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Field of the Invention 2 6 MAR 2003 Thts invention relates to coat &8 1

~devices In particular, the invention provides 5 bionedical devices on the

. surfaces of which antimcrobial protein coatings are fornmed Background of

the Invention Devices for use in and on the human body are well down. The
chemical 1 o conposition of the surfaces of such devices plays a pivotal
role in dieting tBHOMuRIGAL ¥ ¥i(dc WIOTH AN IVECREBIALAQQATIDAE | y) it is
knovm t hat provi di ng such deuces with an antimcrobial surface is

advant ageous A wide variety of bactericidal and bacteriostazic coatings
have been 15 devel oped. For exarrrplieqz% of ki go@Nti biotics, such as

pol ynmyxi n, vanconycir, and tetracycline have %een used as coatings for
contact |enses. Fuisthennonedaks whehatidagcagdntpasticalabshe nvt@cbnadigyvides
unsubstituted pal yhydric phenol s) ani nophenol s, alcohols, acid and am ne

deri vat i Ves biogisd &5 On alra sushapes i i dhanamprsabial et ineoatings arecr obi al
agents for contact | enses. ZO However, the use of these known anti m crobi al
coatings has di'sadvantages Wth the use of antibiotic coatings,

m croorgani sns resistant to the antibiotics nmay devel op Chel ati ng anent use
fails to address the nunbers of bacteria that adhere to the device Sone of
the prior art coatings) for exd&tpksopnkefghe duepieiti ves and S cresols, can

produce ocular toxicity or _allerqi eact ] ons. Lt ernary apmoni.um
conpounds are pr %ﬂcﬁ%‘?rcusﬁérb%ﬁ?se ‘%f%f”ﬁ&'i‘ r?’ri':thac &%HRud e SIFREY exi st s

for saf e @ndogbbaaibh ¥ELHRRLIHEC OF ARhalevie@a Ik aSpil htal roRViRlufRdRY, BL | east sone
of these di sad%gnt ages 2 6 MAR 2003 2 Byr}i epf Description of the Draw ng

FIG 1 is a aemfreftapy of theglevives. radditienallpfit isdspivnghat praledieg mahalebmet er i al

growh in lactoferrin. 5. Detailed Description of the Invention and
iR oy dics i

Preferred EnBbuthEHY 28V AUA8ROU8n provi des bi omedi cal devi ces

with an antimcrobial coating and processes for the production of the

bi omedi cal devices. It is an unexpected discovery of the invention that
certain proteins feydpuanged! bastgpcisal apd bacteriostatic coatings have been

15 developed. For example, cationic antibiotics, such as polymyxin, vancomycin, and
tetracycline have been used as coatings for contact lenses. Further, metal chelating
agents, substituted and unsubstituted polyhydric phenols, aminophenols, alcohals,
acid and amine derivatives, and quarternary ammonium have been used as

antimicrobial agents for contact lenses.

However, the use of these known antimicrobial coatings has disadvantages
With the use of antibiotic coatings, microorganisms resistant to the antibiotics may
develop Chelating agent use fails to address the numbers of bacteria that adhere to
the device Some of the pnor art coatings, for example phenol derivatives and
25 cresols, can produce ocular toxicity or allergic reactions. Quarternary ammonium
compounds are problematic because of their irritancy Thus, a need exasts for safe
and effective antimucrobial coatings that overcomes at least some of these

disadvantages
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..to antimcrobial coatings for bionedical devices. In particular, it is one
"~ discovery of the invention that lactoferrin, when used as a surface
coating, prevents growth of bacteria adhered to a biomedical devi d&i MAR2Bhe
enbodi ment, the invention provides a device conprising) consistingt 5
essentially of, and consisting of a bionedical device at |east one surface
of which conprises, consists essentially %>~ and consists of lactoferrin

In yet anot her enbodi nent, a nmethod for manufacturing bionedical devices

conprising, consisting essentially.of.. and ngj sting of contacting at

| east one surface of a bi omedi ?&JBM‘B OWf'ﬁeﬁrﬁ%'ﬁgi ng effective anount of
| actofecrrin is prigy 46¢a grih Répiclih@iRIbsftl of@YingR0 deferfiRRMacRAY SBYAIFC
designed to be useﬂ vvhifegli?a orpon ée)??her or bot %qhuman ti ssﬁe or&ﬂ‘ﬂfd.
Exanpl es of snddetafervinces i ncl ude, without Limtation, stens, inplants,
catheters, and ophthalmc lenses. In a preferred enbodi nent, the bi onedi cal
device is &n ophthalmc lens including, without 25 linmitation, contact or

i ntraocul ar | enses. M@dﬁé{:ﬁﬂml&f’m&ﬂ@e&%}‘ia&@?h&ﬁ%@ﬂ%&ﬁh&&ns'

