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COMPCSI TI ON FOR REDUCI NG BACTERI AL ATTACHMVENT TO BI OVATERI ALS FI ElpigsOF THE

| NVENTI ON The present invention i ' to the surface treatnent of
medi cal devices including opht ME“ \mﬁ\ﬁm , Stents, inplants and
cat het er swo oe/qear48i cul ar, the p ntion is direBEEUSRH4H4si npl e,

| ow cost ‘method of nodifying the surfdé® of a nedical device to decrease
its affinity for bacterial adhesion. BACKGROUND Medical devices such as .

opht hal m ¢ 1enses A l%/?%gﬁ FIRV RSveoR @EcTEREAIR ARPHERRENTO fro VIRRMATERDNEY)

mat eri al s can gener subdivided into two maj or classes, nanely
hydr ogel s and non- hydrogel s. Non-hydrogel s do not absorb appreciabl e

amounts of water, whereas hydre OF THE BIVENTIOANd retain water in an
equilibriumstate. Those skilled _ in the art _have | ong reco%f' zed that -

surface charact éFtiegwesest ipyenjionis digspisd tq the sufaqe BpasRISRRfmadicd] €918t s known
that increagi n&ng?s}tnﬁxl%ggpgéglt s(i%t{et% ggélaﬁ# | d&ﬁ{&{é&"h'pﬁ&&u&y,rtﬁ@ﬁ%sdnﬁpr oves

the wet t abiPF¥ € con s inturn’is associated with

i nproved wdavemionfioditectst te a singiie, love nest methad df modifiging the sutfacenfamagdicabt t he
| ens can affect the lens's scept i bili 1o deposition, particularly the
deposi ti on W¥icelR g?céqqqglt%ﬁ@sq%yﬁqr °tﬁ?%r#¥eﬁ@nt ear fluid during | ens wear.
Accunul at ed deposition can cause eye disconfort or even inflamation. In
t he case of extended wear |enses (i..e, s-used w thout daily renoval
of the lens before sleep), the surpéég«i}égggﬁeci ally inportant, since

extended wear | %ﬁﬁﬁal%ﬁ%e&?cﬂ gﬁ,}@gﬁﬁ,ﬁ%g&ng%i }??%géeﬁgfggﬁ%aém foeaf@bér and

bi oconpati bility over an exten erio d-wear | enses al so

present twoofyeasd Sutininkterigle san generly be hibdividedduto dve majorislasess) Ramely
COnL | 0US o Sl 4588, NIERATMPEe R MR lrdtistlrer T
fromthe eygehWHerdas Byd6Esls Rcbsub abeaibeattrtia aneqwlitiamstater | enses are
vorn conti nuous! ‘}{ﬁosg leiﬁed in the art have long recognized that surface characteristics play a

major role in biocompatibility. It is known that increasing the hydrophilicity of the

contact lens surface improves the wettability of the contact lenses. This in turn is

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

causé eye discomfort or even inflammation. In the case of extended wear lenses (ie.

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 worm 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.
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are generally not renoved for disinfection until the conclusion of the
recomended extended-wear period. Thus an inproved nethod for inhibiting
bacterial attachnent would be a mjor advance for both conventional and
ext ended- wear }:ont act lenses. 1 IN-~"1~IIN *ACTI ON* WO 024%%}33
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Eye). Thus it _would be desirable to provide a nethod for | biting
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infiltrates and CLLARE (Contact Lens Induced Acute Red Eye). Thus it would be

desirable to provide a method for inhibiting attachment of microorganisms to contact

lenses.

SUMMARY OF THE INVENTION

This invention provides 2 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 decreasiﬁg bacterial
attachment to biomedical materials. The range of useful ionic lstrengths in accordance
with this invention is ﬁom 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



performance of the cationic cellulosic polynmer for inhibiting bacteri al
attachnment. Specifically, it has been found that solutions having an ionic
strength of |ess than about 0.13, preferably |less than about 0.10 are
notably effective for decreasing bacterial ;attachnment to bi onedi cal

mat eri al s. WOHa/0924#ige of useful ionic strengths in accor daREHUSQR{IEH4t hi s

I nvention is fromabout 0.01 to about 0.13, preferably fromabout 0.05 to
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conposition, of t] . ' . n an
aqueous sol mveré nhcon: pggg—‘sq daﬁgmg gwg%cgﬁ&@ﬁ&%is&@l%&n%gl %%?1%@ 3‘#‘ Eiq%éds s than
about 0. 13, salleﬁned Mn bﬂhss thhmaliouﬂo 18, preferably lpssahar aoht/0.L@3sorthan

about 0.095 a referahl S than, referred
ebodi ment  BIELEH IsBBRALIE .05 A BapttanieRo ey ettt 0%t B2 cat | oni ¢
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slightly anfonic prior to the application of the cationic polysaccharide.
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surface coa ]
dev1ce 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
dev1ce include: (a) bulk dlstnbutlon of anjonic 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 (¢) a

combination of one or more of (a) — (d).



a bionedi cal device. The cationic charge on the cationic polysaccharide may
be derived from ammoni um groups, quaternary anmoni um groups, guanidi um
groups, sul fonium groups, phosphoni um groups, bound transition netals, and
ot her positively charged functional groups. Exanples of nethods for

provi di ng W ®p2143 ¢ surface charge on the bionedical dePCEASIHBIUde:
(a),bulk distribution of anionic sites in the biomaterial for exanple, by
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charged sites in urface of
the biomateri al iﬁp %@ggoﬁtg?h(’éﬁ’? rpﬁhéts% etg Q}aﬁ%ﬁz{ré%étltal%efrt\f}%%%iarge t he
bi omat eri al chaye, e biomaterial ntayt e tesatedwittedn oaﬁdamettam::tneammmtothm ot her
surface treatnent to present a net .aniopic char r to t reat ment
with the caﬁ?&%"e“ﬁ@pﬁ/@dﬁ?ﬁ%‘rq%Féamﬂ?&ﬁﬁg?@%l’%?”g& g’é”&k‘f‘ ¢ CALOLIG, f ace
treatnents kaﬁrta& agEmp Eé&ﬁ%ﬁﬁﬂ@oﬁﬁa%sﬂﬂﬁc%&ﬁﬁﬁ{tﬂﬁcﬁﬂe pedht in U S.
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subjectlng ens “sur es 1o a
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’ ’ monomersp(see for example, U.S. Patent No. 4, 145/ ,949); and combinations of oxidizing
agents and hydrocarbons such as water and ethanol (see, for example, WO 95/04609 and
U.S. Patent No 4,632,844). These patents are incorporated by reference as if set forth at
length herein.

The cationic polysaccharide may attach to the surface of the biomaterial through
interactions between hydrophobic sites on the biomaterial surface intetacting with L
hydrophobic groups on the cationic ‘polysaccharide. Covalent linkages may also exist o
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-b‘onding interactio_ns may occur
between hydrogen-bond accepting surfaces and hydrogen-bond 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



| ength herein. The cationic polysaccharide may attach to the surface of the
bi omaterial through interactions between hydrophobic sites on the

bi omaterial surface interacting with hydrophobic groups on the cationic

pol ysacchari de. Coval ent |inkages may al so exist between the surface of
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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 or cellulosics, guar gum, starch, -
dextran, chitosan, locust bean gum, gum tragacanth, curdlan, pullulan a'ildvseleroglucan.
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. o

The layer or coating comprises a polyelectrolyte complex which is formed by
complexation of an ionic lens surface with an oppositely charged ionic polymer, a}1d 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



contact |lenses that are suitable for periods of continuous wear for about 7
to about 30 days. The cationic cellulosic polyners of the invention have
been found to exhibit strong anti-attachnment properties (activity) for the
bacteri um Pseudononus aerugi nosa, as shown in studies of attachnment to
contact | aW@o0¥2t4edces. Exanpl es of useful cationic pol ysREFGRRIA48E ar e
derived fromthe famlies based on cellul osics, guar gum starch, dextran,
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Interactlon%,gﬁglé iAo th the Surface Force Apparatus” 146 Journal of
Colloid I nterface Sci ence 242 (1991). In accordance with the present
i nvention, lonictetrengther0.55(GiE1)t Where Epistthermblanepnceniration of ionistspesingtirandiZi t he
wetting sol utj on.sur pki si i Syproves the durability of the polyneric
cushi on for‘ﬁé}EFYﬁE x}cﬁgfgomgsigée%lr the contact |ens. The solutions of the
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' Sciences, 17" ed., published by Philadelphia College of Pharmacy and Science (1985).

