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associated with improved wear comfort of contact lenses. Additionally, the surface of

the lens can affect the lens’s susceptibility to deposition, particularly the deposition of
proteins and lipids from the tear fluid during lens wear. Accumulated deposition can
cause eye discomfort or even inflammation. In the case of extended wear lenses (i.e.
lenses used without daily removal of the lens before sleep), the surface is especially
important, since extended wear lenses must be designed for high standards of comfort
and biocompatibility over an extended period of time.

Extended-wear lenses also present two added challenges. First, the lenses are
typically in continuous contact with the epithelium for between 7 and 30 days. This
stands in marked contrast to conventional contact lenses, which are removed from the
eye before sleep. Second, because the extended-wear lenses are worn continuously, they
are generally not removed for disinfection until the conclusion of the recommended
extended-wear period. Thus an improved method for inhibiting bacterial attachment

would be a major advance for both conventional and extended-wear contact lenses.



WO 02/ 092143 PCT/ USO02/ 14104 In the area of contact |ens
wetting/conditioning solutions, it has been found that pol yel ectrol ytes can
bi nd to awoen®9susf ace of opposite charge and form pol yel extvusogti €104

conpl exes. Such pol yel ectrol yte conpl exes have conmercially been

denonstrat ed t OJp fe\4ged B @nfaeieRd eling/co8MifionE 8biulbss, RamaBssh Hund At
greater adsorption of surface bound water. Exanples of materials useful

for fornm ngokelshirglytep chebindd pilenssorfptedappasite chargeging fomn pplgelerizalyist s
4,321,261 to lis et ,al,:.4. 4 730 to Ellis et al..; 5,401, 327 Ellis
ot ol o5 bl Slonepieichirdfe pibfs hald Soriefigtl bt dmdfied @l 148 |
Zhang et akive mdre ¢dhf&2dld RnEhateiaBlbedhuse ob thé iPeat@tdberpibabPsieiacaboundand
5,872,086 to Ellis et al. Bacterial attachnent to biomaterial surfaces is

bel i eved t ¥akss Exawnles ohmatasiglsrusetud for fprmiag speenalitlegteodyte spaplexsnareBut t he
extent to whi i 1,GiHQ O ' i] ) a0 ki ) [ :

br omat er | af Rt KRS pRORTER ol 482500 M B opueR g B

i nhi bi ti ngetsalg 5 405t876ha®ilis eirak; 5,80@ 044 toPdtindet A35eH0S] 89,18 Zhadd& ol.0

Dearnal ey; 5,961,958 to Hompla et al.; 5 980,368 to Hompla et al.;

5,984, 905 pd 1béas aFlis et 6l.ob1753% tothapgiet grend 818731086 ig Ediset ¢bs to Tweden
et al.; and 6,0 I « Al : I i

bacterial attac n%%tﬁélt%agﬁﬁ%ﬁs&’?%ag%%ﬁgggg ééﬁ t% tcht(:% e'ﬁfclogﬁ{ Eﬂ[p 'ltf?cftolrs, or
ot her pot et daficeewhitatinfdctins. Bet tit edteabivpihiclat igors nsiomlorganisat el higach

infiltrat d CLA Cont L I d A d T it | d
be ! ooty SHrdPRa GGy PO HTo TS S P PRt B arRTS AF mpghods r "0
i O 00T 9Ny, 0ih @ UedEhmel GRS G HNNIDY GF: Tols | WENBLEMITIssodrosent | on

provides a nmethod for inhibiting The attachnment” off m croorganisns to the
surface of taHbinoledtat.j 080,868 tecldomdhrat el. ), 98¢, 9 bfetoi Deaemetl ¢y 16,0011828ds  been

found that ntrolljn i oni.c strength . of ol,uti on unexpectedly

af fect s thréﬁl?tﬁgpfeéfﬂrmﬁgtﬂg(?é fto_E‘LeW%‘ﬁ? ieg%]‘i-’canégir(?g&:@éist%%@F@%%etﬁgr i nhi bi ti ng
bacterial attachspadntact BIRGhdtéad, l¥etetiil dMHAShRGR fo & B dudthatcas Wadlth ONS
having an ionic strength of |ess than about 0.13, preferably |less than

about 0. 10bagteria} keeabikiy, afotless poteatitlmontieticasssilated ermaplications sugh egstariient to

bi onedi cal . erijal nae, of ful, i oni ren Jn r dance
i hoihe e ifFREs BiP LA (I, Plas ot AGK RBELENAMIE o ber Srcoe
0. 05 to abaedirablR tdProvifle &nferiRdeht RUitetOstaEBmMent dfigicRiopgmikingto confaey i al is

a contact |ens and the
lenses.

SUMMARY OF THE INVENTION

This invention provides a method for inhibiting the attachment of
microorganisms to the surface of a biomaterial. In accordance with the invention, it has
been found that controlling the ionic strength of the solution unexpectedly affects the
performance of the cationic cellulosic polymer for inhibiting bacterial attachment.
Specifically, it has been found that solutions having an ionic strength of less than about
0.13, preferably less than about 0.10 are notably effective for decreasing bacterial
attachment to biomedical materials. The range of useful ionic strengths in accordance
with this invention is from about 0.01 to about 0.13, preferably from about 0.05 to about
0.10. In a preferred embodiment, the biomedical material is a contact lens and the

cationic polysaccharide is a cationic cellulosic polymer. In a more preferred
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device and a polysaccharide with or without the addition of a linking agent, and is not
limited to a particular mechanism. Thus “binding” may involve covalent bonds,
hydrogen bonds, hydrophobic interactions or other molecular interactions that enable the
cationic polysaccharide of the invention to form a relatively tenacious surface coating on
a biomedical device.

The cationic charge on the cationic polysaccharide may be derived from
ammonium groups, quaternary ammonium groups, guanidium groups, sulfonium groups,
phosphonium groups, bound transition metals, and other positively charged functional
groups.

Examples of methods for providing an anionic surface charge on the biomedical
device include: (a) bulk distribution of anionic sites in the biomaterial for example, by
polymerization; (b) oxidative surface treatment such as plasma discharge or corona
discharge; (c) application of an anionic linking agent; (d) complexation; or (e) a

combination of one or more of (a) — (d).
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The cationic polysaccharide may attach to the surface of the biomaterial through
interactions between hydrophobic sites on the biomaterial surface interacting with
hydrophobic groups on the cationic polysaccharide. Covalent linkages may also exist
between the surface of the biomaterial and the water-soluble cationic polysaccharide such
that the cationic polysaccharide is bound to the biomaterial surface.

The cationic polysaccharide may also bind to the surface of the biomedical device
through hydrogen-bonding interactions. These hydrogen-bonding interactions may occur
between hydrogen-bond accepting surfaces and hydrogen—l;ond donating solutions, or
between hydrogen-bond donating surfaces and hydrogen-bond accepting solutions.
Examples of hydrogen-bond accepting groups include pyrrolidone groups, acrylamide
groups, polyether groups and fluorocarbon groups. Examples of suitable polyether
groups include poly(ethylene glycol) or poly(ethylene oxide). Examples of suitable
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The cationic cellulosic polymers of the invention have been found to exhibit
strong anti-attachment properties (activity) for the bacterium, Pseudomonus aeruginosa,
as shown in studies of attachment to contact lens surfaces. Examples of useful cationic
polysaccharides are derived from the families based on cellulosics, guar gum, starch,
dextran, chitosan, locust bean gum, gum tragacanth, curdlan, pullulan and seleroglucan.
Of particular interest are the cationic polymers derived from cellulosic materials. It is
believed that the degree of inhibition activity is related to the strength of the ionic
bonding between the polymeric surface coating and the lens surface. Thus, independent
of the mechanism, stronger bonds are believed to be associated with a greater degree of
resistance to bacterial adhesion.

The layer or coating comprises a polyelectrolyte complex which is formed by
complexation of an ionic lens surface with an oppositely charged ionic polymer, and this
complex forms a hydrogel at the lens surface which absorbs water, has good water

retention, and is compatible with the physiological structures of the eye. A durable
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The contact lens is preferably an oxygen permeable hard lens that carries an ionic charge

or has the potential of having an ionic charge.

Preferably the charge of the lens surface is anionic, while that of the polymer in
the ophthalmic solution is a cellulosic polymer of cationic charge. The cellulosic
polymer should be compatible with the eye, should be non-irritating and yet should form
a hydrogel that is electrostatically bound to the surface of the contact lens.

Preferably the lens coating is formed by merely immersing the lens in a solution
which consists essentially of an ionic polymer dissolved in a water solution or a water
solution containing soluble organic components comprising from 0.001 to 10% by
weight of the solution. The ionic polymer can be any ionic polymer compatible with the
eye and which does not cause eye irritation yet which forms a hydrogel and which is

electrostatically bound to the surface of the contact lens.
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reference §&.fo §6h. 5%0kMoRto LENAED; 5,616,757 to Bambury et al.; 5,610,252 to

Bambury et al.; 5,512,205 to Lai; 5,449,729 to Lai; 5,387,662 to Kiinzler et al. and

5,310,779 to Lai; which patents are incorporated by reference as if set forth at length
herein.