Lactoferrin is a pr at’ ‘occurs naturall umen tears dand is the
dom nant iron-bi ndTkeprisent ivention providéstiomeditdll devieaaGhiet &1 dritimiérebfal i ons to
limt the anount of extracellular iron available to bacteria. Apart from
its iron chel enatingand progessessfor thepprodugtion of hediomeslical deviges. dniseni s known to
destabilize the outer.nmenbra of gram.negat.ive bacteria. ctoferrin
Usef Ul it he MembRR peney e Rpfonhal $atin proseiiE nel, bl useIReafoRHE bovi ne
actof ervisg. fhinférdfial dalikes R Bioildical deideo! B paou IR iSDheldiRery W UES | S
,met hods may be usgg. Pre e%sably, t he degree ofﬁpurit’y (l)f thé l'actoferrin
used i s about ingéntiparthat tdctofenyin, swvhien iisedrasn sngcemating) pdevieots godwiheof aatefiaces
of a bionedical device by coupli.ng a group in the lactoferrin structure
with a group @A“‘eﬁqé"ﬁgﬁ“i}m‘?‘h‘%ﬁ‘f‘gﬁnﬁy be either a direct reaction or a
reaction in which a coupling agent reacts to couple the polynmer and the

| actoferrin. A direct reaction also may be acconplished by the use of a
reagent or reacti o éreaimbodimem] the irvegtion grovides dxdevivel comptising, ¢dnsisting
lactoferrin 15 naking it reactjve with a, functional group on the

| actof errikd oﬁ%ﬂ%ﬂwwgwgaiwwm%ﬁt _ Hng surfacepf whiehht . For
exanpl e, one Qg (e c%ﬂii&?f%ﬁ:ﬂili@g o‘i%ﬁ%nii&?&f’lggtéfeggl. "Rf)f%egrr\&ﬁ@rm ed

directly wwthrs I’oCyana cyanate, ary oxysucci ni m de

ester, 20 sul &mbydimet, @ frietifvd fon nahafabififg biomedisalldeviegsoonitisinga thiaisting, ary!
hal i de, imdo ester, or an-anhydride group on the pol yner. Preferably)

car boxyl gr ougssenfially o6 apd consisting of coptacting ft lrastone isyrfacepfpdiomedieal device t h

t he am ne grou of the lLactoferti i N onyl di i m dazol e,

car bodi i mi des "SuUCH® Esmq 9% Y/?- Pw[k&ﬁg%t%;%a%ﬁoo%ﬁ%pyl ) carbodiimde
("EDC"), diecycl ohexyl carbodiimde, |-cyclohexyl-3-(2 25

nor phol i noet hyl ) carbodi i m de, diisopropyl carbodiimde or m xtures thereof.

The carbodii m des Bysbiomegdicakdeyiced ismeant ppydayics dpsigrad; taibeiuged while in or

Nhyd | f i ni nmide to f ter.s that t Wi th, am to f
am des. ot her OPane bomfuanisfedt Ad ERShpIEeh s feyicds Inbi i UBodty; 0™
wi th carboxyl ilifitd&de StentiCiniffigntd}-atherers, Ind Bt HAlInF¥®e®! Indprefersed! f onate and

"N, N 30 carbonyl diimdazol e
embodiment, the biomedical device is an ophthalmic lens including, without

25 limitation, contact or intraocular lenses. More preferably, the device is a contact lens.

Lactoferrin is a protein that occurs naturally in human tears and is the
dominant iron-binding protein in mucosal fluids. Lactoferrin functions to limit the
amount of extracellular iron available to bacteria. Apart from its iron chelating effect,
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. 2 6 MAR Z003 Alternatively, am ne groups nmay be coupled to the polymer by
" the formation of Schiff bases that. can'be reduced with agents suchf #AR 2003
sodi um cyanobor ohydri de and the like to form hydrolytically stable am ne

« - links. Coupling agents useful for this 5 purpose include, wthout

limtation, N-hydroxysuccinimde esters, such as
di t hi obi s(succi ni m dyl propi onate), 3
3, 3" -dithiobis(sul fosucc~i ni m dyl propi onate), disuccinimdyl suberate,

bi s(sul fosuccini pi dvl) syberate,. di.sycchnim dyl rtarate and t.he |ike,
' doest or ) PRERTH i RRAGHSiceflirs R ol el bt oo Pt v
di fl uor obenzeggteggri vati ves, including without [imtation 1,5-difluoro-2,4

to dinitrobenzene, bronofunctional al dehydes, including without (imtation
gl uteral dehyde, and bis epoxides, including without limtation

