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BACKGROUND

Medical devices such as ophthalmic lenses have been investigated for a number
of years. Such materials can generally be subdivided into two major classes, namely
hydrogels and non-hydrogels. Non-hydrogels do not absorb appreciable amounts of
water, whereas hydrogels can absorb and retain water in an equilibrium state.

Those skilled 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 tumn 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
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 presént two added challenges. First, the lensgs are
typically in continuous contact with the epithelium for between 7 and 30 days. This
stands in marked contrast to conventional contact lcns¢s, which are removéd 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.

1

A

*G00002*




\

| nportant, since extended wear |enses nust be designed for high standards
of confort and bioconpatibility over an extended period of tinme.
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are typically in continuous contact with the epithelium or betmeen 7 and
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whi ch are rennved fromthe eye before sleep. Second, because the

ext ended- wear | enses are worn continuously, they are generally not renoved
for disinfection until the conclusion of the recommended extended-wear
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Dacteria 8 HAGRIEALL! 2B 86ER .sya&g%@awbémmeamﬁé}ﬁw goangtitis, or

ns.re Pications such as sterile
Hultgren et al 6,013,106 to Tweden et al.; and 6, 054 054 to Robertson et al.

For contact lens materials, bacterial attachment to a lens surface can lead to
bacterial keratitis, or other potential contact lens related cdmplications such as sterile
infiltrates and CLARE (Contact Lens Induced Acute Red Eye) ’I'hus it would be
des:rable to prov1de a method for mhib1tmg attachment of mcroorgamsms to contact

ot her poten

lenses

W000/37048 discloses a method for treating a silicone-hydrogel contact lens
while womn in the eye which employs an ophthalmic solution containing a cationic
cellulose polymer that binds to the lens and prevents the a_écumulation of lipids,

protein's and other products, particularly during extended use of _the lens.
SUMMARY OF THE INVENTION
This invention provides a method for inhibiting the attachment of
microorganisms to the surface of a biomaterial. In one embodiment_, the method of the
invention comprises treating the surface of the biomedical material with a cationic

polysaccharide.



infiltrates and CLARE (Contact Lens Induced Acute Red Eye). Thus it would
be desirable to provide a nethod for inhibiting attachnent o&

m croorgani sms to contact |enses. WO0O0/ 37048 di scl oses a net SaARR 2005
treating a silicone-hydrogel contact lens while worn in the eye which
enpl oys an ophthal mi ¢ solution containing a cationic cellul ose polyner
that binds to the |l ens and prevents the accunul ation of |ipids, proteins
and ot her products, particularly during extended use of the | ens. SUWARY
OF THE I NVENTI ON Thi s invention provides a nethod for inhibiting the
~attachment of mcroorganisns to the surface of a biomaterial. In one
enbodi nent, the nethod of the invention conprises treating the surface of
t he bionedical material with a cationic polysaccharide. 2 2 5 APR 2005 In
particular, the present invention uses a cationic polysaccharide to inhibit
adhesi on of bacteria to the surface of a bionedical device by bi ndi ng the
cationic pol y&uRetaar.dee presentiaventiof weea afiotibpolpizormeic@lingdgyi ce. The

i nvent i oNaddesion § t i.onl c polysaccharide for the
manuf acture of aledgg&rrlgitsoldt?el%lﬁﬁe%%glbl eg’ic%iadtﬁ %Ph‘@%‘?%‘ hgfatioBiCt eria to the
surface of° ésac‘@ﬁ’éﬁiﬁéﬂﬂl%wrf@ewdbbloiﬂeélcsme-haéze of the biomaterial is
preferably at |east slightly anionic prior to the application of the

cationic pol yS'BKbdi‘iI&hlldilleo TJ]@esW@&@%'o?mJt@ﬁlc Bél?ﬂbdﬁgnéehﬁr @t i oni ¢
pol ysacchari dfe$ e surface .of the biomedical device I1's not critical,

provi ded t1Hf8t" }%‘?"H’QP%‘&“sf?’r’@H'{:}E"FG gdBesion pf basteamto thesurfaderefai n t he surface
for the i niceedies] dede. of the biomaterial. As used herein, the ternms 'bond"
and "bind" refer to forming a relatively stable conplex or other

relatively sﬁmudmtwthabiomaﬂenh&tprﬂ'aibli ﬂﬂeaﬁﬁhélﬁ}i%nﬁﬁmgn&iw dical 2a 2 5 APR
2005 atRf Vi ce a po ysaccharide with or
wi t hout IPE&/ é???, é’?%gﬁ' %ﬁ“ﬁ’gﬁﬁ’ Eamséhfﬁ dipg,the catiopict ed to a
parti cul miyswel@néqmshn surféve of t'hbinbtdtdit@l demh’xslnay@jugﬁ’ RON@aRk mRonds,
binding strength is sufficient to maintain the surface for the intended use of the
biomaterial. As used herein, the terms “bond” and “bind” refer to forming a relatively -
stable complex or other relatively stable aftraction between the surface of a biomedical
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hydrogen bonds, hydrophobic interactions or other nolecular interactions
that enable the cationic pol ysaccharide of the invention tegf 8oRNAS

rel ativel Yy¢ giragegous surface coating on a bionedical devig&rudhBefationic
charge on the cationic polysaccharide nay be derived from —anmmonium groups,
guat er nary anmoni um groups, guani di um groups, sul foni um groups,

phosphoni um gr oups, bound transition netals, and other positively charged

functi onal H%roups npl es, of nmet hods for prow di ng. an ‘ani oni c_surface
charge on t Pé%apelasacch@mea@thmwm ]Jilkmgﬁﬁeﬂbﬁﬂ@fs nohi oni ¢

sites in thgyh %’é*]t?c'l"] Y. E‘ﬁﬁm dative
surface treat rrent sdc asma |sc }r%% oé' ﬂ%%@w &Qsc rbggl)&(c)
appl i cat i on hyflrogen hmdsnhyﬂrbphdblcngtemms on(aihemmipdnﬂmhtm;hons that¢nable the

conbi nati on of. qne or re. o I"ncor por norrers cont ai ni ng
groups such %& 013%1’?)13%33?&@‘3@%‘&?&‘ e”@épft% gﬁﬁlﬁ y QH'? acsy oapas on
sul fite groyngemeiedab@te 9roups, phosphonate groups, and phosphonic
groups can pro?/lflde ani oniéc sites distributed through the bulk.of the

pol yrmeri ¢ 'subst r dthe catiouie chdrge orethezetionic polysdcdhaxitie may be derived from

2-acryl am do- 2- net opan sul foni ¢ acid are exanpl es of nponmers t hat
are usef ul fa&mqnﬁ‘EB)l{gB(g"rpﬁ Wgﬂ??éﬁ Ampaym WFM@E?QWCS“&DBI%W% t he
substrat e biph8ghefiuf grolips, bbendtrdrsition riétalk idieIpbsitivaly charged BfcBoRAt |

neutral charge or a net cationic charge, the bi omateri al may be treated
with an oxi &UP¥e surface treatment or other surface treatnent to present

a net anionic ch aﬁ]ggg uﬁl?@

pol ysacchari de. g‘%ﬁ% B*ehg’g%?&kﬁéeﬁox frve sur acgﬁ%ég%&nlgr? om?dﬁ% ude
Fo Letter Sf“”gg %ﬁfé’““‘;s N "“T‘S‘“ﬁﬁ?’*’?ymmp““ ey aae ) 098
o Letter, u eynan 0
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Addi ti onal F@S(c}ﬁp bﬁdﬂ?of%ﬂraﬁﬁﬁﬂ:ﬁﬂ]&i’é f; $d) comtplehitioBLdl (BF4 | Ng

cont act Iens surfaces pl asma COTTEI‘I Si n an inert gas or oxygen (see,
for exanpl éomunshorpaf@nﬁormwﬁ(a)&z(d 78; 4 122, 942; and 4,214,014);

various hydrocar gon I

4,143,949); and cor‘rﬁ? nat i néﬁ%ééggo%mnﬁ?g‘%en S aﬁﬁ ‘E‘@@r gg‘ér (s)’nsg]fgﬁch as

wat er and etghoups,| sulferate gfomps,csubfity poups\PhesphatGiSumsn phéspRomaté\gicups) @hd
phosphonic groups can provide anionic sites distributed through the bulk of the

polymeric substrate material. Methacrylic acid and 2-acrylamido-2-methylpropane
sulfonic acid are examples of monomers that are useful for incorporating negatively
charged sites into the bulk of the substrate biomaterial.

