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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
o0 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 thereis 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 aneed 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
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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
s0 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,
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There are known various kinds of zeolites having different particle

o0 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
amount of antimicrobial metal present in the ieolites. If the antimicrobial metal
content of the zeolites is measured before the zeolites are incorporated into the

30

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
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wherein R’ is a monovalent hydrophobic group such as C.0alkyl, C,qalkenyl,
phenyl, phenylC,alkyl, haloC,_salkyl, fluoroC, salkyl,

C,salkoxycarbonylC, salkyl, C,galkylsiloxy; R*is Cygalkyl, C,qalkenyl phenyl,

25  phenylC,galkyl, haloC, salkyl, or C, zalkoxycarbonylC, galkyl and n is 1-3. The
preferred R' is C, yalkyl the particularly preferred R' is saturated C,salkyl. The
preferred R? is C, salkyl the particularly preferred R? is methyl and the preferred
nis 3.

In general, silanes of Formula (Il) 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(CHs)s.
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nmet hyl triethoxysilane, methyltripropoxysilane, ethyltrinethoxysilane ’

ethyl triethoxysilane, ethyltripropoxysilane, propyltrimethoxysilane 1

propyl triethoxysilane, propyl;riprqgoﬁﬁgk!ane, butyltrinethoxysilané

butyl triethoxysil ane, hexyltrlnethox95|la%@, hexyl tri et hoxysi |l ane

benzyl tri met hoxysilane, octyltrimethoxysilane, octyltriethoxysilahe 15

octyl tripropoxysilane, decyltrinethoxygflane, dodecyltrinethoxysilahe

oct adecyl tri net hoxysilane, tetrad ecyltri nethoxysilane, tetrad ,

ecylt L;f;[‘%tyﬁ&@@mgg@gﬁméit $ilaneohParysila band Foenalddbipciude duhaseysi | ane,
oct adecyi menob/ind qdetomb@pyttqirgﬂ@p}éwlaaae@ﬁ\édtr@ﬁ?@sﬂéﬁgi;g: lrfgtngoxgg i | ane,
? f?; Fﬁgngfﬁk&%bgﬁ%@ﬁ%@&%1di&%ﬁﬂﬁé¥b{éiy%iléﬂ’d,(Prﬁeiﬁj/ltrMhoxysilané,
: 3 ysilane, pérfluorodecyl- 11-1,611-1 21-1,21-1-
di met hylighl atetisylirietroxysiane, ma_trwltﬁg@pﬁyyqlage,aptﬁylﬁir@%pw}lfap?, et hoxvsi | an e
o O e R B A A O eca smersed i rer o
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othor i | aneroRifrietaos pbp pespaxyeilane; butylidmethpxudlage. Al t ernati vel y,
surfaces of bﬂB’HTiF&‘%y@éﬁgg‘gng ggg{hoﬁggﬁggg%%h&ghgﬁiggé,anol groups on the
ihﬁc:ma}[ 2%1gib%h%%’f’ggahoﬁ?“?@é-mtm”wyﬁm. Oﬁis'meihﬁw“%m@,anes of the
butyl triet W@WBPIO&%Q//S@H'%gﬁé@%gé}@%%?@%@’hgﬁ‘?g%?églﬁ!eane’
oct adecyl t ri gl cOmimhaMBx)¥HaheE, tetradecyltrimethoxysilane, ' ’
tetradecyltriethoxysilane, hexadecyltrimethoxysilane, hexadecyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane, dibutyldimethoxysilane,
octadecylmethyldimethoxysilane, octadecyldimethylmethoxysilane,
20 acetoxypropyltrimethoxysilane, octadecyltrichlorosilane,
trifluoropropyltrimethoxysilane, perfluorodecyl- 1H,1 H,2H,2H-l
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,
odtyltrimethoxysilane, 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
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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 .
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invention may be added to the soft contact lens 30 fornﬁ?!i!titgrs]sogetsg(rai bed
in US Patent No. 5,710,302, WD 9421698, EP 406161, JP 2000016905, U.S
Pat. No. 5,008,498 US Pat. App. No. 091532,943, U.S. Paiafisodssy
6,087, 415, WO8MBRL No. 5 760,100, U.S. Pat. No.5,776, 999 008 bat
5,789,461, U.S. Pat. No. 5, 6849 811, and U.S. Pat. No. 5,965, 631. In 6 WO

03/ 011351 PCTLUSDL 50580, 0 O ity B b e bftaukatomgndf on may be

added to th COMMEercl a t cont
( _ act | enses. Ex
commer ci al | yoravaidialEott contdct emses.c Examplesof commaraiallibavailagla safe E‘LT | gfem;\ot

limted to the formul ati .of . ' ; [ '

pol ymacon,  eeHag PR ORMUELGS inflGa RuEEHR ot IR o Bfrcfinuis of Con A

orefer abl e GBI G flcbRratioon  oymacan scsfisonif bEHD0

Pat M. 55, 008 loiBloonsh. phbe PisgRbIonR s g a B ety [0 S

gs Pat  App. Bﬁl%ﬁlcgﬁéoé%%g@éﬁcoﬁ Al Bfafiorrgasd siBeoneZfaiogels Sis prapated ino.

6,087, 415, U’'S."Pat . . 5,760,100, U. %\%P t A t? Pat. No

0 6, 769, 46L.SIPS, NPa5.29R 985 UsRateAap- Fhi5ag 4 e oqpntatonsth ot " oo

patents as uelk @3 gl N3 BBIsopeied HARRRAIDI00D, U Saatgntiit ar e her eby
_ : énce in their entirety. The t ed zeolites

C?Q]E ai ngld i @,087541EembS§Paif. Noh &,76AA8 Dot Ral- ugét;{f%m_&éﬁ, %‘ﬁ-fai-ﬁ%%t 20%

Bbout 0.1 vt L8 PaE R B L P s e e Sitver

about 0.'8% Es are'Uus in the i
i nvention, th
content of gapsmté a9WeN asfalltdtier patenttdisniosedrig dys pamaraibere T 1%;/ ((a\r/\m ght

Poef e vt oo s GRS S afpn s e (e
: N | con acr Mofichiod A létenat th invertion’ss abodld. ¥ o ol 20%t y| enes. . and
o b6 atesratn oubadbll B Lorh SRR UBAR AR Y e, ound
of the in{é;et']éedoggg.e%%@ {fher SIvBRELdHEisre kisoan thetimverdios, irecivercanens, the
roma rigid materjal inc it h i m -
ivietia e AT R ARG IR TR AR T R
conbi nat i onsabtorﬁ%%% Addi tional |y, . ’ ’
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

50 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
; _



flexible materials may be used includin | I m [
| e _ _ g, Without limtation, hydrogels
ls:lkleco(r;(ra rra';rgrla![.s, acrﬁllc materials, fluorocarbon materials gnd '?he 1

, conbi nati ons thereof. Typical intraocular |enses are described i
WO 0026698v’v \(/)\008022460, WO 9929750, WO 9927978, WO 0022432%yyshsdd 30e "
2000167277 . WOOXMIPd . Nos. 4,301,012; 4,872,876; 4,863,46 4, 4,725,277,
4,731,079. Coated zeolites may be added to hard contact | ens forrruiatibns

and i ntraocul aﬁgrlg%{]ﬁ ghgrﬁh%io?l%eihg¥équn§§}58rafaﬁwreféf@ﬁcéin thep sane

per cent age H¥N or soft “contact |enses. All
: of the
references gnffigry03/ 011351 PCT/ USO /50580 nentioned in this application are

hereby incorporated by reference | ' | mhéH?
coated zeolites hweﬁk%e%qrgggrﬁgh?qagﬁ%g&@%sr%ﬁge%fﬁ"se may§ggd E(r)gfg(rje\?vi I LO?

nunmber of a ;
lens coat i n%ﬁiu?atiggémagj Ife 664teld With eomimbeaf agedts thataradiset to Aedt 1% er nal

may  be to |ncr th :
further sl o%hm}tmal pdema ”51“0%56'?69/@3911)%0[{[%@&% bﬁ%%%&hlﬁg’%ﬁ?ﬁ gfjets.o For
%‘;‘_f‘pgeb 8;“@%@%&%& R ORRELEIGE doWRNRe Sdiéasensf silmertortbe buweunsiing U. S.  Pat .

_ 79,943, 5,275,838, 4,973,493, 5..1 7
ﬁ’ 21g, 604, Gis9EE, 628 example 1ee0a g %Qﬁ"g'ée%&QH”pé?ﬁﬁ”g%é%‘g’ T%“‘%%%@ﬁi 262? e
ereby incoypar aLefiRye 087 AM8Ns 70 9u3! 5038 88804,0W8/4€8, 516620051 ti ons, and
nmet hod i
ods. Further, € Irnvention includes_an antimcrobial 4t§ns conpri si ng,

38?2 L Is'g .n ngf @‘,1933363;@;31$6?ﬁ@,w&ﬁ,ia@d|@7ﬁﬁ.10(b"@w@é§e§eﬁﬂ 8%aving a
ntim cro | Y I | Si

a non- coft ed)a?@t§ att 5?’§b9ﬂ1°§%dé¥fﬁ§ﬁy3%?‘s'§fﬁt%ﬁ@? gm‘f@@ét 235228{?{ laSI ggd

zeolite all depypsitibasandnethexsnt i oned meani ngs and preferred ranges. The

phrase " duration of, anti merobl b A6l bylhimdiBaARehdBogRuAY, Of time t hat

the | ensés of th&uY m Grobl al col oni z
_ Myt _ ation on the |len )
The durati onopkis@g bffio? cohsistingessantiallyiafya coatel geokits hewingya durgtien Af asiii or

iT\(/:(();;tt e>£ 52Z;a%iﬁ&p{ageﬁ&fg$%tg§}%%xJﬁ%t%s %g%se%%[r)lﬁsﬁ@i? %:Sﬁl‘t?%%e?«f rugi nosa,
gggl:gnmt rg{?ozn&gr@' erial inoculumwas prepared to result in a f :Jn;: et
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 joosely 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



approximately I x 101 colony formng units/nL. Three contact |enses were 25
rinsed with phosphate buffered saline (PBS) pH 7.4 +0.2. Each rinsed
contact lens was conmbined with two (2) nL of bacterial inoculuminto a
sterile glass vial, which was rotated in a shaker-incubajafydodSfiss Pm for
two (2) hrsWO40B¥L  >0C. Each lens was rinsed with PBS to renove | oosely
bound cells, placed into 10 nL of PBS containing 0.06%wv TweenTMBO and
vortexed at 2000 30 Jpmfar ) (Lt clugsehiblid@ag@per nat ant was
enuner at ed PY e\?F%BIFfé‘OSBE%qué%?&% @noul®

a e results, reported of the detected
vi abl e bact gijgReaiiheHI6mts, are platee intenees uhefidualies Hinjea Broth qontainiBg ol ogi cal

broth assay, l'enses of the invention are washed w 351
PCT/ USQ / soaaproxmtalyc*&t% ciu/phbs @fqeé‘f%ﬁo‘?a%fr@ \lng‘t‘%ugﬁécg ci um

chl ori de and esi a dolitiend Webe bbseedfarl | er Hi nt on
Broth cont af%uﬁgg%a%g?glx??meg%@%%' T@? %%ﬁmgsgudopmnas aerurgisagggrgs&%ATCC