1, 4- but anedi ol di cidyl ether. One ordinarily skilled in the art wll
recogni ze that ot ﬁ%@géﬂwsﬁgﬁ‘ € UIYSTUQILS 68 Ayallable, sug ti onal
groups on thearﬂﬂ]&(ﬂﬁr eIrﬁFe ETEE y 'tm' %”g‘eagkﬁ !hﬁ}/' yner
surface with reactl velacgjar,%ups' esdttu avlé ’F’(t)Hr reg‘&c‘?l ng w ee)(fhe 4@%@%@?’%i n
accordi ng to inbthols Magbe GsedoPrefefably) uridegree ofpuritycofithe ctofditin@sed warily
skilled in the art will recognize that, if the desired pol yner surface does
not contain sehousBP percedtct i ve groups, reactive groups may be incor porated
into the polynmer by conventional organic synthesis nethods. Zo

Alternatively, the reactive groups may be introduced by the addition of

pol ynmeri zal e nononkdisfeqriingy Bé BSurldd Polyater SuFaties of A bdntddRal@ Ry M xture
used to formthe polynmer. Exanples of ‘useful polyner surfaces are surfaces

formed from ehupliogie goupl inthe lactaferom strpcurevathsa grosipastbe polymer.oThis mayene
and substituted styrenes, ethylene ropyl ene, acryl ates and net hacryl at es,
NoviTryi | act Bheithela diech FeARion ok a asiR LT Yisha souping Recrt sencts 19 equplihe | ¢
and cnet hacry l%@ﬁ&d&héwﬂﬁzﬂg &iﬁ% PEaREGPRES map Bk ¥WESInFHlihed by the use

pol ydi net hyl si | dxanes an reof. Such polynmers may i1'ncl ude

hydr ogel s andofa féagem @r ceactian than getivates ageroup orPthe fpolymitdryor the lgttoferrin
crosslinked pol yners 30, and .copol yners of 2-hydroxyet hyl net hacryl ate
("HEMA") ale wgm itgeactive gyjth a/ﬁlncf%o'&[ mnpz’eoge GGa of pRlymner M@“ﬁ%‘dﬁ? t hat

t he pol yner hﬁ&gﬁ%‘é‘?%@hpﬁﬁ@ﬁ-nk density so that it is soft and

el astic at room ly) a lightly crosslinked polynmer wll
have about 0.1 to about 1 crosslinking nolecul e per about 100 repeating
nmononer 5 units. Exanples of suitable Jightly crosslinked HEMA pol yners and
copol ymer s i ncl ude FaF exagmple, ongiof moreaminggroyns onjthe lacioferria say| bereactedf

gl ycerol neth . gg@ﬁ?% e : '%F:Hﬂ %C,E;- ﬁ,q ,
especially thggéédgﬁglﬁg/ rop I (t:e’r'mn mrr@ieé],;&ggg xalg ) 9Cg%?’me ypggﬁ%ﬁam’ de,
are used. 20 sulfenybcionide afraldehyde, glpoxabreporide, daconatek aryphillde, tddo esterpf t he
invention, the surface to be coated is contacted with the lactoferrin and

at |east one ©baprahydridesraupanthe polymer. Brefesshly,cachoxyl sraupsgn depebmesnt

manner. For ex | e he deyi .be ed .| i L of.errin
and sol vent i %‘f“&#?ﬁé‘%ﬁﬁgf%gnggﬂ@‘g?r‘q%%{]ﬂ&gf’?%&?g%‘g@ﬁg ed.
As an_al t er natN\gsbohyl8iirflidle, carfddamfdedBivch dsﬂ%?l%-(i(-ﬁﬁﬁ&ﬂblﬁnﬂtbbihp&be
coupling agent or activati ng reagent and the surtace then placed in a

| act of erri n scathodignide SERET), divyeclnbexyhearbodimide; d -cyclphexddrGrerrin may be
reacted al gne with.the I .. surface. Suitable solvents f use .n the
roentton 4'c BrbbomernpikariSdimad dBSdromt ciBaufdR of Mk HherR 2 o1t ne
coupl i ng agentcafjodihidey @b ffhybeAI&Pvith N-RydbARUciniiR or N-

hydroxysulfosuccinimide to form esters that can react with amines to form amides.

