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PREVENTI ON OV@MBPE4 AL ADHESI ON ' pussiilibls
BACKGROUND COF THE | NVENTI ON 1. Field of Invention

The present invention relates to biostatjc conpositions, as well as
coatings and 5 met hods for preparing biostatic articles using

t he sane. 2. Description of Prior Art

There have been nunerous attenpts to concentrate antimcrobial, antiseptic
or ant i bi ot I c agents on the surface of biomaterials or

medi cal devices as a robability of
i TATE ROTINGS FQR THERPICTION

bacteri al adhesi on and subsequ
Several approaches havaANRE I10: , w Sl ntrapnment of
active conpounds or agents |n surface oatlngs cont ai ni ng

pol ymer |ayers or natrices, (2) the coupling of active agents
to surface polyners or coatg AERGHGUNDOE Tt DE

el ectrostatic forces and ( the coval ent or pondi ng of active
agents to the 15 surface of polyners or material s.

The first app oac%wchani cally entrapping agents within a pol ymer
matri x. The agent ly rel eased by two mechani sns i ncluding (a)

t he Tiebl piesehuih‘ienﬁomfelmdseo pioktgticcontpokitiohs) as well adgoatings andi on  of
the agent as a re 4‘('[ of osnpsi s. The second approach

i nvol ves the BSIhefs iopPEParg s?“Fé“ﬁEFW*ﬁﬁ?@?l als as a result

of an ionic bond or other internolecular forces of attraction.

I nternol ecul ar attractive

2.  Description of Prior Art

There have been numerous attempts to coficentrate antimicrobial, antiseptic or

antibiotic agents on the surface of biomaterials or medical devices as a means of

10 reducing the probability of bacterial adhesion and subsequent bacterial infection.
Several approaches have been undertaken including (1) the entrapment of active
compounds or agents in surface coatings containing polymer layers or matrices, (2)
the coupling of active agents to surface polymers or coatings via ionic or other
electrostatic forces and (3) the covalent or chemical bonding of active agents to the

15 surface of polymers or materials,

The first approach involves mechanically entrapping agents within a polymer
matrix. The agents are generally released by two mechanisms including (a) the
dissolution of the polymer material or (b) diffusion of the agent as a result of osmosis.

20 The second approach involves the coupling of agents to polymer materials as a result
of an ionic bond or other intermolecular forces of attraction. Intermolecular attractive
forces include dipole-dipole, London or dispersion forces, or hydrogen bonding.
These attractive forces occur as a result of the electronegativity or charge differences
between the polymer molecule and the active agent or agents. The mechanism of

25 release involves desorption of the active agent or agents from the polymer matrix.

The third approach involves the covalent binding of agents to polymers surfaces.




forces include dipol e-dipole, London or dispersion forces, or hydrogen

bondi ng. These attractive forces occur as a result of the
el ect ronegaé'*,{;hggs 1§ charge differences bet \@%qmsgg)ﬁogol ymer
nol ecul e an e active agent or agents. The nechani sm of

rel ease i nvol ves desorption of the active agent or agents fromthe pol ymer
mat ri x. The third approag2h involves the coval ent bindi ng of
agents to polyners surfaces.

2 This mclu’ﬂ& the joinihg dfthe themaktisls aga cdsult bfchemicahbdndforalations a
result of chem cal ond forna n. _Cogl nt bondi n% of

ant i mi cr obi aFovRREh ’Eﬁ &P?W?F‘%ﬁﬂtag?’ﬁ%@ PObYMST Fatrices S istemy whic

general l'y do é?lgltallfl ab ﬂaﬁ%leséeethémﬁd oPjoirled IaPsd uﬁ&&%rmm?ﬁysmwgml
phyS|oIog|caF condi tions. rel ease of the agent does

occur, it iscaditions| lfyclea;eafﬂlesgﬁn@dwomlsls generally as a resuliyefithgl ysi s of a
che cal bong drolvsi em Attenpts have been nade to use the
first approa%r%ly?r%%%éall yentrapplng agents in a
polymer matrix. For exanple, U S. Patent No. 4,603,152 to Laurin and

St upar di scl oses ant| m osi ti gns co risi ng 0 85% pol yneric
bi nder 10 Attempts %l"ell%%‘“i E‘a&b o ngﬂ MFE“QRPP% Xt ur es.

The antim Crgg? in 396H e &R, For example, U.S. Pate%tﬂbat‘. 803, ﬂs&%ﬁ&.{dﬁ%ﬁre whi ch
rel eases itse into Solutions to create an initial dbsage and

t hen provi deStupkrdigclasksvantimisrobial compositions eergprising 3o SQ%@vdlsnenc binder
Pat ent No 9, 096 .1 0 reparl ng
an§q5 %0%4 an%mwmbla me‘?f%g‘% of&n:&%:??.n%h i é&?ngc r’rﬁrPl sed of

ection-resrs erla
bi onedi cal p@bhiiﬁ-lhke stRskture which releases itselfaito @bl arsity ereatmau &iitlﬂfdoﬁgéhﬁﬂ crobi al

agents such as chl grhexi di_ne sal si |l yer salts. The
agents are r&%Mddqsﬂ’@WrB‘i"%‘@h“rf’ggﬁFBKS\Rﬂé‘?ﬂ%he i nf ecti on-resistant
material is in contact with fluids. U S. Patent

No. 5,133,090 to Modak and Sanpath di scI oses an antiviral glove
U.S. Patent No. 5,019,096 to Fox et al. relates to a method for preparing an

15 infection-resistant material or medical device comprised of biomedical polymers and
an effective amount of antimicrobial agents such as chlorhexidine salts and silver
salts. The agents are released in a controlled fashion when the infection-resistant

material is in contact with fluids.

20 U.S. Patent No. 5,133,090 to Modak and Sampath discloses an antiviral glove
which is comprised of an elastomeric material with an inner coating comprised of a
chlorhexidine salt and a lubricating agent which delivers the antiinfective agent within

10 minutes of exposure to an aqueous solution.

25 U.S. Patent No. 4,853,978 to Stockum and Surgicos is directed to an
antimicrobial medical glove possessing an inner coating comprised of a slow releasing
antimicrobial agent in a cross-linked starch. The coating affords slow-release of the

antimicrobial agent or agents in order to maintain a bacteria-free environment.

30 The above patents are directed to dissolution or diffusion of the antimicrobial

agent into solution.



which is conpriséd of an elastoneric material with an inner coating

conprised of a chl orhexidine salt and a lubricating agent
whi ch del i vergo bdpgsqant i i nfective agent within PCTASogigbddt €S Of
exposure to an aqueous sol ution. 25 U.S. Patent No.

4,853,978 to Stockumand Surgicos is directed to an _

antim crobial nedical glove possessing an inner coating conprised of a slow
rel easi ng antimcrobial agent in a cross-linked starch. The
coating affords slThaseceondapproash menoned above involves the cogplingrifegoits @l agent or
agents in or Rl nvi.ron

Tge above pa’?pg) nté"'qar e ’%ﬁ?“égt’%élf??{s tthge%‘gtoqs{at%?(’)rﬁe%?m&lQ???@P%Wdfﬁmphe

antim crobi alpolymer materials. For examplenU.S. Ratent¥d. 4{760/013 to Lorenz and Creasy
second approach nenti oned above .invol ves the

Th
2oupl ing of dgksl 'E‘Btmalscm?a‘“mga“amm Diatageptogplexed Wit a result of the
el egtrostati del)‘\ﬁ@lﬁﬁfdh@éheofwhﬁﬂH&Odé&gl%nﬁ\érwhnsoluble b¥ elﬂ% com]%lg)?édy

materials. For exanple, U S Patent No. 769, ren easy
relates to rrenoéwr%th@eca'hc medmaig\%nmahlstcapwbkerqfhcledsxrxgghammncrpblakagdnw th 5

ol yvi nyl pyrrol i d ch has been rendered insol uble by being conpl exed
\FI)\A'[K g ‘9 nchﬂact(\ﬁx V‘llf"é?hane The nedical material is capable of
rel easing the antim crobl al agent upon contact with water.

U S. Patent No. 4,381,380 to LaVeen et al. is directed to a thernoplastic
10 pol yurlzgh%%‘é‘tB‘Pt‘?al@spr"éhﬂé‘iFnﬁ alhisidiygetadtoraghermeoplastict eri al use.

Theygpol y T T Cpotyurethane article treateA%ifAI54ihe P atefbabiBfR"sS Ofh rtially
crosslinked E%ol{/ulﬁe?nﬁanlec ?A/rﬁach % 2 ecgoﬁmlq'ﬁ ed with
i odi ne. composition is comprised of a pamally crosshnked polyurethane whlch has been

complexed with iodine.

Other attempts have been made to use the second approach. U.S. Patent No.
15 4,539,239 to Sakamoto and Takagi discloses the use of chemically bound ion-
exchange groups, which serve to ionically bind active agents to the surface of
biomaterials. This patent also relates to a process for producing a urinary catheter
having film forming materials which possesses functional groups capable of being
converted into ion-exchange groups. The ion-exchange groups, described as
- 20 carboxylic acids, then ionically bind_ with antimicrobial agents. These materials serve

to release the agent into surrounding media as a result of changes in external media.

With this second approach, the active agents are bound somewhat loosely via
Van der Waals or ionic forces and ate readily released into surrounding environments
25 when in contact with solutions.

N Attempts have also been made to use the third approach mentioned above to
achieve covalent bonding of agents to polymer surfaces. U.S. Patent Nos. 4,973,493,
5,263,992, and 5,002,582 to Guire and Guire et al. disclose polymers, surfaces and
30 devices which are modified with biocompatible agents, including antimicrobial

compounds, whereby the polymer is chemically bound to a surface or device via a




O her attenpts have been nade to use the second approach. U.S. Patent No.

15 4,539,239 to Sakanpto and Takagi discl oses the use of
chemi cal ly bound ion- exchange groups, which r
i oni cal Iy bi nMO4¥P¢ agents to the surface of P%qﬁ%éosr'r{ast(agri als.

This patent also relates to a process for producing a urinary catheter
having filmform ng materials which possgsses functional groups capabl e of

bei ng converted into ion-exchange groups. The ion-exchange
groups, descr i jety which is re&oR§¥¢/ lo| Lphidfdchmicd 38MAulueRhgal Iy bi nd
with antim cr%}gﬁgﬁaﬁgéléﬁtngfmﬁgh%gecngt esj{oaﬁs soeafpve cremme to rel ease

t he agent i nt whareby the mtimigrobiatiagentis covatentiy bpursk to thecsurfecs vima diffeeanhal nedi a.
Wth this second, approa I.he active agents are bo 1S0 J.qosely via
Van der. Vol searveane: e dibRaffehin'E R iy EoBRU0 R IRl OF
envi ronnent s ginulus. The antimicrobfabagehi v Thaigdse patérdis moludé pemitillin and

Attenpts have al so been made to use the third approach nenti oned above to
achi £ve coval Bisez¥$adi ng of agents to pol ymer surfaces. U.S. Patent Nos.
4,973, 493, 5,263,992, and 5,002,582 to Guire and CGuire et

al . disclose polyners, surfaces and 30 devi ces which are

nmodi fi ed with bi ocDhesiidlstrface gadithe antimictobiil agenare ichémicallyi jeined in U.S.

compounds, whgr eb.L 1S LY I, o iOSHL Fakdote "RYLH, SRcdndtishace O devi ce

via a 4
chemcally [i Bﬁétaél\eﬁﬁ’éaﬁ%i‘esbdii{sﬁﬂ& gedup/sBEHPANSit6pHeyldzid detioatievraal stimul us
and whereby the antimcrobial agent is covalently bound to

thel@urface vbanzyltgnzoybdasivative, X is a linking moiqtygich oy €1-Grogli! erpHe add Bt ent
;tG?(r:rL: \ljg grl'(r)\g%n Pgnjg%:nrléoag? g%gg‘g:v ?‘gp%&glgﬁ a?ﬁr}%ﬂgggggglt%%rﬁkglﬁg?sﬁde penicillin
and 5 alkylcaibpgylz,\alieylthiols, alkylaldehydes, alkylmethylimidatess akkplisodyamates,ace and
the antimcr Obalk%'kisot gcr:]):[ana gsean Qﬁ(r?lh%ﬁllésy Ljy(sjcizr)]'rei‘g isi, ar}l eLr{'zySrhe (protein) which

dissolves the bacterial cell wall mucopolysaccharides by hydrolyzing the (1-+4)

15 linkages between N-acetyl-D-muramic acid and 2-acetylamino-2-deoxy-D-glucose
residues. Penicillin is a broad spectrum B-lactam antibiotic which inhibits bacterial
cell wall synthesis. The above patents, however, require the use of photochemically

reactive groups.

20 In contrast, the present invention provides a polymer-bound antimicrobial
moiety which when applied to a surface of an article reduces the probability of
microorganism adherence and thus the possibility of infection without the use of
photochemical stimulus. The polymer-bound antimicrobial moiety does not release
the antimicrobial agent into solution and does not reduce the antimicrobial properties

25 of the antimicrobial agent below its capability of acting as a biostatic agent.

For a better understanding of the present invention, together with other and
further objects, reference is made to the following description taken in conjunction

with the examples, the scope of which is set forth in the appended claims.