If the surface of the biomaterial carries a net neutral charge or a net cationic
charge, the biomaterial may be treated with an oxidative surface treatment or other
surface treatment to present a net anionic charge prior to the treatment with the cationic
polysaccharide. Examples of suitable oxidative surface treatments include plasma
discharge or corona discharge as taught in U.S. Patents 4,217,038 to Letter; 4,096,315 to
Kubacki; 4,312,575 to Peyman; 4,631,435 to Yanighara; and 5,153,072; 5,091,204 and
4,565,083, all to Ratner. Additional examples of plasma surface treatments include
subjecting contact lens surfaces to a plasma comprising an inert gas or oxygen (see, for
example, U.S. Patent Nos. 4,055,378; 4,122,942; and 4,214,014); various hydrocarbon

- monomers (see, for example, U.S. Patent No. 4,143,949); and combinations of oxidizixig
agents and hydrocarbons such as water and ethanol (see, for example, WO 95/04609 and




WO 02/ 34308 PCTI USOL/ 30373 U.S. Patent No 4,632,844). These patents are
incorporated by reference as if set forth at |ength hees WPRT28 cati onic
pol ysaok0az/348e8 may attach to the surface of the bi onmat epCriusdIBodgh :

i nteractions between hydrophobic sites on the bioniaterial surface
Interacting with hydrophobic groups on the cationic pol ysacchari de.

Coval ent |inkages may al so exi st between the surface of the biomaterial and

pol ySacchury SARRENG g, A BEENR e SSified Wi ifl lofn

pol ysacchkngtilherainy. also blnd to the surface of the bionmedical device
t hr ough hydr ogen-bondj ng_i nteractions. These hydrogen bondi ng i nteractions

may occur bet WeRSAHOPIARAVSACINSRde may afachg thenirfee of thsblomaiemaa) dironghnd
donatin &Ir%h I &"QP and
hydrolge% % agéggptt“@%%hg&b tl?)""nésﬁ69 Exqg&blp %ﬁﬁcoge&%&%ﬁcepti ng

gr oups i nigyducishopicr grobpsiomihe gammpolmyhmdeov&mgmﬂhﬁemgr oups and
bl yet ny) BAed e BRofacs ol i 5ipwlyinlmd B ey stlokle poriatio gpbswrebadeduch

hydr ogen- mebmnwmpmmde%%&ﬁabam@msmaﬁhwfur' ¢ acids, sulfonic

acids, sulfinic acids; phosphoric acids, E osphoni ¢ aci ds, phOSphInIC

aci ds, phenol |’5heg¢a@9wpolys9@nhem§eglamabgb ﬁ&gﬂ&qufﬁlﬁ&lormdmﬂgmems

SR Y T T e
surface Cisiweentsidregta-bonbaosep hﬁgsm&‘ac&mﬁdnyﬁrbmmmhmsmnsrﬁl ude the

reaction products for d b treati a_bhigmaterial conprising a
hydr ophi | YeEWeRBHydEREeR PAng ek By %ﬁ%ﬁcepmwh&wns

pr ot on- doganl. dﬁ}g,&ﬁ. egﬁgé ﬁ@@‘{}t Iéx W th
hydr ophilic r%nome odr??%gﬁghﬁ ce g%ohpﬁm‘egh%?gﬂe ra the absence of a
su [1 f ﬁc Ie mlllpﬁapmlunthm geupsand &t@muﬁdmgrbumﬁaumﬂeﬂﬁ\sm@hmyﬁbera n
ophthalm ¢ | e or nltra tac S or a

cor neal |$¥P‘é&s‘3ﬁl 63?12{@@%3&‘?\#? oﬁ%@hgegg ﬁ@%hg pggst tlsé‘ﬁé’q case, nore
parti cul au}ldybgehelomﬁi@mupmmambxﬁ;mmsaanﬁmra&m@,a@ﬁonﬁhems;et hod of the

i nvention @Buseful w th soft ns materi als, such,as_hydrogels as well as

with ri g.%l fecidss Pmnﬁaﬁléf’. gphomc-acids, phesphinic aids, pheoglic groups

especi al | 5&,&%3 gpg act .l enses that are sui tabl e for
periods o contl n olUs wear for about ?%t "about 30
Examples of linkages include those provided by coupling agents such as ester

linkages and amide linkages. Surface linkages may also include surface complexations.
Examples of such surface complexations include the reaction products formed by treating
a biomaterial comprising a hydrophilic monomer and a silicone-containing monomer
with a proton-donating wetting agent, where the wetting agent forms a complex with
hydrophilic monomer on the surface of the biomaterial in the absence of a surface
oxidation treatment step.

The biomedical device may be an ophthalmic lens, for example an intraocular
lens, a contact lens or a corneal inlay. The biomedical device may also be a contact lens
case, more particularly the interior portion of a contact lens case. The method of the
invention is useful with soft lens materials such as hydrogels as well as with rigid contact
lens materials. The method of the invention is especially useful with extended-wear
contact lenses that are suitable for periods of continuous wear for about 7 to about 30
days.



days. 4 2 5 APR 2005 WD 02/34308 PCT/ USOL/ 30373 The catiini C c%\l | ul osic
polymers of the invention have been found to exhibit str ﬁgAPR 005
anti-att FAMM3r operties (activity) for the bacterium PEBHUSRIBTIS
aerugi nosa, as shown in studies of attachnment to contact |ens surfaces.
Exanpl es of useful cationic polysaccharides are derived fromthe famlies
based on cellulosics, guar gum starch, dextran, chitosan, |ocust bean

gum gum t r agac amdcatioiceBillosiB pblytlepdlo PR ifvehSdPRHve Haéh fourll td@HibEUl ar
interest are the cationic polyners derived fromcellulosic materials. It is

bel i eved t h#liong aati-gegehaeent praparies (activity)afor theibagtetivmy Brewdewtonus aetuginesaengt h

of the ioni ' {h ol rLc surface, coating.a t he .l ens
Qurface CTrnBRAY BAARELYERIELOR B Sl lR T SHRla’ TutsBl ABRIN il 070 |
to be assoqiolysacchatitibs e derddeffortl G familids basedrSdeliiloick, uap gl stath,

adhesi on. BRI EF DESCRI PTI ON.OF DRAWNGS FIG .1 shows the results of Exanple

3, conpari rigxiaR chipsaanlocastibsin Hm. i bpgacanthrawdign, mllalansad sejerogligsann t he
surface of - . I . ] Mt owt. a
surface coa%@%@%ﬁ%#%i@%ﬁﬁﬁl%%&gghﬁgﬁ %Mbnﬁ%llihé%ﬁ?%a’?ﬂ%j\%b?{ i nut e
soaki ng st dplievddGhatthe Hegree ofinhibitioml dctivity isrelarad to thk, strengthafihregohise
concentrati,on,of bacterjum, Pseudogonas aeruginosa on_the_surface of an
extended_—Wtstéﬁ’F‘d"f’Fﬁd’r‘3 G SRLymEng @F&W"Pﬂm t&?%ﬁ%ﬁﬂ‘ﬁﬁ%ﬁ%b@%%?ﬁg of
a cationic &Qﬁéﬂbﬂﬁn&% &Mgﬁb&mur@geue%aﬁp%sM%dma Efter e gReof
DETAI LED DESCRI PTI ON THE | NVENTI ON The invention is applicablé to a w de

vari ety of TBsigaeaedebacterialiadbesion. ng ophthalnmic lens materials as nmentioned
above. Exanples of ophthalmc |enses include contact |enses, anterior and
posterior chanber |enses, intraocular |enses and corneal inlays.

Ophthal m c | enses nmay be fBRIBRFIDESICRIFTION OFIDRAWINGS gi d nateri al s,
R I S RPN R AR TR AL Y
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 two-minute
soaking step.
FIG. 2 shows the results of Example 4, comparing the concentration 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.

DETAILED DESCRIPTION OF THE INVENTION
The invention is applicable to a wide variety of biomaterials, including
ophthalmic lens materials as mentioned above. Examples of ophthalmic lenses include
contact lenses, anterior and posterior chamber lenses, intraocular lenses and corneal
inlays. Ophthalmic lenses may be fabricated from flexible or rigid materials, depending

upon the characteristics needed for a particular application.



V\b 02/ 34308 PCTI USOL/ 30373 Substrate Materials Hydrogels conprise hydrated,
crosslinked polyneric systens containing water in an eq§ippR 2008 state.