Other reagents that can be used to progngte the reaction of amines with carboxylic
acids include N-ethyl-3-phenylisoxazolium-3’-sulfonate and N,N’-
30 carbonyldiimidazole



- coating process is carried out in water, alcohol, or mxtures theroof, l[:[l%:
i $ effective in aqueous solutions and, '‘thus, is a preferred activakh MﬁR
agent. The coupling agents or activating agents may be used al one or in

- -conbi nation 25 with agents capable of stabilizing any reactive internedi ate

formed. For exanple, EDC may be used with N-hydroxysuccinimde as a
stabilizer. Additionally, it may be neceésary to adjust the solution pH
Preferably, the pHis adjusted to about 2.0 to about 9.0, nore preferably

about 4.0 to abou ; w%ge Nﬁ%ﬂ“g ?%[?& ' i ﬁ?ﬂfﬁﬂunt of
t he coupling agen%“tlzrsléﬂ‘é%g |c€ma un?&?g&u |3Pgh?%;ég%l% e

| act of erri n bOSHIE bakey kit canibé fedacedAhitie igeats sueh Ys satiuf Cyanobbiohgdedd @t | ve
amount of the activating reagent is used which ampunt is sufficient to

render s t hethedike so Erm hydapltigadly giable aming links. Conpling/agents usafvhfostthier . The
Phe-sur f ade Burpfes,Pifc, wathdil fimeain, Akt Ehyenchnip Rt SR oo “*""" "
General |y, a&iﬂﬂ&biﬁ(s@éciﬁtbiliwggioﬂﬁe)"@iﬁhﬁmﬁﬁ&éﬁ%m&ﬁﬁﬁﬁ?lﬁgégoﬁ%}“ 0.01 to

about 5.0, nore prefera out 0.01 to about 1 weigh cent’ of
coupl i ng agedisudcanimsdyll subresate, bissulfosucomimidyl) saberite, disadcinigidybtartaracmandt o By

coupl i g agee UkscRrigesreTy FOuME PR BEHSR SPGB SRS he amount of
coati ng sol ugj ‘%ﬁ@aﬂ . i Ll g e inBtati Uy 4100 m ,
preferably agicl)]tq}tBr : n‘E%{egLa od\teﬁéé%w ‘;vmr?r%urie pre??rlé%@gag o%}# 0.5mM to
about 10 ml diitrdbenzenesbrodffunctibna aldehydes dhdhiding dddoot limgationed, about 0.1

.y to about 100 gﬁ preferably about 1.0 to about 50 ng per lens 1 s of
activating r shieraidehyse, andibis epoxides, ipeluding wathout limitatiannl,&-butagedioly coat i ng

contact ed v BIENGAEN ehBF . On€ bldieh? etfedip RN Bih APo BT 1B Ao oo lBER, |
i mpart the dggéntemagBe usdddépehdihg B tHeuhdtidhallg@olipirorsthe patner kirfidee case 20

of contact |enses, generally, the anmount of lactoferrin contacted with the
|l ens is about 0.1 to about 100 ng) preferably about 2 ng to about 50 ng per

ens. The anount of coati resul tin er. contact |epns is about O.. 0
about 1008 f1g.  TAETaeRcel 477 bl F B0Pe HEfRoe rRf retevE g Aifblecs s os
of the i nvenigORadmgatith {HeQadt6RARSIcHRINGRS tROPMOREIsE 61 the frivefiti at room
tenperature and pressure. The contact tine used will be a Iengthof tine

suffici ent t mseabfnetdrdinaglyfskilled inothe aet vall recognide that. afithe@esifes pdbymper cont act

time is about .5%*% about 24 ho &3 Fol | owi ng contacting, the surface may
be washed wi SHIGREGAeS HPL gRPtaIR S CACHVE JEOUDS, TERTHY S BToM uneact ed

lactoferrin, ;copplhid iAGRRE poldhbi HAldnVendoridsiBhnic syrdhlisVhGhed03 sol vent,
and byproducts. r'%“%?,gnally,p(t’ggl co):%ded surfacg mcay be ﬁeat ed 1n water to
extract resi d\itdrnatively the, reactivp groups ang be intecsiucediby thg additige of polymerizable

byproducts and to . . . . .
monomers containing reactive groups into the monomer mixture used to form the

polymer.

Examples of useful polymer surfaces are surfaces formed from, without
25 limjtation, polymers and copolymers of styrene and substituted styrenes, ethylene,
propylene, acrylates and methacrylates, N-vinyl lactams, acrylamides and
methacrylamides, acrylonitrile, acrylic and methacrylic acids as well as polyurethanes,
polyesters, polydimethylsiloxanes and mixtures thereof. Such polymers may include
hydrogels and silicone containing hydrogels. Preferably, lightly crosslinked polymers
30 and copotymers of 2-hydroxyethylmethacrylate (“HEMA?”) are used. By “lightly