Patent No. 5,263,992 as in the followng fornula: A-X-B; wherein Ais a
phot ochem cal |l y responsive group such as a nitrophenyl azi de derivative or a
10 Q@d" g_}ﬁgnzoyl derivative, X is a linking noiety pTalsoss6046
Cerr]-Cerr] al’kyl group and Bis a t hernochem cal |y
reactive group such as a nitrophenyl halides, alkylam nes,

al kyl car boxyl s, al kylthiols, alkylaldehyides, alkyl nmethylim dates,

al kyl i socyanat es, al kyl i sot hi ocyanates and al kyl hal i des.
Lysozynme is an enzyne ( ' - ol ves the
bacterial cell wal] nucoppl ysaccharides by hydrolyzing. [ .1-4) 15
| i nkages bet ween Ll\lrl-h%\B'i-?f InMeRipn AR gloﬁﬁﬁcéﬂ%&ﬂl& fXHeH&:ﬁé]ﬁd p%‘reh&ﬂg

2- acet yl am NQseR0 QK ¥idroWlhAl@R&ton. The composition contis @Y £hydréjhilicpdlymer i s a
broad spectrum [err]-lactam antibiotic which inhibits bacterial

cel | wall syrosssssing a fonetioapbgreupwhichcavalgngiydeads tO@é&mfreeﬁleﬁecagg‘@Wbe
pho%ochem’ cal,l

i i i 0 tiniCrobial agent covalently | N
rast, thehyéfo&leaﬁ? Ve Bven? fl'%nﬁxﬁg?rg%ﬁaiéggseﬂg, %%%}ﬁguﬁda%eﬁt ‘i"or;’iacc Po i al

con

nmoi ety whi ch peaadtcth@hydecbHilic polymert &) e compatiblepelymex and) e eslventie
probability of m cr oor gani sm adherence and thus the
possibility of infection w thout the use of phot ochem cal

stimulus. The pol yfRmRauRd gfitbiisitdpable ioftovaltney YoktRRsStonatantiRiceatia _
the antim crobial agent into solution and does not reduce the_antim crobial

properti es 25agent without effectivgly reducing antimicrabial aroprsre af the antimicrabial aggmbi | ity
of gcting as bi gst at j.¢. agens. . . . . a better

under st andi ngged w?‘ﬁ8apﬁir)ﬁe;lge%fac%n?ﬁ/aesnatl?‘%sr%ncta S‘é‘t"ﬁ% e t\/}\lnostnﬁelg?s#gé“]gnd

further obj ecamimitrebial featinion sshaient o t he fol | owi ng description taken in

conj unction wi th the exanples, the scope of which is set
forth in the appended cl ai ns.
> The hydrophilic polymer Skt iOhotifkitddRE, RN Tydrblatdidolher

The present invention’is a biostatic conposition for reducing an

preventing  orprepolymer, anmieic anhiygtidepolymner: amaigic anptydddesopolymer.anobdi t i on
contains (a) aavdrophili r 'ggmgf ncti onal
gr o&% whi ch 08315?"%? lpgiygéﬁlg@% i}é@g,nanaar%ryrl]aet? p?lﬁllng’l" ’an g?’ﬁ%@ , or T, al

ethylene oxide modified polymer, and an ethylene oxide modified copolymer.

The antimicrobial agent can be any antimicrobial or antimicrobial derivative
having an amine, thiol, carboxyl, or hydroxyl reactive group.
20
The compatible polymer includes homopolymers or copolymers that are
chemically compatible with the present composition and do not interfere with
biostatic performance. The function of the compatible polymer is to provide
increased lubricity as a result of water absorption or to improve the adhesion of the

25 polymers or coatings to the surface of an article.

The solvent can be, but is not limited to, methyl ethyl ketones, N-
methylpyrrolidinones, tetrahydrofurans, ethyl lactates, dichloromethanes,
chloroforms, ethyl acetates, propylene glycol methyl ethers, propylene glycol methyl

30 ether acetates, alcohols, ethers, esters, aromatics, chlorinated hydrocarbons,

hydrocarbons, water and mixtures thereof.

g e YT



5 hydr oxyl active group of antimcrobial agents; (b) an

antim crobial agent covalently bound to the hydrophilic
polymer; (c) a conpatible polyner; and (d) a sol vent.

The functi on&ioﬁpg{)‘fb i s capabl e of covalently bonding to al Antrirctobial
agent without effectively reducing antimcrobial property of the

antim crobial agent 10 bel ow i tgs capability of acting as a

bi ostatic agent and wi thout releasing the anti m crobi al

agent into a sol Ui} Gk preferred embodiment, the present compdsifiohfigtheftahtaing apleAyy MEr can
be, but is not Ilmteapto, a pol yur et hane pol yner

or
prepol ymer, coneadditive. dheypdditivecande,bvbis noplimiiediocchemigpally nersreaetpsl yner, a
pol yol 15 S | vne I ' | WARS { L ate.- r, an
acryl ate COpMW@PTSP%‘“ﬁ]y “g"'p&“‘?e%ﬁ%f’ﬁé}r ene ‘?Q?ggg%é!ﬁ‘f?ei %ﬁ?&%@er, and
an ethyl ene ogests, saiFatitdnts; theta parhpleses, plasticizers, dyes, lubricants, stabilizers, The

antim crobial agent cgpn be any antimcrobial or antini.crobial derivative
havitig an am HEloBHRefifers.frageipsts. PIERER aURTRPR At PO TORRARENS 20
The conpati bl l'ﬁbr@&h%”ﬁﬁi-thﬁ?ﬂﬂd c PRI IEBNNE, ABEntS, QR miXtRleS tehtal, are

chemcally conpatible wth the present conposition and do not interfere

wth bi ostatic performance. The function of the conpatible
polymer is to provide

N Yol 1 G sult of
wat er absorption P a?%hﬁrr%ﬁf%eed et"hbgd'éncfﬁ{églfédﬁ%gﬁgl %‘gﬂ%s(h ptol’yn?é b%m%agl ymers or
coatings to t&fintittobialofoiefy formedbyiredcting a hydrophilic polymer with an antimicrobie? sol vent
can_be, but is not limted taq, get hél et hyl ketones, N
met M1 pyrr ol i #8RUALEY™ 3 eavalspt band therebpweensi hy| | actates, di chl or onet hanes,
chl orof ornms, ethyl acetates, propylene glycol nethyl ethers, propylene
gl ycol methyl 30 ether acetates, alcohols, ethers, esters,
aromatics, chl ori rEhequesagtdnesotionisnalso a coating for reducing and prevensingbadierial wat er
and mi xtures m%giggf The coating is formed from a composition containing (a) a hydrophilic

polymer possessing a functional group which reacts with and covalently bonds to an

15 amine, thiol, carboxyl, or hydroxyl active group of antimicrobial agents; (b) an
antimicrobial agent which covalently bonds to the hydrophilic polymer; (c) a
compatible polymer; (d) a solvent; and (¢) optionally at least one additive. The
solvent in the composition is then evaporated, and thereby leaving behind a biostatic
coating.

20

The present invention is also a method for preparing a biostatic article by (a)

preparing a composition containing a hydrophilic polymer possessing a functional
group which reacts with and covalently bonds to an amine, thiol, carboxyl, or
hydroxyl active group of antimicrobial agents; an antimicrobial agent which

25 covalently bonds to the hydrophilic polymer; a compatible polymer; a solvent; and at
least one additive; (b) applying the composition to the surface of the article; (c)

allowing the solvent of the composition to dry; and (d) curing the article.



6 ' " In one preferred enbodi nent, the present
conposition further contains at |east one additive. The
addi tive can ‘@(299,:89}4 is not limted to, chem cally non-reactkicfRsosn6046
antibiotics, chéeém<cally non-reactive antiseptics, chemcally non-reactive
antim crobi al agents, surfactants, netal conpl exes,

pl astici zers, dyes, lubricants, stabilizers, 5 r heol ogy

nodi fiers, fragrances, pignents, visualization aids, anti-foam agents,

| ubricants, anti - tAy g ieiptesagdineatiohadvahthguslp gravifesn k polymerisysiext ur es

t her eof . . ILn_anot her preferred enbqdi nent, the

i nventi on i ndosweEnga pRyaleRtly opehsmically bound anti ‘°"°b‘alaﬁ¥F‘Ftﬁ§‘aé$B‘f§i“8F relfgscet v

formed by reaghirffo SoliHsQRAL the sdd (HHBHoedinble Rt A telideiRDirfinidBbial

agent to forma coval ent bond therebetween. The
present i nvergropantyitelow Bocapabibitytof actinfgas abeastatic agerénd preventi ng bacteri al
adhssi on. The coating is formed froma conposition containing (a) a
hydrophi lic pol ymer possessing a functional group which
reacts with and copilpeesehtinatiesalk®advantdfeously provides a polyifier §ystetrWiich
carboxyl, or h droxifl active group of antimcrobial, agents; (b) _an

anti ni cr obi alwé?)‘éi’ﬂ’ igthtocrsurfaceredices ndpsergatsmycrontgapisaaghatence andibus ner :  (c)

a reduces [;)E@sabmqeomicm and BhcteiaPibetfigh.; and (e) optionally at
| east one additive. e solvent 1n the conposition is then
evapor ated, and thereby |eaving behind a biostatic coat i ng.

20 .Jhe present invention,is also.a.nmethod.for
preffiring a bi ost al PR 'BV@“B@E%%?AVM{;%O“AY reduces the B %?r}\?ﬂgﬁﬁmn
conposi ti on cenhakurfaes oBmbdiedl @Rftidsi ¢ pol yner possessing a functional

group which reacts with and coval ently bonds to an am ne, thiol, carboxyl,
or hydr oxyl active group of antim crobial agents; an

anti m crobi al age | : ; %%JJ ophilic
pol ynmer; a conpat mééﬂ%%ﬁ/ﬁgﬁmg a]s'?g Ia‘\i/veaﬁ%,gygdrsl at‘Xdé}(y}ﬁh%qﬁe9 s)tsl&% m‘ﬂgast one
addi tive; (b)exhitsyeduged bastariahpdbsientoin athactetial aderénwe assay withent displaging; (c)

al | Py ng t he g%%eo'}tinh%itigﬂe conposition to dry; and (d) curing the article.

Figure 1 illustrates a polymer-bound antimicrobial moiety produced by
) reacting polyurethane polyisocyanate with hexetidine to form a covalent bond via
20 urea linkage.

Figure 2 illustrates a polymer-bound antimicrobial moiety produced by
reacting maleic anhydride with hexetidine to form a covalent bond via amide linkage.

25 Figure 3 illustrates a polymer-bound antimicrobial moiety produced by
reacting a polymer possessing an epoxy group with hexetidine to form a covalent
bond via an alkylamine linkage.

DETAILED DESCRIPTION OF THE INVENTION
30 The present invention is a biostatic composition for reducing and preventing

bacterial or microbial adhesion. The composition contains (a) a hydrophilic polymer



7 As a result, the present invention advantageously
provi des a pol yner system possessing a covalently or

chem cally bound antim crobial agent that does not rel ease _
itself into ¥NWFWs and at the sane tinme does not effecti VelYSBREUEe its

antim crobi al property below its capability of acting as a
bi ostatic agent. 5 glhe present invention also
advant ageously provi des a pol yner system which when appli ed

to a surface poadifins MAdioRAIAB it EALLARRLE CARRGY BOHE I AR boliRl!S

reduces the prob ity of mcrobial and bacterial 1™nfection.

The present ithiok parbexyl,or bydraxit active granpsif pntireibenbid agints; ) @h hntirnierdbiad f
friction f the. surf.ace..of dical articles. .

The present i %“éﬁ?‘.’%eﬁ“‘&?’g%“dgab‘g ggg&l}g P?f;'%}ew?)oae%‘mh"aﬂé# paigmeggad () whi ch
exhi bits reducelveMadhe presdnt osHiguskivasare Also cffoive afahst AHPifNeastassay Wi t hout
di spl ayi ng 15 a zone of inhibition.

BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1

illustrates a pol YHE&mPS e | Qls1: DI : . .
reacting pol yuret hane poﬁ%@%aﬁt g%bﬁllﬂgﬁg‘wrd%%q@ggﬁrg?érﬁné “(’:lg'val ent
bond vi a 20 and covalently bending tolan gatimicrobial agent without effectively reducingur e 2

illustrates a_pol n-bound antin crobial  ety,produced by,

reacting mal &' émé%?rf@%]lpfod’@'qw’f‘ﬁe ﬁ@%‘ﬁ°§1“ﬁﬁg°§gi’$ﬁ‘¥r‘?‘? 531’@&?)51 FFUEAE via ani de
| i nkage. 2%iostatic agent and without releabing) tHe@nBmidrébifitag @it &to 8 sdl@lionyer - bound

ant.im crobi al_ noi ety ‘Q‘r oduced_ by reacti ng a pol yner

podfessing arExapBles ofjihg mctipnah giquR include.hut ars noblimited togiseayanates,
bond via an gidibayahaes, ki a8Rhydes, N-h inimi i JA LED
DeSCR! P o & 'I!H%r{}] s, =etals Wdehydes, N-hydroxysuccinimide esters, epoxides, carboxylid

esters, tresylates, anhydrides, alkyl halides, carboxylic acids, haloketones, alkenes,

alkynes, and acyl chlorides.

15 The hydrophilic polymer can be, but is not limited to, a polyurethane polymer,
a maleic anhydride polymer, a maleic anhydride copolymer, a polyol polymer, a
polyamine polymer, an acrylate polymer, an acrylate copolymer, an ethylene oxide

modified polymer, and an ethylene oxide modified copolymer.

20 Polyurethane polymers are derived from polyurethane polyisocyanate
prepolymers. The polyurethane polyisocyanate prepolymers can be derived from
reacting (i) an aromatic or aliphatic polyisocyanate and (ii) a polyether polyol or
polyester polyol or a polyamine. The polyurethane polyisocyanate prepolymers can
also be prepared by reacting (i) an aromatic or aliphatic polyisocyanate with (i) a

25 polyether polyol or a polyester polyol or a polyamine which has been modified with
an antimicrobial agent.

Examples of polyether polyols are, but are not limited to, polytetramethylene
ether glycol, poly(ethylene glycol), poly(1,2-butanediol), poly(1,2-butylene glycol) or
30 poly(propylene glycol).



