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COATI NGS FOR OPHTHALM C DEVICES Field of the I nvention

WO 1jo4/0d®7Pr esent i nvention relates to anti m crp@i/Ek2004/011513

i ncludi ng anti bacterial, coatings for ophthalmc

devi ces, preferably polyner coatings for contact

| enses. Background of the Invention [21 Contact |enses
have been used commercially to inprove vision since
the 1950s. Technol ogy has progressed so that contact

| enses are now used daily (and renoved at night for
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is convenient for the consuner, there are sone

probl ens whi ch may ar'?;el%fﬂﬂe?ﬁv%hﬁ@@ed use. [31

Prol onged use of contact renses may all ow for

i ncreased proliferation and accunul atl on of bacteria

O‘Th@g%éntrfh%rﬁigﬁ%ela% G5 2ABmidYbial) YhclhdifE bREbAcRrial, coatings for
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Seeighgimee deviess, Rrgfesably polysier 6patings g)rc,csmiact lenses.
St aphyl ococcus epidermdis, and Serratia marcesens, on
the surfaces of theBkafcﬁmﬂolf&mSIﬁﬁentiBhis accunul ati on
can cause side effects such as contact |ens acute red
eye. Other adverse effects associated with m crobi al
gfoutabt leasst lztve dohmened wammenahllidéy iprovaresigmisince the 1950s.
I i~ [
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ontact lens. [5) Prior art

bes on the surf C
aB??ﬁ’ wRich Ay ase @PP%quusguch as organic
materials, drugs or heavy netals to kill bacteria and
oPhédongeilc ngdex, cdﬂbmbvbnsesamdyrriaﬂowbiﬁal iorgsedi npkelifesation and

| g&:@ln{u‘fa‘c{ ‘ﬁs' ?t 3&? ia fort Iaﬁ1 p1 Hi& es E‘]e 2 Y& rﬁ';?dhméted to,

ave undesira fects
té’semdempe@:t saenugzmqmnoﬁwmt qneeby nmvmzeq, miethylgceaus otureus,

b@%h%f’l‘cﬁwaﬁgé OStaﬁhﬁgé'oc%scre DRANIABS HRIELerdbli® MRiREseh!) on the
e art th ‘'ver in gs(regqorat d into conta |.enses
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' g1f1 gt?a%%mentvga}; %9: I{d%gg'l(l)t7a5re not lim U§2&) 9 cgl%t%ét]igns associated red eye,

infiltrative keratitis, and microbial keratitis.

There have been varied efforts to reduce this proliferation and accumulation of

bacteria and other microbes on the surface of contact lens.

Prior art approaches have used materials such as organic materials, drugs or heavy
metals to kill bacteria and other microbes. However, antimicrobial compounds may
lead to resistance of the microbe to the drug, and heavy metals may have
undesirable side effects (long term effects are unknown).

Inhibition of growth of bacteria and/or other microbes has been attempted in the art,
with silver incorporated into contact lenses using silver or a silver zeolite (see
European Patent Application EP 1050314 Al), incorporated herewith by reference.
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However, mcrobial growth or adhesion to contact
| enses renmains a troubling problemin the art. [71

wdadhag/ob4es e remai ns a need for contact | enses MIT/CR2004/011513

inhibit and/or do not pronote bacterial and/or other

m crobi al growm h and/or adhesion to the surface of the

contact lens. Additionally, there is a need for

contact lenses that inhibit adverse responses in the

wearer related to the gromh of bacteria and/or other

nicrobes Summary of the Invention [81 The present
entlon reve ts s%ron attachnent of mcrobes to
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especially for contact |lens wear. 191 Mre

specifically, this ingentapnofthe m@dagod net hod of
preventing mcrobial attachnent on ophthal mc

devi ces, preferably contact |enses, by attaching a

pdlhg esent anvsngowprevents Wiong stteshroéntaot wihoteal twithe ophthalmic
deii & eall@vﬁﬁ‘é thePd ﬁ'iﬁé -0 ASruPal WRERSes 1o hR)VQ substantial

greater tha car ate roustoa
s gmogpLaekths Bigmbes ﬁpm tlﬁeqcu Wp?élr‘i’fHW!ﬁtbe%e Pﬁ%qrﬁfd%féecés occur.

meh heditieh, the ifcﬂﬂ&faﬁ&l BT £if20héEbacBir W bR mieRIbE A feilkced. The

Oty B BT B=Y 5Bha5hs hEASSSr G hleRdian it Foducs tei
devoliferavibe rae on Sahihainak yYieeicehas] thersfiiramaka tthoopithalmic devices
AL 1 R ARG AP PI G grgupe Lo about 1

onate gr gu opht hal m ¢ devi ce on
a_cor nea. Descrlpt|on of the Dravmngs [3.01 Figure 1
i Merepprecifispllynéhipomventgnainsdndes aeneilpdosfa paryetEigmicrobial

( aufRSHen dphthEhic E@\h&&%ﬂ%ﬁ:@%@‘%oﬁ{g&%&@s {akiiRg RPblymer

' ens) on unfungtionaliz unctional i zZe | enses:
go AT LBY oSS (ﬁ%@@%@&@g}fgw erem said polymer has a molar
ratio of greater than about 2 carboxylate groups to about 1 sulfonate groups.
Further, this invention includes a method of preventing microbial growth on
ophthalmic devices, preferably contact lenses, by attaching a polymer to one or
more surfaces of an ophthalmic device wherein said polymer has a molar ratio of
great than about 2 carboxylate groups to about 1 sulfonate group) and placing the
ophthalmic device on a cornea.

Description of the Drawings

Figure 1 is a plot of the non-mediated P. aeruginosa adhesion (expressed as the
percentages of adhered bacteria per lens) on unfunctionalized and functionalized
lenses.
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[IIl Figure 2 is a plot of the plasma nediated P
aer ugi nosa adhesi on (expressed as the percentages of

wa@cadenem7bact eri a per | ens) on unfunctional i zePCEHOS2004/011513

functionalized lenses. [121 Figure 3 is a plot of the
pl asma nedi ated P. aerugi nosa adhesi on (expressed as
the percentages of adhered bacteria per |ens) on
functionalized | enses as a function of MASS ratio.
[131 Figure 4 is a plot of reduction of plasma

medi ated P. aerugi nosa adhesion on functionalized

| enses £0 red.to unfunctj.onaljzed | enses. [14
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bagigLia per |ens) on unfunctionalized and
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ratio. [151 Figure 6 is a plot of the plasna nediated
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Ofpe&%hﬁagéﬂ oPagieesd Badk@la pe2NSds) R ﬂlH&fJn'af%%k?ll I'Eﬁ&g ak %gf'ﬁlﬁétion of
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caonpared to unfunctionalized | enses. [181 Figure 9 is
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ratio SS of 3.2 (" enses") with either
ag?lbq’ﬁf’ %\Ct‘?ﬂzeébyé]%r]é@.s F4%1 Figure 10 is a plot of

tear-like-nedi ated bacterial adhesion of P. aeruginosa
arkigi@e 6 iawr plot obthefpiamnia madibied 68 duesiseshediony af i(@pSessed as the

' ' e 114 t..of .b I
PSP AL B s, Bahif b 1) BuP bl PlghigBE ise{ gmpared 1o
prisfmetenalized {enseset i ¢ medi a or synthetic tear fluid
over tinme. [211 Figure 12 is a plot of bacterial

PIPré grigtal §16t Of S SurBl AIMSsiON (RBres@ASRSHE EGECEI?IE%CS pf adhered
p$esence qfnéynt etic nmedia or synthetic tear
0

Byt Ry len BHeRF Y dersers H Tusormue i AgiSratio.

Figure 8 is a plot of reduction of plasma mediated S. aureus adhesion on
functionalized lenses compared to unfunctionalized lenses.

Figure 9 is a plot of the bacteriophobic effect of lenses coated with random
biospecific acrylic tercopolymers with ratio MA/SS of 3.2 (“J&1J lenses”) with either
P. aeruginosa or S. aureus.

Figure 10 is a plot of tear-like-mediated bacterial adhesion of P. aeruginosa and .
aureus on functionalized lenses at various MA/SS ratios.

Figure 11 is a plot of bacterial proliferation of P. aeruginosa on the lenses in the
presence of synthetic media or synthetic tear fluid over time.

Figure 12 is a plot of bacterial proliferation of S. aureus on the lenses in the
presence of synthetic media or synthetic tear fluid over time.
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Det ai | ed Description of the Preferred Enbodi nents [221
"Functionalized," as used herein, neans the ophthalmc

waoleado2t0rhs coated with at | east one random PCT/US2004/011513

bi ospecific polyner. A random bi ospecific polyner has
substituents with suitable chem cal groups or random
copol yneri zations of suitable nononers, which contain
arrangenents of chem cal functions which m mc natural
bi ospecific sites. A good background article is

.Jozefowi cz and Jozefonvicz, Randommess and

Bi ospeci fi ci . mcoool s . are aIe of
bi osBeci fic ﬁ%?li@w%s?m“ Qf%. Feferred ﬁmﬁo 108155t ens,

Bi omaterials, 18 (1997) 1633 1644 (i ncor porat ed
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Ra es§. and_Bigspecif : Q Opp. e of biospecific

vvamiecatm td«cemrhon olme divarge svﬂaasl Bmsmatemﬁsl 1@e(11é}9a) | ¥633-1644
re considered a |l ess serious

pro OR& a%&‘%ﬁ%gqeéﬂﬁa ed attachnent. The nedi at ed

rrechanl sm utilizes adhesive rotei ns such as, but not

| | Mediatedy o 26 j Used hseanepns o faasta one ophiakmic adavigsnsurfage has
a intSidteacdth ANBRS ioMe nPAIg bSuERIBasralch s)hﬁ\{ﬂas‘ﬁ&V&ft@ilr fluid or

bi, ndi or yariou nol e he ture t
qoRERRS i Rish FaslBE R Sren B i bo S et Uk i grebbidhesion
c and pwllifevhiiahompthetophthalmindevige.si t es i nteract with the
surface and thereby may control the sites available

f %ract%ﬂgta%ﬁ' @the &bﬁés %ﬂl&#lz@qhﬁfr RES élftheli‘rﬁt Rgdﬁgédngr a non-

sites reqwre ed bac 6Fi Al
nquwmdame@lmesm oﬁh@ ﬁ@n-pw@aﬁerdeatéachmﬁmans eveakaadtthe hiigrgbes are

t B@sﬂ@r f&lﬂivfédt %eﬁé}}ﬁlys 'dbfl%fepl{)ﬁféﬂatbaeﬁheﬁﬂeaéorﬁfde@dh§rless serious
C adheési roljf at| can be reduced.
H&’? a&rmtaﬁée‘ﬁﬁtf:@ ?J%FWE -udesmg ltatq danerhanismytilizes adhesive