~ensure the break down of any coupling agent - stabilizer conplexes that may
have 5 forned. One ordinarily skilled in the art will recognize thzh Mﬁ
pol ymer for producing the surface to be coated by the nmethod of th 003
-invention may contain other nondners and additives. For exanple,
ultra-viol et absorbing nononers, reactive tints, 1o processing aids, and
the i ke may be used. The invention will°be further clarified by a
consideration of the following, non-limting exanples. 15 Exanple 1 All

S Ve RO e oy b i BB 0 0

tryptone Soya
i nfluerrzae, is1gft afld elast?PatGo6MREMPEramad. T}piﬂaﬂy,(ﬂ%ﬁlg%sﬁﬁked vall ner e

grown to stationary phase in batch culture for ours at 35 C w thout

aeon, subsecqbamtabgutihl vesba lisyosshinking malgeule per bR06 0K rapeating menamerand
washed three t.i in, 10 .. osphat e- huf f aline (PBS; 0,137 M NadCl,
D ot Kyt Erramplse s SisdbciahOp eeosnikad HENA PolyTess o Comolyiieiso | i,
t he bacteri a; - - d ¢ ¥ ' i 60 nm
b (onose) ombHE Widfott BREAIGS HTAREPON S8 bhb@ymER N gl meyBely°0 00

s Table 1 5 @id HEM0E AboJsrefefddbRa silichifectiydropeléspecifily b SOSRHYArs | eas
~uoad acute red eye (CLARE)Paer8P. aerugi nosaCorneal i~ltt~s6206P.

aer vgr nasaBagwopemngts, sushas NoN-dimethylegeyiammde; aeerysgd. | ~t i SATCC 15442P.
aenr gt nosaFw rmm-~t al ATCC 19660P. aer vgr nasaSer aAhyti 3Aer o~norr as
I r ~nophi | aCLAREEaol 8Esr| rendua ool i CLAREHI nt 1Haenophi hrs

i nJ~uenza@CLARESI ifigse@hbadiment STtheproaas fdrlntiRing Me dedice of thednvention, the
mar oescens CLAREXmal | OSr enodphononas mal | opi ul i aCLARE To test the ability of

t he protein buficotebe coatedissoptasted viathcthe tactofergin and at keastiomoichviyplingagentof
bacteria in Itqé\(ﬁ resence of lactoferrin was carrj ed out lE{;iateria of all

twel ve strai aclivating reagemt in any, cogvenicny manaer . Eqr gxample, the degviee,may,be
ve st : : PO "
met hods give pg@%ﬁvﬁgﬁ M@nﬁmd%lmq&smcM%owm uman ni

| actoferrin
activating reagent is added. As an alternative, the device surface may first be treated
15 with the coupling agent or activating reagent and the surface then placed in a

D)
=) oY)

UL

lactoferrin solution. As yet another alternative, thc‘s lactoferrin may be reacted alone
with the polymer surface.

Suitable solvents for use in the invention are those that are capable of
20 dissolving lactoferrin and/or the coupling agent or activating reagent. Preferably, the
coating process is carried out in water, alcohol, or mixtures thereof. EDC is effective
in aqueous solutions and, thus, is a preferred activating agent.

The coupling agents or activating agents may be used alone or in combination
25  with agents capable of stabilizing any reactive intermediate formed. For example,
EDC may be used with N-hydroxysuccinimide as a stabilizer. Additionally, it may be
necessary to adjust the solution pH. Preferably, the pH is adjusted to about 2.0 to
about 9.0, more preferably about 4.0 to about 7.5.

30



concentration of 103 cfu/m and final lactoferrin concentration of 2. 5
mg/ min a final volune of 200 (err)l,. The lactoferrin concentratipf M&RI003
chosen to approxi mate the concentration in hunan tears. For each strain a

- negative control was al so used conprising only bacteria ( 103 cfu/ulL) in

PBS. Sohm ons were assayed i nmedi ately, or 15 incubated at 3 5 Cwth
agitation, and assayed at tine interval s®of 1 hour, 4 hours, and 24 hours.
Vi abl e counts were assayed by plating out |og seri al dilutions of each

suspensi on onto n tr| e r. or) i cas of H o chocol ate
agar to assay via E’Eﬁa&twe ax%o%lﬂmg @agpﬁ r"é%‘m"?‘éci‘muﬂ?'ésent ed
in FIG 1 The Ratin d Ay EfSHt rowt h
of bacteria a@h@mgg%ﬁﬂ %(&:ﬁ)‘g%tlbon E‘ﬁﬁk?gfﬂ#eémﬁ%guceghaaﬁe?%creaslgﬁl ﬁg growt h

for nost str affetive ‘dmbumsofaheacmamg feagém isiesed whechi amiounn i suffonient tependerat es