30 ' The present invention is a biostatic conposition for

reduci ng and preventing - bacterial or mcrobial adhesion. The
conposi tion Gpyhedses (@) a hydrophilic pol ymer PCT/US98/2604

8 possessing a functional group which reacts with an

coval ently bonds to an am ne, t hi ol , carboxyl, or hydroxyl

active group of antimcrobial agents; (I® an anti m' crobi al
agent coval ently bound to the hydrophilic polyner; (c) a conpatible
pol ymer; and (d) Examples of polyester polgal$ arestiut ar€lnet limiatwo] thoserderised frams ar e
al so effectiv f | and yeast. 5 . .. The
functi onal tﬁ%ﬁ&gf #\%‘ #nfg YB%'H?’VX’E aﬁ%ﬁ Prrfgrably dicatbaxylic agids, R8s ng wi t h
and coval ent | 3digie Rebiabig, ;smaaana isophthali€; iephtlalid dRakic, Maldifd suR{di€ ptdide! v
reduci ng antim crobi al property of the antim crobi al agent
bel ow i t's capaslohrape-d2-digarhaxylie, syglohexane-1,4-dicarboxylichpalyaclicaianelene-and
W t lrout rel ea n rs It

o ﬁ? 'agaxtbgfylﬁ: i€ ibAL %%Hﬁla{)&l a?boq(gﬁ %las] w#‘x Pé‘laalftgxols,

Exanpl es of t unctl ohal group A
i socyanat es, preferably diols such as ethplet giygoda,nﬁﬂth)ﬂcne@)toer pentagl e \dyserol,

L1 oty ot be.  aRRg R araenofimiye, iR hekoneByDoRe: viiariols sen wiarons.

al kenes, alcohols suchascﬁlah&&ﬁﬁme ARdin8sbbarel) 40k iLs.
The hydr ophilic polyner can be, but llnsﬁﬁgt |mt1e ?%mo mmoLPelentaﬂahe
pol yner, 1-6-amino emeblﬁﬂmmoée%nﬂyﬁﬂmd@-ﬁomm}mﬁmxanal-hm -ei ¢ anhydri de

copgl yner, am ne
acryl ate pol yl%w&an gcr yl'a 1mlﬂec%tc orOlﬁeswrs denver%ﬁ § 08%18@‘:3%%“3““
modi fi ed pol yﬂifdaqtomslwnhtpob'ﬁmphmbcomgodﬁdsmndi afslaagl of G afoydtBentione 20

Pol yur et hane I rs ar erived from pol yuret hane pol yi socyanate
pr epol yners. W%’E‘PGS glFPad]F‘Fe | yi socyanate prepol ymers can be derived

from reacting (i) an aromatic or aliphatic polyisocyanate
and (ii) a polyether polyol or 0l yester polyol or a
pol yani ne. The po|§wwleﬁaﬁmlww¢sgwmmt@rmgmm $,2ediamino-2-

al o5 be. br CPaEflyRroph2 fblaRlche it A Rlinfindey BeRiIR] 17 PO! V1 socyanat e

heptanediamine, 1,8-diaminooctane, 1,9-nonanediamine, diaminonaphthalene,
polyethyleneimine, poly(allylamine hydrochloride), poly(propylene glycol)bis(2-
aminopropyl ether), and poly(propyleneglycol)-poly(ethyleneglycol)-poly(propylene
glycol)bis(2-aminopropylether).

20
The polyether, polyester, and polyamine polyols can be modified with an
antimicrobial by using standard organic chemistry reactions including nucleophilic,
substitution or condensation reactions.
25 Suitable examples of polyurethane polyisocyanate prepolymers are, but are not

limit to, ricinoleic acid glyceride of diphenylmethane diisocyanate (MDI),
polytetramethylene ether glycol-diphenylmethane diisocyanate (MDI),
polytetramethylene ether glycol-tolylene diisocyanate (TDI), polytetramethylene ether
glycol-isophorone diisocyanate (IPDI), poly(1 ,4-oxybutylehe)glycol-diphenylmethane
30 diisocyanate (MDI), poly(1 s4-oxybutylene)glycol-tolylene diisocyanate (TDI),
poly(1,4-oxybutylene)glycol-isophorone diisocyanate (IPDI), polyethylene glycol-




25 pol yet her polyol or a polyester polyol or a polyam ne which
has been nodified with an antim crobial agent.

Exanpl es of r polyols are, but are not limted to,
pol yt et r anet %%@ﬁ%?& ether glycol, poly(ethyl eRETYSIRASPIS,
pol y(1, 2- but anedi ol ), poly(1, 2-butylene glycol) or 30

pol y( propyl ene gl ycol). 10
9 Exanpl es of pol yester polyols are, but are not

limted to, tdighesylthethanediisotytte (MDI), polyethylene £19€013OINRAOGidoLate |

pol ycar boxyl ﬁpﬁcms pir eferably di carhboxylic acids, such as

adi pi c, sebaddP). plysihylene slygogpﬁqphfapmusgmﬁflﬁau polyeppeglactonerral oni c,
succini c, malgiven i = o (MeF-1s '

cycl ohexane- fﬁ%}%-ﬁ}ngglra%%ili/slofgna%é yajc’ ?el? F%pﬁgl%?%aﬁgi@ﬁef tﬁgé@éﬂn%te (TDD,

1, 2- di car boxydolysaprélactané-isopharensaliisocyamatei(IBDEi palyethilemradipaet i ¢ aci ds with

pol yal cohol s, .. . r ef I I ol s such as ethyl ene glycol,

di e%‘éhyl ene gldf/%hg{“,’lmﬁtehﬁ? %%’fsﬁﬁ%%?‘?tem Péliyg‘y?ene adipate-tolylene g}éef:)@f‘?tm ,
triethanol am(wpl), polfdRylend uaiiatxiseptoyint aliftRyanatd (IPDBH! polt&ttanedyip! anm no-
al cohol s such,.as et hanol am ne, 3-ani nopropanol , 4-ani nopropanol,

5- ami nopent arfiyphenylmethane diisocyanate (MDI), polytstrasgthylene-1olylent didsveyzantel |

6- am no- 5- metdipnhssg 7 Fa. T ' | benzyl am ne etc.
Pol yesters dedrribv)gg ?{raggn?%%lg?eo%% RP%’B‘/‘%%‘H&%W?E%‘F pgwwmtwlem of

| act ones wi t Ipohypropylene adipated diphempimetitiae diisvoyamtegMDIyfpolyethykher ement i oned
polal cohol s o.b sed. . Exanpl es of
pol liéam' nes i W%ﬁ%ﬁ% ,glfegﬁ?&glé{gg‘ﬂ?ﬂl(ew fiisopyznate ST, and pglyethylene polyprgpylene
met hyl pr opanesdipaxissphbfoyit @ity iste (ERDIY. Phélprefehredpil-reheaifyi ;

hept anedi am ne, am nooc?a_neer( 1, é nonanedi agn' %e, di am n%ngiz)rﬁtteﬁal ene,

pol yet hyl enei®#if Wé ngggiegp(a&;q %W%Fﬁ'fiﬁ ef diphenylamsthang diiyocyanate(MPDpy/| ene
pol . propy! sl ety 2iar et AHARBA R fulfbenlly AapD prpotymers
gl ycol ) bi s(2-am nopropyl et her). 20
15 The maleic anhydride polymer and a maleic anhydride copolymer can be
poly(styrene-maleic anhydride), poly(methylvinylether-maleic anhydride),
poly(ethylene-maleic anhydride), poly(maleic anhydride-octadecene), poly(butadiene-
maleic anhydride), poly(vinylacetate-maleic anhydride), or poly(vinylmethylether-
maleic anhydride) preferably poly(styrene-maleic anhydride) and more preferably
20 poly(vinylacetate-maleic anhydride).

The acrylate polymer and acrylate copolymer can be poly(ethyl acrylate),
poly(ethyl methacrylate), poly(butyl acrylate), poly(butyl methacrylate),
poly(methacrylate methylmethacrylate methacrylic acid), poly(acrylic anhydride),

25 poly(methyl methacrylate), poly(methyl methacrylate butyl methacr)-'late),
poly(methyl methacrylate ethyl methacrylate) or poly(trifluoroethyl methacrylate),
preferably poly(ethyl acrylate), and more preferably poly(acrylic anhydride).

The ethylene oxide modified polymer and ethylene oxide modified copolymer
30 can be poly(propylene glycol) diglycidyl ether, poly(allylglycidy! ether ethylene
glycol), poly(ethylene-glycidyl methacrylate), poly(ethylene-methyl acrylate-glycidyl



The pol yet her, pbl yestér, and pol yam ne polyols can be nodified with an
antim crobial by using standard organic chem stry reactions including

nucl eophi | i Cwo 99733344 substitution or condensation r e@qisosseoss 25
Sui t abl e exanpl es of pol yurethane pol yi socyanate prepolyners are, but are
not limt to, ricinoleic acid glyceride of diphenylnethane
di i socyanate (M), poI ytlét ramet hyl ene et her

gl ycol - di phenyl net hane diisocyanate (NDI

1),
pol yt et r anet hyd:ttmevl@ts}a pelybutedienie fumstipnalized withepexyfhudrexy(growp, and any
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techmquesiinemamglumeamﬁsn efmﬁ&ﬁyam& %3,&11&’911311 of@ﬁiol‘x?&rlmé' ene

gl ycol -tol yl ene diisocyanate pol yet hyl ene
gl ycol -i sophorone diisocyanate (IPD), polycaprolactone-

((Jlll_;t))lh)enyl met hane dl.t-h%%% mg%e A}I‘N% i_oﬁgqm ‘ﬁ%ﬁ%’ﬁg’te%gﬁ’gé%{,gh%?‘e di,i socyanat e

pol yet hyl ene @.dt@ﬁoﬁHS Wt.%, preferably frorfiabdue 0)il toRbOR Bews) £dayEe ie@erétwl
pol yt hyl ene g paj e- toI yl ene dii socyanat e (TDI ?

pol yet hyl ene W 0;148 shRt 4¥8-"8i i socyanate (1PDI), pol yt etranet hyl ene-
di pfgnyl met hane d| | socyanate (MDI), polytetranethyl ene- tolylene

di i socyanat e (TDI'), polytetranethylene- isophorone

dii socyanate (! PDI The qnbhmbzgllamcan be any antlmlcroblalpulaylpnmmbﬁédaxwwpat e-

SLJFCS%LSFEEZF I | S%Li{oﬁwﬁ ﬁaé% EB@%?Y]@ éélaf negrfl’g%(nd pol yet hyl ene

pol ypr opyl ene adi pat e-i sophorone diisocyanate (IPD). The
preferred pol yuret ane nat are the r|C|noIe|c
acid gl yceride of ﬁg%gbgl,qgg%%rflgpgatwfh%phy dropyrimidine.

pol y4 et r amet hﬂ@a&e%aa&e&mﬁmmﬂm@am ﬁ@&ﬁm@ ﬁaei@{rh}s Zg%%ré %@mm

prepol yners. he nal el c anhy r and a
mal ei ¢ anhydr mmgugl@p@l 3gent whighhasdound use in topical preparations for skm and body-

cavity infections. The mode of activity of hexetidine is unknown; however, it is noted

for its ability to block the utilization of thiamine.

20 Hexahydropyrimidine derivatives may be prepared as described by Murray
‘Senkas in Journal of the American Chemical Society (1946) 68, 1611-1613. Typical
reactions involve the condensation of lsubstituted amines with formaldehyde followed
by reaction with a compound, which possesses an active hydrogen such as
nitromethane vig a Mannich-type reagtion. For example, the preparation of 1,3-bis(2-
25 ethylhexyl)-5-amino-5-methylhexahydropyrimidine (Hexetidine) is prepared by the
reaction of 2-ethylhexylamine with formaldehyde followed by reaction with
nitroethane. The 5-aminohexahydropyrimidine derivative can then be prepared by
catalytic hydrogenation using Raney Nickel.




pol y(styrene-mal ei ¢ anhydride), poly(methylvinylether-maleic anhydride),
pol y(et hyl ene-mal ei ¢ anhydride), poly(maleic anhydri de-octadecene),

pol y(but adi e mal ei ¢ anhydride), poly(vi n c"‘lﬁgsn) | eic
anhydri de), g\fb poﬁyfw nyl et hyl et her - mal ei ¢ an y%%l d‘ghrﬁ
preferably poly(styrene-mal eic anhydride) and nore preferably 20

pol y(vi nyl acet at e- mal ei ¢ anhydri de). 12 The acryl ate
pol ymer and acryl ate copol yner can be poly(ethyl acrylate),
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preferably pdk3rbis 1L'Byﬁnsamowl)rﬁél)'dtowrdetlxthecaEyC};émxabdlye ﬁeﬁrm(m;mylgs(d ,3- .
anh dride). e et epe oxi i.e ymer an
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gl ycol), pol y(et h(yil ene- yC| d met hacryl at e)5 y(et hyl ene- et hyl

acryl at e- gl y ydropyrimidine, an S-mtro—l »3-bis(methyl)-5- . it

11 yd A dbfyrimilgk.y but adl ene functionalized wt

epoxy/ hydr oxyh grrogulg,g&m%[ airll(f/} : gl yci dyl ether end-capped or

nodi fied pol yner, preferably polyners end-capped with

I dyl ether, a erct ol vnmers .nmodified wih glycidyl ether.
I%o%/@ne?/s =ne The %"518‘%2’@ s gﬂg@’ﬁﬁxﬁs&‘@v‘w %ﬁu"(’?&ﬁmﬁt ng’ég%d using a
variety of stigdtbaybreadtioapoap cdmbine with the fundtiofidl Ridup @§ the hGhrdphing t he
oxi dati on of a&kenes or t ag%gcl i zation of hal ohydrins.

The per cent aRobRer g form cay pnds. B%egfmpleﬂhefq@@cﬂ#p@@mmo\nﬂua@ f rom about
0.1 to about jQyikatformy ﬂr@i BoHaY ReAH ?P%ﬁné@ %&%ﬂ %&Eﬁcyga\’gfoﬁs gnd nore

preferably from about
thiourea, Reaction of an amine with an ester, a carboxylic ester, an N-

15 hydroxysuccinimide ester, a carboxylic acid or an acyl chloride affords an amide
linkage. Reaction of an amine with an epoxide, or alkylhalide produces an alkylamine
linkage. Reaction of a hydroxyl group with an isocyanate affords a hydroxyurea
linkage. Hydroxyl groups combine with esters, carboxylic esters, N-

hydroxysuccinimide esters, carboxylic acids or acyl chlorides to produce carboxylic

20 esters.