Convent i wioa2/33o8r ogel | ens material s include pol yners copcgrusogz7srononer s
such as 2-hydroxyet hyl nethacrylate (BEMA), glyceryl nmethacrylate, N

vi nyl pyrrolidone (NVP) and di net hacryl am de. Fl exible ophthalmc |ens
materials useful in the present invention include silicone hydrogels as

wel |l as co vent atl drogels and | owwater el astoneric naterials.

Exanpl es o%—@i@ﬂ?@&éht halmic lens materials useful in the present

i nvention are tHya¥gelsicom: &h}ﬂ?ét@ﬂhfos%hﬁ&a drfe Sfbteibalconitallingvater in
5,714,557 to Ktlﬁzzler et izzil-1 710,302 to P%Q??]zles:ﬁet al . %%VS 094 to

Lai et al.anm gﬁmﬂmmsstateo Cbamnogmléaydapgel leps gmateriabyinglyd Belwwrgn@tm@mg

o 510, 779 Bmbks sish e BePakiuv pietBic s CREMA). EboR) Henfibofye W7,

forth at emg;ppnon@mmvw diedtentyla@id37, 328, 6,008, 317, 5, 981, 675,
5,981, 669, 5, 969, 076, 945, 465, 5,914, 355, 5, 858, 937 5, 824 719_and
5 726. 733 teach leﬂbimhtha@mcéms Thatetals Reeful in b presATh fsidgsilicong) S,

Patents 6, Qgcﬁ'%éegsqas el?%oé ehuo é%/é:%g}?shmg F}é?ﬁg{i%las’%mﬁé:@o &Qfénaé 298, 533,

5,270, 418, and mc lens materials
cont ai ni ngEng;rpies off ﬂe:midehﬁnhglhmbnﬂmatnmlss.lseﬂﬂﬁtthﬁ’@rwmmﬁﬁMﬁ b fAnght

5. 708, 094, 203, Beeste S0 15K ey hal T AT KB sn el e

cont ai ni ngRhVRer g ARIE68 oMtSLaPamnsm&ﬁ?)%Q&ﬁbué: crhP; 280,252 449, 729,
5,387, 662, 5, 321, 108 and 310, 779, "teach opht hal m c Tens materi al s

cont ai ni ngBamhemiehek ;ﬁ,%lm tadigh Ped49, 729‘Ithéaapr5éﬂ‘35566@d0 &dmalenet drand hydr ogel
Erzt ;ar Ibﬁllt f/l g’é%i??%%%e@%@ %ﬁt%c @?ﬁ@ﬁe fﬁa%]éfn H‘onngtaé%eln s, for
exanpl e t hher&inf t ens 66TM br and cont act I enses (comercially available from
gglrjffgufar :_Sngrg;i?’rﬂ {Saé(gﬁ t E@ﬁé@;gﬁ&rﬁ%ﬁy’ %ggﬁkﬁ%asr 5695@%38%5»43% ogel s
general |y bay#38s5, 5858937 05)824)7 1 DaRiEs, 26, V3R acHsphthalinitS eMmetrtials
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.
The preferred conventional hydrogel materials typically contain HEMA, NVP
and TBE (4-t-butyl-2-hydroxycyclohexyl methacrylate). Polymacon™ materials, for

example the Soflens 66™ brand contact lenses (commercially available from Bausch &
Lomb Incorporated of Rochester, New York), are examples of particularly preferred
conventional hydrogel materials.

Silicone hydrogels generally have a water content greater than about five weight

percent and more commonly between about ten to about eighty weight percent.



percent and nore comonly between about ten to about eighty weight percent.
6 2 5 APR 2005 WO 02/ 34308 PCT/ US01/ 30373 Materials are ufumIAP #epar ed
by pol yneMWQ 0234368 m xt ure contai ning at | east one sili conECTDSMAIIMNY
nononer and at | east one hydrophilic nonomer. Either the silicone-
cont ai ni ng nononer or the hydrophilic nmononmer may function as a
crosslinking agent (a crosslinker being defined as a nononer havi ng

mul ti pl e pol . netl L1 . AnSERe el sy may be
enpl oyed. Ap%??%g%%&%}l%ﬁgfﬁg%ghyy)meg I’laOI’I’EI‘I cca%nl t gérajsuse in the

f or mat i on ofsilidohée-comeiningimonehar andat lsastlonk hpdwophitic mimoarer. Either theisiticaniss

exanples are provided in U S, Patent,  Nos. 4,136, 250;, 4,153,641, .4, 740, 533;
5,034, 461; 0 M@Pneyzwtéegy&sp%&e, mermay £ 8’}9%?’04&33’&1%5% a
silicone hy%&gﬁﬁkﬂ&ﬁg'@ﬁwmﬁ&m&m@%@a@% 3 WiiiddtioRalittddpt 1S

copolynerized) 5 to 50 percent, preferably 10 t . by wei ght of one” or
more sili come saparate crosslindtes ma§ beeniployed: dpplicabby sifieoneiroptaiiing moBompsc cent ,
by wei ght of_ gn or . nor olysi l.oxanyl.al kyl . (net h)acryli.c.nononers, and 10
Co 50 per cortPs frape e Sodgpabe of SR Beheci e el 3Rbvais iR Bon: | fo
monomer . | n geiesilexathpRs Std provided inBS. PHEAQNSY. 4/13625004, Y4643 40R10/533aNn€)

capped with an unsaturated grou&pat two or nmore ends of the nol ecul e. In
addi ti on t o %0R4.461:54762p8; 3.260.000; 45305701 andH 38295 f or nul as, U. S. Patent

No. 4, 153,041 0 gl aflorBhya k8853 B Phe YIRAHHEAE g UPS

I ncl udi ng acryl oxy*or acr rate-contdai ning material's such as
t hose t aughtthatiis topSlynierized) S tdb5 G céfl, preforablifl 0rid@ 5, by aveighd dbonk/id hareLai ar e

al so useful .substrates in accqrdance with._t Laveption. Preferably, the
T ane” o diliiEs BStomagomeRt 53 15 Beteth mrofaly A0S Rpehinhy wrieh otne
car bamat e ororhﬁebmysimmﬂﬁn@@tm&hjmaemdm&@an&m@_tdnso ﬁa&ﬁl;, référaﬁbgf 30 hard

bl ocks and end-capped with_a hydrophilic nononmer. Suitable. ophi I'i c
nononers i ndp d8perchsby wsightef s hydrgphilie monomer. imgenstaly the siligoneor m a conpl ex

\chte plrogs)éﬁl? | nvelﬁ?lﬁog#\&)é%%;%}ﬁg?ig%‘g’?%’%ﬁg@%%}tﬁr%norrer sﬁg%@";’f%?ﬁu '
conpl exes \uhdrbs endd ofithe mplécalea dn didditionl to the enié proups inthe abdveastqattasml of usef ul

nononers i ncl ude apj h LN dine; hyl acr.yl.am de,..N, N- di net hyl

ot hacr y1 amibrentes -8 Pater Mo e 153,04 DR ral SideiGhe ol ubszeiod

pol y(al kene ggbusOintRdingtety105Pbr réetladi/Tolty PPhniAR{e-ohbdifing 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
with poly(acrylic acid) and its derivatives. Examples of useful monomers include amides
such as N,N-dimethyl acrylaﬁ:ide, N,N-dimethyl methacrylamide, cyclic lactams such as
N-vinyl-2-pyrrolidone and poly(alkene glycol)s functionalized with polymerizable
groups. Examples of useful functionalized poly(alkene glycol)s include poly(diethylene
glycol)s of varying chain length containing monomethacrylate or dimethacrylate end
caps. In a preferred embodiment, the poly(alkene glycol) polymer contains at least two
alkene glycol monomeric units. Still further examples are the hydrophilic vinyl



groups. Exanples of useful functionalized poly(al kene glycol)s include
pol y(di ethylene glycol)s of varying chain | ength cont aiis R 2005

nmononet WeoRphmse or dinethacrylate end caps. In a pref ppgaRfofsiaosi nent,

t he pol y(al kene glycol) polyner contains at |east two al kene gl ycol
mononeric units. Still further exanples are the hydrophilic vinyl 7 Z 5 APR
2005 WO 02/ 34308 PCTIUSQO /30373 carbonate or vinyl carbamate nononers

i scl 0sed cirBordtoor VA 1eioablafe mandkid Aclogdiil 11 SPad QP BTH 51 9%3E UL

nononers disclosed in U 'S Patent er-s
hydr ophi | hydrephilierexazoleink imdnemepsptisciosed iU Patdat Noe4]91 01277 eOttiek suildbled

particul a referred emhadi nent, the hydrophi|ic npnomers used in the
contact | é*%oﬁﬁﬁ%ﬂoﬂfmﬁﬁs@ﬁg’aﬁm@té? °?$¥Hil?fgmél‘§%b}%32§ﬁﬁﬂéﬂyw th a

cat i oni ¢ peforedeaiboniniti, thé Bjclofihd Rohéh G SO L BNt Sords Mt are

ri gi d-gas- perneabl e ( ) materials. RG materials typically conprise a
hy dr ophobfapable 5 Sarming:2|stable gemsples watheneationicgiolysacchatide.s t han 5 wt. % wat er .