per s strain). The results, presented as cfu/ul, are_shown for 24 hours of
i ncubati or® hithf Pctgﬁamwdrwwma%meépw Qi hefo uhe RrEciss amaunt pBs or

| anses vero- Cpubipadiideoh o iefHRR i eHORY B fod rkENESRERSEY Y °5°0°C

After treat Wu&ﬁﬁg@ﬁw%gnt belsdtad. GGédePall?dmefdllQBTaBoﬁthl@ weipht sur face
I ne-

was assessed using iod | abel ed | a errin. The | enses were washed

wi th PBS and ptetcentamfmblymbcm@:%@rabpm hﬁaggteauefwbtygabmg&rﬁﬂaw@bnuet

Approxi mately 17 ng ferrln f lens

appr oxi mat el Y4 ejght pEr éﬁa o'fh'g“éstﬁ# ﬁﬂ%s‘?tﬁtﬁ%s wer e
i ncubat ed,d org rf&a{ﬂ@s&ﬁu&ﬁs fneant uﬁ@ﬁhdﬂfet% vﬂﬁ%&rdr%or%lb?ml%t chliflihgashed

three tines i Two net hods for measuring bacterial adhesion were
used, a t ot alagempaxtivatingreagent and buffer aTypically, the ambustodfedatmgidlatichousedct eri a.

;ggrgztfcm- ce Repientyil b Bbouk A APy DBl preliraly abons Ot PLFO b8P n 5
i F
(1ol per | S usatigUBhach S BNRTOGH peOENRSE Rl ding el For

serially and nahseduwoat pl1ahg b sbuo 16Q arg, prefdratsly Abdue .0 tecaboat 5@ mgqfer ldns
plates at 3 5 Cfor, 18 h) the nunber is of bacteria/ m2 of |ens was
cal cul at eds refagtivaging fragentispsedpaer | are shown on Table 2. 30

In the processes of the invention, a coating effective amount of lactoferrin is
used meaning an amount that when contacted with the surface is sufficient to coat the
surface so as to impart the desired antimicrobial properties to the surface. In the case

20 of contact lenses, generally, the amount of lactoferrin contacted with the lens is about
0.1 to about 100 mg, preferably about 2 mg to about 50 mg per lens. The amount of
coating resulting per contact lens is about 0.1 to about 1000 pg.

Temperature and pressure are not critical to the processes of the invention
25 and the process may be conveniently carried out at room temperature and pressure.
The contact time used will be a length of time sufficient to coat the surface to the
extent desired. Preferably, contact time is about 0.5 to about 24 hours

Following contacting, the surface may be washed with water or buffered
30 saline solution to remove unreacted lactoferrin, coupling agent, activating reagent,



. 2 6 MAR 2Q03 to Table 2 Treat nent Reduction rn Bacterial Gowh (% Lactofem
" Adsor bed Leas5pLens Wthout Lactoferrin Coating 7 The viable countzl‘ CTZARtZHQ
lactoferrin coated | enses were signi.ficantly reduced s conpared to p

- total count. "this result was unexpected because |actoferrin in solution

al one, as shown in Exanple 1, was not capable of significantly reducing the
bacteria recovered. Exanple 3 10 50 ng lactoferrin, bovine colostrum -
Si gma, and 20 hydrogel contact lenses in 16.6 nml of deionized water were

added to 0. 3901?9%[){{%56)% &y'@ﬂﬂo%?ﬁf&@e%ﬁled%uﬁ&&%@iﬁ@ﬂ&k%d%%t

hydrochl ori de ter stirri room tenperature he | enses

were rinsed \ekirdct Mduwb@tmgmpﬁng)igeaqIauﬁwmnFMEntZ&\dﬂbypEzducemidqa with 4M
guani di ne hydrochl oride removed 3 ug unbound lactoferrin per |ens

Hydr ol ysi s 15“%@ thechseakednwmefeany iqoupli Mostabilizer complexes sbatanayhavg si s
showed 63 ug eﬁd | actoferrin per lens. Three | enses were incubated for 10
m nutes at’ 3 SOON bacterial suspension, then washed three tines in 1
m PBS. Total count of attached bacteria 20 and a count of attached viable
bacteria were carried out as for Exanple 2. Results for strain Paerl are
shown in Tabl e 3 OﬁEkmdiaamilaskiﬂediim@d agrwiﬁbtrbmghizethaadhqulmrtfor producing
| enses coval eR coated wi t %ct of eocf tn 2 6 MAR 2003 n Table 3
rface to be coated by the method of the mventlon may contain other monomers
and additives. For example, ultra-violet absorbing monomers, reactive tints,

10 processing aids, and the like may be used.

The invention will be further clarified by a consideration of the following,
non-limiting examples.