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-irntatmg 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 compatlble w1th 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.



The ionic strength of the solution of the present invention is |less than
about 0.10, preferably |less than about 0.095 and nore preferably |ess than
about 0.090. For a nore detailed discussion of the term"ionic strength”,
see Rem ngton' s Pharmaceutical Sciences, 17'h ed., publish
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The ionic polymer can be any ionic-polyner conpatible with the eye and

whi ch does not cause eye irritation yet which forms a hydrogel and which is
el ect r ost at Substraie Materalst o t he surface of the contact lens. 6 WO 02/ 092143
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particul ar application. Substrate Material s, Hydrogels conprise hygdrated,
crosslinked pol yHisxitle aghil lenymaterialypsefid in ep;pgerg,:pvgagqpq IPﬁlPii‘ilﬁﬂ%‘{n&t e.

Such as. o- noYREEHEEE ol ﬁnﬂ?ﬁé’%ﬁ‘ﬁléf‘*&dﬁéﬁﬁ?ﬁ“f’%%???ﬂ*‘#%??a@?tﬁﬁé‘?e, N
vi nyl pyrr ol Edamples bi/fxibla ephihalptie teos miateri Gse%ﬂliaﬂiemrﬁeddmw&bm thught
materials ugef philnfsN0RI0R8 ¢ kuhAUR bt 3171418y YR usALy & 811,710,302 to

Kiinzler et al.; 5,708,094 to Lai et al.; 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 5,7?6,733 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 teaph 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.




hydrogel s as wel|l as conventional hydrogels and | owwater elastoneric
materials. Exanples of flexible ophthalmc lens materials useful in the
present invention are taught in U S. Patents 5,908,906 to Ktinzler et al.;
5,714,557 to Ktinzler et al.; 5,710,302 to Kllnzler et al.; 5,708,094 to
Lai et al.wod28984¥57 to Banbury et al.; 5,610,252 to DBaptmuso2asioal . ;
5,512,205 to Lai; 5,449,729 to Lai; 5,387,662 to Ktinzler et al. and
5,310, 779 to Lai Thepiefdrredabaventionl Rydroged iaterialseypibnllyicontainc MEMIAQNVE set

forth at |en rein . S. Patents 6,037, 328, 6, 008,317, 5,981, 675,
5081, 669, SHGABEAFS g -3 dinga yclbe aickingt e 25 VB0 itatals i
S5, 726, 733 t 10812 Sodle i G6T™MRdTBAIBE1@1sSs (comitertidlly e aiib Yo BAERhS: U- S.
Patents 6,071, 439, 5,824,719, 5,726,733, 5,708,094, 5,610, 204, 5, 298, 533,

5,270, 418, Eombdnasporaisd obRoehssten Newc¥ark), etstexamples of pastienlaviinsefomed
containin SR e nononers. U S. Patents 6,008, 317,

5, 969, 076,g gl’%\%ﬁ%&hﬁ@%@?# . 5,726,733, 5,714,557, 5,710, 302,
5,708, 094, 5, 648SHitbnalmylirégets3iEneally haaatwaiqricohtahtrgreatérdizm abattefiveabaight
cont ai ni ng NVP noners. U. S, tents 5,53 16, .5,512,205, 5,449,729,
SRy G0 BeGert AR oLe comigouy SEFRE MoRLER [ AHORSiBHY SR B er | Al o
cont ai ni ng diaKEHaEE YAy Peepafed OY POy meriziNDa ARk AR ARG 1UBARSHA 104 The

preferred conventional, hydrogel materials typically contain HEMA, NVP and
TBE ( 4- t - bufijicone-qoptaining mpnpeand at least nae hydrenhiljc mppamers Eithenthevilienen) s

for exanpl a: oRSer : & BB Clirfkidd L1 abl e
from Bausch&é’?fhaﬁlggb%(% nco Qﬁgt-rﬁglth 2@@? IIER%?E(Z@%%J# , Ne@v1\:/m$gﬂrg km)z,%sar e e%??r%%s of
parti cul ar | grogslinker being dafinad aa inonerher pving yaltiplepayieatizableSuhdtiovaliiesy dr ogel s

general ly have a water ten reater . .tha .aﬁgu . five L.ght ercent and
nor e corrrmnPK/aB ee‘f{‘)%f‘ﬁ%ﬁr Hfaé’r]f’%te?%i?g%t B?qﬁ"ﬁ s\%@?‘&ﬁ?"“ﬁ%@%m@ MY erial s
ar F usual |y upitefopasinliye ﬁﬁhmrdfzﬂﬁﬁﬁle&lyﬂiogbluhﬁ\ﬂﬂd mhwwmh: | | ifi gheddrt drdast Epnﬁ
si |l i cone-contai ni ng nononer angd, at t on rophi li.c oner.  Either
the siliconBUmEigH e %PFGH@FS‘&HJS@“FNN%&%H@ Oirﬁﬂé?vg? 1e4#053Act i on as
a crosslinkisng4268m,010215; 5,260,000; 5,310,779; and 5,358,995,

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

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(organdsiloxane) 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 bl_ock‘s 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



crosslinker being defined as a nononmer having nultiple polynerizable
functionalities) or a separate crosslinker nay be enployed. Applicable
silicone-containing nmononeric wunits for use in the formation of silicone
hydrogel s are well known in the art and nunerous exanples are provided in
U S. Pat enwON2#92143 136, 250; 4, 153, 641; 4, 740,533; 5, 034, BEW/US®(18W09, 215;

5, 260, 000; 5, 310,779; and 5, 358,995. A preferred silicone hydrogel nateri al
conpri ses ( iwithtpgoky(herylic avbd)aund its derivatives. Ethpleh of mﬁﬂ In;umn:iezsadc)ludﬁe dmided

acr ononone i © NG} epeids; Srbieoy Siteremine coila hORR st o

one Or NOr PRy NSl RSRdtik ahdkyoly(IRhE FiF6d1) fufctioRAIVER With pdMnekable S0
per cent, preferably 20 to 40 Eercent by wei ght of a héfro philic nonomer.

I n general , sraves.sExqmplesof usefs} eduwIYéalmeﬂm@am dpmhr@ythwa@ed

wth an uns S’iiﬂ@ Ul#'ﬁtt addi tion
to the end glwgégés | rﬂxﬁ%&g@%b@éﬁ‘@tcrgﬁtanﬂgrﬁo or rrueﬂty ) .e%a ent .