15442), gnd opaeity amteuiareditaenBierateibe bavtariai ghd cOMARraddo & utions
wer e observedq fO{ 5 o(gacitgtg and cultured to enunerate the bacteria, and
conpar ed t o aihRYY cated AEQISS- i t hout coated zeol i tes. Although the_|enses of
the invention maplthelgisthetiensestdi¢he mventianmpy opt susiainhe samgrevehel dur at i on

of its recommended yse, the |gnses o ' [ i I r
antim cr obi QCt"éB‘tfPf/Hﬁ/j"frB orhoﬁ&@g?mb'g&lpg%'ug%’qﬁ % rlrée}% teﬁﬁ eglrlrl‘geelitn{ho pr epar ed
f rom uncoat egsRPiHeiramtimRroblal Aativithéor,a lohgeri peried af timei than lasesa net hod of

reduci ng the adverse effects associated with mcrobial colonization in the
ocul ar rwgi qiepared fromngrated g8pi9S%i ng, consisting of, or consisting

essentially of, Rififirferdfhe ARrtioh HictRiedla hetodaufmdichgtheadieneed zeol i te
on the eye of a mamual. 15 The ternms lens, antinicrobial |ens, and coated
zeolite al | dffects adsociatedawith enierabinberienization IR de aﬁHaUPQP@PPza ranges. The
phrase "adverse eff +.aS i | ' isahtislRl sfnplagihg@n” i ncl ude
but are not ’P?maéagﬁ‘kﬁ%ﬁtg@ﬁ*h%f’ﬁ@ﬂﬁ@ﬁ [ Ol’ll, R:pon!t)actgl ens rel ated
peri pheral urtienisrobiablenacompeising aerated zedie pathag¥e of #MaAMMak | ve

Sor b ot o orsh 74 B, bR s A coft) séGuatmarsms oons any
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
(a) 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 coating of

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



Yet further, the invention includes a nethod of [ I m [
nti producing an antim

I ens conprising, consisting essentially of, or consisti ng of a coat g(r:lObl o

gfoihée g?emgere th? net?od conprises, consists essentially of, or consists
a) coating a zeolite with a silane or ophobi c

nmononer to WHM Uéﬂ a coated zeolite (b) adding the coat \é%jélkz}%%lll??sgd O]E) st ep

Egan;tsola Iens formul ati on pI’IOI’ to 30 curing said lens formulation. The

Al b avgnfh fé‘ﬁ't%&@%&haswrl pragf?ng bYHERARGOPlaS mERIbRAERY, ordwatiagl tireol | te

a I me hgs and preferred ranges. The coating of

3 S\ngg/ btltiggglagmmﬁ amta;n&@rlasﬁwmmbw manRe®@er-of met hods whi ch include but

soni cating, plas fuggﬂ' ﬁtg ﬁ};m é'ﬁemﬁd‘lf‘%égé?%éﬁ% ?ﬁﬁlhgg Zse?ﬁ:?émg? a

hydr ophobi ¢ gngiaRE@bmpifeh fdohtdc&m it 2eofitet With theval a
coating a zeolite w tP g g OJ ane ehaipttelakadta net hod of

_ sing contacting the zeolit

fS| | ane a® ggmtewthaa&tﬁnﬁa Z‘? ﬁ?rﬂgrﬁ 4 and about Iegs t han 5. I5 eY\tlaV!ttngage
urther still, t%téﬁé&?ﬂﬁ'ﬂh@ﬂsﬁmmdﬁe@tmnﬁmw@& atnathed dfepatingegalite with a

silane conprising contacting the zeoljte t Rk about

greater thamwithoa almeaqsmmrlsnrws%orﬁwwgfbe wnf)l&sdaﬁgfa}'g pl_g?f)% t he

i nvention i rbgéé{gp af 1@5,{'&)%&& |€|5gsqp|b|,¢ngg an o antimcrobial |ens

conprising, onsi sting essentially of, or, consisting qf ' [
wPere tpe met hod Eyenpyetéle@her@@ﬂrsthgﬂ@’e@g%réH’LClUQIeFf 'BPH‘oa f%&?@%ﬁgg&b? e;) Ihlete
iSEESI 0 @( a)arg%ﬂéfaﬁgl %né%BH trlgmgrbéﬁrﬁ'léﬂlha%sgerﬂwﬂy@ﬂtdr@bﬁéléﬁhgibf aretal with a
I 1 an€’ or 0 r to forma coated zeolite; (b) adding the
zeolite of sctoap:ec{zéohte) a | ens formulation prior to curing said |lens

formul ation; (c) mde%%é{@em sl ed orRERASICEr Sortshs obhé ()

treating t he Iené"’ ution contal ni ng sol uble

steps of
(a) 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; wiw), preferably about 5%. The

preferred solutions are aqueous solutions.
10



20 salts of an antimcrobial netal. The terns |ens, antimcrobial |ens, and
coated zeolite all have their aforenentioned neani ngs and preferred
ranges. The term "non-antimcrobial netal"” refers to nmetals that inpart
little or no antimi crobial activity to zeolites and |ensgsy#Rgdgsks om t hose
zeolites. TWOOBH*Mnti nicrobial netals include but 25 are not iimted to
potassi um sodium and calcium The preferred non- antimcrobial netal is

sodi um The ant i g} G ) el s idBRaASof gilenmisiioernaugstaf obi al

activity to the and Tenses nmade Tromthose zeqlites. Th
preferred aeyé kb pratttionses and lepsanasiufaciurers s gerumbaiof YPAES; lgoraer
conbination, thereof. If the |3 i hateridl \dsigrt, l3@rfaed ubl e
salts of thiQ PrRIUGE SUEh AlNS, u\{gnég)@gho Chlrgl%tr%abségﬁt 0 Sil v81e?r nitrate,

sil ver acet lcatmentsvand additieriat compbnents such aspphthalwic rugsetingi Y8 e.  Sai d

soluble salts may be present . (o]0] ' 0 about 20
% (wei gﬁt/\ﬁéﬁd}'gme'&(‘ﬁ\ﬁ?? %F@'@&a@?’[f E@g%}{é@ﬁ%é ﬂ?ﬁg%ﬁﬁgﬁ‘ g?vp ggéts/ﬁ(f)?ﬂeti ons are
aqueous sol WyeRso mlieh WPaRAAIbRSIlconPoneRIsuBID S @an aatiovdrabiabagenteds t hat
fits a wde range of patients has, been a.quest titioners
and | ens narens®ativiliecege M@rtﬁﬁﬁyﬁé%P?duP%'oﬁé@?ga{’gogr%g%uce such a
| ens, many Va@t]fe'\-@%h %o pidtkide @ dritificroBiaflohs) a balantgshould bbatreckt r eat ment s,
and additiona ongong '

nts such as ophthal mc, drygs, tints es 5 and
pi gnents carbetwesn pmducipg@l_ensmat@Qaﬁaﬁlseeﬂqughéglﬁgwﬂb'é t?‘?:B‘EOdPFgone
adds too, mu f et dib fhatdys, crobi al agent, a
| ens t hat® V\ASF? %BQW&%@QQ{ ?@Qgﬁgﬁ'g;%nsi ?ﬁgﬂﬁged. I—b\A)_Ever, i f qne is
attenpting to pr@hecwanto assessiife lebs &t ISI@ﬁgptableﬂaﬁ-éhéée%%'ﬁWaawrga} uck

bet ween producing a_Len ¥ u i@ % 50 DinRbe s S A
produce io0 t'ﬁgoﬂ s%laeﬁgl{;tﬁ%%s %ﬂﬁh%?ﬁ%gg ug?%‘g"aéqnéﬁs? ih.a_teadheres to the
eye. One wayCérmactdsesDasigraoh Slisical Perfarmance pPpiometryiand. Visies S4ee; s not

S PO o5 N b BBl REfEeR of ol e RebgRag o S
e ey e D B o O b o Lnhat, oot a 10
is pl acgd onSebseaHPa. 28 %Sgé:_are 8[?&38%H$ ,eszﬁl:so %Véesrif%ép%':?g@tyi tioner. o
presses his lie’ﬁwélﬁfagfaimﬁ{e Bivat lidbt the paeRY Teyroaichetserves Whather thedens t he
patient's eye an bserves whet her the |ens
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 testls 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



noves on the patient's eye (1d.). Lenses that do not nove under these
circunstances are not considered to be a good fit for the patient's eye,
for 20 lenses that are too tight will not nove when the patient blinks and
may become unconfortable. Therefore one of the objects oftddo$isdsgyention
is to produ¥@%R3¥Untinicrobial lens that does not adhere to the patient's
eye. To neet this objective, the invention includes an antimcrobial |ens

ard | ona” 6P RESLhHe EERFA pRYEH R ine MEIRGSH T B, el v dec

said lens 28 venent on of a patient, provided
that the | ensatdess grebter timdraa f-2iagrtheé idigitat pushoumtest are lgRS@HHEEMOYRO i t es

havi ng a di aneter,, of, reater . th : : , iyRatcr obi al
ans, al | haeh BRENES £96r Shartd Gfie Shrlfbant BaterE BB lyReSHCT O, 2
phrase " novep@be sitdtheforvheqfatiantinapaot mnstitabi for anobenhEherefore, | ens, when

pl aced on the eye of a patient nove under th - ed
above. THi s lenses hayi FQ‘ﬂgd“‘?‘f?’q?ﬁ?FFe@nagﬁ afn%:‘}?beouér%tléa{%tagns l’:’fpgct i ce,
Chaprman & 15694 of 8k bigon. AP fdvhbly Giid lemses pyye BB9- 99.
Under thi s%ygytlensgggﬁliég?%ﬁvgg@Z ratin ifytER)e §8 V\%O@/,l% 51