15
Examples
Example 1
All strains were incubated for 18 hours at 35° C, then subcultured into 10 ml of
tryptone soya broth (TSB; Oxoid) or, in the case of Haemophilus influernzae, 12 ml of
20 cerebrospinal fluid (CSF; Oxoid). Bacteria were grown to stationary phase in batch
culture for 18 hours at 35° C without agitation, subsequently harvested by centrifugation
(2060 x g) at 25° C, and washed three times in 10 ml phosphate-buffered saline (PBS,
0.137 M NaCl, 2.6 mM KCl, 1.5 mM KH,PO,, 1.66 mM Na,HPO,; pH 7.4). After the
final wash, the bacteria were re-suspended in PBS; an optical density of 1.0 at 660 nm
25 (ODeso) equivalent to approximately 1.0 x 10° cf/mi.
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5 Conparative Exanpl e

Chi ck eye whPas | ysozynpPseRiofomygderdgiposand bovi

N Eontadd lers induced doac tedéye(GLAREY 2. 5

ng/ M) werel each adsorbed to different HEMA based hydrogel |enses for 18h
at 35 C. Af}Bee8i ncubati pA semginosmshi ng i n PBS { Roreml infiltes t he | enses were
i ncubated fpr_10 mnutes at 35 Cin 500 Etl bacterial suspension, then
washed threpbé0pnes in 1| Aaeer@®sat o The two net Bstksalfkemtitieasuri ng bacteri al
adhesion of [Exanple 2 were used, a total count of attached bacteria and a
count of att®&®ed viabl pPlyawgessi a. Resul ts f of Baenialikeratiser | are shown in
Table 5. Taple 5

ATCC 15442 P. aeruganosa Environmental

ATCC 19660 P. aeruginosa Septicacnmia

Ahyd3 Aeromonas hydrophila CLARE

Ecol8 Eschenichia coli CLARE

Hinfl Haemophitus influenzae CLARE

Sliq38 Serratia liquefaciens CLARE

Smar$ Serratia marcescens CLARE

Xmall0 Stenotrophomonas maltophilia CLARE

To test the ability of the protein lactoferrin to support bacterial growth, a viability
count of bacteria in the presence of lactoferrin was camied out. Bacteria of all twelve
strains were grown, harvested, and re-suspended according to the methods given above.

10

Suspensions of bacteria were mixed with human milk lactoferrin to give a final bacterial

concentration of 10° cfvml and final lactoferrin concentration of 2.5 mg/m in a final

volume of 200 pl.. The lactoferrin concentration was chosen to approximate the

concentration in human tears. For each strain a negative control was also used
comprising only bacteria (10> cfw/uL) in PBS. Solutions were assayed immediately, or

15

incubated at 35° C with agitation, and assayed at time intervals of 1 hour, 4 hours, and 24

hours. Viable counts were assayed by plating out log serial dilutions of each suspension
onto nutrient agar or, in the case of Hinf1, onto chocolate agar to assay viable counts.




.. Bacteria strai n%reduction in

~ adhesi onLysozyne-coati ngLactof erri n~oati ngPaerl ||l %6Ckis As can be2§ew}$ ZP%

Tabl e 5, |lysozyne adsorbed to the contact tens only reduced bacteri al

" adhesion by 11 % and this decrease in viability conpared to total counts

was not statistically significant. On the_other hand the |l actoferrin
adsorbed | ens showed a significant reductfon in viabili ty after initial
adhesi on (p<0.05). Thus 20 not all tear proteins, or all am ne containing
nol ecul es, show significant reduction in the ability of bacteria to grow
after initial attaThemesilts are grefentédiih PIID3 e dita tdemenstiats thatdadteferrih did dot
contact |ens having antimcrobial properties conprising |lactoferrin bound

to at |east ofcresss thggzowth ofhagteria aller\ddch mcwbation byt eatherindused,an ingreass Bai d

| ens using a ' esgla-]?r | [N . . | ens of
claim1l Mereﬁﬁ%g&gﬂggace 'ur\fﬂ%e?%géo}rép%s%g%%&g%Id;e/%n%nro-gngoég?é’g%?so t he
group conSIsstm)ofTH@y:dﬁm,e¢r&senﬁddlaswa arRthawi Ifh024 Heire 98 inzubadieh Y MAf1S and
copol ymers of 2-hydroxyet hyl met hacrylate and m xtures thereof. 3. The
contact | ens showetlapviablewounte aftertdhoursan gither PBS onlabtpfarming @hd is émitTdddrono thieact
|l ens of claim2 wherein the polynmer is a silicone containing hydrogel. 5.
The contact | 8®8M%0of claim 2 wherein the polymer is a polymer or copol yrer
of 2-hydroxyet hyl met hacrylate. 6. A process for producing a contact |ens
conprising the step of contacting at |east one surface of the lens with a
coating effective anmount of |actoferri Bxanple2 coupling effective anount of
a coupling agent or_an activating anount of an activatw@agent. 7. The

process ofl0ci ai m 6, HEMéybassd hydrogellenses werer treated, with 2ol fcolastru®f errin i s