The percentage of the antimicrobial agent in the composition is from about 0.1
to about 7 wt.%, preferably from about 0.1 to about 1 wt.%, and more preferably from
about 0.1 to about 0.5 wt.%.

25

Examples of compatible polymer include, but are not limited to,
homopolymers or copolymers derived from a-olefins, vinyl chlorides, vinylidene
chlorides, ethyleneoxides, propyleneoxides, pyrrolidones, vinylpyrrolidones,
hydroxyethylmethacrylates, methacrylates, polysaccharides, acrylamides,

30 methacrylamides, peptides, proteins, nylons, silicone derivatives, acrylic acids,

methacrylic acids, vinyl acetates, vinyl alcohols, vinyl ethers, celluloses, aromatic



10 The antim crobial agent can be any anti m crobi al
or antimcrobial derivative havi ng an am ne, thiol, carboxyl,
or hydroxyl rwe®ps3ses group. The pr ef BET/BEP8/26046
antim crobial agents are derivatives of hexahydropyrimdine. 15

The nore preferred antim crobial agent iginhexetidi ne. Hexetidine is a broad
spectrum antim crobi al agent which has found use in topical
preparations for skin a ody- . avi | nf ect i . The node
b “hetivi by ofisnesaiePuRenstS Sinevammes momivres 1, g Blogton S

for its abiligm ﬁbl&?@%&hﬁo%ﬁdﬁ&feilﬁﬂﬁcﬁ? of the@Bate@article 20 a result of water
Hexahydropyrim di ne derivatives nmay be prepared as described by Mirray
Senkas i nJour #heprpgipn apdborApimproxe theadhgsion) of Sisqrolymers arxpatingsdo thegurfaces 13,

Typi cal of an articl reactions involve the condensation of substituted
amnes with forma dce?iydefollowed by reaction with a
congound, whi ch possesses an active hydrogen such as

ni t romet hane vi a Manni ch-t reacti.on. ,For ex I t he preparation of 1
'3bis(2- 25 ThesoleRyeanb s ichon limisd i, st PRUKetRPES 1 1 m i ne
(Hexetidine) hRmRifHRaliditoky, fehghydrofurans, ethyl lactate$, dfhidréfetRines,

2- et hyl hexyl ami ne with formal dehyde followed by reaction with

ni t roet hane. ¥hleroformsi ety agetatosi PPy leperBlyrelanatley! iethsts, propylare glyrah msthybr epar ed

b | ¥t hGih | ! '
3 oner acSle Aol AR EIEEL 4 ORalG PR TRIRE BRI v s ves

| ncl@des, but hpdrecanixins) watert and nhitures thereof.
1, 3-bi s(1- et hyl - 3, 5- di oxa- cycl ohexyl ) - 5-am no- 5- et hyl hexahydr opyri m di ne,
1, 3-

gi_ s I( tl; gt_et hyl -3, 5- dﬂéﬁm%?%@ﬁ?&g&?ﬁollméﬁ&mw Qomaif§ AN¥dsheneAARFEPYRd M di ne,
, 3- di i sopr opy [aydi§vecanhe,Eutis noy limdted ks, eheapipallyRoniraactive antibiatiss, chemgicallys ( 1, 3-
2 i o 1, 3. bR O TASRIEdES RN BARGH RANIACARNA bFofl Aftactans,
5- méf hyl hexahyshtal pymplekek, arei-foameagents,-pigrierits, visthalization sidy) fragrahdes, dyes,
hexahydr opyri r;iag{l{]zgr’s, l%rgcagfs,r] Jh%glg é} in%&i%ierssf Heagtxfé}/zle)s: a5.n-ti-thrombo genic agents,

bioeffecting agents, or mixtures thereof. Examples of antithrombogenic agents

include heparin, streptokinase, tissue plasminogen activator and urokinase. Examples

of surfactants and anti-foam agents include alkylphenol alkoxylates, nonionic and

20 ionic glucosides or polyglucosides, alkylammonium sulfates or sulfosuccinates,

silicone derivatives or fluorinated alkyl alkoxylates.

The invention also includes a polymer-bound antimicrobial moiety formed by
reacting a hydrophilic polymer with an antimicrobial agent to form a covalent bond
25 therebetween.

When subjected to an extraction assay, the polymer-bound antimicrobial
moiety cannot be extracted from solutions. Additionally, the polymer-bound
antimjcrobial moiety is compatible with a number of substrates, including

30 polyurethane, polyvinyl chloride, silicon, latex, nylon, etc.




hydr oxynmet hyl hexahydr opyri m di ne. 10 The antim crobi al
agents or derivatives having an am ne, thiol, carboxyl or

hydr oxyl rea%éyﬁsgfqoup conbine with the functional group o 598,2604
hydr ophilic pol ynmer to form coval ent bonds. For exarrp , the
reaction of an amne with an | socyanate forns a urea bond.

Reaction of an amne with an isothiocyaate forns a

t hi ourea. Reaction of an am ne with an ester, a carboxylic ester, an N 15

hydr oxysucci ni m d'e‘hmtxebfthahychbﬁlﬂuqﬂaolmamndt}ﬁranmmoa@bm agéﬂtisrﬁcdﬁawuior ds an

am de kage. Reaction of an amne with an epoxide, or

al kyl hal i de ISrIdBGE%léQ]l’aﬂrkfﬁaQW\fFPé‘ about 1:1 to about 40.1.| j hkage. Reaction of a

hydroxyl group with an isocyanate affords a hydroxyurea

| i nkage. Hydroxyl groups conbine with esters, carboxylic esters, N

hydr oxysucci ni m dEigs@tleiilsstraiartmz;dtibmOéti»dmcﬂmmqnpﬂyisdaymatedaéﬁx to produce

carpoxylic g percent age
?‘E’f%‘Sinﬁ o fexm r*“i‘t”fyr‘\“%“ha@e OB SdF- iThe F?‘éﬂlﬁ“éB‘Zﬂ?tf"’ﬁnﬁf

of The antim

to about 7 wthiSeaspisef @ealidkagé. rFigure R detofbtritel theakuetibn df hﬂket%neaﬁidl nor e
preferably from, about 0.1 to_about 0.5 wt.%

Exanpl es of mgm#%depmmcmw hound hexetidipg. Thqhopééowd
honopol ynersb@{weeﬁmalpxryﬁ{e?m%eﬂexxm&s9&%@%&@' %ﬁr@%ﬂdl y&e% 64 des

vinyl i dene chl orides eneOX| eneoxi
pyrrol i donesofe pnlquypossﬂssldg amepoxide group thh hexeudniwdndu;/mdayhermﬂ)hmﬂ yI ates,

tlﬁgg; z: Zﬁneg’g‘sn? tf‘f glrﬁ%%zﬁrﬁuﬁt;o?f ﬁllgﬁél,onggﬁeggﬂgrydgplmgﬁ ives, acrylic

aci ds, hexendmcvxatﬁet-,ﬂihagﬁdeyﬂmdtiomitﬁs, vinyl acetates, vinyl alcohols,
vinyl ethers, cellul oses, aromatic
13 di i socyanates, aliphatic diisocyanates, and m xtures

thereof. The funcimepregdnt uon is further a coati ﬁpﬁﬁmgbﬁp? ]g){f\;gbact%nglo

inprove the lubricity of t coate artlc as are
adhesion. The coating 1s formed from a composition containing (a) a coating material

15 comprising a polymer possessing a functional group which reacts with and covalently
bonds to an amine, thiol, carboxyl, or hydroxyl active group of antimicrobial agents;
(b) an antimicrobial agent covalently bound to said coating material; (c) a hydrophilic
polymer; (d) a solvent; and (¢) optionally at least one additive. The composition in
solution is applied onto a desired substrate to reduce and prevent bacterial adhesion.

20 Once applied, the solvent in the composition evaporates leaving behind a coating
containing the hydrophilic polymer c_(walently bonded to the antimicrobial agent, the
compatible polymer and additives.

The composition of the coatirig contains about 0.3 to about 99% of the
25 hydrophilic polymer; about 0.3 to about 95% of the antimicrobial agent; about 0.3 to
about 98% of the compatible polymer; about 0.3 to about 25% of the additives.

The present invention is also a method for preparing a biostatic article by (a)
preparing a composition which contains a coating material comprising a polymer
30 possessing a functional group which reacts with and covalently bonds to an amine,
thiol, carboxyl, or hydroxy] active group; an antimicrobial agent covalently bound to



absorption and/or to inprove the adhesion of the polymers or coatings to
the surface of an article. 5 The

sol vent can b@eoldadddi s not |imted to, nethyl ethyl ketoned,CTNS98/26046

met hyl pyrrolidi nones, tetrahydrofurans, ethyl |actates, dichloronethanes,
chl orof orms, ethyl acetates, propylene glycol nethyl ethers, propylene

gl ycol nethyl et her acet es, alcohols, ethers, esters,
aromatics, chlorinated roca ons wat er and

m xt ures t he%@goaﬁng materlal a% %rop}%%c polymer a sqﬁgntp?r@%%stea tye; gﬁ
optionally C%Hlfihﬁ'ﬁxe% ?@ﬁﬁ&n 8RR satitelof MR artldl8 (c) allowing the solvent 3fiet i ve can
be, but is no I'mted chem cal 'y non- reactive antibiotics, cheni cally
non- r eact i vecempasgiopttd de; amﬁ(émltt@gw arténle. r Beecrompesitien mﬁow@msappla@e nts,

f
\S/:Jg ugflt 32% ;So P §F gaicley, ag'P%tan\l(e:ren%‘t g,ay%@lrrgn geeranl B lePl%g@[ %grﬁi@él i}éor tgn' Lgnments,

| ubgi cants, cHepdskib. rmﬂe bpptied,, thdﬂdommmulieafompoﬁﬁbn rstahdswd:egqnatcro@ge nts,
bi oef fecti ng agents, m xtures thereof. Exam ant it hronbogeni c

agent s tempefa‘m f°‘"| at‘?&'i“é(f@ abouth 9 min., of *éﬁ?ﬂ?@“ﬁ&% abputd0 f.abgut s i nogen
activator ang)y 'a?cﬁ.g E?lﬁﬁf)é(ﬁﬁm Aﬂer the soﬂvent is drif¥d, & "alftﬁfet@&;réd gf'g

anti -foam agents I NC henol "al koxyl at es, noni oni ¢ and
i oni ¢ gl ucosinthmserdmnopo lirythe anm;m@b' byd:leinglpiatmd)manmvsmfcf showtS tor about 60

sul f osucci nat es, Sili qder_i vatives or fluorinated al kyl
al koxyl at es. min- at temperature of about 40 o a{’o‘ﬁ%@ ‘nvention al so includes a

poljgrer - bound anti m crobi al moiety formed by reacting a
hydrophilic polymer with _an antim crabial _%ent, to forma coval ent bond 25
t her ebet ween. The article has a substrate that is cfppatible with-the pelymer-bayndy t r act i on

assay, the p agh 184 of the substrat I ' ot be
extracted fr%xgﬁ?ﬂ?@%g&t gcfgmtel ona #?AO eh%l po ;?r.eéﬁ gggﬁgﬁ@,b}ﬂygﬁw
ant i mi cr obi alchlvridetsilicos, latexspytonbéte wi t h a nunber of substrates, including

30 pol yur et hane, polyvinyl chloride, silicon, |atex, nylon,
etc.

15 Preferably, the article is a medical device. Examples of the medical device
include, but are not limited to, catheters, guidewires, gloves, contraceptives, wound
dressings, drainage tubes, feeding tubes, myri:igotomy tubes, wound clips, implants,
sutures, foams, ophthamalic lenses, prostheses, blood bags, ultrafiltration or dialysis

_ membranes, blood oxygenators, and vascular grafts.

20

EXAMPLES
The following examples have been set forth below as a guide to the
practitioner, and are not meant in any way to limit the scope of the present invention.
In the following examples, biostatic compositions containing polymer-bound
25 antimicrobial agents were subjected to biostatic efficacy (zone of inhibition and

bacterial adherence), gas chromatographic, infrared, and coefficient of friction
analysis. Methodology for such analyses are outlined below.