4,153, 641 t@aIISe il h referesd mhodmmltbsm@y(a&dm $lyend) pqumatqsmmimdat legstdwps,

I ncl udi ng a Lyl o terigls such as

t hose taugh @//%cﬁ é‘r?ﬁ(é %gﬂ‘zééggﬁéfﬁ@g éale;lﬁ@lg@ 9 to Lai are
al so useful cmﬁuﬁm 618¢13ﬂ clafbaﬁﬁfe&ﬁmm dikdldsed HEUISNP Bt Nas, 5}90@,2193 ahd the t he
si | ane nmacr onopnoner ﬁ)&lﬁSI | i con-cont ?éﬂ'lﬂg Vi nyI carbonate_or vin

car bamat e OIhY‘&mB]é‘ll(}G?‘%zP &9pgmessidisslog VA 8551t e 481 0,457 cOthsr snitablet - har d
bl ocks and ﬁpﬁggﬁﬂﬁ%nmnﬁﬂ vﬁll%%ﬁa{?ﬂ%ﬂt kd EnGrEEHTEH‘ﬁ{ theakt! 1RRbatBYERPPI | i C

nononers inc 0ose nononers once po yierl zed can forma COI’Tp| eX

Wlht h pol y( apreftrred emtiodiment;ithe hﬂ@ﬁbﬁmmm&u&@dimﬁmchWﬁdgﬁlmat?md@tmI in

t t

(e P et A8 il T, AP BRI S (121 for
aerNi_ \éﬂria Yﬁs Exambgléepluhalnﬁefené ma&nmlsm@de:rgldagh;—;mmm (“R(BPE) Mteng.lris cuch
N vl RS tteails Binelly ot A M Rabie Firbalked pelimet Siter SBEARRE

pol yrer i zabhgs efaR R YFwaA8R | RSP ﬁfatmfudémmragadrmaé witﬁ@h@@%s&lﬁinl&mﬁn
glycol)s include poly(diethylene | ycol )s of vary ﬂ chain | engt
1

C(r)rtr;t SI ni ng mma;qr@lséauﬂhtm PhigeiNo. ASQG;QﬁGtOE 54,465 149 tpgﬁih%r red
embodi ment, 4idag 4pe} %ﬁtsktgﬁfqﬁ ‘Etll%] s 181 Y4®ls $38% Ehﬁ%@b?fb?mt%ﬁl%@tc 1al kene

gl ycol nonon&ric uni exanplés "are th Vi nyl
5,032,658 to Baron et al.; 5,070,215 to Bambury etal.; 5,177,165 to Vahnt et al.;
5,177,168 to Baron et al.; 5,219,965 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 to Ellis et al. teaches a

preferréd 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 raﬁge of medical devices including intraocular lenses,

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



carbonate or vinyl carbamate nonomers disclosed in U S. Patent Nos.

5,070, 215, and the hydrophilic oxazol one nononers disclosed in U S Patent
No. 4,910,277. O her suitable hydrophilic nonomers will be apparent to one
skilled in the art. In a particularly preferred enbodi nent, the

hydrophi | i wOn2/92183 s used in the contact lens material arBCT/URAM0E Of
formng a st abl e corrpl ex vm th a cationic pol ysaccharl de. Rigid ophthalmc

| ens : aterigls gas- perrreable( RGP") materials., RGP

material s typ| ca cont |se ic crossli ked | yner system
containing | ess gm%e{;\gg ﬁéﬁeﬁﬁﬁs@tﬂ%‘f ﬁ‘\%ef’%le%t"cor dance
with the pr incchéi'l&éﬂttbﬁék Redaighc ARG ér8! 8 éciﬁ&éktam!plés Whenidst ent No.
4, 826, 936'[2 I1is; 4463 148'[0 Ellis; d%%479¥0 Ellis; 4,686,267 to

Ellis et al celdosiopolymersicentainingN.Nadigrsthylepmineashyigrqups éeithgr protongtedon 658 to.

Baron et al

5,177, 168 tguaégl}n%ég)et %eh&l@@g%@t%j‘%ﬁ l\f‘ &gﬁ&ﬁg%ﬁ?ﬁ&? Mt Gee
and VaI int; grcﬁlpscﬂﬁt,helaﬁotcnatbdnr qnatmlzv;d)SCﬁﬁanl@dsﬂlulaslc\pﬂlym&rs ate caimner&alfylo 252
to Banbury et 8 094 al nd 81,669 to Valint et al.
[0 BBy Gl Bbigog S BB Rpdeg by g lncin B A0 S AR L o
an RGP mat ehitmgen-mﬁamtgemicﬁcymtglmademwe p&lFQredlbyQﬁcﬁ@g Bydeskyethy! ef er ence
as if set forth at Ien&th her ei n. r non sil.i cqone hydr?gels used for

ext ended we&eHUQss Witha H%mamg@-s gnted spaxide. Yasipus preieed catianig ace

attachment gfyfiéige ]l%iffn&%'a?e QMY GBial) &V i Sl %f‘c;&ﬁa lé‘ﬁlfi&ﬁycﬂﬁble pélgmeRt hod of

the invention Is also useful for treating biomat éri als before or after

f abri cat i onavailablenindenthe EAFA (Eosmetit, &‘ailetUeench;ggnm Assoeigtion) designatiomr

| enses, ar e d.ca a few
exanpl es. 9%@‘@%‘%‘&@ g@fﬁ%&ﬁﬁé@ﬁ% 1S ?ﬁy&é}%\quﬁ@%ﬁ%n ®Sur f ace
coiat ing rr:at U(?M%Wmér from AhrrdhobCerpt, Fﬁmﬁ,er USA. rtﬁieudpolyxgbrs oqut_am

pol ysacchari des e Cat|on|c e ner s pecific

exanpl es i n&PﬁﬁE*zegéIﬁLﬂ%ﬁ‘g#% aH’(’J‘I“S/WBP%s 71:4& 1% #% ani noet hyl
groups (eithge cﬂfdﬁl@é@ﬁh&%c% élﬁbi‘ﬁ fhfbé &%lo?étﬂmctﬁé éd&ﬁb%itfbn@ﬂ'awﬁroﬁol to

cont ai ni ng N, N-di net hyl am no- %droxyl propyl _groups (either protonated or

quat er ni zedpbouttan @38 ‘(s’elébil pemegts@ @@anféfe@blﬁﬁ ebewt|0165 to abaut fixe| e or
can be prepasebi pRREROHn KRIO. 1 18 abO\ ofE F1) WeterR PertiR BRInG esfbUlFT NAr Y

preferred. Suitable cationic cellulosic materials have the following formula:
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ni t rogen-cont ai ni ng et hoxyl at ed gl ucosi des can be prepared by reacting

hydr oxyet hyl cellulose with a trinmethyl ammoni um substituted epoxi de.
Various preferred cationic cellulosic polyners are conmercially avail abl e,
for exanpl e water-soluble polyners available under the CTFA (Cosnetic,

Toil etry, wwalodu9agsance Associ ation) designation Pol yquaPEFESQmmd. Such
polyners are commercially available under the tradename UCARE(r) Pol yner
from Anerchol Corp., Edison, NJ, USA., These polyners contain quaternjzed
N, N- di net hyl am no groups al ong the cellulosic polyner chain. The cationic
cel l ul osi ¢ conponent may be enpl oyed
about ten (10) wei ght percent of the cd
to about five (5) weight percent, wt
percent being especially preferret©O pre cationic cellulosic materials
have the following formula: 10 WO 02/ 09g4fA3 PCTI US02/ 14104 CH2ORI 0 Q@ R2
R3 Wherein RL R2 and R3 are selected fromH, derivatives of Cl-C20
carboxylic acid, Cl-C20 al kyl groups, ,ﬁ;o C3 nonohydric and di hydric

al kanol s, hydroxyet hyl groups, hydroxypropyl groups, ethylene oxide

ition, preferably at about 0.05
pout 0.1 to about one (1) weight

groups, propylene oxide groups, phenyl groups, "Z" groups and combinations
thereof. At WRasHh RO anll Rarcd3éleaied ffom H Sdefivadivis 6£Q -_c%gfa&ba%tmraeidptl-c e "2"
groups is: where: R COH 7=X- R' - N+- ~CH2CH2 R"! JeHT Z ', R" and R"'

can be H, Crabkyl emmps, Gitp Crmopolydic antdihydripatkenols, EM{BO’S’FWL&TDEE& and z=0-5
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:

