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WD 2004/ 047878 PCT/ US2003/ 037368 ANTI M CROBI AL LENSES
DI SPLAYI NG EXTENDED EFFI CACY, PROCESSES TO PREPARE

wa biieoANzs METHODS OF THEI R USE RELATED APPLI QA0T/OBE905037368

This patent application clainms priority of a

pr ovi ANCFmﬂCmIWLq_&ENSE‘S DISSLAYRRS EXNeNDED égﬁ c%?ﬁv
CE 823 filed on Novenber 22, 2002. FlELD

Sﬁﬁ%TPrR}%lﬁ%Bﬁ TREMAND METHPREQF THESR§ISE

mhlch provide controlled release. of silver ions as
wel |l as nmethods of their production, and use. 10
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bui | dup of bactBACKGROUNDOF THENRVENTIQRrticul arly,

Pseudgnonas aerugi nosa, on the surfaces of soft
cont abPNipgi{grses hewe been Leed gommersially 4z ineproye visidn sinbethe
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contact |ens acute red e and
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htha 3
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h f
gﬁ%/ l?qrﬂ% g‘%g?gjéefy %%gﬁ'g@lddg%gé Ieg’tended use of soft contact lenses,

the build-up of bacteria and other microbes occurs for users of hard contact lens
wearers as well.

US 5,820,918 discloses medical devices made from a water absorbable
polymer material with a medical compound having low solubility in aqueous
solutions such as an antiseptic or radiopaque compound. However, the
procedures disclosed in the examples yield opaque devices which are not
suitable for ophthalmic devices such as contact lenses.

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
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m crobes on the surface of contact |enses. Further
there is a need to produce contact |enses which do

wWmea4pundot e t he adhesi on and/ or growt h of bacP&r/U82008/037368

ot her m crobes on the surface of the contact | enses.
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dmrss:oataum@g Ag&ﬁidbzaélag aGhinctidh of @mei sting of a contact
| ens ymer and at | east one silver

onprij sin
rel eaE'igH'&? 5 3% s eg 1eargpyn} of silvies released Siom # contact

$SetisoRBIHi éllvbﬁ%éih‘ﬁbé?ﬁeh'&ﬁlol téﬁ\%r@ drftih&th éﬁ&,nénd silver
at:alclate using a first ordér Kkinetics equation, ot

{Hosaicis s6id as ajiupstion effmean initial silver
concentration of at |east about 10 ppm 25 As used

herein, theDEBAED BEECRIBTION BF ﬂ@@m@ﬁwma I ens
that exhibits one or more of the follow ng

pr opefhis éwentidneinélndéhan antimiofbizhienadinisiiosulssiariany f&é a

r t he i.nhi bi.tion of the
o e op MRS AL b i Fone PG Rr, o b Bab Bt o utechichd
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se in an area surroundi t he
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cte ia or e es on |lenses and the presence
g téqq%a?tﬁa {)?Q?é'lt%rpemobes on the surface of
| e|nSe§S aatmi ménhgméltéfrﬂi Yaritili€bbiAeh® Asansd £he MaRkxhibits
col oni zat |
one or more of?he 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 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 are collectively referred to as “microbial colonization.”



10

15

20

25

30

WO o@40€80t | on,
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escr for exanple in Physical Chem stry, Fourth
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-d[Agl/dt = k[Ag]

where —d[Ag]/dt is the rate of change of the silver content in the lens,
expressed in units of concentration/time, [Ag] is the concentration of silver at
any given time, and k is the first order rate constant. This equation can be

rewritten as:
[Ag] = [Aglee™

nore preferably about >0.5 | ogPCT/US2003/037368
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WO eng/047879| aced in the eye,

WO 2004/ 047878 PCT/ US2003/ 037368 where [Ag]o is the
initial concentration of silver in the | ens when the

or in contact with an artificial tear fluid nodel,

iA{;]S i<l th8 lﬁlﬁél'c@ﬁ?&ﬁrétlbﬂ%f Sivet REthb§a1Fs WiRert the 16xeis | N
cont [ ui

t ear , Or in contact with an
maweormdmeaeyq dm contagl withisaefluid sorip ontackwithh AR eHificial fear

mﬁd %%psr gh ek Maiod mqrm@eggehemmg%byememnw gaRe

ver romthe ens measur e placing a
tsar fld, arfin bemteetswltrhalwaﬁl@crah@asﬁmé masiebosi ti on and

{ or metheitel QbR gg@aceaé@us\ﬂg%&%éiﬁméhtal el®85. The

sol ut'ig enses ‘ar art| Icial tear
elgast iod silvea frorrdthe lems mey bve eshshirashbyt Plecing arsesies of lenaes

ST SR PG i BB bL YR el g Pncia

et solofiore idmses ass plaeed intmfresmartifitisl tagr smmtwn‘eadmdag or

SReRIe eneroa el S ey el R fndhafel

ﬁé@lﬂﬁﬂA&lvaﬁ@n MQW@SWINF@A) orfarlma thethed tedétietrhiad their silver

data. Preferably the R2 vaI ndl i '
cBtatts e daating pofnas s orrEipt sb 1t 5ka0S siver
B SNk nteVAad plottésrsdd ﬂﬁabmé o@eﬁfbsuﬂéh eA@émmmtualal
fit provides the rate constant

R8O 6 ifa0hie e daiin GRRETS s Ts oY B ShORRIBR 54 ¢ 1
M‘étﬁz@lgtm ‘su&ﬁbggréa%er thah ﬁub@ttoe@b iahdtreferdN gRathr &fdror

val ue, is also calculated w't dat a

abautOfY. ste Wﬁloé'en’!'ﬁi f'éRfS’rV@% ithyrat; eongaridsalin, r‘f‘ﬁ\ﬁrbtﬂas
glf\ltssdf e -1 F hABIRr g&g%e%ftthé ?F@c@'&k in Whtch 1RO kalaRkas

escri ed ki netic been found that sone
taindatedlinthe siandaig eaeeat the dneiuen whighds atsogrlaiatee with
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I nvention display k [val ues of ugg] 2

Ag] = [AgInr * |

where [Ag] is the total amount of silver in the lens at any time t, [Ag]nr is the
concentration of nonreleasing silver in the lens, and [Ag], is the initial amount
of releasable silver.

Ophthalmic devices of the present invention display k values of up to

4

in contact with tereT/U520031037368
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4 WO 2004/ 047878 PCT/ US2003/ 037368 about | days-',
preferably between about 0.001 to about 0.5 days-1 and
W(Drmoe/(msmeferabl y between about 0.001 to aboutPOr/852003/037368

days-'. Ophthal m c devices that are intended for
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si |l ver rel easing conpound the (b) electron density
eRhtha@iceeyif®ound to the silver ion and (c) the

init 'l@lHaé?l%é%ﬁ’Ghﬁ@fHanheQBlebE@oﬁénlWﬁbné fGArPUphtRmictielice
t he opht hal m ¢ devi ce. respect to solubility,
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i ncl ude' t hose havin llar solubility of the silver
inﬁiﬁl ¢ancpuirationaf dre aWe@nmrporzm into the ehbtbalMindevicaabout
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eas 0
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E’dsrﬁfs@unoﬁqmaerélafﬁ@ﬁlvﬁlr i 13a,a rh8R3 sollibiityt sfrgmedtemthan about 2.0
sol up |I|t}/ refers to the 30 nunber of noles of netal
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wat erAs U Bhére D eHe fefin dﬁirle‘/@ﬂ’ef% & e ffality of the water used as
sol ubility- P{roduct constant  (Kp) h

defined in the CRC Handbook of Chemlstry and Physics, 74" Edition, CRC
Press, Boca Raton Florida, 1993. The term “molar solubility” refers to the
number of moles of metal dissolved or dissociated from the anion per liter of
water. This number is derived from the solubility-product constant (Ksp)
measured in pure water at 25°C. (See Skoog, D.A. et al. FUNDAMENTALS OF

ANALYTICAL CHEMISTRY, Fifth Edition, Saunders Coliege Publishing, New York,
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measured in pure water at 25C. (See Skoog, D. A et al.
FUNDAMENTALS OF ANALYTI CAL CHEM STRY, Fifth Edition,

w@awaa€1s3s Col | ege Publ i shing, New York, 5 WD PCT/US2003/037368

2004/ 047878 PCT/ US2003/ 037368 1988, see al so,

1088! e 5180 RIbME e d VAaIleRGh IERTI brakbedk SHEHENsisKy asdiPhysics,
ysi cs, 74th Edition ress, Boca Rato ri

P CRC P F ,
7883y CRex Breseebord Reld Hodra, 993 F 85 SEHPIEdH DBAIET
S SRS e MGt 00K e s
folizgving agyationhe Ksp is cal cul ated as follows Ksp =

[Ag+]2 [COB -2 }\g%%(g%@szﬁz;plog\é@'q%qqg@g@&)e di ssol ves,

there is one car solution for every
two silver cations, [C032"] = %[Ag+], and the

[ b | ty- stant equation can be
ﬁ%algﬁpégng%%ul%aggﬁélg or the di gsol ved silver
concentration as folKpwdAEdPICOLNg+] 2( 1/ 2[ Ag+]) =
~/z[ Ag+] 3 15 [Ag+] = (2Ksp) 1/3 The Ksp may be used
to calculate the nolar solubility of any silver
Asdilvaes cargonate nissolvds,aberfeds boesafonatigatiorn v sctutiokdpl) avery

20 For Ag2X: = 1/ F \Q3X: =
tvg 8lysraNons: [hgléz ]b'—'egﬁ'{%ﬁ)’)s?@gg@? 8@'%@@@9'1[’%]@? N$8M%asi ng
SRR BAS buhedrednget he soleé dr the dissbiasd ailvembarcentration as

fsoI ubility of about greater than about 2.00 x 10"30
AAWS/ L to less 25 than about 2 nol es/L when neasured

at 25C wi || contiqueysy'V(1/elrfpe Kirg'Si | ver from

| enses for a period of tinme fromat |east one day to
up to or longer than %Nkh?ﬁy&ﬁday period. A preferred
cl ass of silver releasing conpounds are silver salts,
wherein the nolar solubility of the silver ion

e : S .
Thakpanay baiHsert toepirdiate the mpkassoRbity of any siverdeleasing
fer lar solubility is greater than or 30
%a@n?o£afgm§g. 00 x 10"9 noles/L, to I ess than or
equal to 1.0 x 10"5 Rese IM] ®H&m) measured at 25C. As

use herein, the ter,pgr“@zky?mg%&%ﬁang conpound" neans
any
For AgsX: [M] = (3Ksp)"

It has been discovered that silver releasing compounds wherein the metal ion
has a molar solubility of about greater than about 2.00 x 10" moles/L to less
than about 2 moles/L when measured at 25°C will continuously release the
silver from lenses for a period of time from at least one day to up to or longer
than a thirty day period. A preferred class of silver releasing compounds are
silver salts, wherein the molar solubility of the silver ion is greater than or equal
to about 2.00 x 10”"" moles/L. The preferred molar solubility is greater than or
equal to about 9.00 x 10°° moles/L to less than or equal to 1.0 x 10 moles/L
when measured at 25°C.