Cbﬁm:mﬁlsuc}bmdﬁll not llﬁﬁﬁe&nglfm{&ﬁn(ionfo@mp@ B@(bﬂgahﬂtz[d:gment to a

ngﬁr\f\&r K) A(ﬁ}?eé rotteu?s %geﬁez%gy }%&V esr]etézlfar% ndlgﬁ e?‘ {T!FE O@gﬁr Cvarlous

Aprises neatral gt ou
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g oM W:j}ﬁ'éh ﬁ%&éﬁﬂﬁﬁﬁﬁ%ﬁ@%‘ﬁ?@raﬁ WhiHe 'S‘ﬁl?a Lha ‘Elfde%{)a; lay control
t esur ace an o m c_ devi ce, pre erap
the siigs available for bacterlal or microbial adherence. If the b1nd1ng sites required

for mediated bacterial or other microbial adhesion and proliferation are used to bind
the protein to the surface then bacterial or other microbial adhesion and proliferation
can be reduced. Binding for the polymer includes but is not limited to chemical
bonds, or entanglements (interpenetrating network).

In the present invention, a polymer comprises neutral groups and ionic groups. The
ionic groups include but are not limited to carboxylate groups and sulfonate groups,
which are attached to the surface of an ophthalmic device, preferably a silicone
hydrogel contact lens.
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PCT/ US2004/ 011513 [261 "Preventing m crobia
wa@tdaaomeent , " as used herein, nmeans reduci ng tPET/ERHOH011513

of m crobes which attach to the ophthal m c device,

preferably by at |east 50% nore preferably about 90%

(as conpared to m crobes attached to ophthal mc

devi ces which do not contain the neutral and ionic

groups di scl osed herein) and/or inhibiting the

ability of mcrobes to attach to the ophthalnic
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romﬁ on eV|ce
MM éh%ophMWlch%@é pr %Ws@ga siEundingitbreopiithamicdevice.
the eye, such as soft contact |enses, hard contact
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e conta ef rab rise one or
FVlC%fS %’E o IRy gwuﬁﬁ la'[eJ% aﬁ%ﬁqﬁ? wng?‘ﬂ‘é ryl ate
pol ymer, pol y(hydroxyethyl) _rre_t_hacr ylate polynmer,
[29]1  pdlapigdipsthiic paepedigsodfyare ophtbalniic alegicacasylsatl chepeih ymeans that the
f GO ARGy & erﬁ" 9h1¥éf€151a1 %rb ﬁﬂ% evﬁgl ymer,

pol yacetyl en ymer I'm de po ymer, hydrogel s,
SI|I nerraerlals I|c materi al s, fluorocarbon
[30] Dehiha| faic deviees,y a4 uss er%lap@le%éwga@f engRy thet reside in or on the
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en n con 0 al.afi | con
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I @8%{& kﬂo%@ﬁ@' f'a&deBIXIHFeE,S silicone acrylate polymer, fluoroacrylate
polymer, fluoroether polymer, polyacetylene polymer, polyimide polymer,

[27]

hydrogels, silicone materials, acrylic materials, fluorocarbon materials, mixtures and
copolymers of any of the foregoing, etafilcon A, genfilcon A, galyfilcon A,
lenefilcon A, polymacon, acquafilcon A, balafilcon A, lotrafilcon A, lotrafilcon B,
and silicone hydrogels. The lenses may alternatively comprise or consist of random
biospecific polymers.

[31] “Microbes,” as used herein, mean bacteria and other microbes, including but nor
limited to, microbes found in or on the eye or tear fluid, particularly Pseudomonas
aeruginosa, Acanthamoeba species, Staphylococcus aureus, Escherichia coli,

Staphylococcus epidermidis, Serratia marcesens and combinations thereof,
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[311 "M crobes,"” as used herein, mean bacteria and
ot her m crobes, including but nor limted to,

worc@ropess f ound in or on the eye or tear fl ui dPCT/US2004/011513

particul arly Pseudononas aerugi nosa, Acanthai noeba

speci es, Staphyl ococcus aureus, Escherichia coli

St aphyl ococcus epidermdis, Serratia nmarcesens and

conbi nati ons thereof. -5 WD 2004/ 094075

PCT/ US2004/ 011513 [321 A "synthetic tear fluid," as

used herein, nmeans any fluid that has protein

co sition and jonic strength properties simlar to i
mﬁ”rgﬁmtésﬁ“‘s,te%rn@iu@;? 5 BeRd eith] Piepis g o Haidls $hat g protein
ofcompodition dnd iasdEraigippreperice simildr o bisez Yaues, ahcluding but not

4. and.Lactofesrin at.1.7g/L..[331 "Palyner, " as
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candbbagtbferen gr bpE. and one or nore sul fonate groups,

such as nethacrylic acid copol yners, nethyl
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royps to sulfonate groups is. prefe r eat’er an

s SRS alariy it ceveBhe SR A Fopobiers or

Pabmbinatidizsthe®o L 6ThOhidlar Gatitil 8f @Boxybat2 48upd 1o sulfonate groups is

pRE o e AR i B0 S pedeiiattbly BHR: 6 ARRl £7U. S Paten
neYasi 1608067 o3 BIE % BHlereiESI end 4IGI0PRons Bk Patent

t heypieitRd Pubficdikl Mo, SBRI00NEICERBA S A 1WNIC HFTRMHidAE are herein
i nvention. Pol ymers

effective,in th resent may. be_. ]
prRsoERAER e oY TEternge; depeh pRALymers; 2ad itgﬁ, melhade Hamabipg said
pEbLyi’ml ! 4, Z\ahiiclﬁ rmay e odffetive ﬁi@tth@nb@SesléﬂtOMeﬁt?oﬁ. hQS)‘Byml ers may be
skilled in e art 41 One enbodi nent of. a pol yner

> Stepafil, b teicusflh] abRareRiort aRnttRs, PeuBZoHd fnd other
amektlengs koo ¢o thoseigislledintthé aed by free radi cal

copol yneri zation of one or nore aliphatically

U'@ﬁ@eﬁi’b@ﬁﬁﬁeﬂ?‘%@ﬁﬁ"@l{y@wf}%‘a Haftr Bko é@gél?#%},%oﬂfaﬁﬂﬁ$catrﬁféxylate

the_  correspondi unctionall ze atrves o
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F ShERPorar Ay Slereisd EuS BT ghE s g Gt component
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CofRhd 5&?&:@&@&1@%&?&@&6&1Hé&?&aﬁ(f@g 39 the monomers, as a second

component and a third component which comprises an aliphatically unsaturated

monomer, the correspondingly functionalized derivatives being converted into
carboxylate and sulfonate groups after the copolymerization.

Another embodiment of a polymer is a water-insoluble polymer obtainable by free-
radical polymerization of (a) at least one monomer of the general formula R-A,, in
which R is an aliphatically unsaturated organic radical with the valence “a”, A is a
carboxyl group, carboxylate group, sulfuric acid group, sulfonic acid group,
phosphoric acid group, phosphonic acid group, phosphorous acid group, phenolic
hydroxyl group or a salt of one of the groups, and a is 1, 2 or 3, with the proviso
that, if the monomer of the formula contains a carboxyl group or a carboxylate
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nmononer, the correspondingly functionalized
derivatives being converted into carboxylate and

wagdoromare groups after the copol ymerizati on. PGBLUS2004/011513

Anot her enbodi ment of a polyner is a water-insoluble
pol ymer obtai nable by free- radical polynerization of
(a) at least one monomer of the general formula R-Aa,
in which Ris an aliphatically unsaturated organic

radical with the valence "a", Ais a carboxyl group
car boxyl ate group, sulfuric acid group, sulfonic acid

rou .phosphgric acid grou osphoni ¢ acid group
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tivit
t E?‘}eegﬂer%%%ﬁw egép ci V\%lgc a'}%%oxlﬁ aﬁ&eg%rialobackground
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visg Bigipaterialaclétl9RI1633-

regmdnmpma&ﬂpﬁfalﬁbyrdt&eﬂée)r andom copol yners may be
found in Jozefowi cz and Jozefonvi cz Randomess and

B | n ol yne

SARIBGELL | Skl I, RPITRER 1 SeEORAD Bl e o

Biligiigt etoi, aa,cgyhclgc@;]_g@a)lacrﬁﬂs-amd 4-vinylsalicylic acid, itaconic acid,
vinylacetic acid, cinnamic acid, 4-vinylbenzoic acid, 2-vinylbenzoic acid, sorbic

acid, caffeic acid, maleic acid, methylmaleic acid, dimethylmaleic acid,
dihydroxymaleic acid, isocrotonic acid, fumaric acid, methylfumaric acid,
allylacetic acid and the alkali metal salts, specially the sodium salts, of these acids,
vinylsulfonic acid, allylsulfonic acid, methallylsulfonic acid, 4-styrenesulfonic acid,
2-styrenesulfonic  acid, vinyltoluene-sulfonic acid, 2-acrylamido-2-methyl-1-
propanesulfonic acid (AMPS), 4-carboxy styrenesulfonic acid and the alkali metal
salts of these sulfonic acids, diprimary 1,3-butadiene-1,4-diol diphosphate, and the
corresponding salts. Polymers and contact lenses are made from these monomers
by conventional methods.
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[40]
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[42]