U.S. Patents 6,037,328, 6,008,317, 5,981,675, 5,981,669, 5,969,076, 5,945,465,
5,914,355, 5,858,937, 5,824,719 and 5,726,733 teach ophthalmic lens materials
containing HEMA monomers.

U.S. Patents 6,071,439, 5,824,719, 5,726,733, 5,708,094, 5,610,204, 5,298,533,
5,270,418, 5,236,969 and 5,006,622 teach ophthalmic lens materials containing glyceryl
methacrylate monomers.

U.S. Patents 6,008,317, 5,969,076, 5,908,906, 5,824,719, 5,726,733, 5,714,557,
5,710,302, 5,708,094, 5,648,515 and 5,639,908 teach ophthalmic lens materials
containing NVP monomers.

U.S. Patents 5,539,016, 5,512,205, 5,449,729, 5,387,662, 5,321,108 and

5,310,779, teach ophthalmic lens materials containing dimethacrylamide monomers.



herein. U S. Patents 6,037, 328, 6,008,317, 5,981,675, 5,981, 669, 5,969, 076,
5,945, 465, 5,914, 355, 5,858,937, 5,824,719 and 5, 726, 733 teach ophthal mc
| ens mat ewigad2®o2@@Nt ai ni ng HEMA nononers. U. S. Patents 6, Gclydddiat04
5,824,719, 5,726,733, 5,708,094, 5,610,204, 5,298,533, 5,270,418,

5,236,969 and 5 ] ha - il | yceryl
met hacryl ate m)gglg P% ﬁ@%%g?ogﬁ% %%ég%egglagﬁlﬂgﬁgély %%&924%, &%/619

5, 824, 719, ahd TBE, (A33dhutd; Zhvidrbbycyclohexil dnediberylaiey Byl @@dcoBM adberiels fand
5,639, 908 teach ogph | m ns materials contai.njng N nomers, U. S
Patent s 5, S59TEEhe @?@f{l& ﬁ%&gr%é &a@?efé@,se%(,csw}%@ﬁf}y gV,agi_\z@e% ?F}asch_&

5, 310, 779, 1haA0RcABRRA dFRochERS, RBkeFdiR), Sr nég'o@gaﬂfcﬁﬁhp piprgdn de
monomers. 7 WO 027092143 PCT/ US02/ 14104” The preferfed convénti onal

hydr ogel mebeventibsalthygiogal thgtedalnt ai n HEMA, NVP and TBE

(4-t-butyl -2-hydr.oxycycl ohexyl crylate). PolynmaconTM pmaterials,, for
exanpl e the Sof CLHE %éﬁh"ﬁ?elaﬁan%%lﬁ M‘%ﬁ%gégn@@téﬁ?éﬁ%lagg‘&%ﬁe%%% from
Bausch &  lsefbnt! AEKRARO CEMAMHNGS bEREAELHAL tenNeUbo(Rlphty RERhEYREaH €S Of
particularly preferred conventional hydrogel materials.” Silicone hydrogels
general | y PMajerials exgtuepallygreared by pelymerizing s maisbue cértgigingeit dgast onser cent and
more conmonly befween. about fen ég about gi(%htﬁ/i wei ght eﬁeﬁgﬁer}tt'e .{}/at erials
are usual | ﬁl%%ep% 0)7 p% %;%raln |1h§ Hy JYUPR E%m PHY g I]%ass} “Bive

si | i cone- ceph@intig@oRRNE R thelliredhilieashomBEmY dineabh hi £ cIHBdREz. ageht (er
the silicone- containing nononer or the hydrophilic nonomer may function as
a crossl i nkasglinkgeheing defigadss g menearer haying nydtipla ealyacrigable Aenetiontliisshg

mul tiple ' ' Lit] . e ' be
ool oyed. " Rbpres oSt e had BE bload ARBIARRARRALROFARE, kOEREY 2

formati on ahitsfdriugoimethb Ysthmageh sf siliconstyldrdgaidvsine woll khewal thang anduner ous
exanpl es are provided in U S. Patent Nos. 4,136,250; 4,153, 641; 4,740, 533;
5, 034, 461; NBMEAYS syamplss sigprexided in BBoPatons-Nognd,130.35¢ 153,044 A7éPEsped

silicone hydyaaeh. ABY6S1 25 KA 5830574, S Beldosmonomer mi xture

A preferred silicone hydrogel material comprises (in the bulk monomer mixture

D=(D
&

that is copolymerized) 5 to 50 percent, preferably 10 to 25, by weight of one or more
silicone macromonomers, 5 to 75 percent, preferably 30 to 60 percent, by weight of one
or more polysiloxanylalkyl (meth)acrylic monomers, and 10 to 50 percent, preferably 20
to 40 percent, by weight of a hydrophilic monomer. In general, the silicone
macromonomer is a poly(organosiloxane) capped with an unsaturated group at two or
more ends of the molecule. In addition to the end groups in the above structural
formulas, U.S. Patent No. 4,153,641 to Deichert et al. discloses additional unsaturated
groups, including acryloxy or methacryloxy. Fumarate-containing materials such as
those taught in U.S. Patents 5,512,205; 5,449,729; and 5,310,779 to Lai are also useful
substrates in accordance with the invention. Preferably, the silane macromonomer is a
silicon-containing vinyl carbonate or vinyl carbamate or a polyurethane-polysiloxane
having one or more hard-soft-hard blocks and end-capped with a hydrophilic monomer.
Suitable hydrophilic monomers include those monomers that, once polymerized,
can form a complex with poly(acrylic acid). The suitable monomers form hydrogels

useful in the present invention and include, for example, monomers that form complexes



that is copolynerized) 5 to 50 percent, preferably 10 to 25, by wei ght of
one or nore silicone nmacronononers, 5 to 75 percent, preferably 30 to 60
percent, o woghs of one or nore pol ysil oxanyl al kyl ( metpgoagdoghi®4

nononers, and 10 to 50 percent, preferably 20 to 40 percent, by weight of

a hydrophi lyit S50y &?ﬁc a&ﬁ) &ﬁpﬁsr @énvaﬁb\% FxhinpRRS uSEET ABRAREE indlfieBmides

pol y(or ganosi | 'oXane an unsaturated group at two or nore ends
of the nol eech @NI\hdlacbdh}maorylarmdeHél\édnheg;lnsdunmhacmlamgiwm lsttarog suchak

f or mul as, tent..No. 4 15 641 t chert e di scl oses . addi ti onal
nsat ur at eBVigyBapeToliRgie g LG Rysal ek oabis Ryt pOSmeRSabE
Funar at e-c 5.NERSN Eths'éhﬁiﬁﬁlﬁi& al$zed £ké Dsndlu (ﬂ i)

5,512, 205; %%49 729ﬁﬁand 5, 310, 7751 tg tI?glglfiar er?é’??%o )lf'srel f ul tr%terées in

accor dance gwcp})s oﬁ*earym@h@undmgﬂpc@ﬁt@nMIryonommhamrlam@r danetbmyﬂ@tveandi s a

ol yur o1 hartpdh ey sttt eRBrAgieRb FusontieMbns EORT BN i borlrins i et dvang
end- capped aﬂdeh@ g@cmﬂbmrid Whif3D lSQlIH’ﬁrthe‘ilékﬁIﬁbﬂeﬁ afe)tHE Bpdiophilic FRIYQMEr S
i ncl ude those nononers that, once polynerized, can forma conplex wth

pol y(acryl cerbapatepr vinikcasoarpaip mongwserdsciosed imlky, datsgbNes. LEKEZS, ard thee .
00 057 091150 B RedBirdl i omens aisEiRTE SRR 4527 e RAECS

Exanpl es ohydisghilic nimoatees will behppdeenard eiesskilioddh tiasarty, lhiradpairﬁctdmaﬂy
acryl am de N, N-di met hyl net hacryl am de, cyclic |actanms such as

N-vi nyl - 2- PYafemsid erebedinget, B@ﬁwlaapﬂaéw?myé%ﬁ yaedrip Hea Goast iezlﬁala\f/ﬁrt;hare
I
po ymarlzalag1 b%ng y?ﬁ%’?@ fotﬁ atlI)o?%%jgggL%hhﬁ po y(al kene

glycol)s in glyc rying chain |l ength

cont ai ni ng rmnoiReglﬂa)phghlahme lerrs rﬂatamlhamhgdbaigdad emdperneplsle (TM}B”)MHEME ed
enbodi nment al k col) ner co ins at |least two .al kene
gl ycol ron B reletb g Ca oot F@H@Brogﬁa%|°g§rﬁa§@3tpﬁ§mﬁmwﬁﬁﬁ.w%mmy|
car bO”at € Qs Wal wiaf %@t RATOANRRER ushHCh A8t didte Yith th@?}&eﬁt iNshtion
5,070, 215, and the hydrophilic oxazol one nononers disclosed in U S, Patent

No. 4, 910, 2¥TudeChéremataiialabught inyidS Bathit Na 4820cB6rte Bhlid; 4,463, ldﬁpiaiﬁﬂm; to one

skilled in t p
Ko | o 8 B BRI R D o it
formng a stoabléss ¢OBRIcet V. ,t:h,oa) 2B ioPBHnbiRP kY ARGCINAT 16880 VRliGH & aepht hal mi ¢
l ens materials |ncluder|g|d<2) ermeabl e (" ') mat eri al s.
5,177,168 to Baron et al.; 5,219, 9 5 to Valint et al.; 5,336,797 to McGee and Valint;
5,358,995 to Lai et al.; 5,364,918 to Valint et al.; 5,610,252 to Bambury et al.; 5,708,094

to Lai et al; and 5,981,669 to Valint et al. US Patent 5,346,976 fo Ellis et al. teaches a

preferred method of making an RGP material. The patents mentioned above are
incorporated by reference as if set forth at length herein.