Biostatic Effi Testing P i |
30 Biostatic efficacy of the polymer systems was determined using two testing
procedures: the zone of inhibition and bacterial adherence analysis. The zone of




14 The ratio of the hydrophilic polynmer and the
antimcrobial agent is from about 1:1 to about 150:1,
preferably fromabout 1:1 to about 40. 1. jgure 1

i | lustrates VR&PB4ttion of a pol yurethane pol yi socyanat e Vﬁc[-rr/]qus/féogé‘
hexetidine to forma pol yuret hane-bound hexetidi ne. The coval ent bond
formed in this case is ggirea |inkage. Figure 2 denonstrates
the reaction of hexetidine with mal ei ¢ anhydride. This

produces pol %F@ftﬁﬁqyilﬂxeﬁﬁa hill defermibBethe @fitatyPardRattent of releasable bet ween
n

the polyner a exetidine is an am de bond. Figure 3 displays the reaction
of a pol ymerantingsrebigisndnamrelenssd ehemigelly hoynd agenicloas payexibit a gonerafs case, the
polymer- 10 . ... . baun i di r r I f e al kyl ation
b The. pri malrbiigen negreidnetfBa bileRGn MY BeB e ol el THET, O

f uncti onal i t ¥dherence analysis is a method which is bas&dhen the adksnénce of mitrécoganismsftar t her a
coating for reducing, and preventi bacteri.al dhesi on. The
coating is f%F‘IﬂF@&ef"’gGH}c&nfféWb%k‘? ‘g‘ﬁa%mfréilﬂ?mﬁ‘ qnfhe ﬂ‘r@ﬁ%t‘f‘ﬁb‘%?ﬁt erial 15
conprising a ’ BPa'iéﬁl’g%ﬁﬁh antfmiSYebiaPalRht dbRIMBrabYiredhcE ERetesial t h and
covalently p&&é@éiﬁﬁac onds tc')1 an alm' é\%, thiol, carboxyl, or hydroxyl
active groupadiferannt inrnadbésence angjpsis- sA polymeric system which g¢lgasesrnastiveri cr obi al

I I d ' ' Lal hi l'i
ol ymer . () St ergune 2o SpAip R B AP AoeR oactefe sl LT | i

conposition in solution is applied onto a desired substrate
to_reduce and prevent bacterjal adhesion. 20 Once applied, the
sol®ent in t 1 orates | eaving behind a coating

containing the hygo0p{He ok uhiRioH Bialysie ¥alpRIYEd vBRBOSfhobificktlA ot Tk CT Obi al

agent, the conpati bl'e polymer and additives.
The conposi t iPbarmekopeiaProcsslurerfgr AntibietiasMienabial Agsayst Sheprocadugnyalyedt he 25

about 0. 5 t obectigthe i aRthe il ABinG 0k} o Y dBtoshilf AR BB WBn ETL
to about 25%betn §cbdbdaddihﬁgcv?ﬁganisms. The mcdiumbwas then i_ncubatedfl‘l?xFZ4:;fgc:ﬁ213615ﬂlagl ;
invention is also_a nmethod for preparin ostgtlc artICE‘ﬁ ¥ a
prdparing a @gnﬁo'ﬂa‘ﬂ%‘ﬁ WW“@SF&‘%W‘&&@M’F% "r?iatA_é’r‘I“&Pat tI’_‘?ng a

pol ymer 30  gisplayed ndS5he@F Rinititich ¥siSrebhPotdlccid aikins Wl £EubsRACEchtetivith and
coval ently bonds"to an am ne, t hi ol , carboxyl, or hydroxyl

active group:1%ampicillimexdibitsd alzongefi8 mmyval ent | y bound to

Bacterial Adherence Analysis

20 The bacterial adherence assay employed involves incubating the test article in
100 mL of Staphylococcus aureus (10° organisms/mL) in Phosphate Buffer solution
for 24 hours at 37°C with agitation. The test article is removed, washed up to six
times in 100 mL of phosphate buffer solution and then incubated in 100 mL of tryptic
soy broth at 37°C for 24 hours. The number of adhering organisms are then

25 determined by U.S. Pharmacopeia Procedure Total Aerobic Microbial Count. An
aliquot of the phosphate buffer wash is also plated out to determine the number of
viable organisms and to insure complete removal of non-adherent organisms. An
uncoated substrate and a substrate coated with 1% Ampicillin served as the control
samples. The uncoated substrate exhibited a bacterial adherence of >3 x 107 cfu/mL;

30 the 1% ampicillin sample exhibited a bacterial adherence of <100 cfw/mL.



15 " said coating material; a hydrophilic polyner; a solvent;
and at | east one additive; (b) appl ying the conposition to

t he surface rticle; (c) allowing the solvent of the

conposition t oé%, &and (d) curing the article. The conposi t‘r’coTrﬁusrgﬁngogfution
Is applied to the article byamanner known in the art,
generally by dipping the article into thg 5 conposi tion. Once
applied, the solvent in the corrposrtron S aIIovved to dry at room

tenper ature fQag ) phi g ] atures of about 40 to

about N err Cforabout 5 .t abo . After the
solvent is dried, q’(l:lé“ail‘st‘% egfoguede\&lqgf%;rkm%lmerkutog stem ner known in

the art, typi éﬂohﬁtoﬁ)ﬁpﬂ%hﬁlﬂgé&lvﬁﬁﬁéjl &'WaRieRHAO DB ca Cﬁilﬂglgtcoﬁuﬁxpaﬁl%%m 380
mn. at tenperature of abo 40 to about 120[err]

The article has; &%u@s)tmdﬂ’&NﬁimMgded:Wl?@SnﬁWQ hidesystemeperisdnd

anti m crobi al Ltable exa e t | yur et hane,
ol Vi myl - vt Ehperattte bibgeuF A HRCRY foos 1oy TG, Bk Y1 T o
Preferably, ttenpafahir€bperited £ 210U ;ahe flahnejonizatidixdenlarvpearatetac2508di @He devi ce

I nclude, but are not limted to, catheters, | dewi res, gl oves,
contracept i veSarmigisanyyas helium, operating at a ppes®s P2 Psiqr ai nage tubes, feeding
t ubes, nyringotony tubes, wound clips, inplants, sut ures,

foans, ophthamalic Ienses prostheses bIood bags uItrafrItratron or
dralysrs £ Ay atings and vascul ar grafts.

thelPol 1 owi ng exanBr.S R BBy smplyef S — AR

practitioner, nias ekl)dn ARtilledRatr drizaliiz)y(] gRayn drticleipdi mLtdf€olaG6) Fordi4 Houes
present invention. - _In the foll ow ng exanpl es, biostatic

conposi tions cmhtaartﬁwﬂgn%értymms&mew or absence of the actiNe Aggnt inghe o agent s
wer e subj ect edydpy ﬂ%&x@ﬁ:’mﬁ ‘ﬂfe@@@ﬁﬂysﬁ%?&&ﬁ by, Di tion and

bacteri al adherence gas c romat ographi c, infrared, and coefficient of
friction anal ysi s. Mt hodol ogy for such anal yses are

out Ilrsn_ed bel O\f‘.‘fr red Analysis of Pol ic C iti

Infrared analysis was performed using a Nicolet Impact Series 400D Fourier-

Transform Infrared spectrometer equipped with deuterated triglycine sulfate detector,
OMNIC software and operating at 4-16 cm™ resolution with Happ-Genzel
_ apodization.
20
cie riction iostatic Surfa
The coefficient of friction of polyvinyl chloride tubing was determined by
using a KAYENESS, Inc. material tester equipped with a CHATILLON DFGS Force
Gauge and FORCEDAT Data Collection Software from Johnson Scale Co.
25 '
EXAMPLE 1
Comparative Example
A cleaned, uncoated polyvinyl chloride tube was air-dried for 30 minutes and
s cured at 80°C for 30 minutes.
30 The coefficient of friction for the uncoated tube was determined using the
method described above. The coefficient of friction was approximately 0.3.



30 Bi ostatic efficacy of the polynmer systens was
determ ned using two testing procedures: the zone of

i nhibition and bacterial adherence anal ysis. The zone of

16 WO 9933441 hition is a method which deternines FREVEF%8cy and
extent of releasable antim crobials. An unrel eased chenmically
bound agent does not exhibit a zone of 13 i nhi bition, since this
met hod i s based on the rel ease of the active agent. The

adherence analysis is a method whi gxA®ppEsed on the adherence of

m croorganisns to 5 a surface V\/mch can result in the formation
of a biofilmon the NPoSIHAR ) Veﬂlossessr ng a

coval ently bound erial
adherence in an a @%‘éﬂgéngl?}sr smeﬂéé’w@%%étﬁ tem \Aﬁ?’?ﬂﬁr el eases an
active Adhesive 34D-2a8yanlietie Shifles, dna) m'qmeddiy rcadnnob iof & D ok exezks ofas

reduced bacter al erence. N ne of I, bi t| naI ysi s
Thes sone of GHAREREGRe Saryere (AL Wik acinslens aNoL TR ERHRA TN 1 he

U. S. mg of hexeufﬁ@(mgﬁﬁh@mﬁmﬁﬁﬁ’é S’fxﬁ&ﬁyl"é‘i}ly’l RétOAd. Cﬁm‘e%a%ﬁ&b' al
Assays. The procedure I nvol ved cing the test article

(film tubi nyas menitojeddu ganchupmatogiephy Dapletion Af Eq;eudrm wes evidentwithin 8

at 15 oo Hbubl iR ORAAN e 08 RS A BB B [ 0T ¢ "o

recor ded. Anappm:maitelgl 280ahT.aTethe solution was combinedilfp tetyshgidrofuram 1@ gof

i nhi bition vs. phy coccu reus an substrate cgoated with

194%npi ci | | i N- m W@gln&“"zéﬁé%“%e %10?3 gPpo yvlnylpy"m?‘ﬁ"‘%;"?act erial
Adherence AngORILIDONE 90 F, BASF). A cleaned p olﬁhﬁ chl%ﬁh@ﬁib@kna@dﬁbﬁé@iﬂ% assay
enpl oyed i nvol ves i ncubat’ing t'he test ar 100 nmL of

St aphy! ococcsutioaferk$ sedonds,air-dried foy3Qiminutesand qurpdpn 8¢ hfer 30 miritess sol uti on

The tube was examined for bacterial adherence of S. aureus using the method
15 described above. An aliquot of both the tryptic soy broth (TSB) and the final
phosphate buffer solution (PBS) wash was plated out and displayed no detectable
colony formation (<100 cfu/mL). No zone of inhibition was detected using the
analysis method outlined above. The coefficient of friction for the coated tube was
determined to be approximately 0.075. The presence of hexetidine was not noted in
20 the extraction media.
EXAMPLE 3
hili ion of t e venti
Two grams of the polyurethane polyisocyanate prepolymer NORDOT
25 Adhesive 34D-2, Synthetic Surfaces, Inc.) prepared by reaction of a 2 molar excess of
diphenylmethane diisocyanate (MDI) with ricinoleate polyol, was combined with 35 g
of methyl ethyl ketone, 10 g tetrahydrofuran, 10 g N-methylpyrrolidinone, 30 g
diacetone alcohol, 3 g polyvinylpyrrolidinone (KOLLIDON 90F, BASF). A cleaned

polyvinyl chloride slide was coated with the solution using a cotton swab. The slide
30 was air-dried for 30 minutes and cured at 80°C for 30 minutes.



for 24 hours at "37[err]C with agitation. The test article is renoved,

washed up to six tinmes in 100 nL of phosphate buffer
sol ution andrk}@gsj‘,@cubat ed in 100 nL of tryptic PCT/USOSEIRYa6br Ot h
at 37[err]C for 24 hours. The nunber of adhering organisns are then 25

determ ned by U.S. Pharnacopeia Procedure Total Aerobic Mcrobial Count. An
al i quot of the phosphate buffer wash isl8lso plated out to deternine the
nunber of vi abl e or%anl snms_and to insure conplete renoval
of non-adherent ofbaslidsrvas examined for bacterial adherengp obhitavteus using thettest and a

substrate coated,w t;h 1% icilLLi rved o r.ol

Samml oo STho Biieaite bbbt Fler, Anollat¥ pEES 13D WSIRER blid indicated o
10[ err] cf u/ rdagterddd adherence (>3 x lO’tclﬂﬂmL%a&rﬂiqﬁdddf khit frANPBE wasiwviy plsed a
bacteri al adher ence of <10Q cfu

17 . out and d@éaya%rleﬁﬁmgblaw?w forgtion {5194 ¢f/ms)- pol yneri ¢ Coati ngs
GC gnal ysis was perfornmed using a Perkin El mer AutoSystem Gas
Chr omat ogr aph equi pped with a J & WScientific DB 1 capillary colum (30 m

x 0.32 mn 0.25 [err]rﬂXAMﬂEANel son Mvdel 1022 GC Pl us
Sof tware. The system operat ed.> W h t n’Rerature pr ogr anm ng
from40-160[err]C for 18 mn t enperat ure

operated at 210[etvdri&‘e3023q)oiylmnhﬁwlym(ﬂgj@a&@nmomm&%aibnééoc The
carrier gas was helium Eeratl n pressure of 6.2

psi .
Extraction As¥iglyhexetiding ) enm&wlﬁb&lkf@ne (30 g). The mixture was stifed ext racti on
assay enpl oy ‘ﬁjm C il I

tuggs etc. )e‘q%drdl gﬁ}. ter !}Q 1stulﬂ1‘icaﬁ !iﬁfsﬁéﬁ L%?é%dglhg?ﬂblglrnent of

sol ution) forInﬁ'dre&annijssxs displayed the disappeardnice afjihe dtocyamaterbendiat2269tmi'ng t he
presence or enc tive agent. j _ - xtraction
nedi a using t 'ﬁﬁ'ﬁ‘ﬂ@&§fagﬁﬁtf’ﬁ‘%§%&85¢p'gé’%'me%pymhdm‘me (g ﬁ’nf rar ed
Anal ysi s of gszh BROSig; KQIH'Hon 90 F), Fluorinated alkyl alkoxyldtéf(0.2ged anal ysi s
was perfornme sin I et act Series 400D Fourier-

Transf or m | nfFl a\“éélggp]é’é? ?@r@?‘hﬁ f@&’&kﬁﬁ’&i%@@é‘@[ﬁ@ﬁ&%@@%@%ﬁcm sul fate

detgctor, material was then stirred until homogenous.

A polyvinyl chloride (PVC) slide was coated with the solution using a cotton
swab saturated with the solution. No bacterial adherence of S. aureus was noted to
the coated slide following the bacterial adherence analysis. An aliquot of the PBS

20 wash was plated out and displayed no bacterial adherence. The presence of hexetidine

was not noted in the extraction media.

EXAMPLE S
| C ition of P ¢ Inventio
25 A polyisocyanate prepolymer was prepared by reaction of 4,4-
methylenebis(phenylisocyanate) (59 g) with castor oil (72 g) in ethyl methyl ketone
(56 g) at 55 C. Two grams of this material were combined with hexetidine (0.25 g)
and stirred at room temperature for 8 hours. Tetrahydrofuran (10 g), diacetone
alcohol (30 g), N-methylpyrrolidinone (10 g), polyvinylpyrrolidone (3 g) (Kollidon 90
30 F), Flourad FC-171 (0.1 g) and methyl ethyl ketone (14.65 g) were added to the
mixture. The material was then stirred until homogenous.