1644 (incorporated herein by reference). [ 381
Mononers, which are suitable for preparing the

w@oiogoet3s i nclude but are not limted to, acPgl/Us2004/011513

acid, methacrylic acid, 4-vinylsalicylic acid,

i taconic acid, vinylacetic acid, cinnamc acid,
4-vi nyl benzoi ¢ acid, 2-vinylbenzoic acid, sorbic
acid, caffeic acid, maleic acid, nethylmaleic acid,
di methyl mal ei ¢ acid, dihydroxynaleic acid, _
isocrotonic acid, fumaric acid, nethylfumaric acid,
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aqm&e@%feﬂabgz Moked io Les. salts of these sulfonic
acids, diprimary 1, 3-butadi ene-1, 4-di ol di phosphat e,
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sul fonat e ou nD ar rafio e carb

o PR RDBAI P 1 Biist Bregrdsaine 2ok af abicpod fual of thefsarfaces of
alleudphPhalmimndewiqer ef er ably about 2 to about 4. [401
Preferably, the polyner is attached to at Ieast t he

mhlc S
O e e
c st stosage Badj sichrasche Gfid md dg elarel cdmtactrignses during shipment,
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pr.ef y IS att e sur ace )
LG ﬁq%tth%/\r:ﬂ@tectde%eé SE0FFPR Sescl (ifcecnswmer. ¢ br poghotindear fluid

t heybenket® mihie thee AluRCkampie ih M Bfbeéstal. the eyelid
during conventional use. st preferably, t he pol yner

5 0, B P BRSO BB v,
polciuding briypobimitbd tredcantach lenk,thydmethoddkrasvn foehdss skilled in the
ShRiRUKhS Hll,ltqlot hHﬁ't}ad @és&rﬂ@e Ella&*tjlrgg Bfa@f;)aﬁnglﬁﬁe%zgngﬁ) &g

| enses during
transfer coating or tampo prlntlng When the ophthalmic device is placed in contact

with tear fluid or other bodily fluid, such as plasma, adhesive proteins, such as

fibronectin, attach to one or more binding sites in or on the ophthalmic device.
These sites may be on the surface of the device, which contacts the cornea, eyelid or
all of those surfaces. The ophthalmic device is preferably a contact lens, preferably
comprising poly(methyl)methacrylate polymer, silicon acrylate polymer,
fluoroacrylate polymer, fluorosther polymer, polyacetylene polymer, polyimide
polymer, hydrogels, silicone materials, acrylic materials, fluorocarbon materials,
etafilcon A, genfilcon A, galyfilcon A, lenefilcon A, polymacon, acquafilcon A,
balafilcon A, lotrafilcon A, lotrafilcon B, sﬂlcone hydrogels, or combinations
thereof.
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bef ore use and between uses by the consuner or the
fluid used to clean and/or disinfect the contact

wo eqogpsiolet ween uses by the consuner. A synt heP€T/UBMa4/011513

fluid may be used to mimc these fluid exanples in in
vitro testing. [421 In one enbodi nent, the polyner is
attached to the surface of an ophthal m c device,
including but not limted to a contact |ens, by

met hods known to those skilled in the art including
but not limted to surface grafting, plasna

ri.zation, nsfer .coating or ta
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I con cone
c anahasaylicoaeid canedyraess,, sod@mmoemm{ogmt@wpolymers methyl
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chanism |t t that when the bin
ad?ﬁ mpdopt @}F@O§ @&f‘c@g& SorPieAROxy Rt BRIy enateroup is
arabotittEtosbOBt 4 ipkefrablyi hatsytbintlabdae2used by m crobes
for binding to the surface of the ophthal m c device,
the binding of the adhesive protein may result in
sibxempietl al |y reduci ng mcrobial (including but not
limted to bacterial) adhesion to the device,

p'l\@étﬁ&lﬁ@tﬂao?ﬁﬁg [QAY7Y %ﬁ%&tﬁ&ﬁyﬁ@&fi& é@dge’?_“%?e dlstlll%d e%rlor to

conpar.eaq devi ce

malye: PR %ynsa% sylfanarolSB) W@Se@pt@r@m@detm@mw 74% wiw H,0,

aerHigi wasaconead fdrantriyoisiembeR calchlafBhyY | ococcus
aureus, Escherichia coli, Staphylococcus epl derm s,

SR S T BRI 535" S0L s ks 5 34
metrhelg mdre chargesh ity ther saction vessel, and DMSO (35 ml) was then added.
A solution of AIBN (2,2'-Azobisisobutyronitrile, CAS # 78-67-1) in DMSO
(dimethyl sulfoxide) (5.5 mg/ml) was prepared separately, and 1.0 ml of this was
introduced into the reaction vessel. The set-up was purged of oxygen by using

liquid N freeze-pump-thaw method (repeated three times). The reaction was then
heated to 75°C, and allowed to proceed for 16 to 18 hours under nitrogen. Diluting
the reaction with 30 ml of methanol, and dropwise addition of the resulting solution
to isopropanol (900 ml) precipitated the polymer. The polymer was filtered, and
dried in vacuo to yield a white powder. Two grams of the polymer was further
purified by stirring the polymer in 60-70 ml of deionized water at about 50-60C,
followed by filtration, and further washing (two times with 15 ml) with deionized
water.
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[48]

[49]

met hacrylic acid copolynmers, sodium styrenesulfonate
copol yners, nethyl nethacryl ate-nethacrylic

w@eoodsoas um st yrene sul fonate random copol ymePGT/U82004/011513

conmbi nations thereof. The nolar ratio of carboxylate
group to sulfonate group is about 2 to about 4,
preferably greater than about 2. Exanple 1 [451 o
Met hyl met hacrylate ("MVA") and nmethacrylic acid ("M\")
were distilled prior to use. Sodiumstyrene sul fonate
("SS") was determned to contain 9.74% w w H20, which

M (B gttt By e Rt oy S NG whie
Sg)n(t%p%cgﬂle&(p@t eaﬁr@‘@ shpwied neHercegeaf resithoal inkumomers. The
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prepared separately, and 1.0 ml of this was

[ d into the reaction vessel. The set-up was
Lﬁ%%e Q%? olxgggn by using [liquid N2 freeze-punp-thaw

d (repeated three tines). The reaction was then
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PCT/ US2004/ 011513 {461 The vat er viashed pory
&@i"ﬁ?ﬁ“ﬁéﬂ/ﬂ ‘&ég UHRR 1% 2dBNoin PMIMKI6.Svmigin 3 ml of DMSO)
ces tpaepaeel] ddparacsty asd ﬁﬁroﬂﬁ@éﬁsinﬁﬁﬂle%%ﬁ fv%gsae%.r i (f%egfgas was
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Hep of the resulting solution to 1sopropanol (2.1 L) precipitated the polymer.
The supernatant was discarded, and the polymer was filtered and washed further
with isopropanol (1 x 400 ml; 2 x 150 ml). The resulting material upon drying in
vacuo at 65C yielded 15.8 g (68.7% yield) of a white polymer. The polymer was
pulverized in a commercial blender and 5.8 grams were further purified by stirring
in 200 ml of deionized water at 60C, followed by filtration and further washing with
deionized water (2 x 50 ml), and drying in vacuo (5 mbar) at 65°C for 6.5 hours to
yvield 5.2g of a white powder.

The water-washed polymer was analyzed by 'H NMR, which contained the
expected peaks and showed no traces of residual MONOmers. The
carboxylate/sulfonate ratio was determined to be 3.21 (theoretical value = 4.0). The
composition of the polymer was 75.6(MMA):18.6(MA):5.8(SS). Size exclusion
chromatography (DMF against polystyrene standards) was used to determine a Mw
= 259,760; Mn = 100,130.
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[51]
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[53]

was accounted for in the stoichionetric cal cul ati ons.
[481 A 100 m 3-neck round bottom fl ask equi pped with

wa@20mgmers c stir bar, a reflux condenser w thPOi/URIGE0N1513

inlet, a glass stopper, and a rubber septum was purged
under positive nitrogen flow for 30 m nutes. MVA (18.0
m, 168 mm ), MA (3.81 m, 45 mmol), SS (2.56 g, 11.2
nmol ) and DVSO (45 m) were bl ended together in a 120
m screw cap anber jar. This nononer mi xture was then
transferred to the 100 m 3-neck flask. A solution of
AMN in DVBO (16.5 ng in 3 m of DMSO was prepared
separately and introduced into the reaction vessel.
NEk#ropler3 gas was bubbl ed t hrough the reaction m xture
for 30 mnutes, while stirring, to deoxygenate the

?ﬁxﬁoo er ﬂj&% ﬁ)%%@g‘é ? Qva\é%z.ssz)lﬁg@ 153t d36 &h%q%gethﬁr[‘ gactate solvent

o urs un
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dZQ(HWrﬁ@@RCt%&érﬁ’é&kpfenﬁ 'ﬂ?ol(ﬂse%ldlsbhpgoﬁlﬁg L.‘Jcb&ﬂmtgofo the following
i sopropanol (2.1 L) precipitated the polyner.
sPiPEFHAE-ant was dlscarded and the pol yner was
filtered and washed further wi th isopropanol (1 x 400
Mrhe 2.5% ﬂ&l@nﬁi‘ FromNfreantipes 0 lcbativg sohitioniveds appﬁéd ar t}dé IZ@OIilcﬂ front

g]l.rvg maotld ?ac\él S) (9 e%ns:!'lg 8 }gr F{&l‘?atgl}/ dytlecl)fd[?le luta ton 1nto ﬁ'le center

The*Poly VerTZed in ‘a Conmer ¢

bbém aire;crld apmn@gfzatgaparmﬂmeheb' 72610t tper apd tlickdadigr yun for 8 seconds.
Sﬁuﬁﬁ%\ﬁ'ﬁge labth g&%nﬂé oPlpi ﬁ&ﬁi&é’ ﬂiezéc‘éeé’ﬁo%ﬁngheﬁc%ﬁ% edge of the mold

follo ratlo further wash
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nﬁallomdé& ®fecords aispinningad PS08 rprithé\gain, a pressurized air jet is used

sout elta I%%g%ﬁ %:{tﬂ%ﬁieﬁr {h% ehgel_ﬁ@ﬁxeqﬁ&ﬁgé@l ftﬂlg gzhsft g?r(p ?ﬁcéngslof spin

va
pbmﬁmer was 75.6(MVA): 18. 6( MA) : 5. 8(SS) Si ze exclusion
chr omat ogr aphy (DMF agai nst pol ystyrene standards) was
used to determne a Mv 259, 760; Mh = 100,130. -10 WD
2Bsanplgfo75 PCT/ US2004/ 011513 Exanple 3 [501 A

pol ymer from Exanple 2 was di ssolved into a 70: 30
eMMAockndeMY wdradistitled pabventise. SS was determined to contain 9.74%

w/w H,0, which was accounted for in the stoichiometric calculations.