PCT[ US01/ 50580ut #dto abeu 169 /q.wépawt%fmarep%rfﬂ%@mvvi ‘%I‘Fn & gredt éu‘éh- up
test. Theref er than a '~-2' on the digital
push-up testﬂéﬁyr%ﬁﬁ%a%ﬂgigoﬁ%\%%ug%mg%bat ient's eye. In syati,stically
si gni fi cant pati de teopisier sefers torgiver matal of W’B@Xt% qtgt@?(@\gf,g}g offe
patient may not Sui iHaisTestategi N

suf fi ci efft rf&/e)r}g%t'gm@%@%&%@ﬁioﬁ%%hﬁg&/%e%gﬁéa? Fﬁ?éélg%% 5)§Emljt 5(a) to gbout
100% of a gi pddizedhsilvent Theograbantiof silvapitiedtds ingprporatgd intp dhe lese${ANGSR  about
75 to about 100% of,patient r . 100%
nost pref er dFY %8%%6)96"&8 aiBHW@B@/? E"ﬁh@n%eeéranrﬁ9 g | Séﬁgin?‘eg?%?géstto si (I) ver
metal of anyamutit9atdppihad ahtmicASl pheperties. Theoprafetted) ambunt af silveideatpor at ed

into a lens, where the preferred oxidation state isnsa | di silver. The
amount of siisvrgorperated igt 6?8(5‘?’&0'?é‘PBHta%]P%mt%?l@E’?‘étrfgggo ﬁé@g@?gfrom about 20
ppm to about 100 ggpchaamtmbat ﬁ,BMObPﬁﬁ 0 irrd) preferablyl akmait 30 ppouto 20 ppm
has antim crobi a? roperties. The preferred anount of silver that 1is

i ncor por at edabaut§0PHEM.ens i s about 20 ppmto about 4,000 ppm nore 15
preferably, 20 ppradses 3BAtainidg 268liteP6R coRvstzeblites dre@nervedy of produdingd0 ppm t o

about 600 ppm . -

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

o5  disclosed in U.S. Provisional App. Ser. No. 60/257,030, filed on December 21,
2000 and in a U.S. patent application entitied “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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Lenses containing zeolites or coated zeolites are one way of producing an
anti bacterial |ens that contains silver and have sufficient novenent on the
eye of a patient. However, they are not only |enses containing silver that
may 20 have sufficient movement. O her nethods of incorpogatiiddgsises ©
contact | en¥@IUR! pe used, provided that those nethods produce |enses
havi ng sufficient novenent on the eye of a patient. For exanple, |enses

containing mOACMR!Stnet ﬁ%&h@ﬁ%ﬁhé&rﬁé@ﬁb 3l 3idnet i {dpERTIEAS at 0307) are

anot her way of p preparation and use of |enses
cont ai ni ng a8 Bt SorRain&A0er Witt25 siilVer containing solutich. Fherefosedhal App. Ser.

No. 60/257,030, filed on Decenber 00 s at ent
appl i cat i on iRuention ggludes3 WP&P&@@%@&@&%&O%@%@@ '&Rrhjigﬁ%‘tg hods For Their
Product i on, "cohlpiingesorisidtig essematighar cafsis@Ndf leeafinga lenswitpre ority from

the provisional ap l_l_catlon_. This reference is hereby incorporated by
ref erencé i BilverLoatainipgSPIULOR: addition to the nmethods di sclosed 30 in the

filed applicatiogjy@Rag BB da0Bd t¢iHeverns bpwibhingtie carbd@dd hydrated tans

incorporation into l'ens” fornulations to produce |enses gontaining silver
and Mbnoneris asilve3wlutipy syoh@s sivarkiratedy ﬂ%ﬁ@ﬁgd?gﬁr (ﬁg\ﬁbt ﬁ@}ef met hod of

| ncor por at | g, pldvaisindHife@Btarb ot ks R siftet &bstate Slver dmete, Biivercont ai n

silver with er contarning solution. Therefore, the invention includes
a nmethod of iadide gilver leciate tsiivenpicrate, and sivar sulfaten Ihe easepptratianef consi sting
essentially o

f.  .or. consi,Sti f ' ] i i cont ai ni ng
sol uti on!® Sisill\v/%rrmﬁ%@p%%ollitk&g%ﬁ%gagﬁﬁsbgﬁ%@%@@V@gﬂ?ﬁ?ﬂrgééﬁfﬁg%nd hydr at ed
lens in a Sindowerquemkityt dfctiventola lass & 4 saturated séves splutigai dheEedtwat er
("Di"). Oher gurces of sil.ver_include tenLleN to silver
acetate, si IQ?&“?@PF‘P%F@,‘C%% L)%'P of ﬁ“&&"@,“@# {C\?Z{e%fjg@'ttg% é‘,mcéhﬁl er picrate,
and silver sgfiduddton idueesane eohsearitiation of silver solutien isi equahtesthedisisiied ons can
vary fromthe concentration required,to, add a .kno q tJ. i lver to
a lens to a ¥neuntafsivesipeylanss u]}pﬁgqi],i)y fhe %Vd@éﬁ?qd)%eaﬁ@gldg{%e(f%&e
concentrati o B0l éﬂt}é@hg%@hﬁibhpn needed, the followng calculationis

il

used: the concentration o ver solution is equal to,the desired anount

of silver per | ersiyemsdlation osgenyationdaimlhwidgairedsivenin IeBRHAIIX ded by t he
15 total volume of oL CalANGhsRbight @Y 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.

Yat, 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
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silver solution concentration (pg/nL) = [desired silver in lens (pg/g) X
average dry lens weight (g)]/ total volune of treating solution () For
aéanﬁie, }ftﬁnelreqU|res a lens containing 40 pg/g of silver, the dry

i g o] e lens is 0.02 g, and the vessel used to tr [ ns has a
vol unme of_ﬁB?QWEP??he required silver concentration moul?ﬁﬁg&%ygghgg/nL. As
used herein "heating" has its comobn neaning where the tenperature at

which the lens.is heated i 0
met hod of i %WSP?&"] 'ﬁga%&uﬁ/é?o %‘?@%@rﬁ‘éﬁ‘s’lﬂ"%&?mé? g@ﬁ/beh{'\%gluﬂ@'; gelrens
}‘ |O:n _rr;Jlagt It gng ?&bdtwso r?ﬁ,![mssttmlefbramyamtﬁdmi to aboutd®O0nm. are not 25
ver aceta ' ' els | . Si

Silver piorate. SHhaekanger aefond ndpBpoiaudy L g R8s ieta prBayenct at e
In gﬁgr gf;gg I Zibg\gléis{cggtraid_li_ﬁﬁ §il\)fe¢aﬁétaﬁi@_idmng)agehtc@ftdmmbmsibmmiaai ni ng

- / ... Ther ef or e inventi i ncl ud L '
| ens conpri mmg;ore@ﬁgn@tieﬁifseg_b‘é'ﬁﬁ$%ﬁ fugn &%{%n%éaqggﬁsﬁgqq?ﬂad%ﬂbﬁ%ﬂ?@? é)g;)alsi zed
zeol ites. Thgof Gha® ThisHiSooldtBlibiTriyWRhhotRashe visluktcultpudtizsiehs  es al |
have their ~arorenenti oned meani ngs an

f : € ] referr rapnges. The. t
nano- si zgd'andfﬂem estheticaby un@pmaéagéﬁthgrf@t'ﬁabﬁﬂﬁefg%ﬁffﬁe\ﬁ? I of the

nano- si ze i . in: ithei i

. ﬁ%&é&r ! ithei nvent

i s about 10%&% déﬁ@ts b@é%“hgrll%g p@rg\yp 2 . pR g%gﬁ%@?ﬁ%ﬁﬂdg tIsteo aggu![on
150 nm nostinyentbr inchidesatyoantingcrobial tensHOE1AT isingcsilMeR anst am PXIAZIG anot her

nmet hod of i nc%r{/t\)_orat! ng silver into lenses is to produce |enses containing
silver alf?td &9€B%i di zi ng agent. Oten when silver is 5 incorporated into

| enses, the | ensqnettexnms, antimicrbisial; lens, andisiives et heve theirafpeamentiopsdr ti me.

Thi s discolorati_on my C ronm se the .vi [ I d

estheti cal | W%ﬁfﬁ'ﬂﬁﬁa%"l“ilﬁ'@?%%e GCGEY !@ﬂ%‘gﬁ\%ﬁﬁg{eﬁ%ﬁ Héé'(sgé%%/'gﬁetsi tﬁglso?n rgchPﬁg
di scol or at i QBrrio§e AnPEdtropf frém A WFrolduoelAgéror AGY. n@gitizing agepdaincludise

i nvention includes an antim crobial |

" it o et g b 2, AL RS s B 21 0
g‘;g; erTenle O, dfg@ﬂhf&%icﬂ%rwrﬁﬁﬁrdcﬁﬁ of #HEganic ddanisuch asgedist ar e
hypochlorite, potassium permanganate, oxygen, iodine, sodium iodate, nitric
acid, sodium or potassium nitrate, sodium peroxide, sodium or potassium
periodate, sodium or potassium perchiorate, 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 al;e 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



remove an electron fromAgo to produce Ag' *1 or Ag . Oxidizing agents
include but are not limted to hydrogen peroxi de, organic peroxides such
as, peracetic 15 acid, performc acid, perbenzoic acid, or inorganic

oxi dants such as sodi um hypochlorite, potassium per mangangtQyseP%oseen.
i odi ne, SOdWBI‘PP/IO]C}§§t e, nitric acid, sodiumor potassi umnl?ﬁtrat e, sodium

peroxi de, sodi umor potassium periodate, sodium or potassium perchlorate,

pot assi um pesgul Ll ARG oAERBRTRifd AERRIASH bR | phosphat e.