OWI C software and operating at 4-16 cnferr] resolution w th Happ-Genzel

apodi zation. 20 Coefficient of Friction of Biostatic

Sur f aces WO 99/33344 The coefficient of frictionp@Efusdeksiis Nyl
chl oride tubli ng was determ ned by usi ng a KAYENESS, I nc.
material tester equipped with a CHATILLON DFGS Force Gauge
and FORCEDAT Data Col | ecti on Software 2¢ om Johnson Scal e Co. 25

EXAVPLE 1 Conpar ati ve Exanpl e
A cl eaned, uncoatARV@slidesvasicoatehivish ﬂﬁé\exﬁldme\deﬁvedipolym vsing aeotB@ ni nut es

2ggf ficient SHRP F?‘?’&FH&H‘%@? 50?‘1% nu‘ﬁ%@%?d@?d ?‘Hb@ %‘étesaaé}d AL & Png the

ggt hod descriphgiduRbone. sliddGarainied f&bacterial Eﬂheﬁdnb@@f%ﬁre&@@ﬂ@z(ﬁﬁat ely 0.3.
Bi ostati c CapsbpEPcedusndeseribed garbiero Auraligpopaf thei TSP and of the final PBS wash was 1\

nms of th Qﬁy PF IR
Adﬁesi ve 34%1§?A'é¥r?§i§?f&§tc§8é¥%%es ﬁs ;')I?‘gg %Egﬁ reactei‘garllsn(?g a 2 nolar
excess of 5 noted in the extraatiop edial net hane di i socyanate (MDI) with ricinol eate

The

pol yol, was conbined with 250 ng of hexetidi ne (ANGUS

Chem cal) in 35 g of nmethyl ethyl ketone. The reaction was
moni tored by gas chromatography. DgxXgMPRLE @f hexetidine was evident within
8 hours. Infrared anaIyS|s dlsolayed t he di sappearance of the

| socyanat e peak at 230 cn{ err] To the

Sglguti on was conty |
I\l-olr(r)et hyl pyrrol i di r?(ﬁ}&g’rélngocgg&'%l a%t}%g’g{rllg%%@lQWo%aog) yV| myrlpyrrol i di none
(KOLLI DONE  dfexEtidiiA@R) mL and| teethydamine (§:¥ g)inl250 hilmf adﬁoxte.lli&emxtuth wged in the

Soluti on {or 15, SPRARASH 1 bl Hidaesh ahlysis STyl uoSar Bt bl vk 1€ Tor

corresponding to an amide group (1656 cm™) and a carboxylic acid group (~3500 cm®
11712 em™ and 1360 cm™). GC analysis indicated the disappearance of hexetidine.
15
A PVC slide was coated with the solution using a cotton swab saturated with
the solution. No bacterial adherence to the coated slide was noted following the
bacterial adherence analysis. The presence of microorganisms was not detected in the

PBS wash. The presence of hexetidine was not noted in the extraction media.
20

EXAMPLE 7
0 iti ent Inventi
A polyol was chemically modified with hexetidine by combining Castor Oil
Glycidyl Ether (2.5 g) (Aldrich Chemical Co.) with triethylamine (0.1 g) (Aldrich
25 Chemical Co.) and hexetidine (0.5 g) (Angus). The reaction was monitored by Gas
Chromatography and was complete within 30 minutes. To the solution was added
methyl ethyl ketone (10 g), a crystal of phosphoric acid and 4,4-
methylenebis(phenylisocyanate) (3 g) (Aldrich Chemical Co.). The mixture was
stirred for 24 hours whereby infrared analysis exhibited the formation of the
30 polyurethane polyisocyanate prepolymer (NCO ~2200 cm’).



The tube was examined for bacterial adherence of S. aureus usi ng the nethod

15 descri bed above. An aliquot of both the tryptic soy broth
(TSB) and the {igvahazas phosphat e buffer sol uti on pdrRSpseesh was
pl ated out and di spl ayed no detectable col ony formation

(<100 cfu/nmL). No zone of inhibition was detected using the
anal ysis nethod outlined above. The coeffilcient of friction for the coated

t ube was _ determned to be ag&aom mately 0.075. The presence
of hexetidine was ristthissoktion (#.2g) was added N @Teédheam%ﬁ @i g), methyl

EXAMPLE 3 EQBHEI the
Pr esent Inventfwkemne(‘u'lg)’tetmhydmﬁmn(w‘ﬁ?%ﬁgra o] h @P%&Qfﬁgane

pol yi socyanat ealpshP0)g)Eyolyviviyipizeibliddne (KOLLIDONAGIR) €3 g)aanﬂmo?ad By4ivhetic
Sur f aces, Inc.%pﬁr epared by reacti on gf a 2 nol ar excess of

di phenyl met hantd-bgk dbe puxtarecvasistrsd {oF £hhous:i nol eate pol yol, was combi ned
wthgh g of nmet hyl ethyl ketone, 10 g tetrahydrofuran, 10 g
N- net hyl pyrrolidi none, 30 di acetone al cohol, 3 g

pol yvi nyl pyrrol i di nbrli’élqmwamat@bﬁﬂi BASH)tionAIsing@antich swab saturated with

I | chl d h | b.
o111 O o BRSO GBS st 51

for 30 m nut es following the bacterial adherence analysis. The PBS wash displayed no detectable

19 The slide was exam ned for bacterial adherence of
S. aureus usi ngierp@reaniges. The presence of hexetiging was pot nefed & thp exirastion media. An

ali guet of the TSB was plated out and indicated bacteri al
adherence (>3 x 10[err] cfu/nm); an arrquot of the tinal PBS wash was

pl at ed out and di splayed no detectable colony formation (<100
cfu/m). 5

1 . . LE4
Conposi tion of Pr es SRS While:these hgve been described what are presently,belicyed %I\@e

pol yi socyanat e ppif@fdletibodinientsOthodeGhizleld fithe 40 Gil) apf?&xdf@m died and further
wi th hexetidine (0.25 g) in nethyl ethyl ketone (30 g). The m xture was
stirred 10 changes ajd Fapdifiratigns£igm bp g withqut departipgifeom the true spisit ofithe

di sappearance GfyeRfatehidit Xntended to include all such changes and modifications within the

scope of the claims which are appended hereto.




Infrared anal ysis displayed the di sappearance of the isocyanate band at

2269 cnjerr]. Tetrahydrofuran (10 g), diacetone al cohol (30
g), N-methyl jdi none (10 g), pol yvi ny| prhibistene (3 0
Kol I'i don 90 Vﬁ??;ﬁ%}a‘t‘ori nat ed al kyl al koxylate (0.1 g; Fl our ad

FC-171) and nethyl ethyl ketone (14.65 g) were added to the m xture. The 15
material was then stirred until honogergaus. . A

pol yvinyl chloride (PVC) slide was coated with usi ng a cotton
swab sat ur at WHAT {9 CEAIMED 8 on. No bacteri al umﬁﬂmg Ilﬂur eus was
noted to the coated slide follow ng r adherence
anal ysis. An aliquot of the PBS 20 wash was pl ated out and

di spl ayed no bactgri als gdhigtECamtbositibs fd? rTQREME And®preVentRl badtérdil and
was not noted in the extracti on nedi a.

EXAMPLE 5 microbial adhesion which comprises: Corrposi tion of Present
| nvention 25 . | ' prepared by
reaction of 4, 4- @ ahy&op%?ﬁél?@%@%%ég%%hgﬁﬁrlﬁggxga\fygﬁg?2@&{159 g) with

castor oil (ré3ctgithandédwilentiybidnds tdat azriee group selected from the(godupgpnsistingd C. Two

grans of this.nmaterj, re.conbi ped with hexetidine (0.25 g)
and stirred %ﬁ@‘ﬂ%ﬁ#‘iﬁ%ﬁ?’%‘%ﬁ“ Y‘?TP"%’ hours. Tetrahydrofuran (10 g),

di acet one _ said fAAGONA gréupLapable Of rERtiRY WtKah@bdvdleRy o g9).
pol yvi nyl pyrrolidone (3 g) (Kollidon 90 30 . . F), Flourad FC-171 (0.1
g) and net hyto astantimiqrehialragent withest effectivelyoredepingiantimictobial property of said

m xture. The t.er | | ok . | .

20 ol gl SVE s Sl o g e KPR M and it e
derived pol yreleasing said antirieidbinb agent into a solution; swab saturated with the
solution, was air-dried for 30 mnuytes and cured at 80[err]C.for

301%i nutes. The slide ®hs @%ﬁ?ﬁ@ﬁwﬁﬁgﬁe‘r@rﬁﬂﬁv bamiietf’%ﬂé Homal 4ureus

usi ng the up of said hydrd gdure described earlier. An aliquot of the
TSB and of the Tinal PBS Iﬁ\/\/lzll'isch‘m\/\*/a}g 5 pl ated out and indicated no

bact eri al adherence. Tk prasompatiblepolmrsEndii ne was not
(d) a solvent.

2. The biostatic composition according to Claim 1, wherein said
functional group of said hydrophilic polymer is selected from the group consisting of
isocyanates, isothiocyanates, esters, aldehydes, N-hydroxysuccinimide esters,
epoxides, carboxylic esters, tresylates, anhydrides, alkyl halides, carboxylic acids,

5 haloketones, alkenes, alkynes, and acyl chlorides.

3. The biostatic composition according to Claim 1, wherein said
hydrophilic polymer reacts with and covalently bonds to said antimicrobial agent to

form a polymer-bound antimicrobial moiety.

4, The biostatic composition according to Claim 1, wherein said
hydrophilic polymer is selected from the group consisting of a polyurethane polymer,
a maleic anhydride polymer, a maleic anhydride copolymer, a polyol, a polyamine, an
acrylate polymer, an acrylate copolymer, an ethylene oxide modified polymer, and an
5 ethylene oxide modified copolymer.



noted in the extraction nedi a.

EXAMPLE6 ‘\m‘mmum Conposi ti on of Present
| nventi on 1Qo 99/33344 ‘mmu | ei ¢ anhyeciraisssspes ymer
(10 g) was conmbined with fexéti di ne (2.2 m) and

triethylamne (0.5 g) in 250 nL of acetone. The m xture was

stirred at 40[err]C for 1 hour. Infraréd analysis di spl ayed the appearance
of a new bands correspondi ng to an am Qro é) (1656
cnferr]) and a cd boxyhs biogaticromnesiton a%ﬁg“%ﬁcmm"‘ wherelnsald [ orr] 1712

cnierr] and p%gﬁpemt Pbyhnkr isFotyaRatane bélKIsB@a‘ﬁétE a%@éa%% hance of

hexeti di ne. e was coate vmth t he

sol ution usiangmaticanhliphatic pallyisecpavatawitt i) & fpolyether polyol. t he solution. No
bacterial adherence to the coated slide was noted follow ng the

bacteri al adherence anal ysis. The presence of m croorgani sns was not

detected in the g The biostatic cdﬁgp%si«aﬁaccomﬁgw@ﬁﬁmpwmeiﬂeai@tidi ne was not
noted in the extraction nedia.

EXAVPLE 7  polyurethane polymer is polyurethane polyisocyanate derivqgofpﬂ;@ acting{@m present

| nventi on aroma rrcbor iﬁléati&gg{y(i)spcya:@em!hﬁm aﬁ@@es‘fg}%y&r}l ! y erd:EI ihg(rj Wi th

hexeti dine by Co yci dyl (2.5 g)
(Aldrich Chemical Co.) with triethylamne (0.1 g) (Aldrich 25

Chem cal Co. h I di (0.5 . (Al ). The. ' db
Gaa ) A e st SormaHioh RESbB LF B SR G it co. To
the sol uti onpRageRattsidlymer is poéyurctha.ne polyi®cPatlatecdebived fisth eRingl@) 4 . 2

crystal of p%osphorl c acid an

met hyl enebi s@pmwvn@ohwrmlmaocz@ag)mmldmm@nm cal Co.). The nixture
was stirred for 24 hours whereby infrared anal ysis
exhibited the formation of the 30 pol yur et hane pol yi socyanat e
pr epol yner (NCO -8200 'ﬁiﬁ[hbdstahc):omposxtmn according to Claim 4, wherein said

t hi | dded
Ad hesi ve 34 Pelpurethape %ﬁ]ym?ﬁéf H%}Y‘I“Sﬂ‘g‘% P%E}I"gglcy bocté %e%{#g%&%fﬁ?gW &g‘i ),
t et rahydr of UpRhafid Br Aiphatht pUBisbEyaMate WikH ¢ OPRydtHE piyoFthaaft Ba

modified with an antimicrobial agent.

9. The biostatic composition according to Claim 4, wherein said
polyurethane polymer is polyurethane polyisocyanate derived from reacting (i) an
aromatic or aliphatic polyisocyanate with (ii) a polyester polyol that has been

modified with an antimicrobial agent.

10.  The biostatic composition according to Claim 4, wherein said
polyurethane polymer is polyurethane polyisocyanate derived from reacting (i) an
aromatic or aliphatic polyisocyanate with (ii) a polyamine that has been modified with
an antimicrobial agent.