" MMA (6.0 ml, 56.1 mmol), MA (1.27 ml, 15 mmol) and SS (0.854 g, 3.74 mmol)
were changed into the reaction vessel, and DMSO (15 ml) was then added. A
solution of AIBN in DMSO (5.5 mg/ml) was prepared separately and 1.0 ml was
introduced into the reaction vessel. The reaction was deoxygenated by bubbling
nitrogen through the monomer mixture for 30 minutes while stirring. The reaction
was then heated to 75°C, and allowed to proceed for 16 to 18 hours under nitrogen.
Diluting the reaction with methanol, and dropwise addition of the resulting solution
to isopropanol (800 ml) precipitated the polymer. The polymer was filtered, and

~ dried in vacuo at 65°C. The dried polymer was ground to a fine powder.
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solution to make 1.5% (w v) solution of polymer. The
sol ution was used to coat Zeonor 1060R (tradenark)
WO eng/oplEls via spin coating according to the POI/USX04HQ11513
procedure. [511 The 1.5% pol ynmer from Exanple 2
coating solution was applied to the Zeonor front
curve nold surface by dispensing approximately 3 | of
the solution into the center of a nold spinning at
approxi mately 7500 rpm and thereafter spun for 8
seconds. During the |ast 2 seconds of spinning t he

e t he f 1h cl
561 SRR 058 R ! bl i E T s
c tivice Wil 30 imd isoprparel api nnd:eawith SOsmlrtg" lmhsme]anﬂ%ipd) by vert0 at

S se
t@éﬁéﬁﬁeﬁﬁﬁ%%%ﬁeﬁm Onp Gfant b pORR g8 e nto
r pRRlRE deianized yepder at QPCow@éﬁdﬁy r@orgé@npmetum‘, filtgtednandgwashed
attwice GdtH PoMinl HPa¢ibnizéd WheSSM drife®dnabkbyd fl65P6 14188 din ﬂl@“water-
renoye ][g}x%ess, coating near the edge of the nold fo
tﬁ"éalll%fg T3 seconds of spin tine. Exanple 4 [521 MVA
and MA were distilled prior to use. SS was determ ned

[551  t @hepniyanars & Table 1 helowH@e nwdieakingabe method iiesibbd in Example

t Dfe ex?tte 1?).?{ t‘ﬂ%({léfcr%g@sj ngff{&l@]gﬂ\ﬁﬂsw a dsw{%\%ggg'ys indicated in

3ﬂ1794t3d were changed into the reaction vessel, and
DI\/SO(15 n1) was then added. A solution of Al BN i n
[56] DMSO (5.5 ng/m) was prepared separately and 1.0 ml
mg[s i,ntroduced into the reaction vessel. The reaction
l(?eloxygenat ed by bubbling nitrogen through the
nmononmer m xture for 30 mnutes while stirring. The
reaction was then heated to 75C, and allowed to

p! for 1 18 haurg under g
tth eaétl on Arret hc% and dr o&vvl g)/g?addl tio ‘%}Sg

the resul ting (@@Il%dl on | @el%}sopr ppanol (800 nd)

p ecipitated|the polyner. The polynmer was filiered
a @mgf,leeﬂ inaacuo at |pC. The deied pol yner | was
g’%ﬁnd to.a fline powder|. -11 WD P004/ 094075
PCTPeRESERA) 011513 [ 541 One gram of the pol yner was
soaked in 50 of isopropanol filtered, theh washed
t WEgampletdh 307!81 i soprofamsol and; nce wi th 50 plggof
haﬁ@@-@va@ﬂéﬁ driied in vaguo at

fraction

(actual)

Example 4 76.9 17.6 5.5 3.2

Water-washed

fraction

(actual)

Second Trial

Example 4A 69 24.8 6.2 4
(theoretical)
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65C to yield the "I PA-washed fraction." One gram of

the polyner was stirred into 50 ml of deionized water
w@t0080a07Eo00l ed to roomtenperature, filtered, PErnus2004/011513

washed twice with 30 mM of deionized water and dried

in vacuo at 65C to obtain the "water- washed

fraction.” [551 The polyners in Table 1 bel ow were

made using the nmethod described in Exanple 4, except

that the nolar ratios of the MVA, MA and SS were

varied as indicated in the table. [56] Table 1

Polymer WMVAWVA—SS—(vbt 89 _VASS (ot 9% (ol Exanpte4
7EESBle#A (§ RBdr et i call Y3Bxanpl €] 078 16.3 5. 729486
| PleAvaglied fraction (actual) BExanple 4 76.9(17.6 5.5
3 % WAt er -washed fraction (actual) Second Tri al
ExHATION 4A 69 24.8 6.2|4 (theortical) -12 WD
2P@41@D4075 PCT/ US2004/ 011513 Exanple 4A 66.1 25.3
8/6 2.94 | PA-washed fraction

Example 4A | 73.9 19.2 6.9 2.78

Water-washed

fraction

(actual)

Third Trial

Example 4B ' | 84 12.8 3.2 4

(theoretical)

Example 4B | 84.6 11.5 3.9 2.95

IPA-washed

fraction

(actual)

Example 4B |83.2 12.7 4.1 | 3.1

Water-washed

fraction

(actual)

[57] In Example 4A, the water-washed fraction had a significantly higher MMA content
as compared to the IPA-washed fraction. Without being limited to mechanism, this
suggests that water removed the more ionic chains in the sample. Washing the
polymer with water did not change the MA/SS ratio significantly as compared to the
TP A-washed fraction.

[58] In Example 4 and 4B with the polymer with an intermediate to high overall MMA
content, water washing did not significantly impact the composition or the MA/SS
ratio of the polymer. Since the biospecific interactions of polymer chains are
derived from the random functional group distribution, any purification technique
that systemically alters the composition of the polymer (e.g. removal of highly ionic
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(actual) Exanple 4A 73.9 19.2 6.9 2.78 Water-washed
fraction (actual) Third Trial Exanple 4B 84 12.8 3.2
wda 20040803 eti cal ) Exanple 4B 84.6 11.5 3.9 2. 9BCT/US2004/011513

| PA-washed fraction (actual) Exanple 4B 83.2 12.7
4.1 3.1 Water-washed fraction (actual) [571 In
Exanpl e 4A, the water-washed fraction had a
significantly higher MVA content as conpared to the
| PA-washed fraction. Wthout being limted to
nechanisn] this suggests that water renoved the nore

WS G S U iGRoEE. iy BeES i Bieerays ecmiai sgtstcal

Cdl@‘@lgﬁ?rdn bbtail’ﬁﬁ ddriﬂ@xl ;mﬁhadzahbﬂdbli WAVM&%S;% ?oﬁxlmfse and in
n I medl a

APt Eafc TEpis bl ekt RTipiedhal 857 molar

shayisi isiprafatied. iTheawmpokitiononpdsble| lolabolledt(h@uab]!}\%re determined

r #biOpolMR) %egﬁh ya!é‘?ﬁdlca?éc[‘ﬁlal LRpiPsagpeci fic

i nteraction pol'ynmer c ns are derived fromthe
random functional group distribution, any purification
technique that systemically alters the conposition of
the polyner (e.g. renmoval of highly ionic -13 WD
Examples 2&0%4 094075 PCT/ US2004/ 011513 chains) w |l skew the
distribution. It is preferable to preserve the

[59] oﬂleqf.)&%eisstigtfagfei st%re made using the method described in Example 1,
except that the molar ratios of the MMA, MA and SS were varied as indicated in the

table.
Table 2
MMA MA | SS (mol%) MA/SS
(mol%) (mol%)
Example 5|65 30 5 6
(theoretical)
Example 5| 68.1 26 59 441
(actual)
Example 6170 30 0 --
(theoretical)
Example 6 180.6 194 0 --
(actual)
Example 7675 22.5 10 2.25
(theoretical)
Example 7 | 68.7 © 1 19.6 11.7 1.68
(actual)
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di stribution obtained during polynerization for
MV MA/ SS copol yners, and in order to do so, total

w@ edvao9ers cal ) ionic content of |ess than or epCEUS1004/011513
25% on nolar basis is preferred. The conmpositions in
Table 1 | abel ed (actual) were determned from 1H NVR
spectra, as indicated in Exanple 5-14. Exanples 5 to
14 [591 The polyners in Table 2 were nade using the
nmet hod described in Exanple 1, except that the nol ar
ratlos of the MVA, MA and SS were varied as indicated

ablge.~sTabl e 2 MA SS 7% NAT'SS not %4

( E{x pl‘—f; e755 65 30 6 (theaﬁ tical) Exar ée
65@@€QGU§ﬂD 4 41 (actual) Exanple 6 70 30 O -
(theoretical)l Exanple § 80.6 19.4 0 -- (actua
E,mln le/ 68.|®222-5 10 1225 (theeygtical) Exa e 7
68 6 11.]7 1.68 (gctual) -14 %% 2004/094()?%19
PNWCB@ 04/ 011513 Exarfple 8 75 15 10 1.5
(theoretical) Exanple 8 82,7 5.7[11.6 0.49 (actual)