The preferréﬂ use In thrs invention are those with good
wat er sol ubidguesussslutiamot theiaxidizing agéntand thgtir, sgak Qetianire mxdpgen,

sodi um or potassiumni.trate and sodium hypochlorite. The nost preferred
oxidant is ?f’?fr'ﬁgsé‘ia %Wﬂﬂ'de. Oxi di zing agents are added to contact |ens
formul ations pri of oider eilusgate thainventerthedolicving exaraplestara molusledbout 1000

ppm 25 In addition to preparjng. antim.crobial |e ol ilver and
oxi di zi n@ ad@Wﬁg,exﬁﬁ@f"é‘iﬁE&dm eﬁ’é‘@%ﬂ@' g*'%’ 8%%’2‘?%@" %ﬁgg%l%%?gn in

| enses CO“Frﬁétpba%f ﬁidc%@ihﬂttﬁ@tnvaﬁﬁbrprmetmooulaig@bbreanioontacﬂeesesese, t he
invention includes a net

. hod of reducing djs¢oloration jn.an antim crobi al
| ens conpri svelgs obenspenialties By dR ioﬁ}ﬁfgﬂ%koé?od%{ﬁgﬁ'%’ﬂg hﬁ 'BYengight acting
said antim gnaplal. hE0S mthds 8 ddBnidd! tibe withiR 8RN Scoplluf tiis invention.
antim crobial; " Tens, and oxi d$i zing a[E&ent all have their aforenentioned
neani ngs and preferred ranges. The E¥ANPEBBtacting” includes any neans of

placing t he oxidigi o WY §i {RE R%hAblies 14 WO 03/ 011351
PCT[ US011%50580 vﬁeﬁgp%ﬁa&%&%@ﬁﬁnst (a:%énﬂ?n net h]cq)?g of contacting is to
prepare an _BAGEwglysmimeskteriﬁem‘wttfhbolriﬁxadﬂzi ng agent and to stir, soak, or

et on et b T2 R BB RET 0. LES LIS
limt the i ngRBHEMA =Tiheyeactionpradictarfrgadtive bliggurnber 4 and HEMAsfspr act i ci ng
Speci Al t1 5 WRSFTPPRI BHEPEHERTDIS A T BERAISG the | nventi on. . Fbwever.
t hose meihodgcpygseecrevivd dishdbft Rihydrbkeysioneryl phenyliketanevand bis (2,6 EXAVPLES
10 The f~0 | Oéil\iﬁmne h)%?(?/BSXZIO?/})I-Z(?Ei-t\pi?nre?hprSe{%TIp[l]logp e|néa )é%ggl €s
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% |PA = 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



BACGE = glycerin esterified with boric acid Bl oc-HEMA = 2-(trinethyl sil oxy)
ethyl methacrylate Blue HEMA = the reaction product of reactive blue nunber
4 and HEMA, as described in Exanple 4 or U. S. Pat. no. 5,944,853 15 'Cd

1860 = 1: 1 bl end of 1-hydroxycycl ohexyl phenyl keto%f:r ' 2, 6-
di met hyoxyb 92’6@’/15’ 2 4 4-trimet hyl pentyi phosphi ne oxi de I\ﬁj\s}n}?/g?b(i (2

dei oni zed wat er = 3, 7-di net hyl - 3-octanol EAQ DVA = et hyl enegl ycol

di neth I
NI, rTI\I-edi ?rg'[ Kngml;%ﬁgﬁm%w}f@%%ﬁ% ﬁﬂole gylmatewler 1 -D'r\)/ﬁenyi - propan-1

-one HEMA FHFy<tetrawtifofliranet hacryl ate 60% | PA = Isopropyl al cohol, 60% v/v

D 25 MAA nethacy | d; th te TM di et hyl

nmet a- | sopr oﬂ—& = tHé&W?%ybﬁW%TW;@%ggﬁt hacryl oxypr opyIy

t er m nat ed WMM@w@hylapmnéWeﬁaeww@m 30 Norbl oc =

2-(2' - hydroxy- 5- net haWéX(‘é/@ yet hyl phenyl ) - 2H benzotri azole PVP=

pol yvi nyl5pyr"‘f/WI‘| WRIgRY ) TAA = t-anyl al cohol TBACB = tetrabutyl
ammoni um m ¢ QWQ@M@@] Qolumb® WO 03/011351 PCT/ US01/ 50580 TEGDVA =
tetraethyl enegly di nrethacrylate THF = tetrahydrofuran TRI' S =

tris(trinet WWSYQIW%O'@[Y@WHQCWI oxypropyl silane TIVIPTIVIA = trinethyl ol
propane tri g]ﬁcr:,'yﬁ\gf |§d@'n’l/én‘6'?' ght/t ot al vvel ght vv/v wei ght/total vol une

v/ v =vol urne/tot al 3MBP = 3-net hyl - ent ano
The formulations that were used to prepare the anses of the invention were

10  prepared as follows.

Macromer 2 Prepa[atiog
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-
polydimethyisiloxane (3.2 equivalents relative to the initiator), 3673.84 g (8.689
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The formnul ations that were used to prepare the | enses of the invention were
lo prepared as follows. Macromer 2 Preparation To a dry container housed in
a fj;y ]E)O)l;_ ung_er nlhtlrogen at anbient tenperature was added 30.0 g (0.277

no 0 i s(di met am no) net hyl sil ane, 15 a sol ution of of al M
sol ution of WPBAEH®1386.0 g TBACB in 1000 nL dry THF), 61?%‘?%’57%51.80578 ol )
of p-xylene, 154.28 g (1.541 nol) nmethyl nethacrylate (1.4 equival ents

relative to in{td : : iohG [ &yl sil oxy)eth

met hacryl at gqé]&f‘ﬂﬁ?%%ﬁ%}ﬁ}ﬁ%&%ﬁl%ﬁé&é t@%inl)tﬁ??? g%‘%?@a@é 4399?/)78 gyl( 61. 01
nol ) of THF pis{dinfetisylaminomethyisdahewas addedi- bot t oned fl ask 20 equi pped with
a thernocoupl e and condenser, all connected to a nitrogen source, was
charged the above m xture prepared in the dry box. The reaction m xture was

oo € 10 15"CC st sloand ety oS o e
_ et hoxy52- reemgliowadtoraebia 30 ‘é(guﬁgiagﬁ?‘g?aég%}lﬂﬁgﬁi %qu @%M#@I)l ?)ég;:'lt i on

vessel . The y; |
t hene30 meoqxﬁgﬁ%é_t%amﬁ))ﬁb{r@mdné,qBEIQQH@W.BM matippethyl methecylde (08  and

: M sol ution of 154. ACB i 11
(r)r]\cet ?(ra:gt : (r)\ntﬁﬂlw{:ﬁi&lfem’ﬂ\’@ tpdha inifiater) and 39@235&(@##. mﬁ'f)?%r OI hgr yt -(Ia-?ger \2?; e
. . I ki |
(2.311 nol ) téﬁ%ﬁﬁﬁg?&ﬁg@ ﬁ%)%ly Eﬁfgﬁgﬁ’; uglcryl atbelat?"Ze%% tgé irim'at?ﬂ)ﬁ 467569
;rglngﬁr; Yﬁaf: ? altddedlamdtthlammxtpre agae aiowed (@em@erﬁﬂo)anw@gwiyy 46°C."The
yl oxypr - ' 0 ) [
the 1 ni t ot SPpoiaRoRheratifY dfSpHEA W anpAaRgy b e 2y sAIRA T = 1Y 1°
251_! ﬁo § r7re ?helcwer_veadldaeasto tebmiabe the viscdsityi A salietionrof 4396 mwatasi Z4¢6 et hy
yl sij e a The, m .

ppr oxi mat ol ol S B en055 mel At SRR Bpe QUGS PU MRS 1D,
iSZOlzgt |g o?qugg%ﬁbcﬂfloﬁﬁﬁ?ﬂ]rl@ tdsTﬁé-)olodkitllsé gratectizggroeps omthenldEMA. si | ane, ,

) ) .o me t . h |
"nitiator)  avlatss werd henismeysd aprodere phad i in Rl f eett LD, LG
(8.5 equiyal @ﬂh%\faﬁbﬁfén’{ﬁér&t@rébﬂ‘ioﬁﬁ Wwab esacheds added and the mixture
again allowed to exothermto approximtely 40 OC. The io reaction

t enperature dropped to approxinmately 30 OC and 2 gal |l ons of THF
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) dibutyitin 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



were added to decrease the viscosity. A solution of 439.69 g water, 740.6 ¢
nmet hanol and 8.8 g (0.068 nol) dichloroacetic acid was added and the

m xture refluxed for 4.5 hours to de-bl ock the protecting groups on the
HEMA. Vol atiles were then renoved and tol uene added to sgpval  of
the water 1WOPHPla vapor tenperature of 110 OC was reaca:l% T’ﬁe reaction
flask was mai ntai ned at approximately I 10 OC and a sol utlon of 443 ¢
(2.201 nol) TM é@g 5.7 g (0.010 nol) dibutyltin dilaurate were added. The
m xture was Y¥§ until the isocyanate peak was gone by 20 IR The

t ol uene was evaporated under reduced pressure to yield an off-white,

anhydr ous, xly reactLve nopnonmer. The macroner was placed into acetone at
a wei ght bamgptﬁgﬁ%ly 2:1 acetone to macromer. After 24 hrs,

wat er was added tTeprésdduirs fur &lazromért@wesn asedrexcephthat Hibutylity dilaurateas
filtered and dried usin cuum oven between 45 and 60 OC for 20-30 hrs.
25 Macr orfer Vl@’@@f?&?iﬂ"ﬁﬁr'q‘ﬁgawr@cedure for Macromer 2 used except that
19.1 nole parts HEMA, 5.0 nole parts MAA, 2.8 nole parts MVA, 7.9 nole

parts TRIS, 3.3, nole parts nPDVS5, Emfnﬁlem rmle parts TM were used. 30
Macronmer 3 Preparatjon T g proced

Rieparation of,0)

19.1 nole parts HEWR
mol e parts TM  Hgp mg@dl@é%ﬂ&le@@ﬁ UiﬁamE%&Bagef\paMCbmmﬂﬂmm toner 4

P t Th d t th tylt
i o at 8 PARSTLGTIREIG (% S dumaian e Eoergs Bl L el o
Cct adecy! Tr@fg%rahgaéud é&?(g?ﬂ@)tm g@%édyﬂﬁmémsﬁamqmmmwm laddes (15.0

grans, average particle size 000nmto |o 2000 n cont ai_ni ng,10% si | ver
by wei ght weand W@Gpe@smmaﬁ@rre@fsrpqmempwf&&%mr?é&&%f%ﬁ‘&%"‘(@ pl -) and

oct adecyl tri et ROXMSI WNFadulm MHEH & GHl8%olid. This solid was re-suspended

in ethanol and isolated by vacuum filtration 3 times. The resulting solid was
15  dried under vacuum to give Zeolite A' as a fine powder.