As use herein, the term “silver releasing compound” means any
compound which has the ability to bind silver and release it according to the

6
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conpound which has the ability to bind silver and

release it according to the 6 W) 2004/047878
weRONAWERM3/ 037368 rates specified herein. SuPCHDE®03/037368
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near the atom bound to silver. Conversel y, k val ue may

qiers maixigEasdhensef aptingdk®ng the el ectron density at or

near \yhé asi Qﬂ\!‘é?%h%lexslk V21688 mﬁ?%e%ﬂe@@b%@d‘bﬁ%ﬁéa&MQ
at or near the atom bound to silver mag:ﬁ e i ncreased
n

th elegtipn gersiyat poRealdhReioR YNGR Silvesy Eienyarsely iy Yalue may
t% lﬂHI%% ed‘?‘H1 gé’crgéﬁr"@ﬁe élddirbh d%ﬁsn%t%‘?ﬁeaﬁhg AoM BHEHEPS,
coh o Simlarl | ectron density
silvert hidne electron density at or near the atom bound to snlver may be increased
by adding electron donating groups, such as alkyl groups, amino groups, alky!
oxides, alkoxy groups, alcohols and the like. Similarly, the electron density of the
atom bound to silver may be decreased by adding electron withdrawing groups
such as carboxylic acids, sulfonates, amides, ammonium, nitro, cyano, acyloxy,

and halo groups and the like. It will be appreciated that the electron donating
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atom bound to silver may be decreased by addi ng
el ectron w thdrawi ng groups such as carboxylic acids,

wae nlohosmsres, ani des, ammonium nitro, cyano, aRgI/U%3003/037368
and hal o groups and the like. It will be appreciated
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ver rel easi ng conpounds, the nolecul ar
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t
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sili W@f@rrﬁb@%hﬂﬁ&ﬁl& devichy thchglel soft cohiathlenses. ugleft borttact
are 25 not Jimted to sjlicone
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lotrafilcon

acquafllcon A, balafilcon A, galyfllcon A, senofilcon A and lotrafilcon A.

The antimicrobial lenses of the present invention are also substantially
free from unwanted haze. Specifically, lenses of the present invention have a
percent haze that is less than about 200%, preferably less than about 150% and
more preferably less than about 100%. Percent haze is measured using the

following method. The haze is measured by placing a hydrated test lens in
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et oo o, 15 58l o
QS 3#84% 1550363051502, 760 0. 1S T AS990 . i 5 ]73%51&1,
&, 530909/153Rq W8, 5, 9655636 RBddition, siePreldasi®y cdPounds
U S.'5, 776, 999, U. 'S. 789, 461 U S. 5,849,811, and
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SELHHER PO pESRL et AT A B ST ycont.
dsp@piftesion LAS 5 998 498, US Pat App. No. 09/532,943, a continuation-in-
part of US Pat App. No. 09/532,943, filed on August 30, 2000, WO03/022321,
U.S. 6,087,415, U.S. 5,760,100, U.S. 5,776, 999, U.S. 5,789,461, U.S.
5,849,811, and U.S. 5,965,631.

Hard contact lenses are made from polymers that include but are not

limited to polymers of poly(methyl)methacrylate, silicone acrylates, silicone
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acquafilcon A, lotrafilcon A senofilcon A galyfilcon

A and silicone hydrogels, as prepared in U S
wh2®984728, US Pat. App. No. 09/532,943, a PCT/US2003/037368

continuation-in- part of US Pat App. No. 09/532,943,
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v&@beaﬁeha%nmeaaﬂéc obfi aﬁéﬁ&a’iﬁ’plé‘%@r%rﬂfeﬁﬁé | ens
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\Aperﬁ ¥ Preferab#y the Si and_attached 0 are

eight pefc ent ‘and more prefefably greater than 30 weight percent of the total
molecular weight of the silicone-containing component. Useful silicone-
containing components preferably comprise polymerizable functional groups
such as acrylate, methacrylate, acrylamide, methacrylamide, N-vinyl lactam, N-
vinylamide, and styryl functional groups. Examples of silicone components
which may be included in the silicone hydrogel formulations include, but are not
limited to silicone macromers, prepolymers and monomers. Examples of
silicone macromers include, without limitation, polydimethylsiloxane
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25 present in the silicone-containing conponent in an
anount greater than 20 weight percent, and nore

Woe@hesshs y greater than 30 wei ght percent of PEEUSIOH037368
nol ecul ar wei ght of the silicone-containing conponent.
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/gll gf4tge gggants gtegiggarglg Bre ge lmpora%d A% ﬁwegf.lepﬁretles by
refct8fee279; 5, 962, 548; 5,981, 615; 5,981, 675; and
6, 039, 913; pol ysil oxane macroners i ncorpcj)rat

hy dr Jp¥i SilicenersRENoE FIONRFPIIRINING HRAFTRMBEIS, %éab‘?‘ﬂm& §:
ﬁ’ét%ﬁ@tr@oé\'@%oﬁ d@1§,737613991@ 7800Q%81; 5,867,99433,965697 and
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@85@&49{@1%'%0 Pé)iéﬁ% PuitRhle silicrRnegpPRITeREINGYeR ks such
BREREHEI B MotiaiaBohRios Mikipda BidorED 01

I ons t hereof” an
coTdaipiag eneronedrs estichesel- meaia@r)rh@fye%y i ncorporated in
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methacryloxypropylpentamethyl disiloxane and combinations thereof.

Often lenses are coated to increase their compatibility with living tissue.
Therefore, the lenses of the inventions may be coated with a number of agents

that are used to coat lenses. For example, the coating procedures,

11



10

15

20

25

30

W@ 0oaxarses cont ai ni ng nononers i ncl ude,

5,998, 498; 3,808,178; 4,139,513; 5,070, 215; 5,710, 302;
5,714,557 and 5, 908, 906. 25 Additional suitable

of TRIS described in U S 4,711,943, vinylcarbamate or

BABABHS andRRNGR cﬁﬁﬁgbgﬂ%%ﬁ éé%;s%ﬂg?ﬁ 18, 270, o4 d

onmers contal n

SAMEBRS, HATBYIOBXS 08597, 8, 693,86 62 3,604, 6,200,626, and

S TER o Do 0 P eBPIok BB AR ALY | e,

nﬁﬁbrpmhh&@yyéfemedm&hpwpmneddngé cdimpbbitioraa) end ntkthods.
ons t oated to

[
Hiwevends S RBnetes Felass Fohfi B8 fTafie T et
chbelcefrietics, maBe hetiers] withdub thel udeftostings Mmeant & slom e
g n‘Eer of agents that are used to coat |enses.
r Sﬁs%ﬂféﬁf) Y€t he coating procedures, 11 WD 2004/ 047878
PCT/ Qﬁ@g 3&93&3@% m@éiﬂi@ﬂ%éludlﬁsa n@ﬂfbdfﬁﬂrb&ﬁﬁng)ﬂﬁe adverse
W03/ 11 087 415, 779,943, 5, 275,

eaegfﬁses&g@ateé %\éﬂ@«:ﬁma @ow@aﬂe@ on g lensplgged 'nathz@eulega
régiens 8f ﬁ%n%ﬂgu CIRYpriRfhd e8kigting dfftﬁ%%n@eﬁ&g 5@%@9@ &nd

atents are ereby Incorporate reference for
mmsarpaa@"é@mbé%l Ier@oqﬁ;swﬁn%metaéﬁ%!eﬂ%@%aﬁpow on the

é(?@SI : a mh?al.' ﬁré‘er@ﬁ@ﬁﬁé ferfis {NBPn fiof Sﬁl%ﬁ&t 2 Hé{ﬁ%f'déﬂy bpat

e rel ease aracteristics may be achi eved
opntimenus wees. d5e temslens.iangsicrebiat lens asidonetehieleaséicease

c,-l%fr}]na‘oﬁgd%h'h\é@é tl]qeﬁtcéfl)#enéfe?{‘iloﬁéﬁ H&% mg% \fjg g&g@%a Yhges. The

es a net uci ng event
pdsasec iadverde wiverhis msecpmteélwﬂbdmgmbmmlonlzahpra lmcé\urée but are

r{%lt ﬁﬁ“\ﬁgd ch;rl?gct%%maf nflé%rrﬁﬁ%hog&tgét légq S esgerriﬁr}eg?

consi
ulee,rs qmlntant msmsmahemred ope, anfilirative keoatihis) mlanqblal ke tdils,

RS T TR P o 865 vl PR onr el
amlrthe Ipmfelﬁedvawmméﬂheatmm | ens, antimcrobial |ens,

d | ' und al | h t hei .
SN AR M TR T
PG Bbiapere bﬁmpﬁyiﬁ@t(fon@%ﬁl@gi bsdeptam dfhomorfswﬁhgbf a silver

coloni zation" incluyde but are not limted to co
rglegrinp CORPPLATMNEES pthed OPE}Pé'S?%lCQf‘%'atSrf‘éFFBWE'V 8?

donsiBfsSof nGiRIRL A¢d silven &1@@6@3@%&1@%&% %nslfﬂfmulbt"cﬂi pﬁtﬁf to
keratitis, mcrohial_ keratitis, nd the |like

QPG FaiMsAIRYCrRRial Ras ﬁﬂms&wé@eﬁw@%@?wewﬂm\éﬁ teir
zﬁé‘l‘én{é?ﬂoﬁé&ﬁ%éhﬁgs BRARfeirsd ?ad@;kégﬁl‘rhe Q@rn&fbnlnl\uléﬂﬁin PFBFY
further, the invention includes a net of produci ng
tagny mgredlent or combination of ingredients that is used to make
antimicrobial lenses, such as monomers, pre-polymers, co-polymers,
macromers initiators, pigments, dyes and the like. Examples of such
ingredients are known in the art and some of those ingredients are disclosed in
the ophthalmic lens patents and patent applications cited earlier in this
application.