11.  The biostatic composition according to Claim 1, wherein said
antimicrobial agent has a reactive group selected from the group consisting of amine,
thiol, carboxyl, and hydroxyl.




al cohol (30 g), polyvinylpyrrolidone (KOLLIDON 90 F) (3 g) and Fluorad FC1

71 (0.1 g). The mx \W%%\rred for 24 hours. 5

A PVC slide ed vvithtr\a |@I ! a cotton SV%%B @hed with
t he sol ution%?l%ﬁﬁg}ct erial adh m 10f S, *aureus to the coate és}fi e was
not ed foll owi ng the bacterial adherence analysis. The PBS
wash di spl ayed no detectable 24 m croorgani snms. The presence of
hexeti dine was not noted in the extraction media. 10

Thus, whil e t her elhaveThedistatie senpdsétibnabedrdiag & Qlais ¢whereihedideved to be the
preferred enbodi nents, those skilled in the-art w.l) apprecigte that other
and further antimicrobial i selectefﬁ%{n&gsgrgwqqﬂaqqg q,fah%'ﬁé-!e ylﬁeg’ " Wi t hout

depar ting fropidfagysslimisgds-hiethyMexdHyBropyrimidine, 1,3-bis(1-nieMRlg-GBxa-and it is-
i ntended to iﬂacl ud)é5 al | lsuchecﬁ’ar?ges aor%, urrrindi fi cat i(ons Vi thin ?ahe

scope of t he cydlehenp!)-ftamine-Srpropulbpxaliidndpyrémiding, S-nitro-1,3-bis(1,3-diisopropyl)-

22 1. . . A biostatic, .o si t1an.for reducing and
preventing padvaroxypetiylhexahydrop ynmldmc’bg'%%l@r%'olbfgllsaar?ﬁlesgf’%’ﬁ?l 37 ch conpri ses:
(a) a hydr apérokyrtetiythexalydrynatdife, rsmﬁuncﬁié(mﬁadiisq;rlspm-m/rdﬂ ?h ]

reacts with and covalently bonds tQ an_actjye.group selected fromthe group
consi sting 5 methylhexahydpgpytimidine, gmamuaﬂ-!,3g’aﬁ<b§>ég}fqpr%m@-wmyémmldmes

said functio S @ggi, _of | | Wﬁ%bﬂ'l | ently bondi ng
Qﬂbg—_‘?ﬁﬁwm%ﬁ _fl?}%&g&@?f&étﬁﬁh% re ucriﬁigg@'anti m cr obi al

to an antimcrobial agent w ectively

property of said antimcrobial agent below its capability of
acting as a biostatic nt .and w t hout . . rel easji ng said

anti m crobi al age % in eb°s§%1cﬁ?ﬁ“8?ls;m%baccordlngt° Claim 1, wherein said (b) an

anti m cr obi alanfigfordbidl fvShrinbl1y 3bis(2iethiihesq)-stnfethiyt-hexahigdropyrimidine.

14.  The biostatic composition according to Claim 1, wherein said
compatible polymef is a homopolymer or copolymer derived from the group
consisting of «-olefins, vinyl chlorides, vinylidene chlorides, ethylcneoxidcs,_
propyleneoxides, pyrrolidones, vinylpyrrolidones, hydroxyethylmethacrylates,

5 methacrylates, polysaccharides, acrylamides, methacrylamides, peptides, proteins,
nylons, silicone derivatives, acrylic acids, methacrylic acids, vinyl acetates, vinyl
alcohols, vinyl ethers, celluloses, aromatic diisocyanates, aliphatic diisocyanates, and

mixtures thereof,

15.  The biostatic composition according to Claim 1, wherein said solvent
is selected from the group consisting of methyl ethyl ketones, N-
methylpyrrolidinones, tetrahydrofurans, ethyl lactates, dichloromethanes,
chloroforms, ethyl acetates, propylene glycol methyl ethers, propylene glycol methy!
5 ether acetates, alcohols, ethers, esters, aromatics, chlorinated hydrocarbons,
hydrocarbons, water and mixtures thereof.



group of said hydrophilic polyner; ) - (¢ a
conpati bl e polyner; and ) \‘(“1“ (d) a sol vent.

2. The bi .G,,CONPOSi tion a‘m“ “ l m 1, wherei logha6046
functi onal g&%%’td(#“sai d hydr oph\ ' !‘Mﬂ"m si sxselected fromthe group
consi sting of | socyanat es, isothiocyanates, esters,

al dehydes, N hydroxysuccinim de esters, 25 epoxi des, carboxylic
esters, tresylates, anhydrides, alkyl halides, carboxylic acids, 5
hal oket ones, al kengs, daHei@taticabmpesitidn aebdrding te€laim 1, further comprising at

3. The biostatic conpositiogn according to C %1, nfnerei n said

hydr ophi | i ¢ plsaskeRe additiversslegied fromthe BOVR FUsISHDS IGAYY 8R-gFaGRYS i cr obi al
agent to ibioti _RALWERhG LRAHATCHR R dal SRR aRtive Biiglidkobial

4. The bi ogﬁtg{?ngs’gg%%gﬁiﬁ%nﬁg%tcor dtii%gwt}oc% aianmyl, wher‘éi_n _salli _gl N

hydr ophi | i ¢ pageptsesurfagtagis] rectaleapriplexes, ahié-fopnoagsnisopiginents,ivisvelizatiop aidg,ur et hane

pol yner, . l ei c hydri de pQ r..a malei e anhydride
copadl yner, a ﬂ%qsylblpfma&tspgegﬁﬁ?' H@F?Q?Fggagmr_lceg p&%zérs,gg@rgp@o%c& cyymer, an
acryl ate copohydi, biodffectind upedhs akinfigurePeeredfed pol ymer, and an 5

et hyl ene oxi de nodified copol yner.

23 5 The biostatic conposition according to Caim4, wherein

sai d pol yure"[ hane | yngr, . g@][a ' bse :
reacting (i) an ar (E)y’)rfat r§°8é‘ﬁ’§|q?{)%§{‘°.% po%&gyg* ang%éggl\?é’tﬁﬁq?{olbﬁ gdh%%%net her
pol yol . whichcompriséShe bi ostatic conposition according to O aim 4,

wherein said (a) a hydrophilic polymer possessing a functional group which

reacts with and covalently bonds to an active group selected from the group consisting
5 of amine, thiol, carboxyl, and hydroxyl,
said functional group capable of reacting with and covalently bonding
to an antimicrobial agent without effectively reducing antimicrobial property of said
antimicrobial agent below its capability of acting as a biostatic agent and without
releasing said antimicrobial agent into a solution;
10 (b)  an anitmicrobial agent covalently bound to said functional

group of said hydrophilic polymer; and

(c) a compatible polymer; and

18.  The coating according to Claim 17, wherein said functional group of
said hydrophilic polymer is selected from the group consisting of isocyanates,
isothiocyanates, esters, aldehydes, N-hydroxysuccinimide esters, epoxides, carboxylic

5 esters, tresylates, anhydrides, alkyl halides, carboxylic acids, haloketones, alkenes,
alkynes, and acyl chlorides.

19.  The coating according to Claim 17, wherein said hydrophilic polymer
reacts with and covalently bonds to said antimicrobial agent to form a polymer-bound

antimicrobial moiety.




pol yur et hane pol ynmer is pol yurethane poI yi socyanat e derived fromreacting

(i) an aromatic or aliphatic po (ii1) a polyester polyol.
7. The bi qgbasa:84,C0NPOSi tion \mw im4, wherej @,ﬁ@sgw“
pol yur et hane polymer is polyure e pol w sd’cyanat e derived fromreacting

(1) an aromatic or aliphatic polyisocyanate with (ii) a pol yam ne.

8. The biostatic conposition accordig to Caim4, wherein said

pol yur et hane pol ymer is pol yuret hane pol yi socyanate derived fromreacting
(i) an aromatic or2@l i ril’lmtcbatiqg(abgdrdimgy:emaitrelmmiﬂ sajd }@dmhx‘}iebhlgmepol yol

t hat has been, th an antim crobj al The
bi o5t at 1 ¢ confSRFTFbRom A A P ST ARplF TefAGs BAmetap malemnpmraeha

pol yner is pOFMWh@E B iy SfRO6pEI Fhér, Qﬁélweﬂpéwﬁﬂihé BASEYRAG Lol

aromatic or aliphatic polyisocyanate wt i1) a polyestel polyo 1hat has
been nodi fi edn ¥rYlate sppalymernanetaiengioxidg anpdified polymer and aethyledmxidsi ost ati ¢

conpgsi tion agy ffﬁh@ eq;l aim4, wherein said polyurethane polyner is
pol yur et hane po yi so%/ nate derived fromreacting (i) an aromatic or

al i phatic polyisocyanate with (ii) a polyam ne that has been nodified wth

an antim crobi al en The_bi ost at | g conposi tion according

to Caim1, wherei sal'glecﬁ?ﬂ’igrﬁc‘éqréﬂﬁﬂmé‘gbﬁ cthang pelypeE el ect ed

fromthe group gofusdtkdne PelyRbcyaiate Berived ol reachiRg apﬁﬁomMrQﬁﬂ{aﬁéyl '
polyisocyanate with (ii) a polyether polyol.

22.  The coating according to Claim 20, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic

polyisocyanate with (ii) a polyester polyol.

23.  The coating according to Claim 20, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic

polyisocyanate with (ii) a polyamine,

24.  The coating according to Claim 20, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic
polyisocyanate with (ii) a polyether polyol that has been modified with an
antimicrobial agent.

25.  The coating according to Claim 20, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic
polyisocyanate with (ii) a polyester polyol that has been modified with an
antimicrobial agent.



24 ' 12. The biostatic conmposition according to Caim
1, wherein said antimcrobial is selected fromthe group

SR Sl ] T

1, 3- bi s(1- et hyl - 3, 5- di oxa-

cyclohexyl) 5- am no- 5- propylhexahydropy¢4n1d|ne

5-nitro-1, 3-bis(1,3-diisopropyl)- 5

5- hydr oxynet hyl he%@hy dquawma agFording 4o Glaim 0.1wherein s3id padyerethaegpalpyer) - 5-
hydroxynethyl | - 5-
o e o AAARAE B U dertoe il 3 droiafl b ARTRY

, 3- di i sopr opyb)yisoeyambatedvith(iiy a pnlyh:mm that has been modified witltlan antimicrobial
5-nitro-1, 3-bi s(net hyl ) - 5- hydr oxymet hyl hexahydr opyri m di ne.

13. The bi @84t i c conposition according to Claim1, wherein said
antimcrobial is 5-amno-1,

3- bi s(2-et hyl hexyl ) - 5- et hyl - hexahydr opyri nm di ne.

14.  The bi ost at i2d- cofpoetatinprcordingiel t1d, wherpimsaid apifraiceabial ggany

Conaisting ol BFephs By Rg KR it BRR of el 8ol (P Gad " 0P

et hyl eneoxi défydroxyl. propyl eneoxi des, pyrrol i dones,

vi nyl pyrrolidones, hydroxyethyl nethacrylates, 5 met hacryl at es,
pol ysaccharides, acrylam des, methacrylam des, peptides, proteins,

nylons, silicone dgri V%ex&%nga&aeahﬂgqo@aﬂqv ReBRGEM ah AR s VI NV ,
acet ates, vinyl al cohol s, vinyl ethers, celluloses, aromatic
di i socyanat esselegted fiont the gobp sa‘w@l,‘imlltaat!fels'-"-lﬂa(rickneth}'l-3 5-dioxa-cyclohemyRSur es

t her eof . td 0 1L accordi ng
to daimi, v%%]P%”S'mesﬂglEexahcﬂ%@ﬁpmdﬁne 1.3 Q&l%&ﬂl% '&81? 'gﬁpgzleﬁlgﬁ] the group
consi sti ng of aniab4Sypromwiliiexhhydfripgrimiiine\S-nitro-1 3-bxs(l,3-dusoprd]m)kwl pyrrolidi nones,
t et rahydrof urans, et I I tat es,. dichloro anes,. ..

chl & of or s, RHIESHA dro Y’Hﬁ’ﬁ?"éﬂ%“'&}’ﬁs’cbﬁ E’ﬁ@b-’ﬁQ‘l‘”@’Pﬁé‘)‘é propyl ene

gl ycol nethyl hydroxymeth glhexahydx%})ﬁﬁﬁldﬁﬁef—%ﬁﬁ-l %ﬁﬂhﬁhﬁsopﬁ)bpﬁf— esters,
aromatics, chlorinated hydrocarbons K rocar bons wat er and
m xt ur es t hermegthylhexahydropyrimidine, 5-amino-1 ,3-bis(1,3-diisopropyl) exahydropymmdme,

and 5-nitro-1,3-bis(methyl)-5-hydroxymethylhexahydropyrimidine.

29.  The coating according to Claim 17, wherein said antimicrobial is 5-
amino-1, 3-bis(2-ethylhexyl)-5-methyl-hexahydropyrimidine.

30.  The coating according to Claim 17, wherein said compatible polymer
is a homopolymer or copolymer derived from the group consisting of a-olefins, vinyl
chlorides, vinylidene chlorides, ethyleneoxides, propyleneoxides, pyrrolidones,
vinylpyrrolidones, hydroxyethylmethacrylates, methacrylates, i)olysaccharides,

5 acrylamides, methacrylamides, peptides, proteins, nylons, silicone derivatives, acrylic
~ acids, methacrylic acids, vinyl acetates, vinyl alcohols, vinyl ethers, celluloses,

aromatic diisocyanates, aliphatic diisocyanates, and mixtures thereof.




25 16. The biostatic composition according to
Claiml1, further conprising at | east one additive sel ected

fromthe grg;bq1 i sting of chj“lﬂnlnwum ive

antibiotics, ¢ 9%%12?& |y non-rea glmmf chem cal T@T’H%gﬁ’-zft’é'%ct ive
antim crobi al agent’s, ‘sutfattanhts, netal conpl exes, anti-foam
agents, pignments, visualization aids, 28 dyes, lubricants,

rheol ogy nodifiers, fragrances, plasticizers, anti-thronbogenic

agents, bioeffecBl.ng Tlpervating aoordingtd Clam 17hfarthefcomprising at least one

L osi SO Qfecgict ng and prevent g hagt et al AN beRD @

a hydrophi | icﬁemblwn-ﬁmﬁsaﬁisgﬂi@, dhemicail P AeH-redétRidRntiicdbial agents,
reacts with and covalently bonds to an active group selected fromthe group
consi sti ng Hnti-foam agents, pigments,iisvalizatinn aids, f@gyapggsydxes,asmllmm ly}a:}cpapts,

safd functi gngh. 0/ iie6aRAIN G0l HARELMIGY hibiARE- GOXAhERILYe O NO

an antim gent w I'vel'y reducing an robi al
property of ageits] bioeffecting agents, and miivttiwes therebf.al agent below its capability of
acting as a biostatic agent and w thout rel easing said
antimcrobial agent into a solution; 10 (b) an
ani tmicrobial agep! CAvVALRS fof pRBANYE 4 MosiichriididievhicR Béthprises:
group of said hydrophilic polyner; and (c)

a conpati bl e pol ymer; (ahd preparing a composition which compriseg.  The coat i ng
according to Claim1l7, whepein L funct i ol .

sai d hydrophilic polyner i éfsel%@%@hﬂ%&@hﬁﬁ%pa%g%%%ca%nsxﬁugplalr%o%

i socyanat es, which reacts with and covaleatly Bomis youivdctise greap s¢lectedafkahe thedesup

N- hydr oxysucci ni m de, esters, epoxides, carboxylic 5 esters,
trdsyl ates, SORFYHNE A emine,thigl, yhyard hydzoxy xylic acids, hal oketones,
al kenes, said fRlcEYRHE Sroup RebaBRS réabiiflY Wil 8nd covalently bonding

19. The coating accordi.ng to alm 17, wherein said_hydrophilic polyner
reacts with Qi apémicrabial pgenp witheuteffeetively reducingiantimisrehial preperty obsaidbr m a

pol ymer - bou nﬂnimicrobial agent below itsaé%%ﬂi&ro? ertﬁ)lg aS% ibf‘ots%tic agent and without
releasing said antimicrobial agent into a solution;
10 (ii)  an antimicrobial agent covalently bound to said
functional group of said hydrophilic polymer;
(iii)  a compatible polymer; and
(iv) asolvent.
(b)  applying said c;omposition to the surface of said article;
15 (© allowing said solvent of the composition to dry; and
() curing said article.
|
33.  The method according to Claim 32, wherein said article is a medical

device.