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
acstic 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. Pa_tent

30 4,640,489 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, at temperatures of 45 to 75°C. After curing, the
molds were opened, and the lenses were released into 60% IPA, then leached
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and the suspension was stirred at roomtenperature for 24 hours. The

sol vent was renoved by vacuumfiltration to give a solid. This solid was
re-suspended in ethanol and isolated by vacuumfiltration 3 tinmes. The
resulting solid was 15 dried under vacuumto give Zeolite, ?Ar/ ﬁ'ﬁ/s sf 1 ne
powder. ExXHRIPRUS! preparation of Lenses A 20 A hydroge B n was made
fromthe follow ng nononer mx (all anounts were cal cul ated as wei ght

percent of the t f 2, 28.0%
nPDVB, 14. oc%'?m'%A@av%b/g%%&%°“’§”§w&%5”@éo‘%@bﬁ%$ B B 006 ca
1850, 2. 0% NFiRalns thedBAsedar@Equitibrate tiirl sither DT ovaber quhym@l@uqal borateri s bl end
wer e added Q.19 arts %5 Zeolltes of Exanple 1, 1.0 part acetic acid (when
Macroner 4 iufigeedisaling to givalensed Ay s added) and 20 parts

3, 7-di net hyl - 3- oct anol Zeolites of Exanple 1 (0.24% were added to the
hydrogel blend. This mxture was song %:].ha quntil all conponents were

di spersed5 (ca. 30 m nut es) The sonl cat m xture was Ioaded fo an ei ght
cavity lens nold ofrd PN ' i d Lenses B0, 489 and

Bhot oi ni tiated w th v yﬁ%&*%%ﬁﬁ"“iﬁ%‘k’é{ E@W@ “ﬁbﬁ’e ¢ gaeqp 94 90 and s
fluor escen'sj \m;;hlgﬁ'%o\@‘] atelrmeﬂ_’,aivregﬂgrhet;ahdzlﬁaddad I?B ‘aomogdified plaama olg mb¢fed Tél \c/l\%
031011551 P ESSTIPSBLYY. FenCAGRR). o CRRTcr B SAVaR £ TEG0E 20d,

resi dual yyrongner spafdrtdil.| At Poim=SeR! Appl. Pcﬂ?ml Symps 54; ¢28¢1994) bThised i n
either DI water or phyS| ol ogi cal borate- fered sali Eé_’orqqtg@ve Lenses A'.

5 . Exanpl e devigewaanmdified B replacingripe S@'ﬁ??@ﬁ@a@aeﬂé‘“ and Lenses
Bl Type A zgolid T%%Sf(?eﬁi %ﬁfesMQp?a%Q |dh|8ed\4@tb€th@lrr¢taﬂng eh@mbmeanwm oven

at 1000Covern|gt a into a nodified asma chn;z ?,s descri bed
by V. Panchalréatgd mithyan @aen plasmamulﬁd/ab@“@@"ﬂ /gihaygle)

Eberhart , J- offl) araﬁbafwa%fefomémhuteg’%wr &vmted%omawew%) Thi s

devi ce was acl n estatlo hanber with a rotating

chanber . 18h es@seqdeuztbcﬂ‘eated V\MbrFEQM plasral m&%ﬂéﬂaﬁ WL/%OQ e aveleaNdntPWanber
and 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 EQ,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
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treated with an argon plasma pul sed at 10/100 m|li-seconds on/off cycle
("ms cycle") and 100 Watts for 15 mnutes The argon treated zeolites were
15 subsequently treated with EO2V plasma, pulsed at 10/200 ns cycl e and 100
W for 100 m nutes. The resulting particles were renoved hanber
and passedVOWPBUIH a 400- mesh stainless sieve. These fil ereo? particles
were treated a second time with EO2V plasma, pulsed at 10/200 nms cycle and
100 Wfor 100 m nute :
percent 20 (1.0% of 20 bl end of Exanpl e
2. Once the ZeO|HI\I63(S)WSSS&\mdQlldctEﬂ fmsrtueranawlassummdaﬂelwpdoc@r ed

Pr apar a | on B0 ba e Blsesp sty T narRe e o) RIRES wel IneBBaEa T <) o

(15.0 gr a”snnéi\hﬁ[xélﬂﬁinl%ﬁhl %I?pr%?ﬁ@né%@% cﬂml’elhlﬂg zzz)ﬂmoﬁm)ot@msbmnom ng 10%
silver by welght were added to

rogel end of e 2. Once the
zeolites Exmr@"é@ﬂ@@iOfﬂﬁanﬂYﬁOéym% é%ﬁ ngn?ﬂr}gﬁgew ng to the

nmet hod of n M@@ ) t gﬂé;?éijqoo
PCT[ US01/ 50 gl%‘egglle etls&ofsﬁgﬁ%r Fr on%kaligﬁggs A&Q b d C, Five

(5) |enses wemm. Jove oo whos respyieH andopiadsior ﬁnﬁﬂwateéplydév 2br to
initiating thy &Q%m\égﬁrw JEh‘?aI & ti F‘b@)ﬂazl ’ Stembinitg Iéﬁs@s W@r’é&%s‘f&lﬁéﬁ foncubat ed

i ndi vidual | y™'i'n ypropyl ene S contalning 2. of protein
solution 5 cbﬁsmlsiffmghofot&m&qitglbm Allsappjessandithe fwg/qantrel |§0$ﬁ~°nwe'@nd 1.8

ng/ M gamm bul i ated on an
orbital k@%dgf"vfﬁﬂoa ﬁﬁ%hﬁ?ﬁz%bgéga;a@pgedr/@?%\ﬁ/\éregﬁt&gb%ool ed for
anal ysi s eaCihdlﬁiﬁwe@tcou@Wma:trﬁabwrMCbhﬁssmmpeatmcmﬁy dEhe ambentrafmal ni ng

| enses were transferred i élﬁ vﬁg}ﬁte'n oI Ut¢ Al'l sanpl es
and the fivesiveheemientRas %?‘M%?@eﬁﬁurﬁpi & AFEeetaeh g %b(?matel y 80"C
and anal yzedghffinifg in/fle 16QsYs8s Slculated mbiiy Rdtyd apTabled. pl asma at om ¢

em ssi on spectroscopy. The anmount of silver content per |ens was neasured.

The wei ght percentage of silver remaining in the | enses was cal cul ated and

iinste%inTabIe 1. 15 Table 1 Table 1
Lens C' Lens B' Lens A’

Day silver content siiver 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 A2 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.
20



Lens C Lens 131 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%
E[3)IO% EI15 ;9% 33% 1 30% Exanple 6 Rel ease Rates of Silver From Lenses A2,

, and F' 20 Four different silanes were applied to t of type
A zeolites WRAHdtles having an average particle size of @@gof#\/rgn&tg% ZOO)(Sp
nrn and an initial silver content of 20% using the nethod of exanple 1.

The silanes are octadecylt h | { i '

but y1t | met hoxysiARRrRITEIRY 0055 BEFL soAR walH ddddd BRhIRRLeEnd

iSOI ites tA2|,of@0xa0 (}/@a?sﬁﬂg s m@taFeofExa’nple 20 g Denss1AD', BGamMdUB01/ 50580
proxi mately 0.05% t hese zeolit wer e .added t h bl end of

Exanpl e 2 usneﬁeethelyﬁmwieaéﬁ @?aﬁﬁféxaf“?lﬁ %W%c?%%&%oe%@@e? andegl 0

respectivel yqid; g},écpirppé}ﬂegssay of Exanple 5 was conducted and the data

di splayed in Table 2. Table 2 Lens A Lens D Lens E Lens F' Lens C Tine

Days % A % Ag % Ag % 0 100 100 100 100 100 1 69.3 71.4 72.2 41.3 41 2

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

Table 2
Lens A° Lens D' Lens E' Lens F' Lens C'
Time
Days % Ag % Ag % Ag %Ag %Ag
0 100 100 100 100 100
1 69.3 71.4 72.2 41.3 41
2 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



Exanple 7 Preparation of Nanoscal e Zeolites Nanoscal e zeolites were
prepared with a tetranmethyl anmonium tenplate, using the procedure
described by B.J. Schoenman et. al. In 15 ZEOLITES, 1994, Vol. 14, February,
1994, p. 1 &@%ﬁz {_lol | owi ng the procedure to make A, bupcmidehBesko t he
addi tion of article size analysis using a BECKMAN Coul ter Particle
Si ze Anal yzer showed the particles to have a nean size of 164 nmwth a

standard dey r@ﬂé Ao Herfiht @OJ%SOW&%%&?‘%@/‘%!G’(@H BSAshC fobfige tines with

borate buffe fihe so at1on, ' once Wt eloni zed water, 20 three tines
wi t h net hanahinutes ani:skuhseqeemtb,oﬁrwmgw’&bemmz@bl ites by wult racentri fugati on.
3.42 g of zeolite was suspended in 34.2 g nethanol. 3.42 m del onized
water, 0.34 g acetic acid, and 3.42 g octadecyltrinethoxysilane (OTS) were
added. The suspension was stirred foExathpledurs at room tenperature, then

rinsed three ti net h | a ultracentrif Silicone
hydr ogel 5|ensesm\;:iti}e(a"rﬁﬁ fﬁyfEéﬁ%‘P%nﬁyaé?‘g@we&@{“je%#s'{‘ﬁg@&@ﬁéﬁ?‘? eat ed
nanozeol i t e yhinB ik bricB)siaessd adil enbatalyzEXeOTS rdadtiuh. | enses were  prepar ed
by the nethod of Exanple 2. These |lenses were treated with silver 21 WO

03/011351 PCT/ US01/50580 by placing theminto 5. 0% aqueous silver nitrate
solution at 450C for five mnutes aEQa,ﬁpi@sgaquent ly rinsing themw th Di.
Exanple 8 5 The procedure of Exanple 7 was follogyed, except using

triethyl anine anmine in place (m&llm&éaiﬁ;@eatal yze the OTS reaction.