The lenses of the present invention may be made by numerous methods,

such as the method comprising, consisting essentially of, or consisting of
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antim crobial Iens conprising, consisting essentially
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0.1 VEhS PR AR BB A9 o Mg Bl
Iamséslﬂfat ctudertait med nbi Imlteeldolconm@wrtlgagmtcorrhvehtec‘u’nealens
s so]d{hum chl.ori d

BjeianS B VIR OH BT S o QmEd Jo e Tas s

Shkb\,f/ telthospekidss inume s, Sicteas sietkirignort stitrirgc Bhoused to form

SRR el e Go AR 2 T
armo NFeBxagpléttBe ophthalmic devices of the invention may be prepared
by mixing reactive components and any diluent(s) with a polymerization initator
and curing by appropriate conditions to form a product that can be
subsequently formed into the appropriate shape by lathing, cutting and the like.
Alternatively, the reaction mixture may be placed in a mold and subsequently
cured into the appropriate article.

Various processes are known for processing the lens formulation in the
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wheamiog879r i odi de.

tetra-al kyl ammoni um sul fate, quaternary ammoni um
hal i des, such as tetra-al kyl 20 anmoni um chl ori de,

sodium iodide. The term"formng"” refers to any of a

, . | ud
ARSI O IR, LR BT S OBl 0
Spéinvastirfioometiiods eendisadseadhie UpS .63408,42amh 8,660 545,rartnlestat|c

S e B8 L O Sy

niethod fop prqdmemlgccoata:t lehsss afithisl ewentioh |by)y karadating. nEdi thids .

5 Rdgo AT Raf bRl el e b e ey

déSli’etHEhé Bndvthé fens ferelupatieniis eubjedted 1o dortiions whéeredy tHeng

b t dit to f h t
i BRL Bolisgne: f ProskbRd i o ey B ealed Mikme
sbweht&b hémave tetdilues: aﬁhﬂdjlttrﬁ‘aielkrlr&ﬂace tﬁbtdﬂﬁéfﬂwlﬂﬁ%é{er tTines

| d
RSB U oSl L ot o A5y Pt S5885 4,889,664,
ava s gaes4 5y, %@ﬁo%@éie@h@r fér@rﬁceorﬂ%gﬁ'éfeﬂ@dtrﬁ@h&@aﬁ
fornul ation in the 13 2004/ 04787

cpeng isgdihgarigton dsefersblydd: o veibierlighb and cost presesgbly with
vistHid ﬁ@j-it_ng spi ncasting and static casting. Spincasting
met hods are disclosed in U S. 3,408,429 and 3, 660, 545,
and $haisre “sives apery’ iaferh duanueempsiitondinetiding aguspus

si’sl’uiité'f%g %ﬁa@@ﬁ Sndo 3n§6@xan:|_ s ﬁf‘ ﬁfcﬁ osﬂ@rﬁﬂﬂglgéé’ but are

produci ng act | enses nve
neblirditesto aqueowswrsorgamesmmpnsmﬂ &ilves nigratey sitver aifiad;m or silver

BB Wef e onCerl LR LU, SRR R B Ta o o

gosateh tTfmrmefM'red alvwer bhent i< adquuone Biker mﬁiajt&rmhezethet 0
rea

d . .The .| b
BiAfoTs! Sa B i Faellie Rareer el shyefa phaite
0t0091db bbeutt3owéightrir&nt, rffckr@refaﬁbnmbdus rfegtéeg Iﬂ%rn 0.001 to

el B! POIPT PSS BAUISIS6! WEIGLeT 00 BeltPT AL ISy

petbRbR/ T g?@é@erﬂlﬁ@f Sbdued. omtt@gslomfo 033\HéIHHQ)ér§eerh§éd on
rad| ation bly_UV or visi and nost

@Faéw&tahyogﬁhﬁﬁoluv%. Bm%tarmgtﬁ@atmh@f%ré%%msmevad of

ca@tgeﬁn thefsMfer abBntiiih e WHPBS\bvﬁér’érihé bfé@érHéH MEthE #eous
solutlons) contai ning silver ions. anpl es of such

IPHREHY e dens in faolitien @ﬁtheéﬂléer agsn o’t’reahlrm qasdnelede heating
RALEO NS %nuwrgmh& st é@ér@ Nut Rfis §aekéfﬁ;e tﬂétttFé%ttn .sSda'rrYe%f

trif ate, or silver ace concent
oyt atsimbient tameatatyras.s bheitime the lgnabdcqatml \gvtmtbecaﬂver agent

will depend upon the concentration of silver agent in solution and the desired
initial concentration of silver in the ophthalmic device.

Yet even further, the invention includes a method of preparing an
antimicrobial lens comprising, consisting essentially of, or consisting of a silver
releasing compound, wherein the method comprises, consists essentially of, or
consists of the steps of

(a) treating a cured lens with a salt precursor;
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WO b@4®¢ist& i on is greater than or equal

greater. The preferred silver agent is aqueous silver
nitrate, where the concentration of silver nitrate is

to about 30 wei ght percent, nore preferably about

gr eat @) thaamnﬁg meheoﬁé@e;ﬁ@gwmh sheergdyenper cent  based
on the total ght of the solution and

EF%F%’F&@W”F?BW el Sall PieRTSOR SHYRT age@regnquge%twlﬁll heves

WRIrdibreRRNE6MEd MasRAgPaNd préferiealrahgetei ght of the
solution. The term" ?reatrn refers to any net hod of

cont at Ph@eer@e@pnmdmsw MRY PRE&ATEALUL Qi singlene
He%ﬁ&ﬁr&ﬁ%e%b Red dotbirBR bEMBEhdrtRI &S, rroa eﬁérhﬂrbrzrm

of the silver agent. Treating can include heati n?
siier releasinchcameasinds iaemadsiedttn sursid) Igrsesaglbofithe Bigps fa adds

mo%g%ﬂv&‘?elegéﬁq_&%rﬁ?l& tn’#}a} t?@éérh@djout%ﬁa Aldr Qﬂﬂ{ﬁgghrne

errperatures ns |streate
wihiohduncligeaas faliows. é\epeeﬂjleup renthyerateshqanially hiydratedfor fully

' d
Rlrseh 865 May t Abetl bW iR EERAGE A shllidd & <ot
pmura‘ou radt@bed to tms pankegdz armirlerftrfort altims saﬁmhtmcbllow the
ti al | i Si . -
STty Be 38 REM A B2 i oraRRedRPRYS BrSibut meymptent
tcerbredsa:mgndmsiram imekze . Wiies ﬁne vrtilh&aryraemwrrtglnpmhf I ItE?Squbrlrtfy
t e s S, 0
B8] ShRiERaT & the et e vt XullpPiedimds AL ShERRy o
lwaua&erfmréwcsacae |Eiﬁ5/etllér?2|€)ﬁ${rﬂﬁﬂ’é’é5@nd rﬁr’te)eramyzatéﬂwwntabaut 30
ens o tep.(a) w a s en e te
SRR D15 BinUjs A aiP PP B ST ON BRI GMOTHBHES: and
SuBgddueatilthe B@Mﬁbn difhl% 5alBireE@EBNS raMG RN SWStior a
preferred ranges of the aforenentioned processes,

mgfliRgertis .arﬂ%d Eﬂﬁhe rsﬁc'ﬁlger ryPeediently Riginets| agrn) selutisyis
?erﬁé\m@l At theMerRfis Wﬁ&ﬁ@ﬂhrﬂﬁéev@%{ b6ﬁi%ns bPdeiriAePater, i |

i lver rel easing conpounds are ded to cured | enses,
érr"pwefi bvrs@@r@r@@ tlt@haulé betamseé:@eq! {hat apy:pidhs ferggoing

NHSy MRNidESd6i r‘ie?l %%p@ 'éth)Qs ®a§¥ ﬁ%ﬁie' 18R, FatdllaRfg and

i ch functions as cure
thedikehydr at ed, partially hydrat ed or fully hydrated

| ens) of eé?@grp Jggﬁgp iﬂg)@m@erﬁfoﬂ %c‘?uo@s'asrhg{hge A b?e%gnngo‘an

sol ut1 o r ecur sor
patnhag@raiﬂ&hsl ce:htprrSmg, eonrsrstm essehtiallyarit ortoonsiklingoftahsiiver

geqec‘égr f ens ir ﬁe%ﬁl enc%%pris%s goga@?soés%%ﬁglly%f, or

nurmhasisoﬁtbﬂeestémszcﬂ The time wll vary dependi ng upon

t he sgl ubltl | t,(é nd cg{rcsrlgtratl qn of the salt and
t enpefat ur'&2" gat?ﬂﬁ‘%' P8 anbi ent  t enperat ure)
i ncl u@g uprdating ieeiensOf st () @dthanshltpredesapl y bet ween

"?JRS lflérmssoan’rimicrobial lens, salt precursor, metal agent, and treating all have
their aforementioned meanings and preferred ranges.