Other non-silicone hydrogels used for extended wear applications are also
applicable, provided that surface attachment of the cationic polysaccharide can be
achieved. The method of the invention is also useful for treating biomaterials before or
after fabrication as a broad range of medical devices including intraocular lenses,

artificial corneas, stents and catheters, merely to name a few examples.



RGP materials typically conprise a hydrophobic crosslinked pol ynmer system
containing less than 5 wt. % water. RGP materials useful in accordance

wi th the pwegewiigbnventi on include those material s taughtpdmydddilialent No.
4,826,936 to Ellis; 4,463,149 to Ellis; 4,604,479 to Ellis; 4,686,267 to
Ellis et a'Suifa&%@ﬁig%@aﬁel a6l s, 4,996,275 to Ellis et al.; 5,032,658 to
Baron et al.; b5, : 0 Banbury et al.; 5,177,165 to Valint et al.;
5,177,168 t o BalSorfaet cambing niat@ibds @&6hl tiwthepirésant iaverddon;indud36tiddic t o McGee
and Valint; . 5,3 8,%95 to Lai, et . al.; f 364,0318 to Valint et al,; 5,610,252
to Bambury Palysageharides;fas example cafiqnip celinlogic polygens. §Recifigsxappigainciideet al .
US Pat ent éelﬁﬁ@si@ﬁr@yhférﬂdﬂtaﬁmﬁg I\ENsdiﬁﬁﬁﬁr%ﬁnéethﬁrg@B@ﬁsr(%%héf%tr&eﬂatéﬁ ofTeki ng

an RGP material . hg@ﬁatents ment'i oned above are " incorporated by reference
el nldséo polymeSchetainieg NN -dinethglamytr-2 detioxylpeabyi or

s

as if set foatemized)
extended wear_a ication re also ppl i.cabl rovided that surfa

art achment Ep1eg Relnet ol fited iy BBt Bt AR oAl SSHe e 4 hhvet sl o

t he invent hpflabke ¢t caf bl pedpdted B méthed lidehnbih ehP4rer Ashs eRahple eqternaft er
fabrication as a broad range of nedical devices including intraocular

| enses, amiifagericaptaivisethexylated glusosides canbr prevercd hyaieadtingthydragivethsl f ew
exanpl es. 4 [ USQ2/ 14 . rf i terials.Surface
Coat  ng. mataate L et iRl endid, T BehsbRY b

pol ysacchagtlilgssic polynrxadrplcemaridiging Svatiehle Uop &t tnile wabersslubfsstythérs

exanpl es include cellulosic 80I yners contai ning N, N-di met hyl am noet hyl
groups (ei eralablsrudshlieddl st (Copmgtiey hpiledy) anthbragenre Assqciation) Jepignation

cont ai ni ng AR Ae A o]fely i nat ed or
guat er ni Zeg)%‘l_ﬁ%gﬂtel oni ?@gﬁgpgﬁgi%iéher S %’%_déy %%‘?é]?‘gﬁt@%%@%%%m e or
can be prepEFAREB®YP dimhbiofiemkAraemhol Cdrpe Edisbn, M USA.eXhesplpelynpratarttaiar y

ni trogen-cont ai ni ef hoxyl at ed gl ucosi des. ca e.prepared by reacting

hydr oxyet hwate@&e@%é@rrwﬁﬁaralnpr@wﬁ%%ﬁ%?ﬁ%ﬁ%%ﬁlm -epoxi de.

Various pr : Wolgl; i ' i abl e,
For exampl aryca ¢ B Coorfiftci 3} B BRNE! A6 oRORGE @ phu SR
Toi l etry, abahtfera@dOanezbApsoaitalf ilmndongpesitignaireferablPal abguad.6f i aboul ive Such

olyners arg ca rcially avai | e under the tradena .UCARE(.r) Pol yner
1? r o% Arrer c koW tﬂ’.e,rceﬁti"égh%{’(’f#]&?l%ﬂ\l?oufﬁg‘%@)ﬂ%ql%}ﬁé’iﬁ’éceeb %%?FPEélal)ly Y

preferred. Suitable cationic cellulosic materials have the following formula:
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qguat erni zed N, N-di met hyl ami no groups al ong the cellul osic polymer chain.

The cationic cellulosic conponent may be enployed in the conpositions at
about 0. OWwd®@omaout ten (10) wei ght percent of the conposidingzpiogf erably
at about 0.05 to about five (5) weight percent, with about 0.1 to about
one (1) weight percent being especially preferred. Suitable cationic
cellulosic materials have the following fornmula: 10 WO 02/092143

PCT/ US02/ 14104 CH2ORL O -O 00 R2 R3 Wherein R, R2 and R3 are sel ected
fromH, derivatives of C, -C20 carboxyl idiH,@R;d, C, -C20 alkyl groups, C to
C3 nonohydric and di hydric al kanols, h xyet hyl groups, hydroxypropyl
groups, ethylene oxide groups, propy ide groups, phenyl groups, "Z"
groups and conbi nations thereof. At |legst/one of Rl, R, and R3is a Z
group. The nature of the "Z" groups |s R | OHZ=X R'-N+-E-CH2 - HXCHI f

"/ where: R, R and R"' can be H, Q @ Hs, CH2CH20H and CH2 | HCH2OH OH
x=0-5, y=0-4, and z=0-5 X' =d", Br N2R31804 CH3SO4 , H2PO4 , NO3 U. S
Patent No. 5,645,827 to Marlin, et al. (incorporated by reference as if set
forth at length herein for a d| scussion of cationic polysacchari des&

di scl oses tWeergisd d¥, wd&mm$d¢cmdsﬁmﬁbﬁﬁgvﬁgeaoﬁgt C&rﬂatb%(ﬁh%@d&a jode in

conbi nati on th an u exa al uroni c
2ord or i1 S EbuBR A R atopol i RR i arEHnols, RS ol
hydroxypropyl groups, ethylene oxide groups, propylene oxide groups, phenyl groups,

“Z” groups and combinations thereof. At least one of R;, R,,and R, is a Z group.
The nature of the “Z” groups is:

H
R O

7=X R"—N+—QCH2ﬂCij—QCH2j—

RHI

where:

R’, R” and R”** can be H, CH,, C,H;, CH,CH,0H and

CH,CHCH,0H

OH

x=0-5, y=0-4, and z=0-5
X =CI, Br, I, HSO,, CH,SO,, H,PO,, NO;

U.S. Patent No. 5,645,827 to Marlin, et al. (incorporated by reference as if set
forth at length herein for a discussion of cationic polysaccharides) discloses the use of
compositions comprising a cationic polysaccharide in combination with an anionic
therapeutic agent, for example, hyaluronic acid or its salt, which is a known demulcent

for the treatment of dry eye. European Application 088770 A1 to Marlin et al. discloses
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for the treatnent of dry eye. European Application 088770 Al to Marlin et
al. discloses 11 WD 02/092143 PCT/ US02/ 14104 cationic cellul ose pol yners

to delivewg@idopnapc t herapeutic agents, especially for thectuv@auiept of
gl aucoma. U.S. Patent Nos. 4,436,730 and 5,401,327 to Ellis, et al. (which

ar e i ncor peiif chlf&YosE%fogflﬁé} ivbd caﬁ@ﬁlcftﬁ’érﬁﬂku% a%&ﬁgteé‘pé&% 1§18 tnd! scl ose

the use of cationic cel erivatives I'n contact-Ilens reatl ng
sol uti ons, tneamimtloﬁgamdwneconbl nation of a cationic cellulose pol yrrer and

o cyneryiat o, gl nae, M. 93 SUGED oy BB 8 BTRSE PERL sl

53568- 66- 4py pir3rdcd & i set5f6§15 at leRgth hefohf) Wschste fhe B8GF Qat%éleelﬁﬁﬁlc