R c|>H .
7=X" w—m—éom—);fcnﬂcmt

R'"/

where:
R’, R” and R’’’ can be H, CH,, C,H,, CH,CH,OH and

CHgTHCHon

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 aniqnic
therapeutic agent, for example, hyaluronic acid or its salt, which is a known demulcent
for the treatment of dry eye. European Application 088770 Al to Marlin et al. discloses
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X=d", Br, |I", HS04 , CH3SO4 , H2PO4 , NO3 U.S. Patent No. 5,645,827 to
Marlin, et al. (incorporated by reference as if set forth at Iength herein
for a discussion of cationic polysaccharides) discloses the use of
conpositions conprising a cationic polysaccharide in conbination with an
ani oni ¢ t hWoe3@eR1#E agent, for exanple, hyaluronic acid JCT/¥24404  which
Is a knowmn demul cent for the treatnent of dry eye. European Application
088770 Al t catidaid dellulose pdlymeiste Helives catibni¢hepapediinpdnts REpécistiy Torthe 04
cationic CefL.rl %[%se fqogﬁl%msrs to deliver cationic therapeutic agents,
especi al | y FEFMEREOTEAUEaMAnt of gl aucona. U.S. Patent Nos. 4,436, 730 and

5,401, 327 to El | Uss. patenfNos. @436T00 ahe5,40ICTI7TRE Ballsest al fwhichiagy iafsporaedi T set
forth at Iength herein) disclose the use_of cationic cellulosic

deri vat i vesby referepaceasit seb fgthy at damgthrheredm) disclosnthe upeficationig csllosicorbi nat i on
of a cation B&ivaﬁ@#&ﬁ'gﬂﬁﬁcﬂ@ﬁé’tﬁ&ﬁng%ﬁﬁs,%a% b S BIHESSSE adfibni@s 9l ucam
In a preferred enbodi nent, the cattonic ce osic polyner is a

Pol yquat er ncellwldse polgasr Rudiseetboxydadgbgu@se siich 85 glggant. Olng prefegsd - 50- 7;

81859-24-7; 68640-92-.4; v . D[ r I o di ment,

t he Pol yquafﬂgg?\(?j{ﬂ?gé&éicg E’gf ?ﬁe&?&ﬁ%‘ 1%:%%%?1@35@ Pl&ﬁfa%%nge@?r om Uni on

VI Chi gan. Pol ymor - 05 30V Lo gl 50 gl o1 cosed | o U & Phrent 5 872 086 (0
chi gan. Pol yner - s also dislcosed in, : e : , 0

Ellis et al .m,owm@ﬁfe%ﬂ%bﬁélmﬁabF%ﬁ@&ywte%'ﬂgﬁ@%&%eﬁ%@’ qogimeteially | engt h

herei n. Opt L@s Halg bl EIXWB?' i j

denul cent s %ﬁbigéﬁogg%@e%%ﬂtehﬁﬁﬁgﬁgg’ﬁ}?ﬁgmd ﬂ?@gggg{&@p@mwl cents

are known t of Midlendi Michigen.i PrjymemiRs3QM iigalsodislensedin W.SbPatent 587,086 tact s,
resulting igningr i t .SO act as a
et or - sof ub s EE-3TREh S Pfaced bPLoNRS s HSEMOAER B iR RerBl ) U7

vi scosity bui | deOptietiatly buge oramore addittorbpdlytherid ar nonipglyeresic ldedelcents maly

cel I ul ose, droxyet h cel |l ul ose, . hydr.oxypf.o el | yl ose, hydr.oxypropyl
net hyl cel | upggﬁnéﬁﬁé %Mﬁ?’ﬂwé% eflie %‘ebe’%ﬂcmwﬂ?\%%ﬁ‘%ﬂdﬁone) ,
pol y(vi nyl w%&ﬁn%bﬂbisuﬁﬁﬂag{dﬁﬂlok bBicatinig @ifedts, 160 Rink Yn ididasi com@srt.demul cent s
may be enployed 1n a tota anount ranging fromabout 0.01 to about 5.0

wei ght per cBalymsric dewylcents ganalacecs pg 4 water-1ohible visesity bwlden lelnded monges from
2 centi poi sg (LR&)solib1SRYsRY bifideld £8tHERSn-HRRERHLEC PBE hers like methyl

cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, hydroxypropyl

methylcellulose and carboxymethy! cellulose, poly(N-vinylpyrrolidone), poly(vinyl
alcohol) and the like. Such viscosity builders or démulcents 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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whet her the formulation is intended for contact |enses, intraocul ar |enses
or corneal inlays. Confort agents such as glycerin or propylene glycol can
al so be added. The present conposition may al so contain a disinfecting
anount of a preservative or an antimcrobial agent. The presence of an
antim crobWVI024%d#t is not required; however, for the i 30HM10% reduce
effectively the concentration of bacterla on the surface of a biomaterial;

a particul ah¢xpnpﬂnri@p bignapidessand\thgit padymess, od porgbinafiops of teforpgoing. The
Antim crobi ?ﬁlts%@@lj Rlirfé a%d@ﬁfoi‘ ﬁ&ﬁ%ﬁﬁgéﬁéo@%%?ﬁh%&ﬁ%d gﬁrw&l&;‘e' r

antim crobia throug S| ochem ca tion
with the m gluedrates, mtrgam,l asetates, pEosphmsasqifatqs, hallgasamddhe;hkmdl‘hsq:eefemd free

bases or s S A d| ne rhex di ne PCT/ US02/ 14104
rovanet hy! chevgts B R Reegny s Pt ety alfte HAt Zne R 1 ho |

foregoi ng. WiBningteh! SEnder tﬁéhﬁeﬂﬁrka(t&nﬁbﬂmmx Géhételly e RakthiiRAe O gani c
or inorganic and are typicall e&l uconates, nitrates, acetates, phosphates,

sul f at es, hbignepide polpmersealsq yegerr BREVGOPEPYbbighanidel® APB), have

hexanet hyI e hlgyﬁ@ vai | abl e from Zeneca, WI m ngton, DE
under the t{r}lgdéarrar iég%&%%ﬁbhgiddgeogeral |y, the hexanet hyl ene bi guani de
pol yners, al so rHfusedindh¢ subjest gditionnthe engingipspbiabagenbshiodbl ersgdin anhave

nol ecul ar wei ght f. 0.ab 1Q0 0..1f used in ect sol ution,
Che ant | mi c o el gal{ B ofs Bt eiee bt micimprésbiin AdblatBp Rk o, *F east
partial ly rfshnaRtibheeriployei Fyefefably @dmufeaﬁmgnmmmt isithat vﬂﬁemdlﬂtedmshe

enpl oyed. Preferably, a di sinfecting, a I s I hat p\ggjgaglg educe t he

m crobi al beAseRialhiokdenRy twodospidersdn °Hl' Qs anslnere gerabl y by
one | og r iaf aawiIpt is an
anount whi Cﬁx‘a&ﬁn%n@'ﬂﬁxﬁ?ﬂéﬁtg?@fﬁhbl&ﬁ%%@%ﬂé&@gﬂ nﬁgﬁ a%gg%ct I ens when
used in regéliminatedhe minrobialdudemmndadnteesdénsvden used ip FEpimen foritlesa |

ur del | nes) RoRyeid AR it oA ARl B Ao RBeaf I BB, B C | g g

from about Qof@&Qknt sohlhomDréIft Gﬁdﬂéwev)) Typivallyysuch ageﬁt& areirbsent inf r om about