RGP material s e ' wi th. the.present jnv L.on..4 nc) ude
those material’s ﬁaﬁ%ﬁ*@%%ﬁf%@udewgﬁs@%%@ (%Q{"#)g),m&'{eﬂ - 149 to
Ellis;, 4RGD4natetiald typically sompriseSh hioBicErbdsEnigdd hersy@éR afuitife El 1 1 S;
4,996, 2751 to EI%i s st al?" 5,032, 65 toTcBar gn et p;éJllym 5, 070,%%5 togBanbury
et al.: siefihampwt% waien RGRmaterials useful inaceodancs with the psesent inyersion19, 965

to Valint; : j &z . t.0 i et al.;
5. 364, O16°%. E‘d%?%’?a‘??‘g‘s@?h%@e%?g‘@ﬂﬁ?g--%%ir%%gﬁy@”%?‘?‘!ﬁ%??%g, % to Lai
et al; arf6®} 47910 GHLs; KHE8GA6I o Elits ehbl.; 482629810t Elfs; 3IDEB th BIE dtiag; et al .
t eaches I t ho i an RGP rial. _The patents

nent i one ’%%ésfegqéﬁeagoqnﬁfgr 5’8?@??@%#%@&%%%3@46% teMalintetial; at | ength

herein. G,17%168a0 Bairdd €NEs,DYSI0ETR) vmeﬂmt;%smw%@%ﬁ%i-cat I ons

are al sokﬁdfqoggééisgabl e, provi ded that surface attachnent of the cationic

pol ysacc ahabet alaedphobito Yalint obaliu6 105252t Bambany etal.; 5J08)094 usef ul
for treatgpng; &i jeal KAlif: &% ' ' ) rqad range of
nedi cal dtg\g'lglcéés?glr%gl%ag i h%g?ﬁt raocéglﬂér@%gﬁ{seg{s?’%%rgﬁ #olo@lh‘glet@b 82 stents
and cat herefemed methodpf makingran RGP materiah n"Fhepaterfis pdeatienddabbidgreMat er i al s

Surface ' terdals usefuyl. i.n the esent invention include cationic
pol ysaccﬁ%ﬁ%%?ggwe 85?3%?3&?&@3?%%%3%@ #ie¥si ¢ pol ymers. Specific
exanpl es i ncl Wiker 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 usefiil 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.

ce Coati aterials
Surface coating materials useful in the present invention include cationic

polysaccharides, for example cationic cellulosic polymers. Specific examples include
cellulosic polymers containing N,N-dimethylaminoethyl groups (either protonated or -
quaternized) and cellulosic polymers containing N,N-dimethylamino-2-hydroxylpropyl
groups (either protonated or quaternized). Cationic cellulosic polymers are commercially
available or can be prepared by methods known in the art. As an eicample, quaternary
nitrogen-containing ethoxylated glucosides can be prepared by reacting hydroxyethyl

cellulose with a trimethylammonium-substituted epoxide. Various preferred cationic



\ ceIIuI05|c pol ymers contai ni ng N, N-di met hyl am noet hyl groups (eit
protonated or quaternized) and cellul osic polyners cont ai n8 & gAPRZMﬁ
NN- di met hywang2i39308- hydr oxyl propyl groups (either protonate@Tﬁkoy
guat erni zed). Cationic cellulosic polyners are commercially APt e or
can be prepared by nethods known in the art. As an exanple, quaternary
nitrogen containing et hoxyl at ed glucosides can be prepared by reacting

hydroxyethyl'?ﬁi gﬁﬁse with a tri | . anmoni um substi tut ed epoxi de.

Vari ous pref & YIBf areeopumer bigpfay gramplggvaterrobsiie pelyarss

cel lul osi ¢ pgaylaBIe Smddr@hé I tier.- sQl ubl e
pol yners aval | abl e undergftrﬁ?e‘L (%%EHQQE%%%&FB%E?%} rgg&gaeén ﬁ%dg? 33’8

Associ at i on) Pelyuaipraiumyt0. Smhmmm aieromirfiercially hvgilablenmider thedradendwes Ci al | y
avallable u anme, fr Anerchol Corp
Edi son, ﬂﬁéﬁpéfé&ﬁg"" Ucﬁpfé?ﬁ? %Fe&n F@ecﬂ%ﬂlﬁ?lcanﬁﬂm

groups al Ongquatmede-G&h&hﬂQﬂnﬁ{@gr Epklohg tBQ%elﬁﬂ&%@ﬁbl&gfeg)%ﬁ%ﬂos' ¢

conmponent be .enp 1){ed in the conpositions at Q.. about ten
(10) wei ght ‘@Eﬂ?lcéﬁ wlpgc sempenent may; be pmpioe'nébi themmpbmtmnmat@soﬁtco @ibiout

Lie:/ﬁg eg)pem el I y fer e%&%co%paqsf@ﬁaﬁ}o F‘Béﬂ‘%’t ﬁ@?gﬁtﬂ ‘grﬁ:’:fg\r/]e

the fol | ow r(é)Welghtubercelm, mﬁammzaeabomnezi)&aég&fg%tﬁiﬂ% erein
c

R, R2 and f.r om derivatjyes of ar oxyI I c aci d,
Cl-C20 al kﬁrg‘rﬁﬁi é““caé? © Gatjopic °Eh‘#8ﬁ9&¥ait@ the foHpwing formular

hydr oxyet hyl groups, hydroxypropyl groups, ethylene oxi de groups

propyl ene oxi de groups, phenyl groups, "Z" groups and conbi nations
thereof. At least one of R*" R2 . ,and R is a Z group. The nature of.the
"Z" groups is: , OHRI




KZ=X- R\--N+-- f CH2_) ( C x Rwhere: R, R' and R'"' can be H CH3, C2H5,
CH2CH20H and CH2 C HCH2OH OH x=0-5, y=0-4, and z=0-5 X @ §CAPRBOg5 | -, HSO4
;. CH3SOMWO 0pf34308:; NO3 U.S. Patent No. 5,645,827 to Marli ecTasosdosrs
(incorporated by reference as if set forth at length herein for a
di scussi on of cationic polysaccharides) discloses the use of conpositions
conprising a cationic polysaccharide in conbination with an anionic
t herapeutic agent, for exanple, hyaluronic acid or its salt, which is a
- known denul cent for the treatnent of dry eye. European Application 088770
‘Al to Marlin et al. discloses 10 WD 02/34308 2 5 APR 2005 PCTI US01/ 30373
cationic cellul ose polyners to deliveCHfRoNIi c therapeutic agents, .
especially for the treatnent of glau U. S.- Patent Nos. 4,436,730 and
5,401,327 to Ellis, et al. (whi ch—g-e(i orated by reference as if set
forth at |l ength herein) disclose the of cationic cellulosic '
derivatives in contact-lens treating tions, including the conbination
of a cationic cellulose polynmer and a hoxyl at ed gl ucose such-as gl ucam
Optionally, one or nore additional pollﬂzr?eri c or non-polyneric denul cents
may be conmbined with the above-naned ingredients. Denul cents are known to

provi de ti.n i rizin nd/or_lubhricating effects, resulting in
i ncreas ed%mg{iﬂo"ﬁa@ﬁé? ?%%@rgﬂ%ék@ﬂzmea 0§ &I‘Qﬁ caghoxyligagid, CsBlubl e
vi scosity abgl s, ¢,116 !0 SehoR @ tand! t%ﬂh% | ' buil ders are
t he non-igni ch%g Iullosicc':31 pol yners Iidlggydfrr%t y ﬂég?ﬁr%é@ﬁé/“ﬁbxyet hyl
cel | ul ose hySpaYRIRPY: SFpyPs, ebylent oxide gropps.propyleps 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:

® o
7=X" E:;m—fcnﬁ;{-cn—)y—fcr{zjz—

where:;