81859-24-7). In a nore preferred enbodi nent, the Polyquaternium10 is
Pol yner JRdgdvwativesimentdctddny treating Jodutslcas finallivg ithecopahinatia dfarqabeniti on, a

bsi di h Ch dl d h |
SRosom re sl e A i e PR cos byl S A MG P PO YL L

i s incor poeabedintit,thd edtRAkEcedT]okic p‘éﬁ}mér@iﬁPo@huit@ﬂ%gIﬂﬂ-leCﬂSmeQ@érbona' ly,
one or nore additional pol ynmeri c or non£ _)Egl)errerl c derul cents may

conbi ned wWPBHO&A&4abBie- Hakett 3P hgleiBéM S 24-Deod 104 AdS1RASAA- 7t)017fpff1 ovi de

wet ting, I f t sed
conf orc. Bty HerE AR Bt MEECREhME R B30 BoliRE AR AR ol EREET T
bui |l der. | avdlmdmﬁmgon ChtbideCeipoabuil @byid&@yasfmymm Cﬁahﬁala@@mpdn@
non-ionic ceIIuI05|c lymers |ike nethyl cellulgse H_ydrox Etgé

tﬁg% a8 tand

cel | ul ose, °h ang & IR 3%&%%%9@ in b HRAtE 18R
car boxynet u%sheci% '\%ﬁﬁ‘?m e %%}&’Bﬁé Ak Qb lanRlh aﬁ:’g n’é{hvﬁ%?éﬁh al cohol) and

the like. V|sc05|ty s -or errulcens may be~enpl oyed in a total
anount rangi ng f()pmmsnaalhqwhe Or thbrd addabnutpcﬂylﬁemogﬂnm pelymerit demu]ce:stSmaﬂjhe
viscosity %f th final fo rrulatlon ran, heomz cent 0|se(c

m |

sever al P F%Wg@ﬁ RaPRG R gl Alqegisse ‘?"Eﬁ‘htq %ro{’)lﬁF ended for
cont act ' ERRBhg, M t@‘?ﬁﬂé %d/&ﬂﬂﬁﬁéatﬁlg egﬁé’étg %ééumﬁg%qmeas@& bRkt agent s such

as glycerin or propy ene gl ycol can e added. The present conposition
may al so c@ntymamcademlmemtsscranlaisg aahasaaterf-scdulpe afseom‘arthuﬂder dnc]aded among

antlmcrobl aI en The ence of an antimcr 0
F equir od: i e RS S s 6 O i 1B e S TERYs iganShyt
concentrat 'cél[hl@ge, H?&bﬁiétﬁyl%@llﬁl@ﬁ‘e, hydroxypropyl cellulose, hydroxypropyl

methylcellulose and carboxymethyl cellulose, poly(N-vinylpyrrolidone), poly(vinyl
alcohol) and the like. Such viscosity builders or demulcents may be employed in a total
amount ranging from about 0.01 to about 5.0 weight percent or less. The viscosity of the
final formulation ranges from 2 centipoise (cps) to several million cps depending upon
whether the formulation is intended for contact lenses, intraocular lenses or corneal
inlays. Comfort agents such as glycerin or propylene glycol can also be added.

The present composition may also contain a disinfecting amount of a preservative
or an antimicrobial agent. The presence of an antimicrobial agent is not required;
however, for the invention to reduce effectively the concentration of bacteria on the
surface of a biomaterial, a particularly preferred preservative is sorbic acid (0.15%).
Antimicrobial agents are defined as organic chemicals that derive their antimicrobial
activity through a chemical or physiochemical interaction with the microbial organisms.

For example, biguanides include the free bases or salts of alexidine, chlorhexidine,
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surface of a biomaterial, a particularly preferred preservative is sorbic
acid (0.15%. Antimcrobial agents are defined as organic chem cals that
derive thwioro2anati4si crobial activity through a chem cal orpqiy®rociven cal
interaction with the mcrobial organisns. For exanple, biguanides include
the free basgendyled bi aﬁﬁde@'aﬁ& kiR LyRs Oinﬁ%hﬂiufﬁonégfbﬁ@f&%é&ﬁél‘fﬁe

PCT/ US02/ 14104 hexarre ene bi guani des and their pol ynmers,

conbi nat i opaltseif atemdm@axg%@hpr@exmm@ ca he pléhemfor@mmrdnma@m@né ﬁtedb’hléﬁ(mdl ne
can be eith

cootates - Biisepliar Bl e BRORR EnRR0 e KRGS apd it RRRp | T o

bi guani de bigubiige tsemaﬁeidmydt@ylenémgmﬁu@@nﬁﬁmmglaamlayoleaﬂaml zeﬁb@ from
Zeneca, W/I| m ngton, DE under the trademark Cosnocil TM Cgtﬂ Gener al | y, t he

hexanet hy| Sfidmingfog, BE ensleptheyrdemarkLasmacdPE LR dGenstally, s Rexameibiicapy |
bi d t t | f d
Phothe. oubp EARe OB, ARG TEMA BN o llaifoprBr B BiRt AR M 1 15

anount thammchlaratelglﬁﬁsﬂupo@rdbbaﬂ 10p,006duce the mi croorgani sm popul ation in
the fornulati ons enp & yed., Preferably, a disinfecting %Tngunt is that which

will reduce thel ‘%?Fé#fb esPbigstoniitiganhe gniimisTobiyl agerfeshouidrberused ur s and
more pref el v by ittt hQg: a?ﬁﬂﬁfr\?\gﬁbGQHngiﬁU&gﬁ:n\{?nﬁhao?ﬁﬁ&lgﬁﬂp h%, @

di sinfecting anount is an m)un e the mcrobial burden
on a cont aﬁh‘rﬂuMns\/ﬂmplaysédPraﬁeraldgj adisinfexting hmounteis dmtrminl@ﬁwﬂha&uamghei ne

FDA Chem ca ection Effica t-July, 1985 Lens Sol ution
O art o uEraEel bidbgaten BY o lag s bRt Dt and 3Rr P o b G B I0% | one
rangi ng f r gmeAROMHe IRuPORRL: &f&‘ﬁ%’}a cﬁmﬁfée&ﬁ% YhouRNSatRhEuRiAligl ARl Y,  from

about 0.00003 to about 0.0 . The aqueous solutions enployed in this
i nvention :rmyumtﬁﬂlamcrqul huiedien boa contactlens wen weed imrpgaderfor shedescri bed

above, one or ther co tg that _are co resent i

opht hal i < SOTHRPBRLSoRRIE ERa T CHt L PG A Erisdrs Teigibe 195F agent s
and the | CBﬁtacNE&rﬁfSomtﬂml]Draﬁ&KMﬂ&lrféE’)htTy%hdﬁll? éifémagéit& h&rpireééﬁtf if COWf ortable
to the user. The aqueous solutions of the present invention are gpl cally

adj ust ed mlwetltmﬂqnsmn@@ﬁi@@ abgut GPHI0b % eleaus Ot IYe (WO @idipotsipref _
| acri mal %nda%o%?% i o§ht\/¢h§%s(o? ta 0. 9% sol uti on of so_dl um chl ori de

or 2.8% of grycero ions are nade substantially
The aqueous solutions employed in this invention may contain, in addition to the

active ingredients described above, one or more other components that are commonly
present in ophthalmic solutions, for example, buffers, stabilizers, tonicity agents and the
like, which aid in making ophthalmic compositions more comfortable to the user. The
aqueous solutions of the present invention are typically adjusted with tonicity agents to
approximate the tonicity of normal lacrimal fluids which is equivalent to a 0.9% solution
of sodium chloride or 2.8% of glycerol solution. The solutions are made substantially
isotonic with physiological saline used alone or in combination; otherwise, if simply
blended with sterile water and made hypotonic or made hypertonic, the lenses will lose
their desirable optical parameters. Correspondingly, excess salt or other tonicity agents
may result in the formation of a hypertonic solution that will cause stinging and eye

irritation.
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isotonic with physiol ogical saline used alone or in conbination; otherw se,
if sinply blended with sterile water and nmade hypotoni c or nade

hypert oni w0 ¢2lv@2146nses Wi ll [ ose their desirable optical pareehens.
Correspondi ngly, excess salt or other tonicity agents nay result in the