In order to illustrate the invention the following examples are included.
These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as

well as other specialties may find other methods of practicing the invention.
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15 seconds and 5 m nutes and nore preferably
approximately two m nutes. Subsequently, the solution

wo@bootlog783®l t precursor is renoved and a sol ut i BET/02083/037368

nmetal agent is added to the package. Subsequently the

5 5 BB B T e eron

foll owed by sterilization. It should be appreciated
that any of the foregoi BYAMPLES hods may i ncl ude
addi tj onal steps such as washi ngﬁhe | ens, autaoclavin

and SR Telege Peifiley wereimeRRieg & failews: (ne Nier ﬁﬁ”&ﬁr

ﬂrBl@irHG’&ﬁ)r%om%H Qs Phader @edihing 838Dg sYMUMCRIoA®E, .44 NS
npri sing, consisting essenti al I%@ , Or consisting
r

rmn%baﬂq sPSUM pBegRisit ¢-40sriieaRie sodinarmosphate. TrB%Savme
&ﬁﬁ% hsaébunmm%o@tcﬁ.cﬁéﬁ 884 'aﬁ‘Juth %nd Pbog 8ﬁcr€ém§ggswﬁ,té3f

steps of treating a l'ens with a silver agent .
h(sv)zymeeaﬁewglzeﬁ evat@rnsT hefingredigntsegrewraighesl @iland placed in a

1B é@énm%‘? \M’%m% tﬁ@r‘i JflI éﬁﬂi‘ﬂpbé\bmlz@é‘ﬁ o3 "’\Jhﬁs SOIl[j]tIQn was

%rggg;rggréﬁngamﬁormé ant Mygumt pt; Zgé ta p@veratrc@a@turm im

I ' .
o@é%lﬁ%lotggalh rélg%er ﬁ%ﬁleg htﬁe _Pﬁx Eﬁ&&a‘?@d geé\?y %@% lrr}i t
indﬁeidbal\m;aﬂtlcomals Witk R.2amb stagaiatrd prdtqn donsusphe®n, which was

i Ci t h
PRy 2 B0 Sk BKELRIRTh  JB9RR o
tamlghaxhttthes»l(mynS V\Dérnztgvgzlloh Im?g 7cmad|hmds ggn‘oom wotpetatoe. t he
{
THREREIS seidudhupireiLied ob Srermbtods Bougrouife mitv-day
testqiegiodf dridd, aintl AvEREedfdr r@(é\l‘vflﬂlgrs‘ﬁver&dnm vizelNe@s e
profil es were nmeasu

d as fol : One it f
D% anFaF SXIS3HeH BNATIGGREH CLBPGY RS HE AR Eh B8 oW
l@lcﬁﬂigerﬁﬂ’éibél mrQMth%’qu wepd p%d&%@@@ IB6ing ‘B@DHL”bf artificial

phosphat e, 4.40g di basic sodi um ate .
thangi selutiop| (wedg fmng&éeglspwumcw %ﬁr@@enor@zjlsw nﬂzﬁﬁswm
0] |

RSgaté 460 dLERT, LA bhohaly MRS BEufd kafbhuin,

120w ehickear @gﬂpeﬁnm, whil d h’ZOigs:mdken eggiwhite lysioziimesiiloiedzed
Thi ' N i 4C

Jetherd B ot 2L RRF it Ruly pENS, ' A Rblentle.

werealpsad in thedzeedmgps of 80 eds of prespbatehydieatdeshline mnds

AR O B 376 ol B e
reicmt'yerznathswese thﬁheplanedlcm aveoditélegitakemnarad altomyedda lra:ubate
fBlr ﬂ ﬁo&r@aal% Fom temperature. After incubation, lenses were either
transferred into the wells of new microtiter plates containing 500, artificial tear
solution or removed and tested for antibacterial efficacy as described below.
Antibacterial efficacy for initial and incubated lenses was measured as
follows: A culture of Pseudomonas aeruginosa, ATCC# 15442 (American Type
Culture Collection, Rockville, MD), was grown overnight in a tryptic soy
medium. The culture was washed three times in phosphate buffered saline (
PBS, pH = 7.4 +/- 0.2) and the bacterial pellet was resuspended in 10 ml of
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t hroughout the experinent, which was conducted at room
tenperature. Triplicate |ens sanples were pulled on

waledokoumne days throughout the thirty-day 15 tRGT/US2003/037368

period, dried, and analyzed for remaining silver

PEE. ahb bébf&nlaNﬁGeulﬁerMréﬁé@d t@fésumm écﬁhblad:or@feﬁﬁrﬁﬂm)bf
enses were incubated as fol ; iter Bl at es

lfaBPquE?%teEy c’&ﬂ)%t‘?%?PM@P"%'”BPQB%{F'Ed(CB&/mb aEhrﬁace gctlenggs

Vekéd fihsdchin thﬁe@aihéngé& SIomill{iieers of fpvheawaté Qfoé@als@me
nonobasi ¢ potassi um phosphate

hiorid
ASERET T 218 pmaYeresuRbolAsn Eashaiiad jens Swas
p%lce@ With mEQJf%heQ—Q%téﬁHI %%mu‘ﬁ%t@é Qt@ﬂé‘%laéé‘ﬁall Wi was

hi cken white S0z ter 1In

\mrleno}ate% Ireaéhal&wncubatoa(um i) formiwerhsiirs al 37pHaReC. Faeh
by f

IS o RRR oo Rl IS idi il i TSI 8L clidhdEsyry
|Ptﬁi80’t0| ramove MIely\/h@Iuhd cells, péacied st individua vmetls oba 24-well

. ' t4 |
BGER%y oERE pallb Bl hBes, Bb8 FockElin p AR ARRE ol
atiditionah 22emques at 3iF €/~ 22C t Each fenslveds agajn fiesesldiveieres in

i th t d the yel | j t
Bref Shond R 5 Bl ab B BB ol PREA TG P
PEsDoterdaining OL&3S% éal/vi asWean‘N ;eine r\mﬁéx@‘ &t zrmoypasror 3
S5 ohS arEhi B o lALESRH ol i s
oaAJr:Ttgua to e |BAS uvmmaﬁupg%up@nlagﬁm?aéﬁﬁ@ﬁeﬂagé&l?olr viable ey

rIC ure «( ectl on OCKVI e,

FAG G SRH a5 BRHItS At SHTRCtEbIS {Abe BoQegh AeEmo Bigtses were
avéladed anashivasheas Féb"eﬂ%dtéslmé ldreR0ESI G tRe h%&@lﬁﬁﬂ as

saline PBS, pH = and the bacteri al
ﬁ@'rnpéfe%§°m§§|l@é‘é% Wdﬁ rfr Oﬂﬂ)thﬂ TQH"G 1 fgmptstimporihostadded
BivEr})S2003/ 037368 PBS. The bacterial inocul umwas
prepared to result in a final concentration of

r.oxi mat el 106 col ony form ng units/nm
q'gg f9lﬁq\_n5|ng %‘P#@é'a@m%%r? HS@H%L‘" égé”g’ 188 nsed in three
Blnmgewoi trdlredttidn ;ﬁrba@cftsbf pdadibe sRBH Y Uf ficedEmAl bee

pH = 7.4 + to renove residual solutions.

Eﬁ%‘wheﬁn%éefa'rnek?s“ %‘és abInec 8P4t893 2 nL of the
loent1esda 1:H QKW LA &teh r§iﬁ%lbﬁe>@)l wke%ne \gha ‘5? (2.6-

was then rotated in a shaker-incubato
dimethyrivgeazoyd2.4-A-trimethyinenty! ph@s@ma@«%noved f rom

HWQWNSdMe@HyiacWIé}ﬁ%@ five times in three changes of

PBS to renove | oose bound cells, placed into
Pt Ficirrapyloes DWC@ﬁn@GmﬁtMIGtherm crotiter plate

ﬁ?rm an igﬁjaéd\{%ri] oﬁ% %@q%oatr ? :S Isg i/ :c,hgléer Eggﬁulb:tngr
W24 =dgepirapyliatlobdl five tines in three changes of PBS
Wlﬂlﬁggvl%olvg-%e%gcr98%%&ﬁ 'térﬁfiné%@sglgdimeﬁﬁyls%lgx%e (MW
800-1000)

Norbloc = 2-(2'-hydroxy-5-methacrylyloxyethylphenyl)-2H-benzotriazole

ppm = parts per million micrograms of sample per gram of dry lens

PVP= polyvinylpyrrolidone (K 90)
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PBS containing 0.05% (wv) TweenTM 80, and vortexed at
2000 rpmfor 3 mnutes, enploying centrifugal force

wao eoodiog1sapt adhesi on of the remai ning bact eri BCT/0S1008037368
| ens. The resulting supernatant was enunerated for

PRI i g AR

vi abl e bacte ses were averaged
THREDMA 3tefraethyleveplyedatimethaawylattie | og reduction of the
i nnoculum as conpared to control (lenses made from
the Table 1 fornulation wi thout added silver). 20 The
LfeoksIF@W'nnlgii_a_rh)bn@@ianthons were used in the Exanpl es Bl ue

and nERRLOngeeR bl A RAIRHES e T REe T oo RS g

t5e atrB6& I©GksdBBa IWWDZDQMMOM’EMa@bmer B, in Example 5)

T B BENEOTNY AR BRI “phosphi ne
oxi de 25 DVA = N, N-di met hyl acryl am de DPM =

di propyl ene gl ycol nono ether HEMA =
2- hydr oxyet hyl net hacr yrﬁi@% A = | sopropyl al cohol

nMPDMS = nono- net hacryroxypropylwe%mp@ﬂ;egf
polydinmethyl sil oxane (M) 30 800-1000) Naorbloc =
2- (2' hyMR&RMES- net hacr I yl oxyet hy B8yl ) - 2H berjzot r |
azole pphifgjgPar ts per miffiom mcr ams—of —sanpl e
per gr ampt ry lens PVYP= polyvinylpyrrolidone ((K 90)
17 V\D 2004JMA7878 PCT/ U<p2003/ 0373686 UORI S =
S=methact propyttris—{trimethy Xy )—stans
TEGDVA = Mp[?’?%etjl enegliycol di net I%Cdloyl ate Lens
For rrul atTEGDa,nﬂd Curl ng 5 The nonomet.om x f or nul at|i on
Hsted+n-—Table 1 nraparatlr\l the madroner
is descri HEE"% W)2002062402A1 (lvag?yBQrer B, in Blanpl e

o) excentr gsomg triethylamne to cRp@l yze the
reaction of TM Tabhl e Weight Percent  Macroner

17.98 TN@RBYACoo 2.00
Blue HEMA 0.02
CGl 1850 1.00

Unless otherwise specified, 3,7-Dimethyl-3-octanol was added as a diluent,
with a component to diluent ratio (wt) of 80:20. Unless otherwise specified
lenses were formed by placing the monomer mix in a contact lens mold and
curing for 30 minutes in a N, environment at about 45°C using visible light
fluorescent bulbs (Philips TL0O3). The lenses were hydrated using 60:40
IPA:H,0 as release solution, and stepped down using 100% IPA, 80/20
IPA:H.0, 60/40 IPA:H,0, 40/60 IPA:H,0, 20/80 IPA:H,0, and 100% H,O. The
lenses were then rinsed in deionized water two more times and stored in
deionized water.