0. 00003 to about 0.05% S ,SO ed i
i nventi on WCEWQPW;“ 8 Xt ¢ 08?1@8@%3 E abo t&%%&?@gg‘g{ﬁn pgefaréé ri bed
above, one gpmEBGE: COGUYS 16 BROVESYWat are commonly

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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present in ophthalmc solutions, for exanple, buffers, stabilizers,
tonicity agents and the |I|ike, which aid in nmaking ophthal mc conpositions
nore confortable to the user. The aqueous solutions of the present

i nvention are typically adjusted with tonicity agents to approximate the
tonicity ofwgewoddsl acrimal fluids which is equival ent toper@se¥sml ution
of sodiumchloride or 2.8%of glycerol solution. The solutions are nade

substantial ly i qok@Hi 6f thd préseRfS6hitidhosioaRl besRihtaRied $8ahiP¢he PhgRof 510 to

conbi nation; otherwse, if sinply blended with sterile water and nade
hypot oni ¢ o-Grinpse pspfaahly abqut 6014 8 0cmet prefprably|abaut 6.3 tc7.8; syitahle bwffes opt i cal
par aneters. ' : b G éﬁgﬁa y
result: int #e?%q]?%éﬁ%og%g%%r&f (ﬁ}ﬁ%r%oﬂs)ag ,E:R:T%%nc% ﬁ%%o(ﬁ\é\n}%{f auépgﬂagétr?ngi ng
and eye i r buffetsi(maluding combiatioeE Na, HROY, NeE P Q,400 KH RO, Yddd afixtubes pr esent

oref er ably dRGeAL EOpAE Bt Rrettrdh Bkl 108 s theefionty BrREPES o
buf fers mayGdaeratigdadfersswitibeasediaragiotnts eariging! flom BbsiR 005 naass,peidahﬂaéznd
various m xed,phosphat e Pr‘?’u{‘f ers gi ncl udi ng conbi nati ons of Na2HPO4,
NaH2PO4 andWﬂMP’é‘#&a xEemOd t _tlhseffeé‘EFPF' Borate buffers are preferred,
particularly for readaae ﬂa%uff@ﬁnﬂgfghﬁﬁﬁéo%é uité’géﬁges it 1R BE @éskr%ble etnkRigs Wi | |

be used in anmounts rangi ng from about O. .5 _percent by weight, and
pref erabl y, sequspteng agegtsin thepsesertsplutiprs ingider tobind metal fansy whigh agghtt s, i n

; j . i . . h
presentsol GEasze Pt P A3 Gr b GepllR anIEMEPOFBTET BT | 2,
with the | enifansinetbipaaceticdeqd EDIRN)an its saizddisaditmy ire preferhal éxamples.EThey ene-

S oo 8t 55 bt ) et
about 0.2 wei ght Tpek6Iaféns eﬁ{p@oy%aMbg&saﬁmﬂeﬁmﬁcaﬁmetﬁgﬁ,aﬁe&%ﬁﬁ%ﬁﬁvcﬁm ion

can be prepared by a vari et t echni ques. One net nmploys two- phase

f
conpoundi ng tephaiguen r@re mﬁthoal ﬁgplpywto-phm@@n,pom rrogedisess dn thedirst he
distilled ' i b
G o110 b Ly SFkn 0 Bo0liiet NRrRblan: okl eshee BAbyeEY )
t hen aut ocl pobthenby atiring fa2Bo@ F0aninGies ati anartnd S0° Cn The Sorstephdsquohion iml kal i

metal  chl o) dos, Sedueshel] it B98N ninRles Sl ¥ Bbindhatl dnRH Ll N9 agent s
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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about 60 percent of the distilled water under agitation, followed by the
bal ance of distilled water. The second-phase solution can then be
sterilely added into the first-phase solution by forcing it through an
0.22 mcron filter by neans of pressure, followed by packaging in
sterilizedv@bzeRi43 contai ners. As indicated above, the prRCI#ES02i4M0€ntion i s
useful for inproving confort and wearability for extended-wear contact

I ensgs. f For ][ hatTc‘imlprmﬁﬁméﬁmm' sfmdl?i maiﬁxb&qempgmt ofhmanfnfgf sdiﬁihfdcﬁivgalt i on
may be formnul gted as eye-drops and so in rrange, of smal ] - vol une
Cont at ner s Songhiosing goHSH TREmefon Hayatodudidh HERETERR! SRonRrmictaret, ope
(hi gh densi fyichphyaitig o, bukfelsnd HRVIKE ERE bicknd®h X6 bo MbeFMebmponents of

pol ypropyl ene, ~poly(ethylene terepthalate) and the |ike. Flexible bottles

" y ] § !
havi ng conveonditioning aa/er glewing wnlufieas fr gantads Jenses: Examples afispifablayi t abl e for
use with t o ' ' Iop f Y e invention
used by i nrsjftE F?‘IE n‘ggtf?%@&’g’%f%w e?,r E&E‘gﬁ’t&ﬁﬁg‘gﬁi@” ag%{lp%@té%%?ategrops in the
eye(s) as nERi987 tdRisardaid el b4 IvHRERTk [0 thotatddbly referenmeas éfset forthant i on i s
al so useful, a ﬁ conmponent of a cleaning, disinfecting or conditioning
sol ution. 'IIF‘I%&l ¥&ft i on may al so include antinicrobial agents, surfactants,
toxicity adjusting agents, buffers and the |like that are known to be useful
conponents of conditioning and/or c¢leaning solutions for contact |enses.
Exanpl es of suitable formnul ations fm&gﬁng 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 Iength herein. EXAMPLES
The Exanpl es usélhetRxamplasmag thg foltowing terms anddradamaress, 1. Pol ymer JR 30MTM i s

a preferred, pol [ [ g0l I _ YaLoxye el I ul ose
reacted w tlr‘i a ﬁ?%%ﬂ%%?&#ﬂ gi()%%%@%«g@%l&??a:,mn% |th°fg cationic
cel lul osi c pol yrsdraxiethplkcetihlpssreadtedkwithva ety ansiadieimi substitited expokidepr JR
30MIM is commercially avajlaple from Uni rbi de Corpgration, a
subsi di ary of tf?é‘gl%%ﬁt}‘?@’rﬁcé YogE R %&EWP Sd’ffg‘,lm‘iﬂlé\g?a%(ﬂ‘?at??unﬁé% i s
hydroxyet hyl cel |pyiaf&-JR 30M™ is commercially available from Union Carbide Corporation, a
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 ethyléne oxide. The propylene oxide
block is sandwiched between two ethylene oxide blocks. This nonionic ,
surfactant is commercially available from BASF Corporation, Specialty Produéts
Business Group, 3000 Continental Drive Noi'th, Mount Olive, NJ 07828-1234.