T(I’)II: Irrta;![ :)(r)]nOf 3 %Qgg E&g%?%QSﬁ%EE@BeIm 2]%% d%)%llﬂﬂﬂe pre ent SO(i utions
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6.0 to 8.0, fer.ably about bl e buffe be
et suchHDedRet Rt fara.clse ek horie. TR ahd Nariou nixad sheseiie
phOSphat e phalk fn%hﬁﬁﬂgcéo‘ﬁﬁjdlﬁeQm%)@Nﬁﬂ-fP@nNaH 100,275 1.8 1 P(ﬁ?‘?'&ﬁcﬂ@ﬂxtﬁz’éﬁ' KH2PO4)

and m xtures thereof Borate buffers are preferred articularly for
enhanci ng theeecwéf ﬁowzc pulders prRBeferedmartadularly fou Elﬁl@msmgrthet eﬁﬁeaqyscéd’Al?B anount s

i f b h bl f 0.1
to' 1 5 per CEHRA,PRET viERE uge BERAER s e e spa Rl SHERELY { ray

be desirabkgi dnacﬁr@[efablysmﬁe(m%ng)ea@ﬁﬂts in the present solutions in
order to bind nmetal ions, which m ght otherw se react with the | ens and/or

protein deposit & additiewid rferipg agenis, Illeﬁ@ne mstappesibmay bgdesieabls todaeleds ¢ aci d
(EDTA) and r r e sual I y
(S0 o e S R L 5L e R B A s PITASS o it

sol utions Gﬂ‘iéi'\@ijéeﬁbalcﬂwithﬂlepléﬁssﬁﬂit/orlpﬂ&teimtdepﬁsﬁ&ﬁdbﬁllw@ﬁ&h@l&n@YEﬁhyléﬁé—l et y of
t echni ques.  One net hod eng ]%ﬁs t wo- phase COf’&)OUI’ldI ng rocedur es. In the
first phaé@mla%fmacst»c TAYAng riesalfs 4isoqing) wrerse rrgde&%p ¢ Hi®¥sol ve

t he cati on iR f t around
50 C. The ‘ﬁ%ﬁ%@%@% BT Flnghi 0ok G 1 BUBRE: B2 A bER-R 57 °50
m nutes. | n a s&ihenoﬂupbﬂss@nplaymmrtherpﬁeeént uﬁ/rehmsﬂ ckashe mepmedsbﬁalvmgetﬁgént S,

preservatives and bufferi n nts aﬁ t hen di ssolved in t 60 per cent
of the di sfCMgHCHA %«’rmarba qursawp 2s¢; OMRARBEINS PrRAsAULSE| & figtt

distilled wRIR!anoliSo peican rerrelﬁen%ea'vr&téﬂﬁugﬁrrotdrg%mvggl}ééﬁ%h cRefupdded 'nt 0
the first-phase I on rcing it through an m cron ter

neans of ppelysier by nﬁminlgd‘meabohly 30 pauktegatragotind 59F € |Theziimslt—p]ims solotiawist ai ner S.
ps ndicatgg AR ivel AR PSR'C Rt 46 Mindlls.' o 4'Se20hd phade, il Mt €O Ot

chlorides, sequestering agents, preservatives and buffering agents are then dissolved in
about 60 percent of the distilled water under agitation, followed by the balance of
distilled water. The second-phase solution can then be sterilely added into the first-phase
solution by forcing it through an 0.22 micron filter by means of pressure, followed by
packaging in sterilized plastic containers.

As indicated above, the present invention is useful for improving comfort and
wearability for extended-wear contact lenses. For that purpose, compositions for use in
the present invention may be formulated as eye-drops and sold in a wide range of small-
volume containers from 1 to 30 ml in size. Such containers can be made from HDPE
(high density polyethylene), LDPE (low density polyethylene), polypropylene,
poly(ethylene terepthalate) and the like. Flexible bottles having conventional eye-drop
dispensing tops are especially suitable for use with the present invention. The eye-drop
formulation of the invention used by instilling, for example, about one (1) or three (3)

drops in the eye(s) as needed.
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wearability for extended-wear contact |enses. For that purpose,
conpositions for use in the present invention may be fornul ated as

eye-dr opswaygd/®olsd in a wi de range of small- vol une cont aipgargsobnimyl to 30
m in size. Such containers can be nade from HDPE (high density

pol yet hyl ene) , qj.qﬂﬁ r : :

pol y(ethyl ene ter eEtE%l3 \z,ayt e hgs}’alﬁ@h%éi&@ﬁagpﬁ%o%{lﬂ %gtc %éagfé@ﬂ(gl%lﬁe&tmg o
convent i onabndiyenidg splutioh. s’ﬁhmmvmgmnopa;y :&iscelmhqdetan‘mhﬂo;ols'a] dgabisesufrfactants g vvi th
t he present i.nveniion. The m op 1o at| nof t he entlon use
instilling %Gy %‘&Bé‘ge‘% fe&?él (g 1k ¢ ?‘§5‘ fo ICHWHES%Sy s) as
needed. 14 YRiA24A92143: ACHIHEAALAAAY: co-ﬁﬂa%t rah@ecse 'Exahﬁll’e%'@f'sﬁ’ifhb‘.les al 50
useful as a conponent of a cleaning, disinfecting or conditioning solution.
The i nvent famulationa ferrcl¢aniig ahd/aadisimfectingsohitions erettgyghd im Uk tPatens, toxicity

adj usti ng buf f er e .that a to be. usef ul
corrponents%g;%g 386‘6#& hﬁﬁ‘??\‘g{ﬁ fbwﬁgﬁgdﬁf%ogée&h}%ﬁge@&as?t‘ﬁf@gtﬁa1tenses_
Exanpl es ofengi hcdbihe formulations for cleaning and/or disinfecting
solutions are taught in U S. Patent 5,858,937 to Richard and Heiler, which
is incorporated by reference as if set forth at |ength herein. EXAMPLES
The Exanpl es use the follow ng terrrBEMﬂggenanes. 1. Polymer JR 30MIMis
a preferred polyneric quaternary a t of hydroxyethyl cellul ose
reacted with a trinethyl amoni um substituted expoxide, and is a cationic
cellul osic polyner of the class of known as Pol yquaterium 10. PoI ymer JR
30MIM i s conmer é"&laﬁxgmmﬁ@uﬁeﬁwéolmwmr@n B‘Pfti’@le@or por ation,

subsi di ary jof t m % n EC is
hydr oxyet hyl cel ose | ur O%PS@%Q%’% M(19 f1sS re er regﬁ‘ftal(%1 %%t J?F 127") is
a nonionic surf ayﬂmmyethhladellumsareabﬂed)wthcaxpmieyhy&mrmflorﬁmﬁwbﬂmﬁe@xxlﬁmdmd

et hyl ene oxi de. The propyl| ene oxjde bl olct; IS san wi ched_bet ween two
et hyl ene oxi de BROE&CatiphicceHplasigmolymes gf fheciass of KRow ARl Al ™t 8; | abl e

f rom BASF Cor popgjy 1m%?*@8%§mﬁ{e%21§1? Svail R IRS SmidnotRvidd @Pp &rai, Rent al

Drive North, Nbunt ive 28-1
subsidiary of the Dow Chemical Company of Midland, Michigan.

2. HEC is hydroxyethylcellulose.

3. Pluronic F127™ (also referred to as “F127”") is a nonionic surfactant that is a
block copolymer of propylene oxide and ethylehe oxide. The propylene oxide
block is sandwiched between two ethylene oxide blocks. This nonionic
surfactant is commercially available from BASF Corporation, Specialty Products
Business Group, 3000 Continental Drive North, Mount Olive, NJ 07828-1234.

4, Kollidon 30™ s a tradename for povidone of medium molecular weight (Mw
44,000 - 54,000). Kollidon 30 is commercially available from BASF
Corporation, 3000 Continental Drive North, Mount Olive, NJ 07828-1234.

5. PVA Airvol 603™ s poly(vinyl alcohol) (PVOH), commercially available from
Air Products and Chemicals, Inc., 7201 Hamilton Boulevard, Allentown, PA
18195-1501.
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4. Kollidon 30TMis a tradenanme for povidone of nedi um nol ecul ar wei ght (Mwv
44,000 - 54,000). Kollidon 30 is conmmercially avail abl e from BASF

Cor por at i @ig) 02409Q3 Conti nental Drive North, Munt Aive, NPQ/&d3141934. 5.
PVA Airvol 603TMis poly(vinyl al cohol ) (PVOH), comercially available from
Al r Products and Chem cal s, Inc. %ﬁ?@’? {ton Boul evard, Allentown, PA
18195-1501. 15 WO 02/ 092143 PCT/ USOZ Exanpl e 1 Surface Conditioning
of Surevue Lenses wi t$url%1¢bﬁmd1t1&>ﬁin‘§kuf§umvaaﬁjenseisMitlBEdlmelsJR he bi ndi ng
effect of the cg ionic cellul osi mer.. ont 1S co tact | enses,
where it is beli V'eqﬁa’f"ﬁferl Sheadestt % i{’&cﬂﬁ?ﬁmﬁg? C% ‘g‘feilll& 1S ROMANCTAQ j al
surface. Tﬂkﬁ%pﬁ% QUMECH 18136 SYHIBA i RAHVEEH BIuct IO SRR el COF B HRria NEWe