Examples 1-4
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wa 2@3/0478@ Unl ess ot herwi se speci fi ed,

DVA 26. 00 MPDMS 28. 00 TEGDVA 1.00 HEMA 5.00 PVP
(K-90) 5.00 NORBLOC 2.00 Blue HEMA 0.02 CG 11850

3, 7-Di net hyl - 3-octanol was added as a diluent, wth a
co t kO k

ot horwarods oSy HERmRdC hBm(e IndRoriEr iR B e Table 1
ahoMexcept U(Slﬁgh3%7@ Ot slipropydens ghptak DItMA as Ltne dl!;}lefnbr Tige

RS o 2 o BN et e P2 on e L AVl

sitegréodigiel partohdsedsfrom /HOrn@tOChélﬁ;&al—QO)naeny eTlmscemmermal

e s B Syt B # Pl SRR DAt S dhetinor

lessthaf QGorki2Ons Bnd préEaree blewds of tHeenomomeledlxl vmth varying

d
a5 SEGER Ser oBRrEs toxirailES 631 %5 S Khile Ersmpies -
ﬂWpUSZ@&%tQ&E%&JImﬂg hyrﬂmr@l lerd hgl@d ange rpmd:mnf fugthied b,
I N a e apo e usi n ]
B oaRss o I8RO oo ahL ity topRanalt of e Wpe Hesibed in
UBI Patcht £8d0was. wm&atm ac&@r@a&rn@baé nitidgef rpu?e and
salts al on h silver chloride and silver i odide

BB SHTAI S SN CSRIRE N "D R iIoR B 03
fmerageéﬁﬂ tﬁhbs%(zﬂméﬂe%rabo% %@Hmtdj eatsd kwera%aiés%fts@ @ ov@m

artlc Sl ze di stribution of equa | ess

@'Ouﬁ?ﬁc NB@& CUY: feepaldsdvase opgredfang H@e mﬁ@werermydraieﬂh
a‘h%ﬁé!éd?ﬁd b@rmmgﬂh%q &yécleggvéu( |nV435/6@ h%/%o U®/dd68)e! Sﬁd

or silver 1 odid Upon recei p

1tQQ melenlytiong qfn\f\éatterraé@l Ré é\ wﬂlmém rmiBE of girea ferises from
Jadh %E@\R/ &fried |ﬁ %evagh?frhlﬁv@ﬁ f(Wat e tB?%?r%otugs %;B(ﬁbggfa

cavity ens no e type escr
rRareHn pregsiie 48tve iRohgmef g, andaenttocam inddpentat lakoratory
' v
i T RS BLY 50 thecd R rBEAL Bl ot e fhy Woldlor betBkisn
analysis (INAA).

Silver release profiles of these lenses were measured as described
above and are shown in Table 2, below. in all tables the value in parentheses
after the Ag content is the standard deviation of the reported value. The values
in parenthesis after the k and [Ag]nr values are standard errors calculated by

the data fitting software.

PCT/US2003/037368

Table 2
Interval [Ag] (ppm)
(days)
Ex.1 Ex.2 Ex.3 Ex4
0 1213(71) 619(15) 322(11) 272(9)
1 1094(117) 548(1) 270(6) 242(9)
2 1069(95) 512(15) 247(3) 216(19)
5 949(56) 448(8) 207(8) 185(12)
10 873(127) 349(23) 133(4) 106(23)
15 628(52) 280(5) 85(9) 96(7)
20 585(53) 225(38) 58(4) 69(7)
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er curing,
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hours at 80C, at a nmaxi mum pressure of five inches of
FFigst orfed ka/ehies fior emchilentepenedistermingsoaratsbeyn i dable 3. Figure

hEHUESH tiAhe for

TSl He. e

M %ﬁ‘ ’cl%:eo Rats?dquta gard

vation

an

ayS|s

oAt forbts gTPhES

pe ddrisee of Bkarhplede | enses were neasured as descri bed

rel ease

above and are shown in Tapaﬁ é below. In all tables

the val ue i n parentheses §8r the Ag content is the

st apdard devijat 10t [ hepxepor{ed mague.| TheEwal ueg

N PEEAH P! [S498 TR3)The Beand [ Agidfreyaljues 53(H

st afRL LFEFATS §arCUrpreg dyy iTheglgga TiTTiggg

sorirar %, 2> | pgta iz | EhEsn | Ao d I ] 1
| v S R i, S U—IZTIOo (Lo oZZU LTI Z712Z(J)

1094 117 548(1) 270(6) 242(9) 2 1069 95 512(15)

B 5216(19) 5 949(56) 448(8) 207(6) 185(12) 10

873 127 349
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oIt WheTa
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Table 3. Figure | shows the graph of the residual

silver concentration as a function of tine for

& bad® Sty RegamiiSy Gy sXcopy Taphe il Siker

o/ TR0 0sr 28 1S testinl 1oPSstdiReq effiddcyd’ng the

p?O 501

| enses of Exanple 1. 5 Tahfkle§

shown in

t he

Days in protein solution

Bacteria reduction (log)

1 6.5
2 4.8
10 4.0
15 4.0
18 3.6
25 34
30 3.6

Fi rst order

Thus, this Example shows that lenses having Agl dispersed therein were

able to substantially reduce bacterial counts when exposed to artificial tear

solution throughout the entire 30 day test period.

Examples 6-9
Lenses were made and analyzed for silver content according to the

procedure of Examples 1-4, except using AgCl as the silver releasing compound.

The results are shown in Table 5. The residual silver concentration for the

lenses of Example 6 was plotted against the time interval, and is shown in Figure

2.
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Ex 1 Ex 2 Ex 3 Ex 4 A NR m 425 103 0(63) 12(12) 58(9)
R squared 0.97 0.99 0.99 0.99 K 0.070(0.02 0.052(0.01)
w@209/00788d) 0.13 0.02 Exanple 5 Lenses were naOBUS2003/037368
according to Exanples 1-4, except that the initia
silver content was 377 ppm These |enses were tested
for sustained efficacy using the 1o test descri bed
above. The results are shown in Table 4, below Table
4 Days in protein solution Bacteria reduction (log) 1
6.5 2 4.8 10 4.0 15 4.0 18 3.6 25 3.4 30 3.6
Thus, this Exanple shows that |enses having Agl
di sper sed therein\MH%%EﬁNﬁ £o substantially reduce
bacterial counts when expose 0 artificial tear
solution throughout the entire 30 day test period.
Exanpl es 6-9 Lenses were made and anal yzed for silver
content according to the 20 procedure of Exanples 1-4,
except using AgC as the silver rel easi ng conmpound.
The results are shown in Table 5. The residual silver
concentration for the |enses of Exanple 6 was plotted
against the tine interval, and is shown in Figure 2.
20 WD 2004/ 047878 PCT/ US2003/ 037368 BLANK PACE 21 WO
2004/ 047878 PCT/ US2003/ 037368 Table 5 Day [A g] (p m
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0.20(0.06)

0.12(0.06)

Example 10

Lenses were made according to Examples 6-9, except that the initial silver

content was 80 ppm. These lenses were tested for sustained efficacy using the

test described above. The results are shown in Table 6, below.

Table 6
Time interval (days) Bacteria reduction

(log)

1 6.5

2 24

10 2.1

15 1.3

18 1.2

25 0.7

30 0.6

This Example shows that lenses having AgCI dispersed therein were able to

substantially reduce bacterial counts when exposed to artificial tear solution throughout the

entire 30 day test period. Moreover, Examples 5 and 10 show that lenses

displaying a reduction in microbial colonization of at least about 2 log after
about 2 and 10 days, and at least about 0.5 log after 30 days may be

produced. In other embodiments lenses a reduction in microbial colonization

of at least about 1 log after about 2 and 10 days may be produced.
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| east about 1 log after about 2 and 10 days nay be

produced. 22 WD 2004/ 047878 PCT/ US2003/ 037368

Exanpl es 11-14 Sodium lodide (0.38 g, Aldrich lot#

1801481) was dissolved in 12.25g 5 DVA (58.9 g nononer

Hla¥doles P-4 s m xture was added the conponents in the
anounts to formthe nononmer m x of Table

1. TRodiunpledider(0:138yg, Aldkish M@&&@%IHNammsm‘wéd;n de.2sg

I
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apAepniateganackants kBARYhE monomeumixesf  Taaled! . Phiy moapgieegmd
Fi ECD ,00- b 10 T s ha

e SRS R B s of 2 il
Tihe rmsrmmeiﬂmxaxlzqasglsédttcs p«;‘eﬁéegemtusn@ Ze’ongh(zéoﬂn lae

t | SC Se n he enses
HBPR b e e BokpEPaSTs (ith. GRRE FI0 OBrt b pives
Tk rhvii®Bad Beé’h me&/roaelgrspmtdm&@hmﬂﬁpdmﬂmﬁg% cfr@ér téarowje
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3 'nﬂlsrt@é‘af@r ﬁO%f'ngfe@*eplﬁﬁ%ﬁ H§ing ﬂ!ﬁamﬁihpﬂafi@clpﬁeqm wat er
Vo081 851.f Phe RnBESWEFe cLIRGY thYd&r @Fslb‘lb"lldrﬁ G%ﬁl Péelf LDR-VRDle-

transferred into 60:40 | PA:D water hours to

O uhsdia atnieogesrai@esphiase $he Oabior 124 émnutea @ &P 57Ge
: eNS§Re VhlD lé&%’% vv?é?@BQﬁ]Ehdetéhd lﬁ'[n?ergé’@ﬁq? DL(ﬂﬁfdgﬁAﬂve}rhe

enses were rol
nitsedé mgle\mteusohﬂfwrfot 2 heLyﬁ éfhe djv(dragomtramers then tansfereed