Example 9160 30 10 3

(theoretical)

Example 91625 26.4 11.1 2.38

(actual)

Example 10|75 15 10 1.5

(theoretical)

Example 10{77.5 10.6 11.9 0.89

(actual)

Example 11 |60 30 10 3

(theoretical)

Example 11 |59.5 28.2 12.3 2.29

(actual)

Example 12 | 70 25 5 5

(theoretical)

Example 12| 70.1 24.4 5.5 4.44

(actual)

Example 13|75 20 5 4

(theoretical)

Example 13782 16.9 4.9 3.45

(actual)
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[61]

[62]

[63]

Exanple 9 60 30 10 3 (theoretical) Exanple 9 62.5
26.4 11.1 2.38 (actual) Exanple 10 75 15 10 1.5

W@ ehveoowrs cal ) Exanple 10 77.5 10.6 11.9 0. 89 PCHUBS2084/911513

Exanple 11 60 30 10 3 (theoretical) Exanple 11 59.5
28.2 12.3 2.29 (actual) Exanple 12 70 25 5 5
(theoretical) Exanple 12 70.1 24.4 5.5 4.44 (actual)
Exanple 13 75 20 5 4 (theoretical) Exanple 13 78.2
16.9 4.9 3.45 (actual) -15 WD 2004/ 094075 _
PCT/ US2004/ 011513 Exanple 14 75 25 0 -- (theoretical)

%%IQEE? 14 .88 12 0 -- (Jagtual) [6Q1 The corrpohi_tions
iEit/ga 1efazllﬁabz]esled (actﬁ%l) wer e{ determ ned frném 1H
Nivitheesgtieall a (270 MHz),| acquired|in deuterated DVSO
The peaks usgd to calculate the |relative ratijos were

t hexanprat i1g [Agot ons of| {hhe SS regi dues (8-6.8-7.6
pp?g E)he

ctua

The compositions in Table 2 labeled (actual) were determined from 'H NMR
spectra (270 MHz), acquired in deuterated DMSO. The peaks used to calculate the
relative ratios were the aromatic protons of the SS residues (6~6.8-7.6 ppm), the
methyl ester protons from MMA (8~3.5 ppm), and the combined peak (6~0.2-2.2
ppm) from the B-methyl protons of MMA/MA and the B-methylene protons of
MMA/MA/SS.

The polymers were purified, prior to "H NMR analysis, by washing with deionized
water. Two grams of the polymer was stirred into 60-70 ml of deionized water at 50
to 60°C, cooled to room temperature, filtered, and washed twice with 30 ml of
deionized water and dried in vacuo at 65°C. The '"H NMR spectra did not show any

evidence of residual monomers.

Example 15

Bacteriophobic and bacteriostatic properties in the presence of blood plasma and/or
synthetic tear fluid containing fibronectin or other adhesive protein are dependent
on the sulfonate and carboxylate compositions of the random tercopolymers. For
the ratio of COO7/SOj3’ ranging between 1 and 1.4, the polymers exhibit
bacteriophobic effect and eukaryotic cells proliferation inhibition. For the ratio
ranging between 0 to 0.5 and 3 to 4, there are bacteriophobic properties but almost
normal eukaryotic cell proliferation. For the ratio above 4, there is normal
eukaryotic cell proliferation and bacterial adhesion.

Silicone hydrogels were coated using the method in Example 2 with random
biospecific polymers (P,Q,R,S) with a ratio of COO-/SO3- ranging between 0 and 5.
Table 3
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met hyl ester protons from MVA (5-3.5 ppm, and the

conbi ned peak (8-0.2-2.2 ppn) fromthe (3-nethyl
w@e@som7df MVA/ MA and the (3-nethyl ene prot onBCD1US2004/011513

MW MA/SS. [ 61 ] The polyners were purified, prior to

1H NMR anal ysis, by washing with deionized water. Two

grans of the polyner was stirred into 60-70 m of

dei oni zed water at 50 to 60C, cooled to room

tenperature, filtered, and washed twice with 30 m of

dei oni zed water and dried in vacuo at 65C. The 1H NMR

spetctTa UI U gt bllUW dny eVI nce QI lEbI U
pnoners. Exanpitgortictle21 Bact RASHYSi ¢ and Ratio = MA/SS

acteriostatid c@fr@@ﬁﬁbhes i n |tdeerpidence vgf| bl ood
asma and/ or @W& E tear ]\E@g{ d cont ai nijng
bronectin or| g’ esi vg ei n are dgpendent
n the sul fondte and car boxyl|NMBMA/MMSSI ti ons of the
andomtercopclymars For the ratio of COO|/ SO3-

Bpgi ng bet ween, 1.4, th exhi|by
agteri ophobi @ 0%% ect and eu k?ﬁ%%%,gﬂgzl I's 239

Al faorat i ~n
UIIICIaLIUIIIIIIIIUILIUII I_UI LIICIaI.IU |a|g||

eween 0 to 0.75/204 3 to 4, |tBV - bact €rd-$phobi ¢

rpliferation. 7!6;015/5 he rati o |ajpoves 4/5.4 her e |iga4or mal
ukaryotic celll pr oliferation and bacterial |adhesi on.

B3) Siticone el's were using tne, met nod
S<Exan‘p| e 2 v%zd/?(gndom bi cégchﬁ?l c pol yrrerQs
—Q-R-Swth a ratio of COD/SO3- ranging-between o0

hd 5. Table Polyl BIBMA 2811034075 PCT/ USZOO4-/ 011513
heoreti cal Cc%tion Ratiq = MO/ SS conpgsition
et erm ned by SS NWVR M\/N MN SS P 60/ 30/ 10

B/l 20 9/ 19 9 29 9Q Vo W & =il Mo Ya WAN = A 2 AL D
I 200 42T L0 J I'JlI 2ZVUT|J U I =. 3 9. I [N
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hydrogel

()
J

N
b
Y
f
0
r
r
b
Y
b
properties but| al nost normal eukaryotic celll
p
e
[
[
(
a
T
d
5
7

[64] Overnight cultures of Pseudomonas aeruginosa and Staphylococcus aureus were
prepared separately by the incubation of colonies selected from the agar plate in 1
ml of broth at 30°C or 37°C, respectively. The 1 ml of saturated bacterial
suspensions were harvested by centrifugation at 3500 rpm for 10 minutes. The
supernatant was discarded and 1 ml of fresh broth was added to the pellet. The

solutions were vortex-mixed to ensure that bacteria were in suspension.

[65] Columbia agar and Brain-Heart infusion were used for Pseudomonas aeruginosa
(“P. aeruginosa”) cultures, which were performed at 30°C. Mueller-Hinton agar
and Mueller-Hinton broth were used for Staphylococcus aureus (“S. aureus™)

cultures, which were performed at 37°C.

[66] 50 pl of tritiated thymidine (1 mci/ml) was added to broth containing about 107
cfu/ml of the bacteria. The suspensions were incubated for 4 hours at 30°C in the
case of P. aeruginosa or 3 hours at 37°C in the case of S. aureus to obtain
exponential cultures. After the incubation periods, the bacterial suspensions were

harvested twice at 3500 rpm for 10 minutes to remove the excess unbound
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[67]

[68]

[69]

[70]

S 70/0/30 53/0/47 0 T Poly HEMA coated - - control U
Uncoated silicone - - hydrogel [641 Overnight cul tures

wWoRoRsewddonas aer ugi nosa and St aphyl ococcus BUT/E8R04/011513

were prepared separately by the incubation of

colonies selected fromthe agar plate in 1 ml of

broth at 30C or 37C, respectively. The 1 m of

saturated bacterial suspensions were harvested by

centrifugation at 3500 rpmfor 10 m nutes. The

supernat ant was di scarded and 1 nl of fresh brot h mas

add o.th The . sol uti vortex-m x
Grciolifior. PRS SHtccEr aMEet s JpepEALeq o thehpetoralpelle t

Cobﬂan'bslﬁab]@afactaﬂdl cBIuabﬁls (He2107 efafil iderRmeie fivaethefseidard

BRSPS ERR S B ot R PRI R et Ve e

Vuthl aevortéix igser. br ot h wer e used for Staphyl ococcus
aureus ("S. aureus ") cultures, which were perforned

aBa@thal Joﬁ@élntégoﬂé w&fe cbﬁﬂr&l!le@t%éﬁﬁfﬂl 'Vﬁtﬁle(c‘kl {cf dounting.
cf u} ErrP of the

was adde broth_contal ni ng "about 3

bEeﬁszaso utwes y@@fpf@wdolﬁsor@@%% obﬁaeh%toé&ofce}omeswamaé on the
abgat@latédd the case of P. aeruginosa or 3 hours at 37C
in the case of S. aureus to obtain exponentia

C e r.the incubatio ri,od t he..bact er.i.al
S H0 Ml EPeachbh @l Fen-EET Bt ARI0 2REas st FlidGh e
mivials and therademotrety ditbagteciebdiluionhs wad meiFurtiDon a B-automatic

29@$ﬁqgﬁgﬁgngg;h_ 004/ 011513 radioactivity. PBS wth
Ca and ++ was finally added to the bacteri al

pellet to obtain suitable bacterial dilutions (106

- PRe@ird/fod thedigfed bAdtheAl alih&ibn 362yt andard curve
corresponding to the absorbency versus cfu and the

h ' . [ 67 .
e P B e Aeameny o i nd sSeh Bt B et ngutilieg fye times
vimbin of Bhosphhie-tefferedealing ("gBS”Bdliteclenseb veod then dwabated for 1
Whb& ag kddth ?Eﬂneﬂe?atﬁfeqﬁldflt é?mql?é @l s%hgt?c t%QlDﬂlﬁgl ?‘ﬂé gychthetlc tear

Sprea
Fleuld is human plasma dlluted at 5% in PBS supplemented with Lysozyme (4.7 g/l)

and lactoferrin (1.7 g/1). After the incubation periods, lenses were washed three
times with PBS and were then transferred to new cell culture boxes. The bacterial
adhesion is reported as % adhesion of the bacteria in suspension which are adhered

to the lens.