Br unswi ck in three different solutions were submtted for conparison
by Atomic nﬁmrmésmmfappoé"brqgﬁummwemwaﬂnwu&cus@dbﬂ@msqn &bmmsrﬂam son, was

Bl ank Borat e- Spl. ut 1 with
molymor oRERaict S 5t rese e oty Hse bRl chBRerdvof tasonte’
( manuf act uregte DYicRABSHN( AFNIP AU ysROSBREbA 1, fdN¥dmpdiicdn, bvam Blan¥B &afer eat ed

overnight, and then renmoved fromthe vials and desalinated in HPLC grade

water in aBsffaradSalingSaduicangt was Holution ?tn“@fh O 5%rRolymersIR. Rojutionds & fodh® cut

with a clean scal pel i ed
sect i oned 8%Pm588ewa%ﬁ%%®mgﬁﬂgﬂﬁs%ﬁg’ Léﬁ’ﬁs‘g’e&gtf E@Dh?si%mﬁgs gh?cal

i mages Wer Gnd&iuik edafedoved! tsind%en(r%ﬂlb%d ﬂém&ﬂgvﬁﬁ%@rde@ﬂﬁlaﬂ:ﬁ 11t1 eLlcenses
using AFM The AFM used in t i's study was the Dinension 3000 and was

oper at ed i gra@entagertitve dtatic ThsbionHvy mnmgmmwfrbiamutﬁ;ﬁg Alihbmsesgwb sufwitkes

10" 9 b h d |
WM | mnges CenoneaiP s Ha e idhh e BRiRen T SHub es rsfe it Seel e Rl
stored in,Blankufanel errBs {@x 80 uﬁﬁﬂo?B@raﬁl%@ﬂtl‘iﬁia@@s wire asquiRldl foPdacRefe(r) MPS

(Solution 3) showed no significant topographical change. The anterior and
posterior ¢mtdriresd pbstetia) of hedesestsingdFM "Ilh@IAPrMdedQuﬁbiswtudoan:(SSb*t ution

2) showed a_.signi f diff t ot d
W th e thi Ripern oS crerien GERae Weit bRy ReSelE ant er i or
and post er heko-Sdild RERS (10FMOIRtWRh AshR@hrabe ﬁﬂeit@ﬁgoﬂﬁ&tlensoa‘urf&@e The

resulting AFM images showed that the anterior and posterior surfaces of the lenses stored

in Blank Borate-Buffered Saline (Solution 1) as well as ReNu® MPS (Solution 3)

-q

13

showed no significant topographical change. The anterior and posterior surfaces of the
lenses stored in Polymer JR solution (Solution 2) showed a significantly different
topography. The surface is covered with a thin film, with multi-sized and shaped voids
covering both anterior and posterior surfaces. These voids had an average depth of 40 =
10 nm. These void-like anomalies were not present in the lenses stored in Solution 2 or
Solution 3. The voids had an effect on the Root Mean Square (RMS) roughness for the
lenses stored in the Polymer JR solution.

The RMS surface roughness (shown in Table below) was calculated using the
Nanoscope software The lenses stored in Solution 1 or Solution 3 had a smoother
anterior and posterior surface compared to the anterior and posterior of lenses stored in

the Polymer JR solution.
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10 nm These void-like anomalies were not present in the lenses stored in
Solution 2 or Solution 3. The voids had an effect on the Root Mean Square
(RVB) rouglyea®ifs9r the |enses stored in the Polynmer JR s@tutdeensiodhe RMVS
surface roughness (shown in Tabl e bel ow) was cal cul ated using the
Nanoscope sof { war e Therligns 6aus Riusthdst o ath seflbodafir mRlgel 1 on 3 had a
snmoot her _anterior and posterior strface conpared to the~anterior and
posterior |of | @ag®wnst ored i n Antegolol yner JRPsséridri on. |16 WO M24092143

PCT/ US02/ 14104—Tabl e-1-BMSRoughhess—fot Fach-Set—of ARM- 1l mages—Solution

Anterior Postetqiomkan |Sol ut3-83™0 3. 93| nm 3363 H 3. 49

ri mié%PH]ti on 2
8.85 anWW- 3, T [Sot Uty 582 nm 3. 4749 nm 1 FMTEsults
i ndi cate that (%tglma% JR |has a%gg{@ect on theén%rp ol ogy of tﬂ'§3 ens
surface, indicsdlitigh® thijn filsf®zaweri ng| wi t h3lgrge nul t|i - shapednand si zed
voids on lthe anterior an j j ns—Exanple-2-A-igueot s
of 20 mM of 0.1 %cationic Polyner JR solution were poured into sterile
pol ystyrene dis ol f C i r

| enses were re%\%g’gjl\grr%?nﬂt% Lne(ﬁ]d Sgc ?g%%g%%gé%?eé?ﬁcggfg%g@%%ﬂgﬁgf Pmr sed
five timesléns stilffenindifating aithin dillin\cosérinng With Car§/mealtl-shped dtksieed wridesn wer e
then placed into, petri dishes contajning 0.1 % Polyner JR solutions and
soaked for%%teé{orlaﬁ%ﬁ?stt@?ﬁféid&tqfrt@ﬂe%ter 4 h incubation time, the
ionically coated | enses were renoved fromthe 0.1 % Pol yner JR sol ution
with a sterile forceps and immersed 5 tinmes in each of three successive
changes (180m ) of initially steril EGn®¥% 2aline. The | enses were then
transferred to 20-m glass scintillation vials containing 3 ml of - 108
cell's/m i nocul wWhgabts'oZd0@hlaT®) 184 ceedniSPERtheiR Solutibe Wead gshréd ind/ &ediler 2 h.
Exanples 3 and 4 ngarrpl es 3 and 4 eval uate bacterial adherence to

bi onat er i aP8lysareg disposahilepeir elishes. Negatively charged continuous wear lenses were

removed from the packages with a sterile forceps and immersed five times in 180 ml of

initially sterile 0.9% saline. These lenses were then placed into petri dishes containing
0.1% Polymer JR solutions and soaked for 4 h at room temperature. After 4 h incubation
time, the ionically coated lenses were removed from the 0.1% Polymer JR solution with
a sterile forceps and immersed 5 times in each of three successive changes (180ml) of
initially sterile 0.9% saline. The lenses were then transferred to 20-ml glass scintillation

vials containing 3 ml of ~ 10° cells/ml inoculum of radiolabeled cells and were

incubated at 379C for 2 h.
Examples 3 and 4

Examples 3 and 4 evaluate bacterial adherence to biomaterials using a radiolabel
method.

Adherence studies were conducted with a modification of the procedures of
Sawant et al. Radioopacity additives in silicone stent materials reduce in vitro bacterial
adherence. (Sawant, A. D., M. Gabriel, M. S. Mayo, and D. G. Ahearn. 1991 Curr.
Micorbiol. 22:285-292, and Gabriel, M. M., A. D. Sawant, R. B. Simmons, and D. G.
Ahearn. 1995. Effects of sliver on adherence of bacteria to urinary catheter: in vitro

studies. Curr. Microbio. 30:17-22.).
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net hod. Adherence studies were conducted with a nodification of the
procedures of Sawant et al. Radioopacity additives in silicone stent

mat er i al swige@uee4bn vitro bacterial adherence. (Sawant, Actsozihioeabriel,
M S. Mayo, and D G Ahearn. 1991 Curr M corbi ol . 22:285-292, and

Gabriel, M M, %aégﬁw&e ﬁﬁ i%lﬁg(l%B)%t 37 624 Potary Maker

Ef fects of sllver on er enc acteria’to urflnary eter: I'n vitro
studi es. Cfiorrl2 thl18rtoCalls v3de harvaded by mtﬁm@mroazsme xlﬁﬁf USagh,Iwddhad

Bact eri al ceIIs wer 0 in, Tri T 7C o ot ar
shaker for Motmgs i‘BSI?g/ %F%n%%@g’i‘flfﬁ\} éé’ﬁﬂ(&)qgﬁéﬁqcé?ﬁe S(t 23500 xyg
for 10 m n S@%KHVPDtOTS%%oHﬁnPeﬁa(ﬁesﬁbgWﬁ@b Hﬁ@@ﬁ%?@gS@ i el

medi un( | . gI ucose. 7. sodiumcitrate,
1.0g (NH4) ZSM?dHB@ 101 1g) Wcﬁmaﬂonloﬁ eboutdﬁsﬂiof 1:@113 plenzml (Ppticpl dynsity a

Goonm - T hlondnl, BimiTmaURl SuRE s eRhiied i 3R 1 sl othe
shaking. @Qjrtb8 ;ﬁ?l@ddﬂL 45'3%31&0513%@1\1 Ré‘ééﬁﬂcﬁ?’r&c[ﬂ%% B‘i‘ﬁ%@ﬁ Ghnﬁgﬁﬁﬁjuc" S,
Du Pont Conpany, = WI m ng were added to the cells and the cel

suspensi ondV. ﬂsmn@tom &H)azt/e&d addzd to éhmeiﬂe en@ thereell suspensienscetlegnanbaigd viprs h ed 4
tlrre3|n090/ ended in 0S fere salln PBS) to a
Concent r at RBPIEE 2BBhc T g 6o Barie yaahed i BREpR (-4 SRR ySRBTH eobnn)
Ext ended- “@ﬁésﬁlﬁﬁ%ﬁkrdd@aﬁﬁ@(mlt@g cBnd¥RfrBmdd of OLODI 0 cElW peredl (Opaecge were

i ncubated with 3 m of the radiol abeled cell suspension at 37C for 2h.