. . f
S OOROPR el S LU 6 RS, PR SOREE B Po ATIORR.
cure).f Bhe Bhsemwere; then s@abbenffintotjéms centairtingP A ofheDenses
W56 Pigg B Ta e S0 tp e loB g S kv, Atz
PBUrsmlbetwee‘n)exZF%gm‘s tTine lmbuWemtheﬁ@ted@bd \gaW?lfrongheat

e solution for % 0

IER e Blwafks, 5\Eprhaadiag 8l o 1WBf kie AL ks k) B o
tmgcﬂnnoanfbeDewate.ang ee%w\sl\fglfee &gﬂﬁdwfﬁﬁﬁl @I.ateﬁfii 2©‘ymfrth6 e
SNiEH 17 5l ielarce) S00R 6F 18 Sofiiah [ b et D dSTeiias elution

fOrmItvaeter; §PB00%B Bf PHEBoRitioW 8br. Divaiefe AS YA obthe dohibn for DI
Silver release was neasured using the nethod descri bed

waleyy B 10§%eof theseluiian far I waighnT heexchgngesvereperipesediatal
Dlrhinele ifRAGRNTHATdRBs Wefe ABCHLRREIRS rﬁf_ of g&a@%\ffﬁl r&g 11

was plotted against the tine interval, own in
spiingur Enegenses were found to contain 353 + 22 ppm silver, as measured by
INAA.

Silver release was measured using the method described above. The
results are shown in Table 7. The residual silver concentration for the lenses of
Example 11 was plotted against the time interval, and is shown in Figure 3.

Examples 12-14 were similarly made, except without the mold transfer
coating, and with the amounts of appropriate salt (Nal, tetrabutylammonium

chloride (TBACI) or tetrabutylammonium bromide (TBABr)) shown in Table 7,
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Exanpl es 12-14 were simlarly nmade, except w thout the
nmol d transfer coating, and with the anmounts of

wapmaogmsiat e salt (Nal, tetrabutyl anmmoni um chPOF/UE®03/037368

(TBACI) or tetrabutyl ammoni um brom de (TBABr)) shown

3/ 037368
bee[q ow agicfggbt 0 aV@] Q%ﬁéﬁﬂ%rﬁg&nﬁ%@%r m x of Table
1. Table 7 Ex 11 Al Ex 12 Al Ex 13 ABr Ex 14 A C

Na salt Nal Nal TBABr TBACI [Na salt] 0.38 0.0073
0.0345 0.0176 (gm DaysﬂaA@]?(Std dev) in moO

3'01’1_)\ [ ] IC)'IIL 11 il | CQAlLA \. ADA( 7\

15 ootans B UALEE I AT Pl i3 (A8 T g@%%
A

oT

)
M NM

Nl\j 2 5alt | LT 3 (3) i;)@m 7 QﬁAﬁj Qg_uizz"&‘j\
1q RN7 RRII21( 2)0-88( 2)| “PPE3(14) sBPFAT nnf OOl

15(5)(9&%(4, 21 57(22) 61(11) LNM NM— 30 38(18) NM N\

NV [ RAVRR 43 51(35) 37(21) A9l &ddepv R 0. 99 0. 98
0.1995 0:99 k O 76( 03) QO 1WypPma4) 2 1¢( ) 2 QL0 )

NNE N Meas3%H(27) B &28620i g 11HE56 1V al Lies584(19)
anpl® 11 [(29017) wilt h426{Bke |of 158KIdTHI es 1-96(4
vdl ues? r andi ng NMom 0. 05NMb_0.[13)116¢11dan be H8M8)t hat
the n®thod o100 @ddr por2¥7(dH) of thd&Mil ver relNMsi ng
canpouRd i nfl ustdes tthe NM 28(3) 19(0.2)
7 82 (24) 229(26) NM NM
10 NM NM 21(4) 19(2)
14 52 (14) 86(11) NM NM
15 NM NM 15(5) 14(1)
21 57 (22) 61(11) NM NM
30 38 (18) NM NM NM
[AgINR 43 51(35) 37(21) 37(6)
ppm
R® 0.99 0.98 0.995 0.998
K 0.26(0.03) | 0.17(0.04) 2.1(0.3) 2.0(0.2)

NM= Not Measured

By comparing the k values of Example 11 (0.99), with those of
Examples 1-4 (k values ranging from 0.05 to 0.13) it can be seen that the
method of incorporation of the silver releasing compound influences the k
value. This can also be seen by comparing the k values of Example 14 (2.0)
with that of Examples 6-9 (0.89-0.99). In both instances compounding the

silver releasing compound into the lens formulation provided lower k values.

Examples 15

1-Vinylimidazole (4.0 g) was dissolved in 10 mL deionized water. 3.61 g
AgNO; in 10 mL water was added and the resulting mixture was vigorously
stirred overnight. The organic layer was dissolved in acetone and dried over
Na,S04. The acetone was removed The resulting solid product was triturated
with ethyl acetate and filtered, then washed with ethyl acetate followed by
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mzaim(m,mstm]aegm 0.96.0 5 contact |ens nolds using
front and base curves made from Topas. The | enses
were cured, released and hydrated as described in the
general curing conditiongabbﬁbve. The silver rel ease

of these | nbe:D Easur eum@ descti bed above. The
results ar epYy tcd —A—TFab Fhe—k val ue was
0. 20+0. 06, aﬂdlE;:\e ”m%@—l{am;e 814Dil¥7(A7)0
281( 26 1 24822 3 206(4 169(32
21 (131% 3) 128 5_:392 16)}—A !\..\'12 %qqﬁ%é)\_zxanpl e 16 15
Cont act | enses \Zere Fade by1 312)09 0..20 wei ght percent
of N, N 14 127(7)

21 131(3)

28 119(16)

[Ag]ng ppm 123(11)

Example 16

Contact lenses were made by adding 0.20 weight percent of N,N*-
bis(acryloyl)cystamine (CYST) to the monomer mix of Table 1. The resulting
blend was mixed for a minimum of 15 minutes to ensure even distribution of
CYST in the monomer mix. The reactive monomer mix was degassed via
evacuation followed by nitrogen purge, and charged into lens molds of the type
described in US Patent No. 4,640,489, which had been coated with poly(2-
hydroxyethyl methacrylate) as disclosed in Example 14, W0O03/11551. The
molds were pre-cured for 30 + 2 seconds followed by cure for 12-15 minutes at
70 £ 5°C under visible light (Philips TL20W/03T fluorescent bulbs). After
curing, the molds were opened, and the lenses released in a 4:96
volume/volume blend of DPM and Di-water, then leached in DPM/DI-water to

remove and residual monomers and diluent. The lenses were placed into vials
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047878 PCT/ US2003/ 037368 containing 3 nL
bor at e-buffered saline tpyydipch 50 L of a 0.0.0315
ng/ nL_solution of AgNOB was_added. The vials were then
seal efiDap®l aut ocl aved for__{lAG] @PAt es at 121 C,
Silver rel ease wWas neasured using/tBe net hpd descri bed
above| The 5 rebults are shown i@/ (thble 9| Fromthe
data {n Table 9 2he rel easel graph6%@p generated and
[AG]NR was calcugated to bel 57(2)64pm theik value is
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. 0

U

Example 17
The formulation of Table 1 (99.67 wt%) was combined with 0.33%

Chelex® 100 resin (crosslinked polystyrene functionalized with the sodium salt
of iminodiacetic acid groups). The mixture was charged to lens molds. Lenses
were formed using the cure and hydration conditions described in the
Formulation and Cure section, above. These hydrated lenses were placed into
3.0 ml/lens of a solution of AgNOj3 containing 13.3 ppm (wt) Ag in deionized
water and autoclaved for 30 minutes at 121°C. The lenses were rinsed six
times in deionized water (about 7 mi per lens), for 30 minutes per rinse. The
silver release of these lenses was measured as described above. The results

are reported in Table 10, below.
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Chel ex(r) 100 resin (crosslinked pol ystyrene
functionalized with the sodiumsalt of imnodiacetic
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Table 10
EXAMPLE 17 18 19 20
Cmpd Chelex 4-VP _p-ASP p-LYS
Days [Ag] in ppm
0 161(38) 40(5) 660(66) 52(10)
1 64(41) 12(7) 559(87) 8(5)
2 31(13) 10(2) 429(25) 7(1)
5 27(14) 2(2) 372(46) 3(2)
10 11(6) 6(2) 306(50) 4(2)
[Ag]nr ppm 18(6) 4.8(1.9) 311(30) 4.3(1)
R squared 0.99 0.98 0.98 0.997
K 1.1(0.2) 1.4(0.4) 0.42(0.12) 2.4(0.4)
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Tabl e 10 EXAMPLE 17 18 19 20 Cm pd Chel ex 4-VP p- ASP
p-LYS Days [Ag] in mO 161(38) 40(5) 660(66) 5200) 1

5 27(14) 2(2) 372(46) 3(2) 10 11(6) 6(2) 306(50) 4(2)
A NR m18(6) 4.8(1.9) 311(30) 4.3(l) R squared 0.99
0.98 0.98 0.997 K 1.1(0.2) 1.40.4 0.42(0.12) 2.40.4
Bamples/¢4-2004/ 047878 PCT/ US2003/ 037368 Exanpl es 24-27
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under a nitrogen purge and was photo-initiated wth
Rolyinsrizationgiecuiget BRGRTENIKPESN PWORERE Was phplg-intiated with
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usin r 2- nethyl benzenethiol, silver
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34 %vtelret; lejlﬁ pre afe ‘Htthé) sgr?\e'ménn%(' aé V\Egtshyértb%%ﬁgﬁlﬁhlal ol, 2

prepared, substituting about 0.02 mol of 2-methylbenzenethiol, 2-
aminothliophenol, and thiosalicylic acid, respectively, for the about 0.02 mol of
benzenethiol. All lenses were tested for silver release. The results are shown
in Table 11.