1 to 100 ng per n: n T n ens of claimb5.wherein the
copol yner of %ﬁtf%?@{ héyﬁﬁé%ﬁg%r ;‘}T%aef ﬁ#@%" Plegaﬁ‘l‘i‘\}“ 3#@?5}"%3@5_0on ymer
of 2hydr oxyet BioltRé RS stk vas BaGessedising liodi®? 52 Plabélbdiablofertih € TRE engigount  Of
| actoferrin is about 0.1 to about 1000(err)g per contact |ens.

. AY. A3a_. AF9. mere washed with PBS andhttieyamaat ofdactatesinmedasured-using a gamma-

counter. Approximately 17 ng of lactoferrin per mm’ of lens surface, or

15 approximately g/ lens, was adsorbed onto the surface.

Three lenses were incubated for 10 min at 35° C in 500 ul of bacterial
suspension, then washed three times in 1 ml PBS. Two methods for measuring
bacterial adhesion were used, a total count of bacteria and a count of attached viable

20 bacteria. For total counts, the lenses were stained with crystal violet for 5 min,
washed twice in PBS, and examined microscopically. Bacterial numbers in 5 fields
per lens were counted and converted to numbers of bacteria/mm*®. For viable counts,
lenses were macerated in 2mi PBS and subsequently diluted serially and aliquots
plated onto agar plates After incubation of the plates at 35° C for 18 h, the number

25  of bacteria/mm’ of lens was calculated. Results for strain Paer] are shown on Table
2.
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L109% ()-10%& ()-Y -10%& ()-910%& ()- MLOY%&' ()- J FAEQ\ =! 109%& ()- 10%& () -
33! 10%&' ()o y10%&' (50- mglid@tetrin; BOWike EJlostrum — Sigma, and 20 hydrogel contact lenses

in 16.6 ml of deionized water were added to 0.30 g 1-[3-(dimethylamino)propyi)-3-

ethylcarbodiimide hydrochloride (“EDC”). After stirring 21 h at room temperature,

the lenses were rinsed with multiple changes of solution over 24 h. Extraction with

4M guanidine hydrochioride removed 3 pg unbound lactoferrin per lens. Hydrolysis
15 with concentrated HC] and subsequent amino acid analysis showed 63 ug bound

lactoferrin per lens.

Three lenses were incubated for 10 minutes at 35°C in 500ul bacterial
suspension, then washed three times in 1 ml PBS. Total count of attached bacteria
20 and a count of attached viable bacteria were carried out as for Example 2. Results for
strain Paerl are shown in Table 3. There was reduced growth after adhesion to

comntact lenses covalently coated with lactoferrin.
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The data showed that covalently bonded lactoferrin had a greater impact on bacterial

5 growth than that previously observed for lactoferrin adsorbed/absorbed to the contact
lens surface.

Example 4

10 P. aeruginosa 6294, P. aeruginosa ATCC 15442 and P. aeruginosa 6206
were added to contact lenses with covalently attached lactoferrin and assayed as
described in Example 2. The resuits show that these strains also show a reduction in
bacterial growth after exposure to lactoferrin covalently linked to the contact lens
surface

15
Table 4

Bacterial strain | % reduction in bacterial

‘growth — lactoferrin

lenses
6294 98
ATCC 15442 95

6206 b
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As can be seen in Table 5, lysozyme adsorbed to the contact lens only
reduced bacterial adhesion by 11% and this decrease in viability compared to total
counts was not statistically significant. On the other hand the lactoferrin adsorbed
lens showed a significant reduction in viability after initial adhesion (p<0.05). Thus

20 not all tear proteins, or all amine containing molecules, show significant reduction in

the ability of bacteria to grow after initial attachment.
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6. A process for producing a contact lens comprising the step of contacting at
least one surface of the lens with a coating effective amount of lactoferrin and a
coupling effective amount of a coupling agent or an activating amount of an

activating agent.

, 7. The process of claim 6, wherein the coating effective amount of lactoferrin is

1 to 100 mg per contact lens.

8 The contact lens of claim 5 wherein the copolymer of 2-
hydroxyethylmethacrylate is a lightly crosslinked copolymer of 2-
hydroxyethylmethacrylate.

9 The contact lens of claim 1 wherein amount of lactoferrin is about 0.1to
about 1000ug per contact lens.