Exanpl e 3, Prepar o105 Waoagsnlsyd, from Chem
Mat er . 5? 1993@%"%%8 pgé}%éo% ?\/&re Zeo hé‘rﬂ ° 8 A zeol i tes, 20% Ag by
weimght )f gomrlgeoieqimhga)gfraue moll(@yae%g%g lsvy]welg%tx;)g Omg. qj@glyhgta@i)eneand
20m - o ichloro a r 1 The
appar at us wa' 86’%9"3‘@'? egﬁ%ﬁ ‘F?%@ﬂ&Q%‘?g‘%/dé‘p:%)@E g?%ﬁ‘&%%@?e%hﬁér( 30 m nutes
w th the heaéhaiged)mdmSemLaieanéﬁﬂéskTﬁ'élerﬁ)paeains was cohnecied tovasotanol ed t o
(0. 375mmpl € YaposAID 87d FtetdPoAE miES wilh tne nédiisith SePAUG-E: Al T | ©
15  reaction mlxture 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
1.85g 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



added to the suspension. The flask was connected to the rotary evaporator,
and the solvent was renoved with rapid rotation, while nmaintaining the
tenperature bel ow 200C. 20 The solid reactant systemwas spread as a thin

layer in a crystallizing dish. The vessel was covered w} o1 550 PAPET
and pl aced Wﬁ){%’o Auum oven at 1 OOOC for three hours to (grrficj)ssll I nk the
pol ybut adl ene coating. The yield was 1.85g of white hydrophobic materi al
(84.09% Noter, fhe: ' ' lBAE chloMRBESOT MR, of
around 10% tﬁ?%‘? g'ﬁ‘f“,eé?‘%ﬁs%fﬁé’tﬁggg??g?hhﬁjsmg){"ggﬁ?rﬁy 25 than_ihat _rengjrted
(cl oser to 92WnL triEtieylamiteasersaminitired i0.25850mh)bagker and pliredentint o t he

hydr ogel bl end of Ex le 2. € (o] eds usi ng the net hod of
Exampl e 2 t &N P%Covﬂﬁgﬁﬁ’?@%ﬁ@ﬁ;ﬁ@g 3§§éscgryfr@,f rzggzﬁnlbpfe 5 was carried out
and the resyctieayirichlorbsilanbaras addeabdvens15 sinutesitpa totaloof Pmbedr at i on of

Lenses H 2 gra of zeolit,e cantaining,10% ol J: A having an
average 522 gg@@q%@ls'ﬁcﬁ‘{%@om&'e&éﬁﬁﬁ%@ ‘E"ﬁ%ﬂ%&@“@ooo to 2000
nm, 50 nlL bk e )cBkMimdRter £08y PowdaR 2) ré-8lspend inmiethjighachiodderer e
conbined in'a 250 m - beak

d st til unif i st hi eved
(typically ab\akbgMiQWQUﬁE@e);fﬁggﬂif(?)%{S{égégnwgtsri%réﬁégqﬁ:@@én%dgg Ie\e/\e/rey
15 m nut es t;ﬂ?ﬁ?ec}u%me BBlaéﬁolggqqeé uridet daRiunBfoRddirtdt edsm témperatd, The

sanpl e was filTtered using t OW ng procedure: 1) vacuHmfiIter to dry
powder, 2) rRrartepeadhezentiempwseswan giundavith 8 maan@ndingsteusl y, 3) repeat

(1) and (2) 4 ti FRS oA PLEHRGLAIdSR thithd hifdrba biBROEREkKIDIb heariceol at ed
or r at te

solid drfed under vacuum roomtenperature. Prjor to use, the
zeol i te powdensesasergrformed using the methagrofma@mpie 2 te givedense'.cH?8 ed si | ane

dded to the hyd b | d usi
the met hod gRleERaApreY o PRRGS Fas EAEE oft ndlH resBlegR bl T 5"

was carried paglegnd the results are tabulated in Table 3. 15 Table 3

15 Table 3
Lens G Lens H' Lens C!

Time

Days Ag% Ag% Ag%
0 100 100 100
1 48.9 394 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

Biological Vortex Assay Results
Leénses 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%.

23



Lens A Lens H Lens C Tine Days Ag% Ag% Ag% O 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 Exanple 11
Bi ol ogi cal Vortex Assay Results Lenses were nade fromthe hydrogel blend of
Example 2 with 0.5% 20 OIS-treated zeolite containing 20%.si The

| enses wer eVPPPUISusi ng the biol ogical vortex assay des%/er?géé)gggsg%ve. The
nunber of viable bacteria found in the assay was reduced by 99.7% 23 WO
03/ 011351 PCT/USO /50580 Exanple 1% Al ternative Mononme[ Fornul ati ons Base
Mononer For mations Formul ati ons B-R! Xﬁmfee?i n Table 4, are the base
mononer mixes (all 5 anmount ARekativalMatonerFordulationdit percent of the total
wei ght of the nononer mix conbination). The coated zeolites (0.00060/ ow W
(50 ppm) to BaseMonomengQimationss tne jnvention may be added to all of the

conposi tions of TFaphalalions-rEJBleadh Tabieds ark e babe munepmr etixesc@br di ng to
the follow ng nmethod. 10 Contact Lens Formation The bI£ ds are sonjcated at

25-370C unt iameunts seeneaicilated agmeight petsentef the totgliweight ol ine MENADRN PG,y es)
and are SUbs&ﬁr@% ! itéd @ b0 9P tbBEt 109E wide type
described in U'S. tbﬁ?'eﬁ@ﬁ%&@,%%&a ?Ogg’m 1}(or%?230 sec. 24 WO 0§/011351
PCT/ US01/ 505&fahe vaition may be added to all of the compositions of Table 1 and contact

lenses may be prepared according to the following method.

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
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Example 13
Preparation of Lenses Containing an Oxidizing Agent
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, 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
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
opened, and the lenses were released into 50% [PA 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,0,, which had developed a visible brown color.
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,O, lens appearance
354 colorless
2 177 colorless
3 105 colorless
Example 14

Treatment of Lenses With an Oxidizing Agent

26



cuC, (LO1,. oLu.2LO, (D > OEzOmLLI 7: LL W 03/011351
PCT[ USO / 50580 Exanple 13 Preparation of Lenses Containing an Oxidi zi ng
Agent A hydrogel blend was made fromthe followi ng nonomer m x (all

anounts werg ¢ ated as wei ght percent of the total wej e 5
conbi nat|0n§90§)9f]3 % Macromer 2, 28.0% nPDVS, 14.0% TRl s,b‘%gﬁ%@gs%, 5. 0%

ISE(I\)/A 1. Ood/q ;FEGDLWAZ 5. 0% PVP, ]iL 0% CA 1850, and 2.0% Norbl oc, blended with
O as a diluent in a ratio r ' r i : ' t. T
thi's bl end v abeRrs g tedt iGyRBdarie | fife Wihaddtoraromamug o . 1o
S\ggt 21)2: ngt Oél‘(\}[ﬁgéiblité :clbuﬁﬁni@gldo%'i(wmlnehth‘w@hmut;addﬁiﬂh@éhydﬂfﬁggnI o mxture

. cated unti conponent s, wer S 45 m nut . Th
soni cat ed miPRIAXIAS Wégel rtrgxaﬁ'hﬁ%%ngg%@’?hjaggé@ﬂ{‘%ép{r%@yagf |) c m)lg
3,22 Sﬁg tegi 1;] ?{anggé}gn{st_ee{nﬁ OBﬁ’f&b?T)TFQ 'tel?s;_nbL contrut Gansrstoragea delutian.nithe dgpsespur ge and

lated w Vi Si I ght ted with Ll

f1 uor escént Waje fren %‘meirﬁ@'"?‘é)l‘m‘;@' %Tg?nh%?n@f&@gﬂ@!’&hk {ogpﬁgmqnﬁ%ﬁ-r %oxvo?gl
Y‘g;ghég ?ﬁer?%ioﬁﬁgnw&%el@élﬁ% ¥RIRIiUTG beRAS borittaeids @t IsBdiumpevabeate t hen

A'to remove any residual nonomers an | t i nal
:censez are saﬁlsndnittnmrwaierﬂﬁﬁ%%ﬁ%@yéﬁ?geﬁcﬂ%?’gg%EFP?‘*EF'E r}ég? F"ﬁag A?‘/t eﬁ e
our days at__room, I Bes i i d
| enses t hat '\ﬁg}ee&%% e g\ﬁﬁl‘gﬁl\laddl tE PE?‘E? i—%%g‘s/v:ﬁiggﬁmﬁg%@g%@?g@ggage He
vi si bl e br ovhe tasit solutiGio wad diorate iaffersarraine mathputthe sedimupPergeri®e 18RI de

Tabl o 5. Pragbler et e PRrEONA Mrsl s R B AS o B P e
23?3% Eggz | bRt spectrabhdtoinated foorh d6Rite Angarporatedr Tee b, a. N0

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 -0.57x04 7.98+2.3
saline 84.8 +0.7 -4.06+0.6 20.0+3.9
perborate 85.6 £ 0.6 -1.12x04 8.45+1.9
Example 15

Treatment of Lenses 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 pl 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
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25 Exanple 14 Treatnent of Lenses Wth an Oxidizing Agent 26 WD 03/011351
PCT/ US01/ 50580 Lenses were made foll ow ng exanple 13, but wth addition of
0.25% (W) type-A zealite containing 20% (wt) silver and w thout addition
of hydrogen peroxide to the nmononer m x. These | enses wer jnto
optically WB&?H@H&?‘«&M cells containing test or control Ig%ighgotqg%gge
solution. The lenses 5 were then either stored under a bank of fluorescent

e, "SRR B0 5 ArERerRR MRt B 2 OBl Doy ot ©
hydr ogen perfKiTie éctédllonsdswetdigutbtladed fon@0emiQuieskat @21 eC FThib Sbiutian SOLUTI ON

by CIBA Vision Corporation), and the test sol ution s . bor at uf fered
sal i ne wi t ho¥#@s ?‘H%‘]?%s@d?ﬁﬁp Pfﬁ?rtﬁtae‘?orﬁ?@a{]‘@ exResimest ?'@ﬁ‘@géﬁ%s

measur ed usigg,t ReyKEFHAPSAGEBONES 0BibW ydlodh portabl e sphere
spectrophotonet'er from X-Rite, Incorporated. The L, a, and b val ues of
three | erfs neasurenents were averaged and are reported in Table 6. The
smal | changes in the a and b val ues g dd1gerborate-treated stored | enses,
as conpared to the saline-stored lenses, illustrate that the perborate 15
prevents discol oration afreatmeentefbes th anidizinga Agedt nat e i ndi cates the

anount of yello ' i-' :- W in a given
material or i ts%%ﬁgﬁéeg)sep%ﬁ%ﬁg%§ﬁéga§fn@lée 'vg’lt Wgﬁgbgg?ﬁ%ht uenegg). ,
Conpari son silvet-beolites; ahd eithofit fhalilydragesimeroxitain theengrdrmenthixg Tdfe | enses i s

ted i b t nt.ai ni ng. sol ut | I - b
Daruce o 1pgfs webuaerd BHBIL-NEET ught 8B Pt AR Drtebderdt o8R8 0 e
bef ore agi ngedidaiRingH..8%- 19,037 The.IénsbsHere dbServatl iover 8pefiod 6f #8 hdulG 0. 6
20.0 3.9 perborate, 85 eat nent