4, Kollidon 30™ is 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™ is poly(vinyl alcohol) (PVOH), commercially available from
Air Products and Chemicals, Inc., 7201 Hamilton Boulevard, Allentown, PA
18195-1501.
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3. Pluronic F 127TM (al so referred to as "F 127") is a nonionic surfactant
that is a block copolyner of propyl ene oxide and ethyl ene oxide. The
propyl ene oxide block is sandw ched between two et hyl ene oxi de bl ocks.
This nonionic surfactant is comercially avail able from BASF Corporati on,
Speci al ty WO@092™3 Busi ness G oup, 3000 Continental Driv@Cldison141dbunt
Aive, NJ 07828-1234. 4. Kollidon 30TMis a tradename for povidone of
medi.um nol ecul ar wei, ght (NM/ 44,000 -Exaindl®0). Kol lidon 30 is comercially
avai l abl e from BASF ) 300! Cbntlnental Y ort h, Mount
Oive, NJ 07828-1234. =Hilpk o/ - sgsith balymeg JKo 101 ) (PVOH)
conmercial ly avarrhﬁtbk&n{areqmsuatea tﬂammgs@ﬁe%ﬂafﬁbem&@ Gellulogie- Xoly?r?& bnto
Ham | t on Boul evard, Allentown, PA 18195-1591. 15 WD 02/0921

PCT/ US02/ 14 hpdrophiliegontact lenses, wheredioia beligved fawgduge the altashmentfbacterip torhe

Pol ymer JR e Mh-? f C oni c
cellulosic E&%ﬁgéﬁ?ﬁ%o%ggrogﬁé@ @g g &&E‘% &J()hﬁb?n’l lgulgel I eved
to reduce t Brumswick; Nfpit three diffarent solations deesuhmttad foa Icompmisanby Alttmwe

Sur evue | enses nuf act yr. ohnson.. in
Shr o' £ o MBrpaAER0 PAyaS IR, 1 RRRtseht e SRR o) o
M croscopy @Ehffted@atihy, Sotutio@l wiisiSotutibn 1fwith 0.0%RliaerTR. §akutian B fon kurfher at e-
Buf fered Saline. Solution 2 was Solution 1 with 0.1% Polyner JR. Sol ution

3, for furt lsemparsonp¥es REM® MES @mu{apwrwﬂyl%%%&éeth chestepali¥ b Tl@ Lonb,
Roch : cf

the vi als’ aRireentdF meaBlS it fnd GETLGRN BBl Al bia AR diRRaE FEIMPECT T
m ni mum of Lfadeiwatdrdsa sthtic faskion éor amnmmmmtbf Wb ndimates. cAldakans&omdr@aht witha cl ean
I bst I d I
dubstrate. PresdisTon BGeE EBPYIA. it Aalse SRR n eGP RE IR h Sl o
(anterior a@%laaﬁ ShBMra! )mpéfe Joheso $@p%g1=h§hi&91 ﬁﬁg/és whe a@tﬁMeHSI&CEabrlﬁ‘ sﬁén Y

study was the Dinmension 3000 and was oOperated I'n Contact Mode

wor ks by rrﬁzﬁmongnd pesterias):of the fenses aising MMmheb%EMe@ed in thisstudy pva@Iﬂﬁa and
anterior anSaNaT S0 YE8 el Biealol B ChMORE! THIRRRY IR B mbAlihind "

nano-scale forces (10°N) between a sharp probe and atoms on the lens surface. 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)
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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in Blank Borate-Buffered Saline (Solution 1) as well as ReNu(r) MPS
(Solution 3) showed no significant topographical change. The anterior and
posterior surfaces of the |enses stored in Polymer JR solution (Solution
2) showed a significantly different topography. The surface is covered

W th a thiwora2lomiawi th nmul ti-sized and shaped voi ds cover iPog/USa/fa1@nt eri or
and posterior surfaces. These voids had an average depth of 40 10 nm
These voi d-like anonal iEsbleteRMSRéughness 61t Each Sehef AN Ieagad ored in Sol ution

2 Or Sol u |nn 3 Thn voids—had—an—effect—on-t-he—Root—N\

roughness for tReltiPRnses st or 8AETRT t he Pol ynBpsterers o uti on. MrenRVG
surface roflgNeRFHHNOWN [N TaBlgd T OW) [WaS GajaGht at €d [UST NG 1 kﬁ%
Nanoscope >oftvvaLQ he lemnses stored in $ol ution or _Selution 3 had a
snoot her ant erSodntmariZd po<Pter| BrSSsnmface corrp@ri’ddmno t he¢ ant &kS3am and

pOSt eri or pf—tenses Ot cd 1 t+-he—el VAL o146 WS nq/ 092344
PCT/ US02/ 14104§P§§1°B RMB Rouaﬁ?ré@% f or Each:@é AR | mage

Sol uti onAnterior PosteriorMean Solution 13.93 nnB. 03 nnB. 48 nm Sol ution
28.85 nnb. 21 nn¥. 53 nm Sol ution 35.82 nnB.09 nmt. 46 nm The AFM resul ts
indi cate that PolfyeFMimsHisdndieate thebRelyaar ihbassrssicet athe sromhelogylofhe

surface, ingi 16006 ﬁﬂ%\wr si zed
voids on t ega deargllg(rh%t%{)ﬂagﬁerlosem e ?d}%iﬁﬁ#feens é&E%LP E%‘i'&‘%lgldiiaﬁquots
of 20 nl of the.ahtdriongridpasteriPodighefithd Rns.ol uti on were poured into sterile

pol ystyrene di sposabl e petri dishes. Negatively charged continuous wear

| enses were renoved fromthe packages with a sterile forceps and i mrersed
five tines in 180 mM of initially stEtinple®. 9% saline. These | enses were
then placed into Petri dishes containing 0.1% Polyner JR solutions and
soaked for 4 h ap)ifeasbf 2060, 1 Qatidtit PolytheP TR aau@&{ weﬁa polifedBato sfefle

lonically coated | énses were renoved fromthe 0.1 % Pol yirer JR sol ution
with polystyrene disposable petri dishes. Negatively charged contmuous wear lenses were

removed from the packages with a sterile forceps and immersed five times i 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 370C for 2 h.
Examples 3 and 4

Examples 3 and 4 evaluate bacterial adherence to biomaterials using a radioclabel
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 Cuur.

| 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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a sterile forceps and imersed 5 tinmes in each of three successive changes
(180nl) of initially sterile 0.9% saline. The |l enses were then transferred
to 20-nl glass scintillation vials containing 3 m of - 108 cells/m

i nocul um of radiol abeled cells and were incubated at 370C for 2 h. Exanpl es
3 and 4 Exsge2e92133and 4 eval uate bacterial adherence to PBCOMSIENIIE S usi ng
a radiol abel nethod. Adherence studies were conducted wth a nodification

of the procedur esBafteriabostweregrodin in R@@u@ﬂ@ﬁgtdth{ (ESBYiat B7/’eﬁo11 enroﬁrj' mae
adher ence.

st ent rraterlals redyce o bacteri al
S o M e Caayia B el ere harygrsshty conoigusstin v 3000 edbh] G yastieds. 267
and Gabri el thths in 099 kaline W&l ¥uspdRdedin ninftHA Afedindild.08'D-Flucos 1R & 1995

Ef fects of sliver on adherence of bacteria to urinar ca heter: in vitro

studi es. CunfPOM2:0e0bHF 0.3058 Fodipmcitrate 1\ip OFLBS0OL (ot MeSO2/in b litea .
Bact eri al t
sﬁ;kgl af o(r:%g ﬁe%\ﬁg_(gp%f‘?&'ﬁo'agbo\;&érne arves?gea%’{/logg@%) frhgpﬁigﬂrhg i Oogri g
for 10 mn, OvmtédOnm)z\d‘helmmnnilrbrdlhﬁﬁhwedwemnmutiatedlﬁ)pérhrhtmﬂ(}mﬂnshaknig

d 1. D KH2 di itrate,
Tsolgu?(Nl—M)og%@ o ikttt bl i et (NN Rapearch Hrodyotiad gn! Comganyo.
concentrati %lﬂingft? E)tE) werdddiRd §Pthb SelRGind The c%@%é ?410&%{?&?& in%éuba@edlfar at

600nm) . The m ni Oth cultures were iIncu ate or 37C wth
shaki ng.  Oagother 2 min. ifhess callspa@reawashsdrﬂl times én \8%(salin¢ adsuspesdedinoduct s, Du

Pont Conpan

suspensrgns)f’wes \ﬁ&%e%li}g}at gg@]ﬁg Sgﬁhgngpa eslgs?:e{g%seh\%?@q{%lshed 4
times in 0. Whsiyld. maatamﬂnm)Jspended |n phosphate buffered saline (PBS) to a
concentration of _aboyt,-108 c e densit 10 _at 600n

Ext ended- wear co %@.ﬁec}-gﬁgrecgnﬁgvpg% avl%g éﬁﬂ?rwﬁaﬁ?l@ﬁcés %ﬁéfcg%rge Y% ge wg e
i ncubat ed Wigdubgtediwith3 thhéf theshidesfeRiiedll s@pknsionsd? 87T P 2Rt THesElensds 2.