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

CH,CHCH,OH

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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met hyl cel | ul ose and car boxynet hyl cellul ose, poly(N-vinyl pyrrolidone),

poly(vinyl alcohol) and the |ike. Such viscosity buil ders ents
may be enpWoyved43es a total amount ranging from about O. 01

wei ght percent or |less. The viscosity of the final formnulati
2.centipoise (cps) to several mllion cps dependi ng upon whether the
formulation is intended for contact | enses, intraocular |enses or corneal

i nl ays. Conf orI age such as gl er| n _or, propyl ene glycol can al so be
added. The pf&e @Bf?ﬁ%g?lym&ﬁ gré%/ ¥ersatienip therapenticlagentst especially fortamt of a

preservatlvetre%eﬁtrb deBing! obi al agent. The presence of an antim crobi al
agent is not require however, for the invention to reduce effectively

t he conlcen]t rati onUd¥ Pbmt Nos. 4,496, 130and S0 829 toEll, bualf’(&flﬁéh &b incBrporated I
0

gents are. G ioRriies 38 LA Dot bere brioncity e Shiipeionenor o0

activity thrdeghtivesih esmtas ey tradfing b@lﬁﬂ@ﬁg 3@2‘1‘%‘%@5 g&ﬁpﬁﬁuﬁ bfa %ﬂl‘g)&c or

m-crobial organjsnms.. For exanple, biguanides (ntlude the free.
salts of al e%@ilBXOﬁepolmeb%m we'ateﬂagkzaamtuyhemglumnguam des and their

ol ymers, and co The sal t exi di ne and
(F:)hl gr he)i di ne ca%e el ?’tchhr %%%«%ﬁlaécﬂé?gﬁ °c9r&H’EI'P8 pd quel9tsmay
gl uconat es, hwmnﬂnmwmcabmnahasm@ﬁm DérhAbaits arddhbefto @i%ﬁq‘ehe like.
The pref erred .bi quani de, i s e, hexanet hyl ene bi guani de commer
avai | abl e f rofiiE% ﬁ%‘&%‘m@ﬂ RElubFcatiyg qﬁqug;r espling iminereasdd comfonbci | TM CcQ
Goneral |y, Wbyl s of £ R0 OB AP 00 2027

bi guani de pol yners, also referred to as polyam nopro

have nol ec Ghewatms@nbls vigcosity busldetscare ﬂib&@mﬁﬁﬁhc cblﬂlﬂuaeﬂollyméﬂﬂ(e&ﬁ&hﬁlc

sol ution, a uld be anount that wll at
| east’ part | a ﬁﬂééégg g?%tgylrﬁegﬁ%? Zgﬁﬁoé‘?ﬂ”ﬁ%ﬂ‘f °5?1 hyamecmrowbr mul ati ons
enpl oyed. Pma‘ﬂeyleélhﬂos andicarbokpnéthDoeRiIbde)! ce the
m crobi al Dbi r]g a;; tvv(c): I o*ﬁgr dgrs I.n f@ﬁ?ﬁ%ﬁﬁﬁl"gﬁ%%&’%l ‘?ﬂ?‘abl y by
one | og &%P r Sugl¥iscosityrbavildersyor dmﬂksntﬁmbpmm&m atatalan

anount Wﬂl C méhihd ran i} 'Hoﬁ%‘l?ourt b%lglé&f)&ﬁ 53 WQ%PP%E?W?’EB%\I gt rfclos%rtlyso%e

used in regimen for "t recommen soakl ng
Di si nfecti oﬁnéfﬂor@w@yorrmeslﬁrm 2 mlsmwmtset@al&niﬂﬁﬁnﬁpsol&p&cﬁgtupon

Gui del i nes) it} 6! i StG]is3RENH BF Sofdi ?eengttas }.nrtlraocular 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

s from

activity through a chemical or physiochemical interaction with the microbial organisms.
For example, biguanides include the free bases or salts of alexidine, chlorhexidine,
hexamethylene biguanides and their polymers, and combinations of the foregoing. The
salts of alexidine and chlorhexidine can be either organic or inorganic and are typically
gluconates, nitrates, acetates, phosphates, sulfates, halides and the like. The preferred
biguanide is the hexamethylene biguanide commercially available from Zeneca,
Wilmington, DE under the trademark Cosmocil™ CQ, Generally, the hexemethylene
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concentrations ranging from about 0.00001 to about 0.5% (wv), and nore
preferably, from about 0.00003 to about 0.05% (W v). The2dqaBR805sol utions

enpl oyedw@odsduizes | nventi on may contain, in addition to t%m@ﬁ;ﬁﬁs :
i ngredi ents descri bed above, one or nore other conponents that are comonly
present in ophthal mc solutions, for exanple, buffers, 'stabilizers,
tonicity agents and the |ike, which aid in nmaking ophthal mc conpositions

nore confont the user.. T agueous sol yti ons. of resent

i nventi on é’?@%@ﬁfp@ﬁ s,gisjoagfiegac{'% "F.rl?%ryafﬂ"&?mpyg md@@h@ﬁbﬁ@@ mate the
tonicity ofmdlesula@lwdights bf® tofdbbitd®oyooch i s equivalent to a 0.9% sol ution
of sodiumchloride or 2.8%of glycerol solution. The solutions are nade

substantial ly 56 edin theygbigctsalusipn, the prtimicoobisl sgentshauld bemeedoin ann

conbi nati on;,9 | ' Iﬁiﬁ%ﬂ,' , I ] .ster | .wal and made
hypot oni ¢ %Fno%gtg% yperttl%a%\tl C, ée?l%ﬁgﬁ;egﬁgﬁr%&%ég% : OP‘%@P?H’&@&? rabl e opti cal
par almet ers f?lxﬁlﬂatﬂmp' emplam?.yPreﬁemlﬂy,Sa tﬁ;ﬁ'hfecﬁilig ainbeit ii that Wh%cih vill@edue tHRY
result in the fo e a hypertoni ¢ solution that wi cause_ stinging
and eye i ,npp]io&{aﬁ gﬁim;gg%n 83%9%@9%%11 fomp heurs and mereprefesgblybx gne log
preferred, a ﬁ%%r %qg@&ﬁ sent

sol utions gﬁbﬁ%%@o‘#&ai ﬁitdg? ne ab‘\)}l}'f’)r?'i n the a%g%unﬁk%@%m%(y%me

pr ef er abl y chivinate Be Microbinl Byrdemen a pordact s whenhised infrefiniem for e sui t abl e
buffers be added. ,such a te [t j carbopate, TRLS and
vari ous m@%&%@gﬁcﬁﬁ@gﬂﬂﬁw@mﬁ'ﬁbﬁbﬁtﬁ%ﬁf?@%ﬁmﬁg | PO4,
NaH2PO4  anColitde ¥ Sahtion Detaft (Riddelinbs) a9picalbp/sdéiCadints’ € predérdt ir €f erred,
particularly for enhancing_the efficagi/ of PAPB. 12 2 5 APR 2005 WO

02/ 34308 PeITaERimations Jngingfhem gbous 0.00001 &o abopt 05 % v/} and mereprstareblyr angi ng
from about ﬁ‘an%ohtﬂo.éoéos%faggﬁto.dm Qgﬁ?{ght , and preferably, from0.1 to 1.5
e 9

percent. In addition to bu ring ents, in sone instances it may be
desi rabl e t o i nFhedgueongssplutiins empipyad émthis invertion mayecmtdin Sn ladditionso the or der

to bind netal i.ons,. ich mght otherwi se react with the | ens and/ or

prot ei n deﬁ%ﬁ‘fetlggrﬁﬁﬁnm%gfs?cé@ﬁ gtf?vfh%u""l% feore @ FW@P&%&%‘E@&‘&B@M c acid

(EDTA) and piesent $RbplahAlic asiiionk, BF Sxapiplé, ubes: E’féﬁﬁ%&%&oni}ﬁﬁ)‘gen@sr&durﬁyal ly
g

added in anpunts ranging fromabout 0.01 to about wei ght ~ percent. The

sol uti ons H&pYEyeyaidin makingophibalmic ﬁ%msi@ws(mremlé% odhoysen. Theiety of
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
britation. An osmolality of about 225 to 400 mOsm/kg is preferred, more preferably 280
to 320 mOsm/kg.