These | ensdsnsifyed B0 #ti®¥vmdt from the cell suspension with a sterile forceps

and imrersed 5 tE'é(E%lﬁg | hear ?o%l?ac?fleﬁé&rh%%n?%& SRaly %@E@%ﬂﬁ% é‘h%P Wrdre OF

initially steril Wer e T €4l i ne and

t ransf er r egnduBate® with Dnd66the eadibliabélad t&lhsuépéston at 8M°Qrfor 26 tThedd lotves
scintillation cockt al | (Packard Instrupment Co., Downers Gove, |IL) were
added to eare amgved fio (e gell syippasion il eatere preqps ang immetsed 4 tandsiigyi d

2oL L1 0 SN J500 ARSI i, Sl midon, <o,
t o col ony- fwatrérsingenfieé fom(safing albisadfaredao 0anlddad sciatillitiat viels. Tenwvd and
expr essed %ptﬁlgllljl{)%ntﬂlce:laﬁon %gadal?&agll(grd ?gstrument Co., Downers Grove, IL) were

added to each vial. The vials were vortexed and then placed in a liquid scintillation

counter (LS-7500, Beckman Instruments, Inc., Fullerton, CA). Data for two

experiments were converted from disintegrations per min (dpm) to colony-forming units

(cfu) based on a standard calibration curve and expressed as cfu/mm?. Calibration curves

were constructed from numbers of colonies recovered in pour plates of serial dilutions of

inocula and from optical densities (O.D.s) of serial dilutions of cell suspensions of

known densities. Uninoculated extended-wear contact lenses having normally anionic

surface charge, which served as controls for the nonspecific uptake of leucine, were

treated in the same manner as the inoculated sections.
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were constructed from nunbers of col onies recovered in pour plates of
serial dilutions of inocula and fromoptical densities (O D.s) of serial
di | uti onswefo2a@bis3 suspensi ons of known densities. Uni nocu@tesd/i4104

ext ended- wear contact |enses having nor mally anionic surface charge, which
served as controls for the nonspecigigWRtsalkg ¢of |eucine, were treated in
the sanme manner as the inocul ated sect ons 18 WO 02/ 092143 PCT/ US02/ 14104
Exanpl es 5 and Gabkis si102vs$hmmu]t§rtﬁ"&xas1pﬂet$amﬁ6E;omnaﬁﬁgﬂl%dme@of@dnmayi ng

t he degree of pri attachment of bacteri um Pseu as aer nosa on
the surt acatusiget Bl¥asiiit Eosriom Ayt Gou o RIS SHGHE Lt ARSI Bou
surface cog &Hx%%eﬁon@ac?f%hé Qf’i‘t’h%&%iﬂéh@éklﬁfa%’ L¥dtRs of aRElibAE cél[hl@su‘i Worymeput e
soaki ng step . Two-m nute soak with conti nuous-wear |'i cone

hydr ogel | epsles! inBxtwephmusoakogsigpati on CFUme 5 0. 8% Sod| um Chl ori de
0. 02% Pot assi um Chl ori de 0. 024% Pot assi um Phophat e Monobasic 6.56 x 104+
8.53 x 103 0.144% Sodi um Phosphate Di basic 6 0.8% Sodium Chloride 0.2%

Pot assi um Gabrri. devo-RirkededakSaei wﬂuﬁd@isab@r@ﬂ%ﬂ@ Mb%mé?i@%phat e Dibasic
0. 055%0ot assi um Phosphat e I\/bnobaS| o 0. %ol ymer JR 30M 2.44 x 105 + 3.51 x

104 0. 623 300 790 Pt ar on| C Lacrant —0.3% HV/—\C@UMz 603 . 033%

Chl or hexi ¢irme—265%—B ! | |au c F—shows—thet+esutts—of—Exa |l es 7
and 8, conpariny the %gﬁ’;% E ﬁ?g
otassilim de

0.024% Potassium Phophate Monobasic 6.56x 10*+ 8.53 x 10°
0.144% Sodium Phosphate Dibasic

6 0.8% Sodium Chloride

0.2% Potassium Chloride

0.05% Disodium Edetate

0.28% Sodium Phosphate Dibasic
0.055%Potassium Phosphate Monobasic 4
0.1%Polymer JR 30M 2.44x10°+3.51x 10*
0.625% HEC

0.07% Pluronic F127 Surfactant
0.3% PVA Airvol 603

0.033% Chlorhexidine 20%

Examples 7 and 8§

Table 3 shows the results of Examples 7 and 8, comparing the degree of primary
attachment of bacterium Pseudomonas aeruginosa on the surface of an extended-wear
hydrogel contact lens with and without a surface coating of a cationic cellulosic polymer

applied in a four-hour soaking step.
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attachnment of bacterium Pseudononas aerugi nosa on the surface of an
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0.07% F127
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Examples 9-11

Table 4 shows the results of Examples 9-11, comparing the degree of primary
attachment of bacterium Pseudomonas aeruginosa on the surface of a Group IV contact

lens (commercially available from Johnson & Johnson under the tradename Survue™)

with a surface coating of a cationic cellulosic polymer versus PVP polymer applied in a
four-hour soaking step.

Table 4. Four-hour soak with Group IV lenses

Example No.

Formulation

CFU/mm?

9

0.8% Sodium Chloride

0.02% Potassium Chloride

0.024% Potassium Phophate Monobasic
0.144% Sodium Phosphate Dibasic

2.52x 10°+3.42 x 10*

10

2% PVP Kollidon 30
0.66% Boric Acid

0.1% Sodium Borate
0.53% Sodium Chloride

2.44x10°+3.51 x 10*

11

0.1% Polymer JR 30M
0.66% Boric Acid
0.1%. Sodium Borate
0.53% Sodium Chloride

9.83 x 10+ 3.88 x 10*
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0. 02% Pot assi um Chl ori de 0. 024% Pot assi um Phophat e Monobasic 0. 144% Sodi um
Phosphate Di basic 10 2% PVP Kol lidon 30 0.66% Boric Acid 2.44 x 105 + 3.51
x 104 0. W adbup Borate 0.53% Sodi um Chloride 11 0. 1% Reltywsb/14f6s 30M
0.66% Boric Acid 9.83 x 104+ 3.88 x 104 0.1% Sodium Borate 0.53% Sodi um
Chl oride 20 WD 02/ 092143 PCT/ US02/ 14104 Table 5 shows the results of

Exanpl e 12-14, conparing the degree of primary attachnent of bacterium
Pseudononas aer Cfgb]ladsshows thdwsdtsrcff&immpie bZ-G,woplplaid‘ng dwt@gree df(prisnam:y)at ed

vvlthacatl %"13(9% msr underthee |ro ﬁfgthﬁ% h|on|c
Strengt h vaREHmeRher basiouP e PG s (e U 5 2P ¥ step.
Table 5. Fouk 'cbétb'd{ wSaKcafohid cammsg %ﬁéer tEX @VRtoRn¥at of8E mglh%m@n

CFU m®2 12 0.8% Sodi um Chl ori de 2% Pot assi um Chl oride 2.52 x 105 + 3..42
x 104 0. 0suongtoverses thenlow sphasteeniirappticd i Dfouthopswakingisiirosphat e Di basi ¢

13 0. 1% Pol yner JR 30M 1% PVP Kol | idon 30 0.66% Boric Acid 2.23 x 105+ 6.50
x 104 0.1% Sodi um Borate _ 0.53% Sodi um Chl oride 14 0.1% Pol ynmer JR 30M

1% PVP Kol ITasliers. BBur-hour soak with Survue™ lenses.