These |l enses were renoved fromthe cel| suspension with a sterile forceps
and i mrer sedvese remeved fram the eell %lqunqweéwma@rag foreeps Bechigamsersadtinges ingf

initially stgi @nfle Wociaivethangts f180%H S initially sterile 0.9% saline. The lenses

were shaken free from saline and transferred to 20-ml glass scintillation vials. Ten ml
Opti-Fluor scintillation cocktail (Packard Instrament 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 ¢fimm?. 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 shaken free fromsaline and transferred to 20-nl glass scintillation
vials. Ten ml  Opti-Fluor scintillation cocktail (Packard Instrunment Co.,
Downers Grove, IL) were added to each vial. The vials were vortexed and
then placed in a liquid scintillation counter (LS 7500, Becknman

| nst runent¥O 02/p2143 Ful l erton, CA). Data for two experi ndiiTUSWiId0¢£onvert ed
fromdisintegrations per mn (dpn) to colony-formng units (cfu) based on
a standard calibration curve and e¥xemplkefaed6cfu/ m2. Calibration curves

wer e constructed,.f.rom.nunbers of oni recovered, i ur pl.at.es of

ser i al di | ut | onsTHHS 2 FRRIATRG Rt GBS it tunarioe I Qe B FiGinC o

di | utions ofttagRinbnt O HEESIR PSerdbmokdsUbiugiiss bh tRSurfhédi oTas dkiehdd-wear .
ext ended- wear contact | enses having normally anionic  surface charge, which

served as cliregsl sontent langavithoand ydthont a-surfseegoating of agatippie celljdosic palyraer ed in .
the sane rra,gﬁ, E @f‘tﬁmll_ iRS daRingdieneCt i ons. 18 WO 02/ 092143 PCT/ US02/ 14104
Exanples 5 g%ﬁfraa e 2 sﬁows ?heeﬁresults of Exanple 5 and 6, conparing
the degree of primary attachment of bacterium Pseudononas aerugi nosa on

A L T g e T R DAL

surface co 0SI C po In a two-mnute

soaki ng st pg—Faphe—2r—Fwe—HAdte—se w—-R—e O R ROt S—wER :

hydr oggl I No=o+ mlion WHOR\ ) a2 50 30 SodCEREM or | eO.' 02%
Pot assi um [Chl or Pde 0. (038% Sndivm Shlosidphophat e Monoblasi c6.56 x 104 8.|53 x 103
0. 144% Sodj um Phos phalt @025 etasgivmCdoddsodi um Chl orfi de 0. 2% Pot assi Um

Chl ori de 0O} 05% Di sodi O Patassiom Phoptatedviarabasio s ph&56 X061 8i53 x 10°
0. 055%pPot assi um Phos ph@i¢4%SedivasPhosphate Dibasic

6 0.8% Sodium Chloride

0.2% Potassium Chloride

0.05% Disodium Edetate

0.28% Sodium Phosphate Dibasic
0.055%Potassium Phosphate Monobasic ,
0.1%Polymer JR 30M 2.44x10°+3.51 x 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
‘._ i . . 1

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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0.1 %ol ynmer JR 30M2.44 x 10'+- 3.51 x 104 0.625% HEC 0.07% Pl uronic F 127
Surfactant 0. 3% PVA Airvol 603 0.033% Chl or hexi di ne 20% Exanples 7 and 8
Tabl e 3 shows the results of Exanples 7 and 8, conparing the degree of
primary attachnment of bacterium Pseudononas aerugi nosa on the surface of
an ext endewone#9214hydr ogel contact lens with and w t hout RCHRUSG2adm4coati ng
of a cationic cellulosic polyner applied in a four-hour soaking step. 19
VO 02/ 09214 T ab1eB. By AHché 360k withdoatiBuouk-avear dilicone dpdrsgslicbhtactdaisesiuous- wear
silicone hydrogel contact |enses. Exanple No. Fornul ati onCFU nm2 70. 8%
Sodi um Chl crEl‘Qﬁ,x 104 1. 20 XFdiadhldtion 2% F%t a55| im Chi@gn@. 0240

"41,‘;~,-o am PO ‘W‘gmaodl um
Chl ori de 0. sodi um Ed«etate 7 X 10"+ .40 x
103 0. 28% $odi um Phosph ﬁf’g%g um Phosphat e Monobasi ¢
(C):hllooﬁfﬁglrrglr b hosp 4d Dt as1c N\ rvol603 0. 033%
% WSV Sodlum Chloride
0.2% Potassium Chloride
0.05% Disodium Edetate 8.77x10°+2.40x 10°

0.28% Sodium Phosphate Dibasic
0.055%Potassium Phosphate Monobasic
0.1%Polymer JR 30M

0.625% HEC

0.07% F127

0.3% PVA Airvol603

0.033% Chlorhexidine 20%

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 apphed ina
four-hour soaking step.

Table 4. Four-hour soak with Group IV lenses

Example No. Formulation CFU/mm?>
9. 0.8% Sodium Chloride : 2.52x 10°+3.42x 10*
0.02% Potassium Chloride ' ‘ '

0.024% Potassium Phophate Monobasic
0.144% Sodium Phosphate Dibasic

10 2% PVP Kollidon 30

0.66% Boric Acid 2.44 x 10°+3.51 x 10*
0.1% Sodium Borate
0.53% Sodium Chloride
11 0.1% Polymer JR 30M
0.66% Boric Acid 9.83 x 10°+3.88 x 10*
0.1%. Sodium Borate
0.53% Sodium Chloride
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Tabl e 4 shows the results of Exanples 9-11, conparing the degree of primary
attachnment of bacterium Pseudononas aerugi nosa on the surface of a Goup N
contact lens (comrercially avail able from Johnson & Johnson under the
tradenane SurvueTM) wth a surface coating of a cationic cellulosic

pol yner vens092/69R3pol yner applied in a four-hour soaki ngpcaresndiabdl e 4.
Four - hour soak with Group N | enses Exanpl e No. Formul ati onCFU/ mm2 9. 0. 8%
Sodi um Chl ori de2.52 x 105 + 3.42 x 104 0.02% Pot assi um Chl ori de 0.024%

Pot assi um Phophat e, Monqgbasi ¢ 0. 144% Sodi um. Phosphat.e Di basi c 102% PVP

Kol I'i don 30 0. 66%aBlsr $honsithpre tSQfﬁbammeéZéQ,%namne@o eEE GO RTLEEMat e

0. 53% Sodi UrgyahtAlr dEbabliukd PRASHSas & DD sRUdeLr ATHES BBcontdd4 3. 88
x 104 0.1 % Sodium Borate 0.53% Sodi um Chl oride 20 WO 02/ 092143