The pH of the present solutions should be maintained within the range of 5.0 to
8.0, more preferably about 6.0 to 8.0, most preferably about 6.5 to 7.8; suitable buffers
may be added, such as borate, citrate, bicarbonate, TRIS and variéus mixed phosphate
buffers (including combinations of Na,HPO,, NaH,PO, and KFL,PO,) and mixtures
thereof. Borate buffers are preferred, particularly for enhancing the efficacy of PAPB.
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. - techni ques. One nethod enpl oys two-phase conpoundi ng proccjgures. Ig t he
first phase, about 30 percent of the distilled water is kR 28 ssol ve
the catioM@9234B98| osic pol ymer by mixing for about 30 niRGEE14037ar ound
50 C. The first phase solution is then autoclaved at about 120 C for 30
m nutes. In a second phase, alkali netal chlorides, sequestering agents,
preservatives -and buffering agents are then dissolved in about 60 percent

of the di st Geh@wwsmﬁe wded infdnhihts rafifing \BREh Mout 095080 é@tb

distilled water. The second phase solution can then be sterilely added into
the first- phgtaht, and prafereblybfromd: kionlgS percemfs ough an 0.22 micron filter by

means of pressur . 1.0 ackaging in steri.lize | asid ¢ contai ners.
As indi cat ed abo@je?({(ﬁ%&ent\éﬁgggﬁ?g % \'/'uh% sgﬁnei @stagcée.lsaﬁm?%ge &W%\?ﬁ‘hﬁm ort
and wear abkdquesteriny ageids G dhechréveat sohftivhs i ofdeefind Metal idia] whidh RESE:
conpositions for, use in_ the present invention nmay be fornul ated as

eye- drops aflregsereast wgithythg dens gnd/er protaindepasity andeallesben thedenss Bthdenet t o 30

m in si ze.déHﬁ[lEb- : ' \ |

pol yet hyl ene), I.I)PE Wﬁocvr%%{éegsi tﬁgﬁggﬂ%{g@ei, ipof %?%%b)ﬁ%?}eg' They

pol y( et hyl eare useallyrdded it amjovmtsranging fiokeabduk 601 td ebdud 0t2 weightypereemt.
conventional eyes;drop ..di spensi ops are, especi al suitghble for use with
the present inverllwﬂ? 5xﬂ1}uepﬁg%@€cy_eg§% GPFBSF?&FPX?F%&‘?W%%R@H@_B’N@WG%@ by
instilling, teBiiqResa OHeSnetBPathpIBPLiwolphaRE chidpSndinh) prodédipss. iTA thd Wrseye(s) as
needed. The present invention is also useful as a conponent of a cleaning,
di si nf ect i nphase, abewt¥) paresmt afthe distilledwater ircused (e dissadye e pativniocslivddsicle

anti m crobi gpﬂiﬁf 8 . | Gl | MSt nts uf f.ers and
the |ike thgt%ly%re nomgg%%gé&&?eWu {egé%égﬁé%?@ g‘f trhggﬁ%%?ﬂa%ensio LA/ or
cl eani ng sotheh antoelabat ataboitd@0® Cdos3bmirutesn|Th asecvnd phasea bikali htatul at i ons
for cleani \r}\%lg‘géj/or di si nfecti ngﬁsol utions are taught in U S _Paient_ 13 2 5
APR 2005 S SRUCEAB ASERF S Py A Ve andopniferins peens, ang thmlirtolvedin whi ch
| s i ncor por gopfl6Mpercitdf B EstARd Watd HndbOdditatian, foﬂ&vaitgr 148 balaflee GXAVPLES
Exanpl e 1 Surface Conditioning of Surevue Lenses wth Polymer JR
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 smali-
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. _

The present invention is also useful as a component of a cleaning, disinfecting or
conditioning solution. The invention may also include antimicrobial agents, surfactants,
toxicity adjusting agents, buffers and the like that are known to be useful components of
conditioning and/or cleaning solutions for contact lenses. Examples of suitable

formulations for cleaning and/or disinfecting solutions are taught in U.S. Patent
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This exanple illustrates the binding effect of the cationig i?ﬂ %IC
pol ymer opnto hydrophilic contact |enses, where it is belieVv to reduce
the att acRyRIR/34 cys bacteria to the material surface. Thr eGP ¥HIBBenses
(manuf actured by Johnson & Johnson, New Brunswi ck, NJ) in three different
solutions were submtted for conparison by Atomc Force M croscopy (AFM
anal ysis. Solution 1, for- conparison, was a Bl ank Borate- Buffered Saline.
Sol ution 2 \#B5833I7ud Rivhadd andtﬁcﬂbrb@mamis}iﬁw rpdraféd Byoleferdre® agif skidforthut t her

. conpari son, i 5 Nu(r) MPS (nmanufactured by Bausch & Lonb, Rochester, NY).
The Ienses] FFBat ed over ni ght, and then renoved fromthe vials and
desalinated in HPLC grade water in a static fashion for a m ninum of 15
mnutes. Al |enses were out with a clean scalpel on a clean glass
substrate. The sanples were dried, sEXAMBIESNd placed on a clean
substrate. Three 50 x 50 pm t opographi cal imges were acquired for each
side (anterior and posterior) of the Ienses using AFM The AFM used in
this study was the Dinension 3000 angs perated in ContactNbde. The AFM
wor ks by nmeasuring nano- scal e for ces (10 ) bet vveen a sharp probe and atons
on the |l ens surface. ' A e withdPalymer fhe anterior and

posterior surfac Q | . I rat e-.Buf f er Sal | ne
(Solution 1) as \j\% efx %e%h%?e%ﬁﬁﬁﬁf@&ﬁﬁff%ﬁ @ﬁeci%r? s’é’ipﬁﬁ?ﬁ?@&tﬂ
t opogr aphi caydmbmg eonﬁ&taemes avhery it &mahaoat RrediceIhé itea@nﬁ;eﬂtfofwamé RBES
stored in Pol a@ JR solution (Sol ution 2) showed a5|gn|f|cantlé di fferent
t opogr aphy. mp¥@ a&ee%eéwemst(maauiqqme%ymhnm#pm P¥ed and

shaped voi dBmfsQN&E m%fé%c%%:@ﬁt‘s%f es s g’im&{,(dﬁ%&%g | esﬂg\}e A6mYP! ds

had an average depth of 40 ano Fe not
present in FprseMicmseopyt (AdM) 4nalysisi Solution 2, for corBphnikonpwa8a BYnk Bovatels had an

Ehe. pol yimer Bies salhs Roriial A Mot GO B Re Bivad T sPIEER abs 7
RVB sur f acecs BASWas RENWD MR aﬁﬁﬂﬁmabymmwmﬁsswﬁn(?ﬁ@m
in Table below). The |lenses stored in Solution | or Sol ution '-73

smoot her alenassiveare Hgeted ouermight end thenaemoveshisemdbe vielstand dawd:aaned fn HHHC
posteri or OErahQ%f‘e? nﬂ Qtraﬁg fdsﬂlontf&ea M@ of] ﬁ r%noﬂult' ' A1 1enses were cut with a

clean scalpel on a clean glass substrate. The samples were dried, sectioned and placed on

a clean substrate. Three 50 x 50 pm topographical images were acquired for each side
(anterior and posterior) of the lenses using AFM. The AFM used in this study was the
Dimension 3000 and was operated in ContactMode. The AFM works by measuring
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. -
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Tabl e 1 RVS Roughness for Each Set of AFM I nmages

Sol uti onAnt eri or Post eri or Mean Sol ution 13.93 nnB. 03 nnB. 2% MRRSBIUL i on

- 28. 85nntW2M23¥3083 i nn Sol ution 35.82 urn3.09 nmi. 46 urn PogAbivsesesul ts

i ndicate that Polyner JR has an effect on the norphol ogy of the |Iens
surface, indicating a thin filmcovering with [arge nulti-shaped and sized
voids on the anterior and posterior side of the lens. Exanple 2 Aliquots
of 20 m of 0. 1The RMS Qitfsee Rl whR ch. 'dq&'ﬂgqﬁ Iopwrsterile
pol ystyrene_ di sposabl e petri éi she:.%%Ne%gPitével y chﬁr ged, gigenéfl nuoiéJs wear

| enses wer @howe ipehie belom)+ Fhe snstsastared i Solutions 1 or Soletiom hebs smoathermer sed

five tinmes,_j.n. . indtially sterile 0..9% saline. These | enses were

t hen pl ac e%iit‘{“}%ﬂ]‘g‘ﬁ%g% ?tlglt‘%ﬁ ssugtlg.ge %cﬁ#aé?cfﬁ) © apferier IWFFEP%?Q%FﬁftPWsmand
soaked f orthé PoBimeérQRsolutizaer ature. After 4 h incubation tine, the
ionically coated | enses were renoved fromthe 0.1% Pol ynmer JR solution with

a sterile forceps and ?%MBO%MMMW@M&M@MMCC%Q ve changes

(180mL) Oh—w — e tEepses—pere~then

transferrfed to IB-mi glags scintillation vi a#oéte@‘éhtai nfng 3 Meaﬁf - 108

cell s/ m |} nocSbhuionflr adi ¢l abel3c98 mrl | s and we3.03 ppncubajed aB 484§ Tor |2 -h.
S