Synthetic tear fluid with coated lenses and uncoated lenses were incubated with 1
ml of two concentrations of the radio-labeled bacteria for 1 hour at 30°C or at 37°C
(respectively for the bacteria strains) under stirring. After five washings of the
lenses with buffer, the lenses were transferred to counting vials, 10 ml of
scintillation fluid was added, the solutions were mixed with a vortex mixer and the
radioactivity incorporated by the adhered bacteria was measured with a B-counter.
The bacterial adhesion is reported as % adhesion of the bacteria in suspension which
are adhered to the lens.

Procedure for non-mediated bacterial adhesion assay
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[71]

[72]

[73]

[74]

[75]

[681 100 | of each bacterial suspension was added to 2
m of scintillation fluid in the wvials and the

w0 aeuoars vity of bacterial dilutions was neaseCEUSIN4/611513

(3-automatic liquid scintillation counter. Procedure
for nedi ated bacterial adhesion assay [691 The | enses
were aseptically transferred into cell culture boxes
and washed five tines in 2 m of Phosphate-buffered
saline ("PBS"). The |l enses were then incubated for 1
hour at room tenperature under stirring with synthetic

b ok i asepft o e etrsel it ettt Bkt 0 S Bverimes in
g21) ofghdsplmtetiféered salin (PRE").) Théleness wire _ﬂherrn]nghaiateagvith 1
. r ! ti S t an °
P PP bRBRERIIIRTR ARG bl oyl TaF L Mal B AES 37
b&esrectivgly forthe brateria grainsp onderdtiningoAlidrdiieorasbings héthe
baGk & With PRSSHRRERSE RBroinsfirnRl &ﬂiﬁgﬁg Fiald 9 oh‘ﬂ?f'saﬂﬁnaﬁon

[ 701 Synthetic tear fluid wth coate ensés an L
uRdBhy etrddenhs slitiens We BErEtVith pyortex myxesfand iy radioactivity
C aivogivrated bo itk @heici®attadi Grab aleedieel Wakbe-toudt@! The bacterial
hour at .30C gniat BFéh greigecglvely fgrtthe.bacterja
o £ i5TRyiS Tapalipd & P AThglongretaey of e D REE mpspon.
| shsahsarpvadiierélifoftbe Jlenshe | enses were transferred to
counting vials, 10 mM of scintillation fluid was
added, the solutions were mxed with a vortex m xer
and the radioactivity incorporated by the adhered
sdyrg fopbacterial proliferaliqassay 3- counter. The
bacterial adhesion is reported as % adhesi on of the
gsyﬁtﬁgﬂi@tem}t’lﬂﬁiﬂ?sb@lﬁ& ﬂsgl_@eshhéar@ Eirst aﬁcﬁl_ba’?éﬁ Q‘délﬁﬁhélﬂ wittesuspéisied
ocedur QL _Nnon: i at ed bacteria esi on assay .

B S s helaY Bt s s vty desimahe ferseen e i
abuefferi cldlellgnses wasfthen gransferted to @akbw tohihggicmtdinxgd minaf the

| - g 1. .
(TR FelE, T Skt Moo POTPEIGs Ui B IR elrioas
t Abtige penging batveensO and § heurs adit the eadenf dhe ipadhadion.cbotlvthel
hatibétof3AFaRb@nd DFEanisiHRASES bt tallerib Iﬂ?sﬁ?&{sﬁ%ﬂ @)

strai S under stirring. After five washings o
I@W?@g P%PBS, the | enses were transferred to
counting vials, 10 m of scintillation fluid was
adlbe dymbéreofotfatd-lonmdbacteria{Bg dvasidetermined by estashing the

a@%ﬂf]ﬂﬁls "R %%hﬁwzet z}écording to the following scheme. Washing the lenses
in PBS, and incubating the lenses in 1 ml of a solution of trypsin for 5 min. at 37°C
under smooth stirring. Then, the solutions is vortex mixed and sonicated for 3

minutes, followed by 3 washings of the lenses in PBS. The pool of the washings are
spun at 3500 rpm for 15 minutes. The bacterial pellet is resuspended in PBS and
counted for cfu after suitable dilutions on agar gel.

The efficiency of the detachment of the Bs has been controlled by the comparison of
the number of bacteria adhered to the lenses and measured before and after
detachment by an agar overlay method in common use by those of ordinary skill in
the art. This showed that in the case of P. aeruginosa about 80% of the Bs are
detached and alive. Whereas, 90% of the Bs are detached and alive for S, aureus.
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[76]

[77]

[78]

[79]

[80]

[81]

i ncorporated by the adhered bacteria was neasured wth
a B-counter. The bacterial adhesion is reported as

wo b@4agteesi on percentages of the bacteria in PCT/US2004/011513

suspensi on, which are adhered to the lens. [72]
Procedure for bacterial proliferation assay [731
Synthetic tear fluid coated | enses were first

i ncubated for 1 hour with suspended bacteria. The
unbound bacteria were renoved by washing the | enses 5
times in buffer. The |l enses were then transferred to

i ng: taj ning.,1 f th l.ected media.
Tk SR B b it B aueitiadh 8BS i e aragion control
v aerisesgmiizctionalizef lensesy andvgsasgobtet wetnthd taoshobyhasr s.

A ERATS '

£ (b0 e lontclf ih Mk DAL, BP Jen Nedk Wara PR 0P lhe Mavss
s e nSheorpremeyiatodadhesinm nereantages Weleaot Flatistinattydiffapént for

Suhf of Brelensadluhds CohdideritBn) Was determined by
detaching the organisns fromthe surface according to

the follow n chene. hj the lenses . in PBS, and

A 5% R Pl el BildspSinoGoiiirion Roneaskipadny
f eontBoliemses amfi@wlonalivdé lenses) and lenbésr dobtgg%wiﬂfhtfhe terdp@lymers
S i: -' . ] i cat or.

Rk S Pl O} T ol S (A0SR S8 LB pesBliacd hy mpppasss
THE1p oBle raedigted bogtemal adbesionds Iropush tab tiBBADeatprthimihe hbn-

MniudiRsd adlid§ioRact eri al pellet is resuspended in PBS
and counted for cfu after suitable dilutions on agar

gel . [75 he ficienc f the detachnent of the Bs

g snscs bmed Nitndhs aavB amBrsnars owRerdbenen pristEsees for
oMASS retioso RIP@ a3 49 at dven ireRigase AnThdpdthit @lofBé MeBiated
a : n_agar. overlay.nethad n.

o Sfer B Sfine<iit e IR O p 8 DorfiHsoB WEfwth bBFik G p&bion
THslosHy agngcifigd enses (fiuhesiopalézed dénsps) and confirole el HBEMA coated
8Q8atRI ahfan&utd &l is@hl Vég% ion? 0% of
the Bs are deFﬁ%ﬁgﬁﬂgﬁg&gg?%g&?E? %ﬁﬁgﬁr ussﬁﬁTB'wo

2004/ 094075 PCT/ US2004/ 011513 [761 As _seen in Fiqure

1, Bl pbient GampoDJaadlehs Gandemaisberife lemssnsrl 00 on
conf%adh/lehe (rardont bivkpdrifid lepdkjjzed | enses) and | enses
coated with the tercopol yners (functionalized | enses);

il\g:glg%ﬁ‘o EAd&uced ﬁl% i}llﬁglslfoeri 0 pfo%oqglagre%fetcte &‘ thE gac?é/riatl Q&hesion on

random biospecific lenses as compared to controls.

Figure 4 shows the variation of the I ratio as a function of MA/SS ratio in the
copolymers. Inhibition of the bacterial adhesion reached as high as 50% for MA/SS
ratios of 2.29 and 3.45. When MA/SS ratio is 0 (and the copolymer has only MMA
and SS monomers), the inhibition of the bacterial adhesion is significantly lower
(20%) as compared to 50%.

Non-mediated bacterial adhesion for S. aureus on polyHEMA coated control lenses
(poly-Hema lenses made as is known in the art) is significantly lower than on
uncoated silicone hydrogel lenses as is shown in Figure 5. The non-mediated
adhesion values on copolymers with MA/SS ratio of 0 and on MA/SS ratio of 4.44
are between the adhesion values for the controls. On copolymers with MA/SS ratios
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[82]

[83]

[84]

[85]

[86]

rati o. The non-nedi at ed adhesi on percent ages were not
statistically different for any of the | enses under

wa@omgiogwrati on. [771 As seen in Figure 2, plasper/us2004/011513

nmedi ated P. aerugi nosa adhesion is nmeasured on
control |enses (unfunctionalized | enses) and | enses
coated with the tercopolyners (functionalized

‘lenses); in this case, the |l enses were characterized

by the MW SS ratio. The nedi ated bacterial adhesion
is from4 to 6 tirre greater than the non- nedi at ed

ses coat ed Wlt
c 8b a1y 81 3 45alhe ARG ARG B R Dea apgRd to other
Méb}ﬁﬂ&yma:tslandcoﬁtrcﬂsZQ and 3.45 as seen in Figure 3. The
inhi bition of the nediated bacterial adhesion is

' L, @dh
¢ £ SRR Ao P BGOSR 3 AR B BE 0TS
c @nnﬁlntt@r(abm®lenﬁm@ amekto omes bighemeh funcidenabzed lenses