PCT/ US02/ 14 1lgus cpatst avith as¢abiamiccpliulpsicpalymerpmdetherphvdronmentiof thohighionig t he

degree of prj . | | . I nosa on the’
su?f ace of pa ?%ﬁgex%ﬁ%%%{fé}g[btmf%rﬁsthtgﬁlgeg%g?ﬁﬂgﬁgé@%ﬁg&ggl | ul osic
pol ymer under the environnent of the high ionic strength versus the |ow
ionic strengLh iled in f - ho soaki ng step. Table 5. Four-hour soak
wi t h Survue%ﬁbﬁggm'%gﬂﬁﬁ%ewﬁgg%?l%lﬁlfsie%nCl%U/ @ 120. 8% Sodi um Chl or i de
0. 02% Pot assin-Chloride2:-52-x-105-3 42 % 104
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 3.32x10°+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. 024% Pot assi um Phophat e Monobasi ¢ 0. 144% Sodi um Phosphate Di basic 130. 1%
Pol ymer JR 30M 1 % PVP Kol I i don 30 0.66% Boric Acid2.23 x 105 6.50 x 104

0. 1% Sodi um Borat e 0.53% Sodi um Chl ori de 140. 1% Pol ymrer JR 30M 1% PVP

Kol I'i don 30 0.66% Boric Acid3.32 x 104 7.82 x 103 0. 1% Sodi um Borate | %

G ycerin OWBmP043/| ene G ycol Many ot her nodifications. RCEIUSKM4184 | ons of
the present invention are possible in light of the teachings herein. It is
t herefore uanAIIMSood that, within the scope of the claims, the present

i nvention can ed.qt.her fhan her.ei n i fi escri ped. 21
AR TR A I W ARG TR AT
bacteria to the gymifafR @htadtiky BERGERELS ﬂi’d’lbl@ﬁe&i@ﬂnfebﬁb REtheRtigss i ng the
surface of said bionedical device with a cationic polysaccharide in

aqueous sol ut i onpdiysacehgride in agupens selptiemhaying arfippigstr offrom abent 04M deit
0.13. 2. The rretgb q @fl claim1 wherein said agueous solution has an ionic
strength of from aE) % 0.05 to about 0.1. 3. The nethod of claim1 wherein
sai d aqueou?. sol Tihd methbd ef elaim bwheremtsarragtiéous Solutiers hastandonie bteengthbf095. 4.

The, TEXoS, o oL e GoulER o3, a0ucous, soluton has an Tonic strenath
treating thg surfre@ebd 6f¢lginbi ehe@inGald aqueous solution has an ionic strength of less
than about 0.095.

4. The method of claim 3 wherein said aqueous solution has an ionic strength of less
than about 0.090.

5. The method of claim 1 further comprising treating the surface of said biomedical
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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device to provide a net anionic charge on said surface before contacting
said surface with said cationic polysaccharide. 6. The nethod of claim1l
wherein the surface of said bionedical device carries a net anionic
surface charge and wherein the nmethod includes no internediate treatnent
step to nowofog/oehes surface charge before binding said polcTacsobasinge t o
the surface of said bionedical device. 7. The nethod of claim5 wherein

sai d surfacg,t r epkd Methed 6Pclhied 9 WasreOHP EdtidaRk chargd ba teicatiordepelysioctagide, Wi t h
a linking agent. 8. .The nmethod of claim1 wherein said contacting step
further conpri sei§ deEYed fRm guaternary aauRONIHN Sryps, SUliemwE LTQips.dhosnke face of

sai d bi onedi cal Mﬂ,scgn&&h&l.tg,giﬁ@aychﬁg@&ﬁﬁ%rﬁ%?s_ed fromthe group
consi sting of ionhic Interactlons, hydrogen- bonded I nteractions,

hydr ophobi c12.nt eFaemethad ofelaime® whershn saj qgen-pewding dteraptionygachiod of cl ai m.

8 wherein said iQnpic. J ' @@Rﬂ' ed ionic
groups between tﬁ%@%ﬂﬁ}@g@g{%ﬁ%%@éﬁﬁg&%ﬁ?gﬁu ouééeisl%loé?flcgjﬁr@hgcont ai ni ng

t he cationi c pol sedationbaritideughiliydrdges-bord Harhting surfazesand hythogen-bortdhe negati ve
charge on the bionedical device is derived fromat |east one selected from

the group consi stCPRINESUEABoxyl ate groups, sul fonate groups, phosphate
groups and piospiksab@od bPsIRM 12 WhieinQdidddibgen-Bnd ddephing 4iddfs k. The

met hod of claim9 wherein the catiagnic charge on the catignic

pol ysacchari de, selestedefrany the srouprgonsisting of Rygrokidens grauns. dh-Dodisbstitytefoni um

groups, phosphon'%mg{ itively charged functional
groups. 12. The ére 0 eﬁ%ﬁ%@\%@g%@%gsai d hydrogen-bondi ng
i nt er act i on¥4.oc cThe mbthbdwetelainy i wheriniseidpolethepgionps aeipély(ctylenn glycol)

hydr ogen- bond donat i ol ut.i,qns, or through hydrogen-bond donati ng
surfaces and hyd?rdﬁ’gﬂg%%ﬂemﬁggemi ng surfaces. 13. The nethod of ciaim 12

wher ei n sai g5 hy drRg@Bthed bflclaigt EPwhégingaidhydrogee dormitihg gioags dre eeledtée gr oup

v WAL P FEC R T MR I

pol yet her groups?t group g y » PnOSp. » PROSp
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 polyéaccharide.

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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14. The method of claim 13 wherein said pol yether groups are poly(ethylene
glycol) or poly(ethylene oxide). 15. The nethod of claim 12 wherein said
hydr ogen- donati ng groups are selected fromthe group consisting of
carboxylic acids, phosphoric acids, phosphonic acids and phenolic groups.
16. The mewioad/oefi4x| ai m 8 wherei n sai d hydrophobi ¢ i nt er aetT/05@/1908 Ur

t hrough hydrophobic sites on the biomaterial surface interacting with

hydr ophobi c27r oupke métholl bfclaind | GheRinthé ydvaiipalysarharide is ddlecteEfidintheof claim
7 wherein said coval ent _interactions exist between the, biondaterjals

surface and the SOHRFORSitng Pécaélawaﬁr » BRStopis slexters palionic chifosaRqtationis
cationi c pol ysac met hod
of claim1l V\hereflaﬁﬁ%lglgﬁl%?% | ca%‘ﬁg ce @;@%ﬁﬁ%gﬁaﬁﬂ éaﬁﬁﬁc %gula&-%gd The
met hod of cl ai m cionissclsraglusan.d opht haI mc lens is select ed from t he group .

consi sting a N 1R nber
Conses. 1 nt Pocurboapind BE&im, P WbFiihe PRGN dof8 RaeeRRRSSH 8 sl
wher ei n sai d bi oseedisting oﬁﬁwamlar &n@es$¢drn&l)imhyb,)bdﬁﬁﬂﬂhnseﬂ&bﬁtﬁttdbns caées The
met hod of claim 19 wher gld contact lens is an extended-wear contact

| ens suitabl e fofte&imy m@P egh#teuous wear for about 7 to about 30 days.
23 WO 02/092143 PCT/ US02/ 14104 22. The nethod of claim 1l wherein the
cationic polysaccharide is selected fromthe group consisting of cationic
starch, cationic dextran, cationic chitosan, cationic |ocust bean gum
cationic gumtragacanth, cationic curdlan, cationic pullulan and cationic
scl eroglucan. 23. The nethod of claim1 wherein the bionedical device is
selected fromthe group consisting of intraocular |enses, corneal inlays,
contact |enses, contact |lens cases, stents, inplants and cathaters. 24
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