step (d) wihth an j LA : : 4 ey obi al

met al .925\2\@7. %@%ﬁeﬁ%ﬁg%%ﬁﬁ%?%@gﬁ e‘?llé%lh%n? Eghﬁlrsl- gnﬁh%agﬁ% al netal is
sodi um  pot asgeulite with aalilanerat a38H of bboukgrieaterdhan!1®i andébotigdess n t he
solution is about 20%silver nitrate 30 in deionized water. 35 WO

03/ 011351 PCT/ 8891180580 39. A nethod of coati ng a zeolite with a silane
conprising contacting the zeolite with the silane at a pH of about greater
than 4 and about less than 5.5. 5 40. A nethod of coating a zeolite with a
si | ane codyri siAmgactimicacttiahigns memprisolg siveninhiereinghe deres has sufiidiestt about
greater than 10 and about | ess ﬁhan 12, 41.. An aqt'hm']cro i al Itens
conpri'@ing si | VeVaRRAEHiNeeYe ahd PREENG preYided fiat the lens does no

contain un-coated zeolites having a diameter of greater that 200 nm.
42. The lens of claim 41 having about 50 to about 100 percent movement.
15 43.  The lens of claim 41 having about 75 to about 100 percent movement.
44. The lens of claim 41 having about 90 to about 100 percent movement.

45. A method of preparing an antimicrobial lens comprising heating a lens

20 with a silver containing solution.

46. The method of claim 45 wherein the lens is heated at about 40 to about
140 °C.

25 47.  An antimicrobial lens comprising silver and an oxidizing agent.

48. The lens of claim 47 wherein further comprising a silver zeolite.

49. The lens of claim 47 wherein the oxidizing agent is hydrogen peroxide.
30

50. A method of reducing discoloration in an antimicrobial lens comprising

contacting said antimicrobial lens with an oxidizing agent.
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10 novenent on the eye of a patient, provided that the | ens does not
contain un-coated zeolites having a dianeter of greater that 200 nm 42.
The | ens wbD oslosidst 41 havi ng about 50 to about 100 percent PCOMESOEMSS0 15 43.
The | ens of claim41l having about 75 to about 100 percent novenent. 44.
The lens of claim4l having about 90 to about 100 percent novenment. 45. A
nmet hod of S3r epd¥1 W@tlrawﬂébiaﬂ@ﬂ@ﬁ@mmiSiﬂgaln&ﬂQ:@iiﬁdizﬁQH@Sheati ng a lens 20
with a silver containing solution. 46. The method of claim45 wherein the

| ens is heated at about 40 to about 140 C. 25 47. An antimcrobial |ens
conpri si ng2si | ek lensl oftblaii S whegitgehhano4Zed liteia® aGlidhBiet brwher ei n
further conprising a silver zeolite. 49. The lens of claim47 wherein the
oxi di zi ng agen@bpit A) M feabeer 133 8. 30 50. A method of reducing

di scolpration in an antimcrobial |ens conprising contacting said
antimcrobial lens with an oxidizing agent. 36 WD 03/011351 PCT/ USOL/ 50580
51. An antimcrobial |ens conprising nano-sized zeolites. 52. The | ens of
claim51 wherein the nano-sized zeolites have a diameter of about 50 nmto
about 150 nm 5 37
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