S 'cl)x&}ﬁ%ﬁ tdund h@ﬁ%@dlé’t@@bé&er&? E%Qsﬁﬁqeag sBh ﬁl'ﬁ%l[r@%' %hesmn of

| ens control)-% ad engﬂéran OHL ospecC
I§n%’€§3‘s %lmi@ EM ﬁo}@awmceﬁ@ol(l?%a %%@&@&/hen%and {55

| enises)ehs bl ?%nﬂihbt&ﬂa?ﬁddleﬁés dEMnalhE&d!léHEbbwitB eith@MMA
ro e ecC £S1 0 om .
P EATSS oPr e S TMA/ssLOF naachlerl adisnBRs PLo SP oo PHiehE which
Fisgugrefidangltydowert then uenfuadti OEIBﬂIZEﬂ {Fuactiomalizédlemswih (MA, SS,
R R S ML i Br 1y O GO v B e e
MviEsthe npgfungidonsfized. 2 Ag 8§ anc %MAmer@Hmuesnfrlatth%ter@pglymer

(and t he copol yner has only MVA and SS nononers), the
| Bigube 7 kswthat Maciaaligdd 18hsed HhRsiodadhSsish gﬂués OANMA/SS ratio

D BHELIY S ohEerE R TR0 R hiFaRAT Of ok PRER Kb Dision i

c evitiemde Hyeths esmpz(rpsohjoeﬂvl&ﬁn bhaersa adhesien asfunstikmtived lenses and
?nﬁﬁ&lonhﬁz H%eg rngcﬁﬁtcla%u a?éﬁerfy tﬁg T?oqﬂﬂﬂqﬁ&%ﬁ@éaﬁa%os%

I cone SesS as 1S

non medi at ed adheS| on val ues on copolynmers wth MA SS
r ahp Fadgtion ofiehibisionl) 8sa fenctien of WSE rafig & the coradymerR és

a@m m;l yadelse ereQﬁmbhﬁ)E/crgigazé% ﬁ%xc%imﬁ QP8bYTBF SIS Bqual to
I 0]
g4 For AR AR e sl o oD SIRGA R S5 gpmers)
| dmnhlbamaffedcténalaﬁhesmn is significantly lower compared to the increased
MA/SS ratio.

Therefore, lenses coated with MMA, MA and SS copolymers show bacteriophobic
properties when the lenses are exposed to synthetic tear fluid with regard to the
mediated adhesion of P. aeruginosa and S. aureus. The maximum of the
bacteriophobic effect for both strains is observed for the lenses coated with the
tercopolymer MA/SS 2.29 and 3.45. A tercopolymer means a copolymer created
with at least three monomers. It is noticeable that MMA, SS copolymer (MA/SS=0)
coated lenses are less bacteriophobic in the same conditions.

Without being held to a mechanism, the mediated bacterial adhesion depends on the
chemical composition of the lenses and the surface of the lenses. Adhesion of P.

aeruginosa on controls lenses is 0.62+-0.02%/lens and for lenses coated with either
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[88]
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copolynmers and controls. [821 The nedi ated bacteria
adhesion is from5 to 10 tinmes higher on the

waoemkomors onal i zed | enses and from2 to 5 ti meBCHU§Ive4/011513

on functionalized | enses conpared to the non-nedi ated
bacterial adhesion as seen in Figure 6. Adhesion of

S. aureus on poly HEMA coated control lenses is
0.93+-0.28% 1| ens and 1.5+- 0.48% I ens on
nonfunctional i zed | enses. Functionalized | enses with
either MMA and SS copol yners (MV SS=0) have bacteria

a i o of 0, 5+- V\hIC I'S.Si i ficantl
@@Eﬁ%ﬂﬂ et Ya@f‘e?#vljoz\é% 9dhe beeh aél?ﬁi}qnzlgﬁ s ks

( WRichSfght M\/l%))ver tHaa tiet dbseiresd cﬁddftﬁﬁrlotsn Tafe sBndandrdeuviatibss are a
S%ﬁ%lflfant| o cMﬁr than that observed in the

n l}?]% a‘r%eh °264Mn, SS and MVA are al | present in

the tercopolyner. (831 Figure 7 shows that

f Borclenssa gbited withdheeepohgners (i, £&h d8YI4), thamedintddmndhesion of

'Vﬁsc%r ?z‘nbﬁz 1s%f%‘1?ﬁcahﬂy fové? ’tha% that MREvAd fithe E8R of the controls

i nhi bl di at ed bacterial adhesion is
etiraeiaby fo5the mélodunaidisHh bet ween bacterial adhesi on
OBadtbicsHoBAdffeeed | enses and nonfunctionalized | enses
and is calculated by the I fornmula described above.
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e%iﬂjue% & thg’ le‘ﬁéesjﬂ ‘?nh‘i it Bact&ri a&ﬂ%’s§ f‘ or %H:I(Jug M&%@qjaﬂé'@z[s seen

has on nnnoners bition of
bﬁ?cElgmieahO %ﬁéﬁé@@nﬂ issexppefad ?haaﬁwmayterlen@blﬁaﬁba?l@wﬁt@e
dlﬁﬁae\aﬁmt bwaﬁfankmy Sfeck 5T thEhRb6lyalcizatii86ess leads to

coat .SS copol ynmers show
b%?@?’?l@ﬁll%‘ﬁp heﬁ\%}/&jﬁ@ f'&s when the | enses are exposed

to synthetic tear fluid with regard to the nediated
adhesi on of P. aeruginosa and S. aureus. The maxi mum

0 act eri ophobic effect for both strains is
Ohchfiflc 18

or the | enses coated vvlth the tercopol ymer

MV SS 2.29 and 3.45, A tercopol é nmeans_a _copol yne
cBagewdl proliferatian sfugiss tversqudupis aﬁéwscﬂomhaeé fenises With &

P@Irfé’é@@@étﬁlgltdb@&n%t aﬁugémm[ s1glgdﬁ4 BriréYel 16neéd with a poly

_ are | ess.bac obi ¢ in sa on

L BRAERi-DiGue SERRigh Bland POtatt etsma e ortios O Mk B fnses.
baeises wale @mtz&mdomﬂd‘é]peemﬂ—shke lvidfor onbhoarc d]‘he lenses were
C%ﬁ%ﬁ'tﬁf&% @in%s VJIﬁ‘lg%d %ﬁﬁ?esblﬁﬁ%& gll?in@ uﬁ“fl@féﬁ? érg Fnen incubated

| enses | N0Sa Oon con
i with, abgutk@ caoﬁcm#ﬁlé fogreae howr. | easeg w&tmmmi@hd plat:erdem a

synthetic growth medium. The number of bacteria were measured at 1, 2, 3 and 5

hours.

The functionalized lenses have a long time lag (> 2 hours) which is then followed
by an exponential proliferation. The number of bacteria adhered to the
functionalized lenses is about 35 times lower (for P. aeruginosa) and 8 times lower

(for S. aureus) as compared to the control lenses.

Table 4
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[92] As seen in Figures 11 and 12, adhered bacterial proliferation is exponential.
However, proliferation in suspension is.almost non-existent in the presence of
synthetic-tear fluid and a longer time lag followed by exponential proliferation is
seen in the synthetic media.

[93] In order to compare the rates of the proliferation of the bacteria onto the lenses and
the proliferation in suspension in absence of any lenses the following characteristics
were taken into account:

> The increase of the bacterial population (ALog) after 5 hours of proliferation,
expressed in Log cfu/mL and calculated from the following relation:

Alog = Log N5-LogNO0 (log cfu/lens or Log cfu/mL in the case of control)
with NO : bacterial concentration introduced initially (with 0 Hours of the
proliferation)

NS: bacterial concentration obtained after 5 hours of proliferation.

> The average constant rate of proliferation (k) expressed in a number of

generations per hour and calculated from the following relation

LogNnl-LogNn2
k= (generations/hour)
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r&t es T8 stohulbtien bfibe erdlderatidroratd3€S) efibhe bacsria 6RO Bfses as
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The sti ation the proliferation (R) as the nunber
of gengg g%{sg%)é?é(?i a

k (control)

> The stimulation of the proliferation (R) as the number of generated bacteria
after 5 hours as compared to control, calculated from the following relation:

NS5 lenses/NO lenses

R=
' NS control/NO control

with, NO lenses : the number of the total proliferation on lenses after 0 hours
of the incubation time

NS5 lenses : the number of the total proliferation on lenses after 5 hours of the
incubation time

NO control : the number of the total proliferation in suspension after 0 hours
of the incubation time

N5 control : the number of the total proliferation in suspension after 5 hours
of the incubation time

[94] Lenses incubated in the presence of synthetic tear fluid as a proliferation medium
show that after 5 hours, the number of bacteria generated by the proliferation of the
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What is clainmed is: 1. A nethod of preventing

m crobial attachnent and growth conprising Attaching
w@2alogsees to a surface of an ophthal m c devi CEBCT/US2004/011513

wherein said polynmer has a nolar ratio of carboxylate

groups to sul fonate groups of greater than about 2.

2. The method of claim1 wherein said surface

conprises one or nore surfaces in contact with tears

and pl aced adjacent to a cornea during conventiona

use of said device. 3. The nethod of claim1l wherein

sawﬂmgg@ﬁﬁﬁﬁiﬁonprlses one or nore surfaces in

contact with tears and placed adjacent to an interior

of an eyelid. 4. The nethod of claim 1l wherein said

opiht Rah '

ng%hod g?@%@§¥ﬁ$§n§%g?%?%@§§? con?g%%gﬁgﬁgc%gﬁ%?P%es

one or nore of the group consisting of

e s D g
Bol zggfépﬂ %%S a‘ﬁ‘8 ’r° Offf&ﬁi?ﬁ‘wgf‘egmw 78 On%ﬁ?alioagw%greater

si |l i tonebouttZeri al s, acrylic materials, fluorocarbon

mat eri al s, copolyners of any of the foregoing,

etafl | con A, genfilcon A galyfilcon A lenefilcon A
Ay hae Bisth 0&@% ghim | lowherain shigl saffabcempijses one af mbemarfces in

I ot r adrithet ith tBard B r
of cl aa H%\l tf utrt her glgh%drj?g%r?gy% agcg)%% %Uﬁggggﬁ%gﬁﬁ]ﬁgse of

devi @A %h ocul ar environment. 7. The nethod of
claim1l wherein said attachi ng occurs at one or nore

bi |3n dTﬁEgmet?lb& &P Cla1§1’1 1 I\(I}ﬁarefm :sr@.a 5 f%ﬁccig?rllé)rr?s%so%\%ec{y%gg zl?lgfgogs in

ynher conpri ses
V\D 2@@11?/00 ;E?@P@ﬂﬂmwa@m&%an n8eridiive ametyblgd] of

claim1l wherein said polyner conprises nethacrylic

aC| copol ynmers. 10. The nmethod of claim 1l wherein

s4id iy 9‘%%‘1){ of gJainn | sderasin said epkihglmin devikd enmaprises a contact lens.