.85.6 0.6,-1,12 0.4 8.45, 1.9 Exanple,15 Ir
of Lenses WRYerahiehdime sheyremaingd ‘I’.‘ﬁ?\r@' MS&%&&W&&'@E‘%W‘%&&%& e 13,
but without RAgriv@BNioRandiI48MRIurs Rerzhoivetifodropdtisiiviepevel. Thalleages per oxi de
to the nonomer m x. These |l enses were placed Into co rCIi%'edfa%I -seal ed

I
pol ypr opy! enexhikitesl 33didagdeop 5 vighle bacteria in the vortex assay descr ove
15  as compared to lenses without the silver-zeolites and not treated in H,0,.

Example 17
Dispersion of Monomer Formulations with Particulate Matter

A dispersion that may be used to form soms 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.
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with 10 ~d of of a 0.10% aqueous sol ution of H202, 20 ~il

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 WO 03/011351 PCT[USO1/ 50580 sodium borate and an appropriate

sur f act ant g’@é’\é\%%%l to a total volunme of 1.0 nm. The seai,@gUéoq;g&%

wer e' aut ocl

30 mnutes at 121 OC. The solution was colorless, as

conpared to a conparative experiment which omtted the H202, in which the
sol ution was i il slalridés stedPitaRé Bnd Suflstdinbatiom mixingnesse!l Wmill an

Oxi di zi ng Agent Lenses were made as in Exanple 13, but with 1000 pprn of
10% (wt)  si | verangdsomiraill fo amgtywstariized. cRkens) ¥e88&In per oxi de in t he rmononer

mx. The io I%psl_

RERIRBHRESa i dual Iy into glass vials with 2

bor at e- buf f er ed S’:ﬂ ine containing 1.5% H 202. The | enses were o_Eserved

over a peri od4ofPregesmmeterial thieughiherizental tamperalure sapirelied wedigmi

SS.

Shovta b dr o i 1P asd SR Y Spe ol Ffedi e B e o cr op i

ver |e

enses exhibited a 1.7 log drop in

vi abl e bacteri a adjustee tvachieve desited disparsibbed above 15 as conpared to

| enses without, the silver- | i z le 17

Di spersi on of %ﬁtgﬂé#‘llﬂﬂdﬁ fétt}%ﬁeie%&?hmﬁgﬁa?e?ﬁ g?gé{%étﬁgr?re% | Spersion
that may be usedfdishddodispereivn. Tispdrsioh ¢mbedetermirted bynwinosaopic 20 such as
| enses containing silver salts-, Mnonmer of 030 that are bound to silver,

or zeolites, is Sradiziopy by the following method. Once formed this
di spersi;gn may be cured' using the nmethods of Exanple 1. 1. Pre-Dispersion

| . Sterilize m xing vessel and cover.

. i 25 2. Pre-mx the dry silver conpl ex
inthe liquid formulations at sl ow 5¥B8e ¥&suring nini nal h up

heat build up.

Keep container covered to precl udgvembsttsf LaRSegont am nation. 3. Slowy
i ncrease speed to breakdown agglonerates (Note:; Do not2 aAll ow heat to build

Not e;
up.). 30 Lenses were prepared using the method of Example

lenses

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 a each 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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11. Dispersion 1 . Thoroughly clean mlIl wth isopropyl alcohol. Allowto
air dry. Assist wth heat if necessary. 28 WO 03/011351 PCT/US01/ 50580 2.
Hook up stainless steel intake and outlet lines frommxing vessel to m |l
and fromm |l to enpty, sterilized, covered vessel. 3. Logdysdsilsbssh Z€d
media into m‘ﬁ"ﬁf."“ﬁ“ Process material through horizontal tenperature
controlled nedia mll. 6 5. Speed of mlIl and speed of nedia and

t enper at ur e Ie'ﬁBé@fn' tAbsé Asésys iadites it Yable 7amthe ey Axficties otihepssay.on. 6.

Steps #4 and #5 to be repeated until material achieves the required
finished di Sgreilomowsi tbg@ﬁsqe@itﬁqedeb%e&iavmwataﬂﬁ movemesbys e &'

eval uati on. gent of Lenses Lenses were prepared using

t he net hod @am'v%w%ﬂm%enses cont ai ned 0.25 wei ght percent of Type
A zeolites. The zeolltes of- entries 2-13 15 contain 20% active silver by
wei ght based upon the wei ght of the add lites. The silver content of
entry 1 was 10 % active silver by wei ghtﬂgax upon the wei ght of the
added zeolites. Bntnaddition. tHAgpealites of entryof Reduetionoated with EQ
V as descri bed |1n Exanple 3. Endyy 14 was preparecNILE‘a ng 0.25 %of a Type
A zeolite that contains sodiuminstead of silver. is zeolite 20 was
coated with OTSasing the nethodiof Exanple 1 and MAbsequently treated
with a silver sqJution before I%Vr S incorporated nto the lens fornul ation
of exanmple 2. Btior to inserti in patient's ey A the amount of silver
in the Jsenses wps determ ned g4 nductively coupl1e@i pl asma atom c

em ssion. The novenent of each |ens type was tested on ten (10) subjects
per type of |end 25 using the p¥dh up assay (Cont &9 Lens Practice, Chapman
& Hall, 1994, elited by M Rubgg and M Quillon, npgs. 589-99). Al |enses
were eval uated 30 minutes after pl aci ng the | enses on patients' eyes. The
percentage of I%nses havi ng ac®pt abl e novenent WA ities was cal cul ated

as follows. Anyg 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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| ens having a score of greater than -2 on the push up test was an
acceptable 30 lens, In a each patient study, the nunber of acceptable

| enses was divided by the total nunber |enses. Lenses having a percentage
of novenment_equal to or greater than 50% are acceptabl e. ‘lf]ﬁu?abqgj,stsaon,
prior to i n¥&%PY in a patient's eyes the efficacy of ¥ e lenses tested
using the Vortex Assay. The activity of 29 WD 03/011351 PCTI USO1/ 50580 the
|l enses in tRegs iesefSdiss |isted in Table 7 as the |og reduction of the
assay. Figure 1 shows the percentage |enses having acceptabl e novenent vs;
the anount lof sAnmlmlwob@Elens@ﬁmprlanatm@teid zoqlite; [ft Pod Loci Reduction
1 83 NA 2 141 NITA 3 202 NA 10 4 234 1.6 5 141 0.9 6 146 NA 7 145
NA 8 202 VA 15 9 234 1.6 10 232 1.4 11 224 1.3 12 175 0.7 13 214 0.7
20 14 485 225 NTAerotimiorabibbbheoBdaimO! 0gherein3be zPAitp isscwatedBéb a What i s

claimed is: | . An_antimcrobial | C 4. Sing a coated zeolite. 2. The
antimicrdbial | eﬁgmﬁPs'h?rélg%%?,"&%(gF%?ﬁt éﬂ]gé&%' %1 ite is coated with a 5
conposition conprising at |east one sil ane.

3. The lens of claim 2 wherein the coated zeolite comprises silver.

4. The lens of claim 2 wherein the lens is a contact lens..
10
5. The lens of claim 2 wherein the silane comprises a composition of

Formula l.

R1n -8 |'(O R2)4-n
15
[
wherein

R'is C,alkyl, C,salkenyl, phenyl, phenylC,4alkyl, haloC, salkyl,
fluoroC, galkyl, C, salkoxycarbonylC, zalkyl, or C, salkylsiloxy;

20
R?is C,qalkyl, C,zalkenyl phenyl, phenylC, salkyl, haloC, jalkyl, or
C,salkoxycarbonylC, salkyl; 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,zalkyl.
30 8. The lens of claim 5 wherein R' is Cjalkyl.

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

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



3. The lens of claim2 wherein the coated zeolite conprises silver. 4. The
lens of claim2 wherein the lens is a contact lens.. 10 5. The lens of

clsieu ?102? \évh)ezei n ahem;i | ane conprises a conposition of Formula 1. RIL.

-S| - . N erein R is C-20alkyl, C .,alkenyl

phenyl C, -, a W’P’,"”ﬁ% oC - alkyl. fluoroG,  alkyl, Y pchliGikbsen

d ., al koxycarbonyl C, -,alkyl, or d.,alkylsiloxy; 20 R2 is d -, al kyl,

C, -, al kenyl phen%m&ﬁgcﬁnyl C ,al kyi, haloC, -,alkyl, or

a-,, al koxyparbonyi -,alkyl; and nis 1-3. 25 6. The lens of claim5
wherein Rl is CGoalkyl. 7. The |em,efi-6aim5 wherein Rl is d.alkyl. 3o
8. The lens of claim5 wherein R is C ,alkyl. 9. The lens of claimb5
wherein R2 is C-,alkyl. 10. The lens di claim2 wherein, the silane

conpri seg a conpoghierain of 31 WO 03/011351 PCT/ US01/50580 Formula 11 R n

- S - \W- 1:- 5 wherei .Rb1-izos WL 4?3 | , yi: I 1|_Balk9f]ﬁQP6|O1_aalkyl,
pheny[ Ol - 8al kyl , hat ¢C-2a]k Crealfqhyly PHENYL Bheliyc
C, ., al koxycar bony! @uors.kailkyl, G alloxyedrsyhdC| @kyl, oX O, salkylgilaxyoup that can be

di spl aced with a nucl eophile; and 10 nis 1-3. 11. The lens of claim10
wherein X is selected fromthe group consisting of is chloro, brono, iodo,

acyl oxy, hydroxyl, »apdhdygrelp Hatkadn béisplaced 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;)s
15