15 V\D 02/ 343:’\(1 CT _SN11/.P202 2 Ev 2 and A4 p\/al yat e

AT *A A =4

bacterial| adhSPEHOB2 o bi ormat &858 using a r&alsMabel | met hdd3 nm Adhel ence
studi es re JRBed Th a T TatTom of e procepuresgt—Sawant et
al. (1) and Ggglra:ﬁe Ig'et al . (20588 eri 4 cel?ls)9I re grpwn iﬁz?ﬁnbtic Soy
Broth (TSB) at 37C on a rotary shaker for 12 to 18 h. Cells were harvested

b trifugati 30Q0 .x.g_f 0. min, hed two t] in 0.9% sal i
by eont 11Ut A0 \Bhe 2000 a8l By B0 s et 4 e L 0. 9% 2ol ne
0.5g sodi Ughssutfadd, tadidaty aﬂﬂhﬁ&%ﬁngwﬁ&mﬂge%%@%eh%&sﬂzﬁ%gg@“ Il ed

H20, pH 7.2) to a concentration of about -2% s per cal
densi ty 0.theaneriorrmdipostenineside of thalensy ot h cul tures were

Example 2

Aliquots of 20 ml of 0.1% cationic Polymer JR solution were poured into sterile
polystyrene disposable petri dishes. 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 ofradiolabeled cells and were

incubated at 370C for 2 h.
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| euci ne (idedd/34bgsear ch Products, Du Pont Conpany, WImn 374yer e
added to the cells and the cell suspensions were incubate or anot her 20
m n. These cells were washed 4 tines in 0.9% saline and suspended in
phosphate buffered saline (PBS) to a concentration of about -108 cells per
m (Optical density 0.10 at 600nm ._ Ext ended-wear contact |enses having a
normal |y anionic surface charge weﬁgamPﬁﬁgﬁﬁé d with 3 m of the

radi ol abel ed celpyasipienNsddeviluat Kactedinl a’dﬁereﬁg@&%ibﬁ%idﬁﬁlgu‘téiﬁ & rh@igRped from

I ncubated for 1 h at 37C with shaking. One to 3 .iC/nl gzﬁﬁ?b , 55 3H|
S0

the cell suspension with a sterile forceps and inmerse s i1n each of
t hree succagetho® changes (180 m) of initially sterile 0.9%saline. The

| enses were sh n free f.romsaline and.transf.erred t.g 20- | ass
seintil 1t on viaHeraneg s Wef oo Wik s e ldtog ot o OB okar g
I nstrument Satvant ERAWMEY endGabtiel et d1) (2)\eB & ternd B6lts Were@aewhn 1 PripticSHy Biol S Were
vortexed and then 7pol aced in a liquid scintillation counter (LS:.7500,

S

Beckman | ndEPBaiRSC omypcrotary shaker fop h2 todf h. Gellsswersrharvested by semtrifigation wer e

converted f L S ﬁ?ﬁ@?l@'ﬁ 1 1 - ny-formn nihts (cfu)
based on a arst?g?\(gié%&f:a I bra |o°§%rd\%£éé1§&2<%%]%§ga§gg%%eé%ﬁil . |'i bration
curves wermedium§it0gDtglucdse,0hogKHRO,s2.0f KIPO) @Sg sedimeitede,il0goour pl at es

erial di 1 UNEahSOyaod e ast Al e sitediBo n 3P & concetumometibat o

ext ended- wea 10O BIRGer bt (OBScA A¥%isitY 0N0'HBOOIMA T thinimS Wb BGRIARA W Whi ch

served as controls for the nonspecific uptake of |eucine, were treated in
t he same ndneubateddorn hb at IBCWith Sukingc Onets 3 pRiAunl dfd-f8;4;5-SHpleacine (NEN n

Tables 2 a . 02/34308.2 5 ARR. 2005 PRCLUSO /3Q373 1. want, - A
D N Gabricarer Pt Bt Wifkpeton. igB  were adiet 5486 o5 b e
i n siliconeel bspendiBrisewéralifeubaidd €6t ahothdt 20' @i ATheRE balls vA6H WaSHEES tifnes In

M corbiol. 22:285-292. 2. Gabri el Sawant P, B. Si mons, and

D. G Aheaw% $3ing angrspspepded @W@ﬁ%ﬁwﬁﬁé&ﬁgﬁ%@@)éﬁ ajgaracaration @f urinary
catheter: 8o {10%ciis ik &3 (Oftilal densitd; 819 Boomf), 17~ 22-
Extended-wear contact lenses having a normally anionic surface charge were

incubated with 3 ml of the radiolabeled cell suspension at 37°C for 2h. These lenses

were removed from the cell suspension with a sterile forceps and immersed 5 times in

each of three successive changes (180 ml) of initially sterile 0.9% saline. The lenses

were sha.]ccn free from saline and transferred to 20-ml glass scintillation vials. Ten ml

Opti-Fluor scintillation cocktail (Packard Instrument 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 nomially anionic
surface charge, which served as controls for the nonspecific uptake of leucine, were
treated in the same manner as the inoculated sections. Results are shown below in
Tables 2 and 3.
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v Table 2 Stk CFU = 3. OOE+08Pat hogen: Pseudononasoa
DPMB699. 0983755, 142877. 6115450. 2213122. 62 Di | ut i on1020100280ARRH @005
CFU3. COMWOQP2/3B0E+073. OOE+061. 50E+063. OOE+05 RawDPM Pol yweEr/usiiGostsr ol
1917.819310578. 86 2585. 15155786. 323 3765. 04428762. 246 4625. 81846927. 713
5642. 82965323. 255 Bkgd30. 6175127. 33187 surface area400400
CFU mm~PJRCont r ol 000 18. 35E+039. 28E+04 25. 44E+035. 09E+04 37. 01E+037. 69E+04

45. 79E+036. 09E+Q4,55 19
s. d1. 18E+031.9 ?‘n esf%
CFU = 2. 61E+08 o

S
DPML6404. 148107 982

el A

2 3. 508317. 0662

#%373 stk
Urr.

2. 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.

Table 2
Stk CFU = 3.00E+08 Pathogen: Pseudomonas aeruginsoa
DPM 8699.098 3755.142 877.6115| 450.2213| 122.62
Dilution 10 20 100 200 1000
CFU 3.00E+07 1.50E+H)7 3.00E+06] 1.50E+06] 3.00B+05
Raw DPM
Polymer JR Control
1 917.8193 10578.86
2 585.1515 5786.323
3 765.0442 8762.246
4 625.8184 6927.713
5 642.8296 5323.255
Bkgd 30.61751 27.33187
surface area 400 4001
(mm®)=
CFU/mm? PJR Control 0 0 0
1 8.35E+03 9.28E+04 '
2 5.44E+03 5.09E+04
3 7.01E+03 7.69E+04
4 5.79E+03 6.09E+-04
5 5.94E+03 4.69E+04
Average 6.51E+03 6.57E+04
s.d 1.18E+03 1.91E+04
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D| I uti on10201002001000 CFU2. 61E+071. 31E+072. 61E+061. 31E+0% 7’3‘%‘2?@ raw DPM
%DJR)%%%ntrol 11924. 25913797. 67 21871.53517582. 35 348D §1739 51