5. The method of claim 4 wherein said contact lens comprises one or more of the
group consisting of poly(methyl)methacrylate polymer, silicon acrylate polymer,
fluoroacrylate polymer, fluoroether polymer, polyacetylene polymer, polyimide
polymer, hydrogels, silicone materials, acrylic materials, fluorocarbon materials,
copolymers of any of the foregoing, etafilcon A, genfilcon A, galyfilcon A,

lenefilcon A, polymacon, acquafilcon A, balafilcon A, lotrafilcon A, lotrafilcon
B and silicone hydrogels.

6. The method of claim 1 further comprising placing the ophthalmic device in an
ocular environment.

7. The method of claim 1 wherein said attaching occurs at one or more binding
sites.

8. The method of claim 1 wherein said polymer comprises methyl methacrylate
copolymers.
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copolynmers. 11. The method of claim 1l wherein said

pol ymer conprises nethyl nethacrylate- nethacrylic
w@eiodosmads um st yrene sul fonate random copol ynmePGT/UsD04/011513

The nmethod of claim1l wherein said nolar ratio is

about 2 to about 4. 13. The method of claim1 further

conprising substantially reducing mcrobial adhesion

to said ophthal mi c device as conpared to said

opht hal m ¢ device wthout said polynmer. 14. The

nmet hod of claim 13 wherein said reducing is about 50%

ofy m dhered .t o .an _.qpht hal m c devi ce w t hout,

o oV SRR PR J e R R R ESe e B dia

r eduedpelymess.about 90% of mi crobes adhered to an

opht hal m ¢ device w thout said polyner. 16. The net hod

of claim 13 wherein said m crobe conprises one or nore

ofl Ot Hee mgthad 91 elghm il syherein 4id pebiuers wompsisessodipinnsty@pesulfonate

Acanédperipeha species, Staphyl ococcus aureus,

Escherichia coli, Staphylococcus epiderm s, and

Serratia marcesens. 17. A nethod of preventing

il ﬁ 1 Bt mbthad bAckine 0 twisnsdn §1i0 pblyne g@mbﬁ%%g?ahﬂqgaﬁa&ﬂate-
0] : ] 0on corn al 0 m C devi ce
Cg em A S1d géllh-%gdlhl%lrs yrEne Wj@)@gﬁ% T FOPO,

t
nprising one or , FPyner is
attached to said one or nore surfaces, said pol yner

has, h ' i : | e
o o aReREd OPLaf BRI et S AT B S0
PCT/ US2004/ 011513 18. A nethod of pronoting ocul ar
heal Tie medipd bStlain 1 Sektttdr B8mpALias SRREanGHIN FRtcihg ndProbial
ophtalaﬁgsr%ctodev(#%g%h%ger in said redam ng CO&BFI ses .
endSW R & %St ICIPVIGRE rampied dR $a1¢ apkihelpug device
r anduithdvit ssig @olylier. pol ynmer that reduces mnicrobia
adhesion to the device. 19. A nethod of pronoting
ocul ar health conprising reducing mcrobes adhered to
att-opwinethed ef dlaim twhesby widreduging issabout 5§6 o6 nperobes
endaith&igd % sMEFREAm ddfc APkl poff¥ce with a
random bi ospeci fic pol ynmer that

15. The method of claim 13 wherein said reducing is about 90% of microbes

adhered to an ophthalmic device without said polymer.

16. The method of claim 13 wherein said microbe comprises one or more of the
group consisting of Pseudomonas aeruginosa, Acanthamoeba species,

Staphylococcus aureus, Escherichia coli, Staphylococcus epidermis, and
Serratia marcesens.

17. A method of preventing microbial attachment and growth comprising
placing an ophthalmic device on a cornea, said ophthalmic device

comprising one or more surfaces, wherein a polymer is attached to said one or more

surfaces, said polymer has a molar ratio of carboxylate group to sulfonate group of
greater than about 2.
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reduces mcrobial growmh on the device. 20. A nethod
of pronoting ocul ar health conprising reducing

wore@ropes3s adhered to an ophthal mi ¢ devi ce, WhRCEUR2004/011513
sai d reduci ng conpri ses attaching a polynmer to a
surface of an ophthal m c device, wherein said polyner:
has a nolar ratio of carboxylate groups to sulfonate
groups of greater than about 2. 21. The nethod of
clai m 20 wherein said surface conprises one or nore
surfaces in contact with tears and pl aced adjacent to
a 1gornea duri o] tional us sai d devic
Thgg net hod of&c&fe‘g} %%r%%tﬂ%%?} iﬁ%ﬁa@m‘%‘eﬂ P?lgés
0 rmlcmbeﬁﬁdlcer@htOfBaomhthahmcabntcacWhe/mmtsaideradm:nagﬂcbmlbmg d
acgnﬁﬁ@fﬁfg éﬁrﬁ@e bf‘ér%ﬂh%aéﬁfc %Rf WG & raniSm b-[gs el 1c g)ggyr%er that

of claim 20 whereln  sal al mc device c
c JRYuLEs ml‘Fr@h@l a‘ﬁ‘&SIOITﬁéthﬁé]teWGé of claim23 V\,her e| n said
contact | ens conprlses one or nore of the group

t th t |
TP} con acr yIAPERHI MO 5db Hesh carPrbIa edycing
f Imucrotbes mﬂrerqzahbmmphthpmmy dleeicy) vemﬂn@bmrwdumtgodommséﬁ
p%lnﬁg@f r@ﬁ?{a&g&l alr o rp%x'thallrﬁl%n q:gltvgl 1§ l@?lg?rpﬁ)&%sﬁe%ﬁc polymer that

Focarpon rat er i
gé@#ucpt:mcrpblabapyfth prthe dayickenefil con A, pol ymacon,
acquafilcon A, balafilcon A lotrafilcon A

Igé fll%%ﬁ and S|I|cone %drogels -31 WO

20604 kP oar el comprising eedpeing s ciobesadhierad to
20 vdesphitimhaii dbvivk] WhéreGatleticin@boRfigsed! NOr e

binding sites. 26. The nethod of claim 20 wherein

sai d polymer conprises nethyl nethacrylate
copol ymers. Zd'ItacHﬁhg a pelyhod tof swifaiewf 20 opllithtilﬁiiﬁ dsvité] wherein

LT3R TR S g

S u*s%yrenesulfonate copol yners.

21. The method of claim 20 wherein said surface comprises one or more surfaces in

contact with tears and placed adjacent to a cornea during conventional use of
said device.

22. The method of claim 20 wherein said surface comprises one or more surfaces in
contact with tears and placed adjacent to an interior of an eyelid.

23. The method of claim 20 wherein said ophthalmic device comprises a contact
lens.

24. The method of claim 23 wherein said contact lens comprises one or more of the
group consisting of poly(methyl)methacrylate polymer, silicon acrylate polymer,
fluoroacrylate polymer, fluoroether polymer, polyacetylene polymer, polyimide
polymer, hydrogels, silicone materials, acrylic materials, fluorocarbon materials,
etafilcon A, genfilcon A, galyfilcon A, lenefilcon A, polymacon, acquafilcon A,
balafilcon A, lotrafilcon A, lotrafilcon B and silicone hydrogels.
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29. The nethod of claim 20 wherein said polyner

conprises nethyl nethacrylate- nethacrylic acid-sodi um
waeomen®7sul f onat e random copol ynmers. 30. The PEI/OSz00611513

claim 20 wherein said nolar ratio is about 2 to about

4. 31. The nmethod of claim?20 further conprising

substantially reducing mcrobial adhesion to said

-opht hal m ¢ device as conpared to said ophthal mc

device w thout said polyner. 32. The nethod of claim

31 wherein said reducing i s about 50% of m crobes

ed t c.dey t hout said poly
390 TizansiBod BB of whriewm sauh o ngsomrsra%awrﬂgoq inding
abouiite®0% of m crobes adhered to an ophthal m c device
wi t hout said polyner. 34. The nmethod of claim 31
wherein said m crobe conprises one or nore of the
gRaukheooetbod of ¢lginnf0 Pheretosahpalymer cgiproea methyl methacrylate
Acani Pg@ﬁ@ ha species, Staphylococcus aureus,
Esche l'a coli, Staphylococcus epiderns, and
Serratia marcesens. -32

27. The method of claim 20 wherein said polymer comprises methacrylic acid
copolymers.

28. The method of claim 20 wherein said polymer comprises sodium

styrenesulfonate copolymers.

29. The method of claim 20 wherein said polymer comprises methyl methacrylate-

methacrylic acid-sodium styrene sulfonate random copolymers.
30. The method of claim 20 wherein said molar ratio is about 2 to about 4.

31. The method of claim 20 further comprising substantially reducing microbial
adhesion to said ophthalmic device as compared to said ophthalmic device
without said polymer.

32. The method of claim 31 wherein said reducing is about 50% of microbes
adhered to an ophthalmic device without said polymer.

33. The method of claim 31 wherein said reducing is about 90% of microbes
adhered to an ophthalmic device without said polymer.

34. The method of claim 31 wherein said microbe comprises one or more of the
group consisting of Pseudomonas aeruginosa, Acanthamoeba species,
Staphylococcus aureus, Escherichia coli, Staphylococcus epidermis, and

Serratia marcesens. -
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