Table 11
EXAMPLE 21 22 23 24
Compound | benzenethiol* 2-methyl- 2-amino- thiosalicylic
benzenethiol* | thiophenol* acid
Days ‘ [Ag] in ppm
0 389(31) 539(4) 346(16) 217(13)
1 396(25) 536(6) 360(27) 152(44)
2 361(21) 534(9) 384(64) 121(35)
3 364(6) 548(14) 329(12) 85(13)
4 380(13) 538(17) 353(21) 101(24)
-5 377(13) 558(9) 353(15) 93(13)
[Aglnr PPM 372 1150 340 38
R squared 0.33 0.45 0.01 0.97
K 0.81 0.0054 0.067 0.75
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traa olial InasttI0edays| ard pietiaindp ar o8 ifays &l eroyideireasapeble
time of at |east 30 days, and preferably 45 or 60 days
gatimates ofk.de reasonable estimates of k. The |enses of
Exanpl es 21 through 24 were tested for initial

ef f i dA®ylensesfi Framsadt Birelgh Zhwake tepted oy ipitiabefficacy.
Pl AWuits are shown in Table 12, below.

Table 12
Ex# Bacteria reduction (log)
21 1.66
22 1.84
23 1.72
24 1.91

Example 25
Lenses were made from a blend of 99.9 % (wt) the formulation of TABLE 1

combined with 0.1% Ag(ll) meso-tetraphenylporphyrin (Frontier Scientific). The

silver release of these lenses was measured as described above. The resulis

are reported in Table 13.
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Table 12 Ex # Bacteria reduction (Iog)

21

1.66 22

1.84 23 1.72 24 1.91 20 Exanple 25 Lenses were made

wo e@aioarsizs end of 99.9 % (w) the formul ati on oPCTEBLB3/137368

conbined with 0.1 % Ag(l1l) neso-tetraphenyl porphyrin

(Frontier Scientific). Tlffgblesg ver release of these

| enses was neasured as described above. The results
are reported EXAVEHIE 13.| 25 Exanple2P®4/ 047878

PCT/ US2003/ 0373%8ne Tabl e (13 EXAMPLE Exanplie 28 Tine
Days 0 109 1 P4ys2 147 | 3 96 4 104 5 123 Exanple
26 A reac¢tive nomoner m X contai gpgg 100 parts of the
conponents shown 4 5 in Table I argy | n theg amounts
shown i nrfabte 4 wth 23 parts 347-dimethyl - 3-

oct anol (B30)- 'Fi?gc reactjom nTxtT € was niixed

Vi go:rousl Y- r’ggr ﬂ;‘H%L the—sotut ‘mmaappear ed cl ear and
evenl y nmixed)—angd-then—degassed; hi-gh—wacuum Tabl e
14 Conpohent. \VéightPer Jent NoiB8oc 2. 00 O 1850
0. 48

Example 26

A reactive monomer mix containing 100 parts of the components shown
in Table 1 and, in the amounts shown in Table 14 with 23 parts 3,7-dimethy!-3-
octanol (D30). The reaction mixture was mixed vigorously (or until the solution

appeared clear and evenly mixed) and then degassed, on high vacuum.

Table 14

Component Weight Per Cent
Norbloc 2.00
CGl 1850 048
mPDMS 1000 31.00
DMA 24.00
HEMA 6.00
TEGDMA 1.50
SiMAA2 28.00
Blue HEMA 0.02
K90 7.00

The reaction mixture was then placed into thermoplastic contact lens
molds and irradiated using fluorescent bulbs at 45 °C for about 15 minutes under
a nitrogen atmosphere. The lenses were demolded using the procedure
described above and stored in jars containing Dl-water with 50 ppm of
methyicellulose.

Lenses were placed into a jar containing a 1 wit. % aqueous solution of
silver acetate (CH3CO,Ag, 3 mL/lens). Lenses were rolled for 60 minutes. The
CH3CO,Ag solution was decanted and a 30 wt. % aqueous solution of calcium

chloride (CaCl,e2H,0, 3 mL/lens) was added. Lenses were rolled for one hour.
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nPDMS 1000 31. 00 DMA 24.00 HEMA 6.00 TEGDMVA 1. 50
Si MAA2 28.00 Blue HEMA 0.02 KOO 7.00 10 The reaction

worRoossB7vas t hen placed into thernopl asti c coPCHUB2003/037368

lens nmolds and irradiated using fluorescent bulbs at

S
1 EabRiz B et Wed bEa A 4RE DAL [£fElons) was added.
lehees e rolidelsior iobedwoabg\fggdhlel\/\/ste:) wadrélwasgt mpleateld ILenses
n Dl - wat t ne .
WeSBaAnBleRed Py s oPREBME § - 3Bkt Enlec pain
s%@i@ﬁ%@blf‘anﬁr&j tid sediu@fchicide \et adtsiake of @2&@@%@0 Ainutes.
nm./lens). Lenses were rolled for 60 m nutes.

Lenseoveie storieri on sk eritienit aplvsin medpnigel W/epsa‘é{efsaty‘g’
vﬁé{bHédrﬁéhtO\fveﬁeﬁJnﬁy M habé ahalgiﬁs ( PA&tebuREBR sr%wmh |T%Bﬁ3)14
was ad Lenses were rolled for one hour.

bedam./ 047878 PCT/ US2003/ 037368 The CaCl 2. 2H20 soI ution
was Gesapt %ﬂsg{ﬁ/gg Pﬁﬁfdﬁéll)(‘ﬁaﬂgférl'e‘dqﬁm) vidiBSoR@HRG 3 mL of a

Lenses were r ] one nhour DI - wat er wash was
haspleshufigred pagkdng salelion ¢andairing meeapdiumd ichiotideiang autpclaved

A o] f.f '
LoFaE G ST ey MrsPeadvRe Huprieel RE loa AR Broperty
tebtink? Waterf conte3, mttalnih@s anB heeesmalysisr elheestats drershown in
Mv?g&éﬂnt ent anal ysis, nechanical property testing,
wettability, and haze anal ysis. The

results are shovvn in TablTeble#5 below. Control |enses
wer Lndividuallyvy transferredto—vial ontaipipe—3 nL

of ;% "bor at SRR er ed pac@bﬁ@o@éﬁé??o; E;nrf: gﬁr;g o

s_od um TiF EGReRipH) AUt PC a¥6@0.3p at | I2148.5]006) SU
m nptes. |g§(p\§ﬁr7a SUPTT TR 3 T TECNant gg 8)Dr0perty
tes g, loh(ﬁ% ent,  wett Uul@é)'ty, ad Q

analysii i TRy oo sMmp AT THbte dojsoper o
T R sy P EBS0)T T0 106(88)

Contact Angle (adv. in 44(9) 52(17)
packing, n=5)

Haze (% CSI Lens) 14(1) 484(35)

Silver Content (ppm) N/A >1500

The results of Example 26 show that the treatment conditions do not

provide an ophthalmic device with usable properties, particularly haze.

Example 27-29

Lenses were made as in Example 26 and treated as follows. Lenses
were placed into jars containing an aqueous CH3;CO,Ag solution (0.50, 0.25, or
0.10 weight % solution, 3 mL/lens). Lenses were rolled for 60 minutes. The
CH3CO2Ag solution was decanted and a 30 wit. % aqueous CaClye2H,0 solution
(3 mL/lens) was added. Lenses were rolled for one hour. The CaClye2H,;0
solution was decanted and Dl-water (3 mL/iens) was added. Lenses were rolled

for one hour. The Dl-water wash was repeated. Lenses were transferred
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wEreangishg psi ) 147(24) 90(50)

Water Content % 39.6 0.3 40.5 0.5 Mdul us(psi) 94(8)
808) Elon ation % 291(32) 216 104 Tensile

106(88) Contact Angle (adv. in 44(9) 52(17) packi ng,

N 9 . 4

PgasaRia Esy R Rets ol pdab itlerecbactilg R, |

donéaiting abd Beo\mﬁc@mhdblamdsauﬂmlaved at p20%C fher 3@nmopte’sh hbnsas

deV|c th. usabl e operties articul

stk e s Sntst AgnEabh Rl hedneErroie hestodHister o

donestit,edeted ity bhoWaze bealgts T eeules reanednimTable 46,5

Qﬁ?nt ai ni ng an agqueous CH3CO2Ag solution (0.50, 0.25,
OW.0. 10 weight % solution, 3 ni/lens). Lenses were

rolled for 60 m nutes. Th'gb|eQ+63C02Ag sol ution was
decanted_and a 30 wt %nmlpﬁllc _CaCl22H20 sol ution (3

nL/ ||dieperhas added. en5¥s2fver b r dPF@8 ol oreR8ur .
The [CaCr22e8 1 SB N TOT) B, U AT SHwih P~ Batwids o
R CER Lo Q@f;;c:};msz;;s;ﬁm 0%)
transferre QW)E@JM 604P6UT873! po

i ndilvidual E\Pngaliq Hni_hg_30
buf fledEDSea2ikeh (@8l 7Jj G thﬂQ@@}x sodi hh9(28)
chl aride E@Mghﬁ‘@ﬁﬂﬁﬁé ed!49(53)21] c #186(42) i ny,12Q48)
LensesConjgetAnge (ady. f or 44(1RVer | conBR® anal ysPHS)

nechan_lgamaﬁlﬂmm:;’éhwten cont ent

wet tlabiHazey% GdLensie AFAWDi s| THO(EBsul i s atBB83hown
i n TalileerlGontentiepmy TBAKE0)16! Pr 0880y Ex. 2D(ER) 28
EX 29 % CH3CO2A 0.5Wt 9% 0. 25wt %0 0.1 wt % V\ater