42332 48 3%3 51603. 53129132. 6 Bkgd7575 surface area BOUUSII/30378 -

CFU mR00. 19°JR 30MCW 1. 500 1 6. 39E+035. 46E+04 26. 18E+037. 00E+04

31. 81E+045. 85E+04 48. 05E+039. 82E+04 55. 09E+031. 17E+05

Aver age8. 77E+037. 96E+04 s. d5. 33E+032. 69E+04 Many ot her nodifications and

variations of the present invention arpshgsible in |ight of the teachings

herein. It +herofore—understood that wthin the scope of the clains,
the presen %2 GLEFQ8 ne [athogen;ePrendomenastsamugimsher ei n _speci fi dal | y
descri bed. DEM2 5 APR 2U@44dAl Vs 8107Ud8| of 21351891ni to730308F daahasezle f or
i nhi bi ti ng{Rilitiesi on af bactdoja to t he 20burface pfpgla bio cal qgggjce
conpri si ng|GHNdi ng sdi Q.6IEH0PN! C PIOY HEBRFENAr 3 BeETGE|T 'E31E-106] 2.61F+05
raw DPM
0.1%PJR 30M Control
1 1924.259 13797.67
2 1871.535 17582.35
3 4807.021| 14739.51
4 2332.487 24513.43
5 1603.531 29132.6
Bked 75 75
surface area 400 400
(mm?)=
CFU/mm? 0 0.1%PJR 30M CwW1s - 0 0
1 6.39E+03 5.46EB+04
2 6.18E+03 7.00E+04
3 1.81E+04 5.85E+04
4 8.05E+03 9.82E+04
5 5.09E+03 1.17B+05
Average 8.77E+03 7.96E+04
s.d 5.33E+03 2.69E4+04

Many other modifications and variations of the présent 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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surface of the bionedical device. 2. The use as clainmed in Claiml further
conprising treating the surface of the bionedical device to provide a net
ani oni c charge on said surface before contacting the surfage xpg hogshe
cationic polysaccharide. 3. The use as clainmed in Caim1l 1n which the
surface of said bionedical device carries, a net anionic surface charge
and the nethod includes no internediate treatnent step to nodify the
surface charge before binding the polysaccharide to the surface of the

bi onedi cal© Sce. 4. The use as clained in daim2 in which the surface
treating step further conprises contacting said surface with a |inking
agent. 5. The use as clained in any preceding, claimin which the binding
step further -U¥iffprcaicaicpalysdceharids foriphibiting aghgsion obbasicda torids i de' on t he
surface ofsuffive @f dbieasibaLdvice Siriag bildipiai caonk acomgidsRlmet ed fromionic
I nteracti osﬁg,' hégrq%gn-_ b?-nded I nteractions, hydrophobic interactions and
coval ent iSHEasP QNG bypmediqgl deyice: yse as clainmed in Caim5 in which ionic

interacti ans arm Beiswhifed i0INMH | iR o trebBiRithe AffRIRBHRCT Ween t he
bi onedi cal, ,devj ce and an aqueous, solution containing the cationic

pol ysacchiqmfdical feviee{a pie¥ide 3 act anignisyeharee pn widsurfacs beforagentastinghe negati ve

charge on tﬁmmbmd{ec&homgfdl'gﬁ&hgﬁ&deri ved from at | east one selected from
car boxyl at.e groups, sulfonate, gr,oups, phosphat e groups and phosphonate
groups. 8.3 Thellgdge asclaimed; ipClpim § inwhighthesueface of saidbiomedicaldevieq t he cati onic

charge on chdies a fefdnidhit sGrfRlchEaemb f hid@od Sicld@ds nY¥ Gflerb R Rlath@fst one

sel ected fro%@%&nar anmoni um. gr oups, . sul foni um gr qups, phosphoni um
“groups. 9.5} S 9&?"5531"1&?'@"@%*@%”3%98#{0%SHSf%fFB@en-bondi ng

I nt er act i aisbionedicalidetded, ween hydr ogen- bond accepting surfaces and - .

hydr ogen- bond donati ng.saol.utjons, ar .through hydrogen-bond donating
surfaces and hﬁﬁ?&%’éﬁ%ﬁ@é&@éﬂﬂb‘h%PmWHﬁ ‘."gfgi?ﬁ’ﬂh?f use as clained in
A ai m 9 i romjrisestohtheting ydd agee Wit wlinking &gehd. Ng groups are sel ected from

P uns 187 9 RS as talncd iR MR ptding i ik the Bindth sy ey PO YO

comprises retaining the cationic polysaccharide on the surface of said biomedical
device through at least one selected from ionic interactions, hydrbgen-boxided
iritéfactions, hydrdphobic interactions and covalent interactions.
6. The use as claimed in Claim 5 in which ionic interactions are between
oppositely charged jonic groups between the biomedical device and an aqueous
solution coﬂtaining the cationic polysaccharide. |
7. ‘The use as claimed in Claim 6 in which the. negative charge on the biomedical
_device is derived from at least one selected from carboxylate gfoups, sulfonate |
- groups, phosphate groups and phosphonate groups. |
8. The use as claimed in Claim 6 or Claim 7 in which the cationic charge on the
cationic polysaccharide ig derived from at least one selested from quatemary
ammonium groups, sulfonium groups, phosphonium groups.
9. The use as claimed in Claim 5 in which the hydrogen-bonding interactions
occur between hydrogen-bond accepting surfaces and hydrogen-bond donating |
solutions, or through hydrogen-bond donating surfaces and hydrogen-bond accepting
solutions. | , '
10.  The use as claimed in Claim 9 in which the hydrogen-bond accepting grouj:s
are selected from pyrrolidine groups, N,N-disubstituted acrylamide groups and
polyether groups. |
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'S APR 2005 11. The use as clainmed in Caim210 in which polyether groups
are polyethylene glycol) or poly(ethylene oxide). 12. The use as cl ai ned
in any one of Clains 9 to 11 in which the hydrogen- donati ng BgoARR 2606€
selected fromthe group consisting of carboxylic acids, phosphoric acids,
phosphoni ¢ aci ds and phenolic groups. 13. The use as claimed in CGaim5 in
whi ch the hydrophobic interactions occur through hydrophobic sites on the
bi omat eri aljisur firage hmmwhimajmvlmmlﬁyidpodmmmmupsgxe(mb'éetb}deltehe cationic
pol ysacchar i de 141 Tgﬁg‘g s claimed in aim5 in which the coval ent

i nt eract i orgYe@l PEROIE! @%idPke hi onaterial s surface and the water-sol ubl e

cationic pqlzysamhﬂéh@lﬂmﬁe&hahmteowﬁunmlwmmﬂwvmmwl de is bound to
the biomaterial surface., K 15, _.Th use as cl crtfe hgg%{dsorecedl ng claimin
whi ch the U1°8%&F@5?5%§?}°8'§dﬁ§m EFSBEOHEITE ?’8 ected from contact

| enses, antghbipRéricabiaipRospheicR s arnmt:ﬁhbgfoupschanber | enses, intraocul ar

| enses and corneal inl 16, .The u S.C aim1l15 in which the
contact |ensisT %&Fséistcg%ﬁ “\ﬁéﬁ?‘s"é ﬁ’l‘lé hY%Wg’nE e5?‘)0198 ch:&rpe“ ods of
conti nuous HRagh Hy@oplbbidikiteslonitie bidiRitiriaBirfaa)ieracting with@ydrephobie cl ai med i n any

preceding claimi n V\:hl ch the hiqpedical device is a silicone hydrogel
material . 18oupypnthe cationic pelysae % n any preceding claimin which the

cationic pplysesakehd diﬁmb@m&ﬁhﬁ@xﬁ@hfcﬁ ﬂi&h&&lmﬁﬁteﬁcﬁkﬁk Exikidetveemt i oni
starch, cationic dextran, ti onlg)m% i tQsan, catl o *‘ﬁﬁr t bean gum
cationic gdh?‘?‘?‘&ﬁ%&?ﬁ?ﬁ”eéﬁﬁ & Fater-solble catipnic Holysacghan ﬁ and cationic

sel er ogl UC adationiclpdly: sad3Bariab isboGith g;glbfor@ghm%&maar i de for the manufacture of
a conposition for " inhibiting adhesjon of ba}\] balogiézhgap&wsclérlg ace of a
bi onedi cal Hevi g‘@: uso gs claimed in"any preceding claim in w.

an ophthalmic lens selected from contact lenses, anterior chamber lenses, posterior

chamber lenses, intraocular lenses and corneal inlays.

16.  The use as claimed in Claim 15 in which the contact lens is an extended-wear

contact lens suitable for periods of continuous wear for about 7 to about 30 days.

17. Theuseas cléimed in any preceding claim in which the biomedical device is a

silicone hydrogel material. _

18.  ‘The use as claimed in any preceding claim in which the cationic

polysaccharide is _selected fro_m cationic cellulose cationic starch, cationic dextran,

cationic chitosan, cationic locust bean gum, cationic gum tragacanth, cationic curdlan,

cationic pullulan and cationic scleroglucan, '

19. Useofa catlomc polysaccharide for the manufacture of a composition for

mhxbxtmg adhcsxon of bacteria to the surface of a biomedical device.
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