Example No. Formulation CFU/mm’
12 0.8% Sodium Chloride |

0.02% Potassium Chloride 2.52x10°+3.42x 10

0.024% Potassium Phophate Monobasic

0.144% Sodium Phosphate Dibasic

13 0.1% Polymer JR 30M

1% PVP Kollidon 30

0.66% Boric Acid 2.23x10°+6.50x 10*

0.1% Sodium Borate

0.53% Sodium Chloride

14 0.1% Polymer JR 30M

1% PVP Kollidon 30

0.66% Boric Acid 3.32x 10*+7.82x 10°

0.1% Sodium Borate

1% Glycerin

0.5% Propylene Glycol

Many other modifications and variations of the present invention are possible in
light of the teachings herein. It is therefore understood that, within the scope of the

claims, the present invention can be practiced other than as herein specifically described.
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0.66% Boric Acid 3.32 x 104+ 7.82 x 103 0.1% Sodi um Borate 1% G ycerin
0. 5% Propyl ene dycol Many other nodifications and variations of the

present iwenigopnszare possible in |ight of the teachings giargdodaqdol 1S
t herefore understood that, within the scope of the <clains, the present

i nvention practiced other than as herein specifically described. 21
WO 02/ 0921 US02/ 14104 CLAIMS 1. A nethod for inhibiting adhesi on of
bacteria ta. t he Asmefhad dooifihheitingoathddicabf hkewiriadgo tlmupfabcsbﬁgbiomﬂimt davipet he

surface of said bionedical device w.th g ioni ¢ sac harj.de in

aqueous sol ut.oﬁowawlﬁgcawa?%t © gyrfacR Qf Rl prompedigal st}ewl £ cRlionig oyt
0.13. 2. The me &Baﬁt@m@q&eatta%ﬁhan ﬁé«hﬁ! t@ﬂyarél%twﬁmna@oﬁu@mutem c

strength of out 0. 05 to about 0. he method of claim 1l wherein
sai d aqueous solahdzutdm}tas an ionic strength of less than about 0.095. 4.

The met hod,of claim erei.n said us sol ution.has an.ignic.strength
of I ess ¢ Ran aBdaeonby ot HbemaAERGr0 R Bl s vt SRS ng
treating the sugfacshRk 093itd abhedi cal device to provide a net ani on| C
charge on said surface before contacting said surface with said cationic
pol ysacchadi de. The niteodhedidhm bvheteh saidlagueersesotitionchas gn igdesteigueidess

bi onedi cal devi € G rre&a a net ani oni c surface charge and wherein the
met hod i ncl udes "No 91 d| ate treatnent step to nodify the surface

charge befare bimng 'ni@hc&ﬁbﬂi:lzﬁﬁi yeasehadaidifueous do@ichiiak as ¢ steetigth of less
bi omedi cal device. 7. The nethod of claim$5 wherein said surface treating

step further coMniabest 0.8Yhtacting said surface with a linking agent. 8.
The method s0f  chgl oo b WG Shifh £ RirfieC QAT Geating Rnd HFREbr SOMBLLRAR Al

retal ning
device to provide a net anionic charge on said surface before contacting said

surface with said cationic polysaccharide.

6. The method of claim 1 wherein the surface of said biomedical device carries a net
anionic surface charge and wherein the method includes no intermediate
treatment step to modify the surface charge before binding said polysaccharide to
the surface of said biomedical device.

7. The method of claim 5 wherein said surface treating step further comprises
contacting said surface with a linking agent.

8. The method of claim 1 wherein said contacting step further comprises retaining
said cationic polysaccharide on the surface of said biomedical device through at
least one selected from the group consisting of ionic interactions, hydrogen-
bonded interactions, hydrophobic interactions and covalent interactions.

9. The method of claim 8 wherein said ionic interactions are between oppositely
charged ionic groups between the biomedical device and an aqueous solutions
containing the cationic polysaccharide.

10.  The method of claim 9 wherein the negative charge on the biomedical device is
derived from at least one selected from the group consisting of carboxylate

groups, sulfonate groups, phosphate groups and phosphonate groups.
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sai d cationic polysaccharide on the surface of said bionedical device
through at |east one selected fromthe group consisting of ionic

i nt eract i ggeo2/yds ogen- bonded i nteractions, hydrophobic ipidrersashi@ps and
covalent interactions. 9. The nethod of claim8 wherein said ionic

i nteractiogg ar ?h@%égﬁ‘ﬁ‘o%‘?ﬁﬂﬁé {vBbin RO BLHREL LR LorPthe 'dﬁ’&orﬁ@béﬂ?@i&pﬁd}ﬁe

bi omedi cal devi ce and an aqueous solutions containing the catlonic
pol ysacchari de. islderivet éromeqirbainafy aoinadmn@ gndversesubfontven gegas,iphespioaluge on

t he bi onedi cal device is . deri.yed from | east one selected fromthe group
consi sting of cﬁ?%ﬁsﬂn&toéhergf’%‘éﬁg?’cé%ﬂg?cﬁh'élfgo%ﬁm,& phosphat e groups and

phosphonat g gr 04Rg meditod? BahP¥AE3iInReld HHRgdchbbitding idterablibng®cipd of claim

9 wherein the cationic charge on the cationic polysaccharide is derived
f rom quat er nar y befiwesn hydiogebprd acseptingriuniaeegrand pydrogobprdaenatinggr oups, and

ot her positively charged.functianal groups. .12. The netho f clajm3$8

eherei h-sai d hy PEHERS BOmRE hARRendoRd EarbE miiGa ThR BASen BBk one

accepting surfagespangsiydeegen- bond donating solutions, or through

hydr ogen- bond donati ng surfaces and hydrogen-bond acceEting surfaces. 13.
1

The net hod13f c(Tap methodgfelaiml uhereimpaiddiydrrgsarond eewpting §OgPdaiss ar e

sel ected fromt C .St . \: e u i substituted
acryl am de grougge(gcégﬂggll @Q%@ﬁ’ °§fg%1§gn§%f5(g Olllﬁg&r%? ﬁ%d@-%uyf%uﬁe wherein
sai d pol yet her gegiypsidappupsbyd pilsthengogdsycol ) or pol y(et hyl ene oxi de).
15. The nmethod of claim 12 wherein said hydrogen-donatin roups are

sel ected f#from tihe mpthdeichHe B vhgegsa %ri@@éia%poqb(%gy&%,gﬁcog)ci ds,

phosphoni ¢ acid 1RAENOLigedr oups. 16. The nethod of claim 8 wherein
sai d hydrophobi ?rpﬁl?ger@gtl onsl&:e ccur through hydrophobic sites on the

bi omat eri all5sur fThe endtinddesfaddimni whérhintsadrlydhegehelogatngogroupmart kdected | oni ¢

I haride. .17. Th thod.of ¢claim7 [ i.d covalent . .
ipﬁt Z\f:gf i SLIS :Xﬁgn @gtg?@gc%(ﬁ)iéﬁr?g ofc ca?llaon)gyﬁc \gggsr %lhgsp%%lnc agl(c)i}s/,%)h%gphomc acids

and phenolic groups.

16.  The method of claim 8 wherein said hydrophobic interactions occur through
hydrophobic sites on the biomaterial surface interacting with hydrophobic groups
on the cationic polysaccharide.

17.  The method of claim 7 wherein said covalent interactions exist between the
biomaterials surface and the water-soluble cationic polysaccharide such that the
cationic polysaccharide is bound to the biomaterial surface.

18.  The method of claim 1 wherein said biomedical device is an ophthalmic lens.

19.  The method of claim 15 wherein said ophthalmic lens is selected from the group
consisting of contact lenses, anterior chamber lenses, posterior chamber lenses
intraocular lenses and corneal inlays.

20.  The method of claim 1 wherein said biomedical device is a silicone hydrogel
material.

21.  The method of claim 19 wherein said contact lens is an extended-wear contact

lens suitable for periods of continuous wear for about 7 to about 30 days.
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bi omaterials surface and the water-sol uble cationic polysaccharide such
that the cationic polysaccharide is bound to the bionmaterial surface. 18.
The net hogvgod00b@abm 1 wherei n sai d bi omedi cal device is arpcapidobakteisc | ens.
19. The method of claim 15 wherein said ophthalmc lens is selected from
the group onskgLi f | ; terior
chanber | e%g'es T?%%@uﬁ%%gﬁggiﬁgﬁgé 8%?’;%2‘[?& r? Fg}{%g@g%s.élé%@%n%ng E}%Z of
clai m | wher ei ngsmpcohsistirehfcatione siand, caionicsddxkiranmatibyid cbijedan, cativeici al .

21. The nmethod of cl.aim 19 wherein sgid cqgta t lens is af extg&ged- ar
contact |ens stfiPsiiean gim, prionis I ragasaptncrbiguic aurdlay, satione ppllwlag and o ¢
30 days. 23 WO Q2{Q92d430586d41JS02/ 14104 22. The nethod of claim 1 wherein
the cationic polysaccharide is selected fromthe group consisting of
cationi ¢ sar chThe metlodd of cipemt Ir whereimahe biomedishal deysenis selactedfrom the geawpt bean

m cationic m tragacanth, .cationic curdlan, cationic l.I| ulan and
at1 oni ¢ Scl er oFP S 3k pishierospedt iR ootians P Bokech Bt
device is sel eck®gtsf mpndthendéMiBersconsi sting of intraocul ar |enses,

corneal inlays, contact |enses, contact |ens cases, stents, inplants and
cathaters. 24
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