7 Bl ChiaafoRen 2y ol sarull BBy BS cofyres

BheesritloflinGtthe rotdennaiion &xﬂtﬁéfﬁﬂveﬂ;#@ét&&)r 15)&#1?;86) 10 shows that
lenses made via the in situ precipitation of silver chloride display efficacy over 30

days, even at initial silver concentrations as low as 80 ppm.
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Toughness(psi) 140(53) 186(42) 150(48) Contact Angle
(adv. 44(12) 39(8) 31(8) in packing, n=5) Haze (% CSI

wQemwg)p4BIR(26) 49(13) 15(8) Silver Content (pped/US2003/037368

830(80) 187(70) 4.0(0.6) The results of Exanples 27-29
show t hat the anmount of haze may be controlled by

controlling the concentration of the silver precursor.
Whatipiclaimed ishows that 0o |enses nmade via the in situ

’g d&ﬁ 8§hﬁ1§ﬁﬁ18 Y fc? %h}Sﬁém? bl SFR; ks HaSBhiaya Sivet ﬁ\a&%nﬁ‘éﬁ r

even a ['ver concentrations as | ow
mcelﬁlrapipmn of 32 l6a6t 2004/10HP8T, SVHRCaN SSRCTBLEENREEVicaHas a

e S RSB lar Bindye 20000 20 Bfor (KRG, ARG hehaimic

silver in I'n
dmiueedllrmgtuserat odte alithl sorade caristarit, dadcyiatet uaingragiinat erded

t hal m 5 haze of |ess than about
@'E%Kisgﬁﬂa ¥§PI?Q/@$°LF3Ideaé/§es from sai d ophthal mic
deV| ce during use at rate with a rate constant,

cuI |rst order kinetics
£ o6 oGt dadgEel M 4 G SAKTe DS AT LE RRRe m
élbdMﬂgr(}@nrgr@ad&)u[glsejag@ﬁst ant is between 1o about
0.001 and about 0.5 days"'. 3. The ophthalmc device

of claim1l wherein said rate constant i s between

@b‘PHé thtQélnﬂB de@bo bt clBinP1 Sefein siid rate conetaPP Rt HEANVERE

device of claim1 wherein said rate constant is

éH anghahiput 8. %YSand about 0.2 days'. 5. The
opht hal m ¢ device of claiml| wherein sai d initial
silver concentration is between about 10 and about

4.0T o@opbtbmmig degce Phelaigp hierein saidaateceongtant isfgiwaen

stk bisalasi!l ver concentration is between
about d% atl)Jout fygoo ppm 7. The ophthal m c device

of «cl alml V\hereln said initial silver concentration

5 STIP% gppﬁg Eeabe ld; clgh?m%f?amﬁ %ld%nlqglosllg)&r%ngeni{rg{%n is

eV| ce o erein sard inrt
ltheen abouicEhamchalbhar 10400 ppm.e constant are sufficient
to provide an at | east about 50% reduction in
m crobial activity over said device's use.
6. The ophthalmic device of claim 1 wherein said initial silver concentration is

between about 25 and about 5,000 ppm.

7. The ophthalmic device of claim 1 wherein said initial silver concentration is

between about 50 and about 3,000 ppm.
8. The ophthalmic device of claim 1 wherein said initial silver concentration
and rate constant are sufficient to provide an at least about 50% reduction in

microbial activity over said device's use.

9. The ophthalmic device of claim 1 wherein said ophthalmic device is a

contact lens.
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30 9. The ophthal m c device of claim1l wherein said
ophthal mc device is a contact lens. 33 WD

wWQOMNOB7T878 PCT/ US2003/ 037368 10. The cont acrClT/esmo8637368

claim9 wherein said initial silver concentrati on and

1@t erh%%ﬂa%@ten@ ?cféﬁh @Wéﬁsﬁ s*aﬁi |ﬁWaﬁéWéﬂécﬁmdé4‘ltr§t|ibﬁm d

cause argyri a. . contact lens of claim9 wherein
aahemonabobarean@nagﬁum Qel@w piounisayiigls wouldeause fraysiag
ophthal m ¢ device during use at a rate with a rate
constant, calculated using a first order Kinetics
dduathiecgonteict ignstod claira @twhierdiayaiter about argiay saih siher releases

: V ze.
fiont s Bpfteln P uspoP Bkl ke pL £Fatg WAl RBLIEES
TakUdtad esing 4 firstlvederdaTtedics eheatonall upltaiabogt hd&y ng |ess
than 100% haze. 15. The ophthal m c device of claim1l
wherein said polyner further conprises a 15 ligand to
W2l Clthesaintbcs idnearf ciatm 196k salssthhtiallp frerdrond @isibEhlkaze.
opht hal m ¢ device of claim1 wherein said ophthal mc
device is a contact lens and said initial silver
CIGN CRHaL dontdcd lendrd clairh @ reaviTsi lasd thane 598 fiaze. ent  to
provide an at |east about 50% reduction in mcrobial
activity over said 20 device's use. 17. The contact
| 1@nsTHef cparit B8 oMeRNiBiohAfiglesSthahs 009Nhazzlous wear
for at least 14 days. 25 18. The contact | ens of
claim9 wherein said use is continyous wear
"Saskhexpitag/aic dayicerei¢laimnt Where/ewd BP'VmeéfW@f shiapEsss @
said silver releases fromsaid contact |ens during
digand o which saidriivers feleaamly R3ndr ovi de at | east a 70%
reduction in 30 bacterial activity over said use. 34
WO 2004/ 047878 PCT/ US2003/ 037368 20. The contact |ens
of claim9 wherein said silver releases fromsaid,
ciént Ehst ophtieaigicavigerelighaim hwhereiheric opkihpinie deyee isa
provide at | east a 90% reduction in bacterial
aontact teﬁsmérsawamﬂakg@er epneentratins ashiatmeenstar éle sdfigent
claim1l wherein said silver rel easing conpound has a
rtolpsevidsoani bt lepstyabolit 80%vedudtion in migsabial eiivisy ovar saisbut
25C of about 2.0 x
device’s use.

17. The contact lens of claim 9 wherein said use is continuous wear for at

least 14 days.

18. The contact lens of claim 9 wherein said use is continuous wear for at

least 30 days.
19. The contact lens of claim 9 wherein said silver releases from said contact

lens during use in an amount sufficient to provide at least a 70% reduction in

bacterial activity over said use.
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10"30 noles/L to about 2 noles/L. 22. The ophthal mc
device of claiml| wherein said silver rel easing

w@orpoursd 1o has a nolar solubility of silverP€DOS1003/037368
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pure water of greater than about 2.0 x 10"17 noles/L.

2@0 Tha&oh et @% of B3 @fwrsaréh r@a% ym.r r%'lé!as%@‘fr@rrp%é( EBfhtact

onprises a silicone . The cont act
| l@n%d@mng:m ifham am@wré.snl gtoi:,prpwé@@élqaﬁua 88% redyction in
S d up consisting of senofilcon A
g%@ﬁﬁqeg%wtg@Fé%ﬁdaglg?con A and bal afilcon A. 25. The
ophthal m c device of claiml wherein said polyner is
f2t.nEhe oplthalmi@deviemot ¢laim fivkeraire said gjlvérselegsiag comasund

55 2 BT AR )ty %, P
f 10 Pheoles/c o @emalesiLeast one hydrophilic conponent.

25 27. The ophthalm c device of claim1l wherein said
ophthal m c device is coated. 28. The contact |ens of

caai méomﬁélml@d(é\at&oménm wheefeirh S&itedvdriraasing €3fpband
n1xture CO ISIn at Ieast one siljcone-contalnin

| '@90 SHMEr 180 At RidE WaROTreRiPRingN @bRHEs- glxn10 v

s,ab[ésn_eactl on m xture further conprises at |east one
hydrophilic conponent. 30. The contact |lens of claim?9
wherein said ophthal mc device is coated. 35 WO
2%51)47‘%?‘8‘?@0 ey iSO whersigsaid polymes cemRiiars a BlisRNef
(5@0 wherein said | ens displays a reduction in
mcr lal colonization of at |east about 2 log after
two days. 5 32. The contact lens of claim9, wherein

5?1 O£ BSht4S saafscl??lm@@H&te'eré‘al? Q‘Iic&ﬂecl?@%gﬁ’él is s%ected from
col oni zation o east about og after two days.

3Be gmip eamsisting of eenpfiiond), gatyfi@onvh éatedfifcogah and balgfilcon A.
di splays a reduction in mcrobial colonization of at

| east about 2 log after 10 days. 10 34. The contact

| 2nsTh opfithalmi@devitrokdlains hinbetedmsaidipsjyinzey s tormed from a

R R poffREp RS BlocSOp Ry ninb spRBRhe s,
mhereln said Iens dlsplays a reduction in
26. The ophthalmic device of claim 1 wherein said reaction mixture further

comprises at least one hydrophilic component.

27. The ophthalmic device of claim 1 wherein said ophthalmic device is

coated.

28. The contact lens of claim 9 wherein said polymer is formed from a reaction

mixture comprising at least one silicone-containing component.

29. The contact lens of claim 9 wherein said reaction mixture further

comprises at least one hydrophilic component.

30. The contact lens of claim 9 wherein said ophthalmic device is coated.
35



15 mcrobial colonization of at |east about 05 | og

after 30 days. 36
WO 2004/047878 PCT/US2003/037368

31. The contact lens of claim 9, wherein said lens displays a reduction in

microbial colonization of at least about 2 log after two days.

5 32. The contact lens of claim 9, wherein said lens displays a reduction in

microbial colonization of at least about 1 log after two days.

33. The contact lens of claim 9, wherein said lens displays a reduction in
microbial colonization of at least about 2 log after 10 days.

10
34. The contact lens of claim 9, wherein said lens displays a reduction in

microbial colonization of at least about 1 log after 10 days.

35. The contact lens of claim 9, wherein said lens displays a reduction in

15 microbial colonization of at least about 05 log after 30 days.
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