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

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

25 methyltrimethoxysilane, methyltriethoxysilane, methyltripropoxysilane,
ethyltrimethoxysilane, ethyltriethoxysilane, ethyltripropoxysilane,
propyitrimethoxysilane, propyliriethoxysilane, propyltripropoxysilane,
butyltrimethoxysilane, butyltriethoxysilane, hexyltrimethoxysilane',
hexyltriethoxysilane, benzyltrimethoxysilane, octyltrimethoxysilane,

30 octyltriethoxysilane, octyltripropoxysilane, decyitrimethoxysilane,
dodecyltrimethoxysilane, octadecyltrimethoxysilane,
tetradecyltrimethoxysilane, tetradecyltriethoxysilane,
hexadecyltrimethoxysilane, hexadecyltriethoxysilane,
dimethyldimethoxysilane, dimethyldiethoxysilane,
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12. The lens of claim1l0 wherein R1 is Coal kyl. 13. The lens of claim 10
wherein X is acyloxy or chloro. 20 14. The lens of claim10 wherein Rl is
C ,alkyl. 15. The lens of claim2 wherein the silane is selected fromthe

group consjsting of phenyltrinethoxysilane, phenyltrieth i
di phenyi di m O3 Qg‘é Y ane, di phenyi di et hoxysi tane, 25 net hy?ef‘wlﬁér?tétg?;%?(ysi | ane

nmet hyl tri et hoxysil ane, mathyltripropoxysilane, ethyltrimethoxysilane,

et hyl tri et hoxysi lﬂ@ﬁ%“’%@ﬁ%’y ‘“é)w%%t'ﬂf% ldlmeﬂﬂ:}ﬁéy%ﬁd fget hoxysi | ane,

propyl tri et hoxysi ri gropox but'yl'tri et hoxysi | ane,
butyl tri et hoxysi Icmtmiecvuméthylmmmm(ySWd anetoxmwtrtrm@hwsy@m& ane,

benzyl tri met hoxysi |Iane
octyltripr opoxysﬂ %CVWMP?I et i {5@%@ Aﬂﬁmeﬁ%&@{@ﬁ %@Pﬁ@ééé’(l ane,

oct adecyl t (i net hopmHlmﬂzH cnmbtrwhmaéu@nenm(madmthyl)ae tetrad
ecyltriethoxysila ne, @ I trimet hoxysil ane, hexadecyl ﬁri et hoxysi | ane,
di met hyi d met hoxyENINGPIOPYRTIME §YS(HF‘B? SRMIRPTORALTRS kil

PCT/ US01/ 50580 di but yl di met hoxysi | ane "oct adecyl rret hyl di met hoxys fl ane,

octad ecyld i methyl nethoxysila n e, tox prop | trimet hoxysl | ane,
oct adecyl t ri thi ord§ 'Pﬁﬁ@f"'?F“?IVV,W@BF'ER)?' e IFselesteddram grﬁépfl uor odecy! -

| H I H 2H 2H-di ”ﬁ?gxisﬁm% 8f Q&hh@é(}/ﬁnm@tr(o&y%ﬂbﬁ@@cﬂ&th?neaﬂ&ysﬂane

am nopropyltrine ane am no ropyI tri pethoxys Hane. 16. The
|l ens of ciaim2 iyl irmethwsm%mtadgcsﬂ&l loresiianecdid he group consi sting

of octad yI tri i met hoxysi | ane,
butyltri thoxysneef ane)yp%céyﬂ@@ggﬂ%?&%‘%h%orosi | ane, and 10
acet oxypropyl tri rret hoxy5| I ane. 17, The lens of claim2 wherein the sil ane
IS octyidecy ri n 1 S f 5 nore than
about 0.02 ght %ﬁ’ CI B’i?@@%@'d&?éaﬂé '8% Je%&ﬁ)rﬁe{ﬂ%%yé@g\r}é i ght
percent coated zeollte 19. The lens of claim 2 having nore than about
0.025 wei ght 1é).er C‘ﬁ1nt e%g%%lgln%ﬁ%la'vfneg and

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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20 | ess about 0.1 weight percent coated zeolite. 20. The lens of claim?2
havi ng nore than about zero wei ght percent coated zeolite, and |ess than
about 0.1 weight percent coated zeolite. 25 21. The lens of claim 17 having

nore than a@,g%mﬁgglo wei ght percent coated zeolite, and *fnﬁﬁs}’tl}\%ﬁg? about

0.1 weight percent coated zeolite. 30 22. The lens of clal ein the
coated zeolite conprises silver. 23. The lens of claim2 wherein the coated
zeolites conprise at least two different conpositions of Fornmula 1. 33 WO
031011351 PCTI USOL1/ 50580 24. The lens of claim2 wherein the coated

zeol i tes conpt.i seThet lensvof daint 8 vherein tcoerposted zeolies torRprisa hbitwbldifféreb. The

| ens of claim2 wherein.the Foat{id IIzeoI ites conprise at |east one

conposi tions of FEYTRASHIODS 05 O848 one conpositon of Formula 11 or

m xtures thereof. 26. The antim crobial lens of claim1 wherein the zeolite

is coated with a_ 10 conposjtion conmprising. at |east one hydrophobic
mononer . 27 25he Thens el clin 2 Whsraindhe FRAtER Zonifes SpmBHRe aHBRBIRIE | <

sel ected from themHdRitRNE YPFbAAUIAY, £iediebhb ¢orPRERIY b WA ARr di et hyl ene
glycol vinyl ether, nethyl nethacrylate, lauryl nethacrylate, styrene,

1, 3- but adi ene, 13MilERS/theRROfgl ycol , ~ hexanet hyl cycl ot ri si | oxane, and
m xtures thereof. 28. The I ens of claim 26 wherein the hydrophobi c nononer
is selected from the group consisting of perfl uoroFtropyI ene oxi de,

I

di et hyl ene g28.col Tha antimicrebiat lensrad claimtluvkereinibegeplitedcogted Wil 4 ens of
eas mboli 1. 0 warpiociiEn i tfe she ry B8 AR M0t O arm 26
havi ng nore than about 0.025 wei ght percent coated zeolite, and
27. The lens of claim 26 wherein the hydrophobic 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. The lens of claim 26 having
more than about 0.02 weight percent coated zeolite, and
less about 1.0 weight percent coated zeolite.

25 30. The lens 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



| ess about 0.1 weight percent coated zeolite. 31. The lens of claim 26
havi ng 30 nore than about zero wei ght percent coated zeolite, and |ess

t han about 0.1 wei ght percent coated zeolite. 32. A nethod of reducing the
adverse effect ociated with mcrobial 34 WO 031011351 P S01/ 50580
i nfections ﬁ"ri)@ﬁgl% ul ar regions of a manmal conpri sing p}’%ﬁ%‘ﬁ’ i
antimcrobial lens conprising a coated zeolite on the eye of a manmal . 33.

e et o | i A b S B AR, 502, °

met hod of producidiginiétobial lefis @b iprising latdtatadralits bi thedeyedof £manfali te 10
where the nethod conprises the steps of (a) coating a zeolite wth a silane

or with a hydrophobic nonomer to produce a coated zeolite (b) adding the

coated zeol i3® ofTHd MBtHoA)of CRiirh §2G\M$eréifhftﬁy|aat'ér§8_eﬁ_ébt% cbRtacEléhs Bguai d | ens
formul ation. 15 36. A nethod of producing an antim crobial |ens conprising

a coated Zeolite rei#¥ee the method conprises, the steps of (a) coating a
zeolite containing a no n-a nti mcrobial nmetal with a silane or a

hydr ophobi ¢ nononer to forma coated zeolite; 20 (b) adding the zeolite of
step (a) to 3l enthe methodaafictaim @2 whereip themamgmalsiaiachureais f or nul ati on; (c)
curing the lens fornmulation to produce a lens and (d) treating the | ens of
step (d) with an solution containing soluble salts of an antim crobial
metal . 26 3735.TheA methoxtiofgiroducingras @ntimizrabial |etsecoroprisimg arcoateddenlitenet al i s

S 2! ! Bl ol oV BBV, of CL m 26 wherern the
(a) 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
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 zealite;
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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35 WD 031011351 PCUUSO /50580 39. A nethod of coating 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 Wt Ru&y e conprising contacting the zeolite | ane at a
pH of about gr eszdt Lar%pt han 10 and about less than 12. 41. %ﬁ&&ﬁ@%ﬁ?r obi al

| ens conprising silver wherein the I ens has sufficient 10 novenent on the

eye of a pat3&nt A meﬂWdi@Kbdahﬁg atZeelifeatith & 8ifhe smprishiy edritastigatnat ed
zeolites having a djaneter of greater that 200 nm 42. The lens of claim4l

havi ng about 50 tA§CHVth ti‘@(ﬁ"ﬁ@?@éﬁtp Hef\Rbeuhgreaterdharsd and@bouhiesst cl ai m 41
havi ng about 75 tgapbhaut 100 percent novenment. 44. The lens of claim4l
havi ng about 90 to about 100 percent novenent. 45. A nmethod of preparing
an antimcrobial lens conprising heating a lens 20 with a silver

cont ai ni ng sy ut i Dhetiitht %f%ﬂﬁgér}%glltg b wifH é‘bl!Hn‘ésco‘P@ﬁ'([isﬁ{q‘céd?gctln ”tﬁe' sngeat ed

at about 40 to about n antimcro ns co

silver and an oxﬂ@plzterwﬂagémne atzspH Dh sboutrgseater thani 10 armd abm:téess further
conprising a sily ;Eol ite. 49. The lens of claim47 wherein the oxidizing
agent is hydrogen per oxide. 30 50. A nethod of reducing discoloration in
an antimcrobial lens conprising contacting said antimcrobial lens with

an oxidizin ge 03/011351 PCTI US01/ 5058 i.m crobi al
| ens conpris g‘ﬁa ?gh%n%ggngr&? a:j&ﬂsl PEPIISEY SYRWhergEn %‘Pﬁ%nsa@?ﬁ ﬁ%ﬂﬁ%tr ein the
nano- si zed zeol i tneovelneant on tHe @peiota patientppvidedQhatthe fertddds #dt0 nm 5 37
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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51.  An antimicrobial lens comprising nano-sized zeolites.

52. The lens of claim 51 wherein the nano-sized zeolites have a diameter of
about 50 nm to about 150 nm.
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