N
26 20. . The coating according to Caim17, wherein

sai d hydrophilic polyner ' fromthe group
consi sting of g gAkiur et hane pol yHmm m\mﬂﬁ“‘mﬂ* ydride  PCT/US98/26046
pol ynmer, a maleic anhydride copol ymer¢ a pdiydl, "a pol yani ne, an acrylate
pol ymer, an acryl ate copol %ger an ethyl ene oxide nodified
Fz)(il yme_rl_,h and ?p et hyl eng. oxXi ;:Ie g 20, wh rrpdl fi gg colpol yrrﬂ1 I

: e coating according to C aim 20, erein said, pol yur ane pol ynmer
i s pol yuret hane poB$i sofhemathed aeprdirgforGlam 12 JbercHs2! °¥lﬁa]§F‘8ﬁea‘tsi c or

al i phatic ' gm efsN{illdwired, HEVe4EddRREcepRYesO! -
22. The coatsl"'lﬁg‘e‘?it(.:rf’:r(rjiraoﬁ[?ér;])lL dtoég%y I m %t(])l%{/\shgeélei n“saélld pol yur% hane pol yner
i s pol yur et hangoundldyessingsy draiiage thbes, feeding tuhes,myrogotogy tibesawoundships.i ¢ or

al i phatic . | yi sogyanat.e. . wi th | ester .
23. 5 The coatlmi’&n%wra‘ﬁ%sf%‘éﬁ’?ﬂthﬁ&mvmg ﬁs%f’ E%F’glb 5P §@ra gg%g%g&pol ymer
I s pol yur et hang,)pgl %Eﬁgﬁ)i@sPﬁlToSdGﬁiéeﬁﬁdrsfgﬂamaécﬁwfgfm. (i) an aromatic or

al i phatic pol'yi socyanate with (ii) a pol yam ne.
24. The coating according to C ai m20, wherein said pol yurethane pol yner

i s pol yur et hane polﬁi- Soclgxgnpae&%dqgédr&ggt%é@@?If,?v?ﬁéaﬂs T go&'i QfoRp bf Or

aliphatic yl'socyana a polyether polyol that
has been nodi f ia@ihytiréphilitpolymer is selected fronathe igrriup cowisiing afisncyanates,

o pol yur et haniso BTSSR SIS NN G, cobiaEh SRR,
al i phati c estes, tresylated? GhiyidRasy ARFLIRLMES, Parbdrylic aciBQhylokéeiespatkenes, t hat

has been nodi fi
5 alkynes, and acy! chlorides.

36. The method according to Claim 32, wherein said hydrophilic polymer
reacts with and covalently bonds to said antimicrobial agent to form a polymer-bound

antimicrobial moiety.

37.  The method according to Claim 32, wherein said hydrophilic polymer
is selected from the group consisting of a polyurethane polymer, a maleic anhydride
polymer, a maleic anhydride copolymer, a polyol, a polyamine, an acrylate polymer,
an acrylate copolymer, an ethylene oxide modified polymer, and an ethylene oxide

5 modified copolymer.

38. The method according to Claim 32, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic
polyisocyanate with (ii) a polyether polyol.

39,  The method according to Claim 37, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic
_ polyisocyanate with (ii) a polyester polyol.




antim crobi al agent The coating

i e AR 017 o,

al i phatic pol yi socyana e™ith ¢ii) a pol yam ne as been
nodi fied with an anti m crobi al agent .
27. The coating according to Caim 130 wherein said antim crobial agent

has a reactive group selected fromthe group consisting of am ne, thiol,
car boxyl, and 40. The methbg acordjtlg to Claim 37 wherein said polyurethan2@olymefhe

in rdi.n m 17 rej d.anj.i m crobi al
gce)?fal:t gda](c: (r:gﬁg‘lﬁﬂ\% klg'émga}nba{ | qsiffrgom reacting x)anaroma‘nc or aixphatxc

1, 3-bis(1- éocgiméfe%myswbmﬂéyl) 5-
am no- 5- net hyl'hexahydr opyri m di ne,
1, 3- bi s(1- et hyl - 3, 5- di oxa- cycl ohexyl ) -5-

am no- 5- propyl hexghyd r -5-
hydr oxynmet hyl hexgﬁydr gﬁ% {%Hgg&g?d“ﬁg%ral&hoyl@ %hn %aid ;?o%ﬂgl | so;?r Mﬁ)") -
hydr oxymet hyis bebyﬁﬂ@mdﬂe)mmwayﬁhatbedenﬁemrﬁ oeattifg {) & drofatl oradiphiatioy | -

rrgt 2?/: 2 gg?g%&r)?x r I mﬁ%'r&b I§1§,)rq H?Enxfaﬁépolycﬁ tgatigslbeen modified with an

5-nitro-1, 3-&;@{,5;35@4&“@ hydr oxymnet hyl hexahydr opyri m di ne.
29. The coating according to Claim17, wherein said antimcrobial is 5-
am no-1, 3-bis(2-ethyl hexyl)-5-nethyl-hexahydropyrim di ne.

30 The coat | nauaccds il QS hile Chunt PS8 oS ORRAMAL SR8 Yo

i s a honopol yner of copol'y rom t’he group
[ err] - ol ef i nis polyuresiane polyisocyanate derived from reacting (i) an aromatic or aliphatic

polyisocyanate with (ii) a polyester polyol that has been modified with an

antimicrobial agent.

43.  The method according to Claim 37, wherein said polyurethane polymer
is polyurethane polyisocyanate derived from reacting (i) an aromatic or aliphatic
polyisocyanate with (ii) a polyamine that has been modified with an antimicrobial

agent.

44.  The method according to Claim 32, wherein said antimicrobial agent
having a reactive group selected from the group consisting of amine, thiol, carboxyl,
and hydroxyl.

45.  The method according’to Claim 32, wherein said antimicrobial is
selected from the group consisting of 1,3-bis(1-methyl-3,5-dioxa-cyclohexyl)-5-
amino-5-methylhexahydropyrimidine, 1,3-bis(1-methyl-3,5-dioxa-cyclohexyl)-5-
amino-5-propylhexahydropyrimidine, 5-nitro-1,3-bis(1,3-diisopropyl)-5-

5 hydroxymethythexahydropyrimidine, 5-amino-1,3-bis(1,3-diisopropyl)-5-
hydroxymethylhexahydropyrimidine, 5-amino-1,3-bis(1,3-diisopropyl-5-
methylhexahydropyrimidine, 5-amino-1,3-bis(1,3-diisopropyl)-hexahydropyrimidine,
and 5-nitro-1,3-bis(methyl)-5-hydroxymethylhexahydropyrimidine.



chl ori des, vinylidene chl ori des, ethyl eneoxi des, propyl eneoxi des,

DL er s aeee mapapaconar i ocs.” STTTINAINAE Y crYceo' et nasridane e

pepti des, pro?elns nyl ons, silicone derti vatives, acrylic
acids, nmethacrylic acids, vinyl acetates, vinyl alcohols vi nyl ethers,

cel I ul oses, aromatic diiacyanates, ali phat i ¢ diisocyanates,
and m xtures thereof.
28 31. The coating according to Claim17, further

conprising at |east sel ec ed, fro a}he gr oup

di
consi sting of chéfi ca&ﬁ?“’r‘?&‘?dﬂ‘é‘%ﬁh}’%@ (glﬁ’(ni‘%)# d’(%leé"é" said antimicrobial 1 3-chepj cal | y
non-react i vendad it SRBistCathylBH 5 Alethy- my&g@,iﬁ&n@pt i m crobi al agents,

anti-foam agents, pigment s vi'sual i zati on ai fragrances, dyes,
stabilizers, Iubrlcants rheol ogy nodifiers, surfactants,
nmetal conpl exes, pl as Lzar nb ents,

bi oef fecting age r?’?s T'I'hgnFe?h as es&xpﬁ]iohé%mgg rherem said compatible polymecll A
met hod for s enwnbmymebompaymer deiived frémwhe grougs ConisistiseSst. a-olefins, vinyl

(a) prepar| ng.a coQ It n whi ch conpri ses:

(i) a hyhigsides,jvan F rides, sthylenenyidest RrppylensaRidesy Pyrplidones,

whi ch react s;;\ibMrSHdnéOY 1rRaRgley1he 1ME. S5194P cted fromthe
group 5 th cgnéi g%%h%f am e, ?%IR: Hcar bg(;g# c‘%ﬁg&hydr oxyl,

saiSd functi ceaflangides) m&ﬂm&fmdcﬁ peptisles, progeins, nploas diliconexdeeimatives,ondicng

b f I d bi al
o opor y.of ket hcidk WiShieeBlen i Eakolh GNT B b BRS L pai 1ty of

acting as a hbmsfiediisocyr@eans, aliplthticidiiiRyénates, and mixtures theredfe! €asi ng sai d
antimcrobial agent into a solution; 10
(i) an antim crobi al agent covalently bound to said

functional group g sapud M@mrwng tP1AMBR; wherein said solvent is selected
(iii) a conpatible po yner ; (1v)

a solvent. from the group consisting of methyl ethyl kefdnps, N-metbplpyirolidinanies, conposition
to the surf | (c)
allowing s a?]ﬁ ﬁf‘mﬁf‘ E}yhg“t@%ﬁpdg%l?rf' ‘6‘ﬁ“’f"6°su‘i‘3'/~?‘°%?ﬁas’ ethyl acetates,
propylene glycol methy!l ethers, propylene glycol methyl ether acetates, alcohols,
.5 ethers, esters, aromatics, chlorinated hydrocarbons, hydrocarbons, water and mixtures
thereof. |

49,  The method according to Claim 32, further comprising at least one
additive selected from the group consisting of chemically non-reactive antibiotics,
chemically non-reactive antiseptics, chemically non-reactive antimicrobial agents,
anti-foam agents, pigments, visualization aids, lubricants, stabilizers, rheology

5 modifiers, fragrances, dyes, surfactants, metal complexes, plasticizers, anti-
thrombogenic agents, bioeffecting agents, and mixtures thereof,




(d) curing said article. 33. The net hod
according to Claim32, wherein said article is a nedical

devi ce. WO 99733344 PCT/US98/26046 29
34. The net hod according to Caim32, wherein said nmedical device is
selected froma group consisting of catheters, guidew res, gloves,
contraceptives, wound dr ei$®i ngs, drai nage tubes, feeding

t ubes, nyringotony tubes, wound clips, 5 i npl ants, sutures, foans,
opht hamal i ¢ | ens, prostheses, blood bags, ultrafiltration or

di al ysi s nmenbranes, bl ood oxygenators, and vascul ar grafts.

35. The met hod according to, Caim 32, wherein said functional group of

sai d hydrophilic polyner is
i socyanat es, IS
N- hydr oxysucci ni m de esters,

tresyl ates, anhydrides, al kyl
al kenes, 5 al kynes,
36. The net hod according to

reacts with and coval ently bo
pol ymer - bound W a

| ected fromthe group consisting of
Dbt hi ocyanat es, esters, al dehydes,

ppoxi des, carboxylic esters,
hal i des, carboxylic acids, hal oketones,
and acyl chl ori des.

Claim 32, wherein said hydrophilic polynmer
Nds to said antimcrobial agent to forma
Ntim crobial noiety.

37. The net kgd according to] daim32, wherein said hydrophilic polyner
is selected fEgm the group copsisting of a pol yurethane polyner, a maleic
anhydri de pol yprer, a mal ei ¢ anhydri de copol yner, a polyol, a
pol yam ne, anglcryl ate pol ynef,
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an acrylate copolynmer, an ethylene oxide nodified polyner, and an ethyl ene
oxide 5 nodi fi ed copol yner. 38. The
nmet hod accor diwiesiags4l ai m 32, wherein said pol yurethane pol ys®fusosi6046

i s pol yuret hane polylsocyanate derived fromreacting (i) an aromatic or

al i phatic pol yi socyanate with (ii) a polyether polyol.

39. The nmethod according to O aim37ggsherein said pol yurethane pol yner

i s pol yurethane pol yi socyanate derived fromreacting (i) an aromatic or

al i phatic pol yi socyanate with (ii) a polyester polyol.

30 40. The net hod according to Caim 37, wherein
sai d pol yur et hane pol yner ‘ i s pol yurethane pol yi socyanate
derived fromreacting (i) an afomatic or aliphatic

pol yi socyanate with (ii) a pol yam ne. 41. The

met hod according to Claim 37, wherein said pol yurethane pol yner

i's polyurethane polylsocyanate derived fromreacting (i) an aromatic or

al i phatic pol yi sogyanate with (ii) a polyether polyol that has
been nodifiedWith an antim crobial agent.

42. The netIgd according to ¢ aim 37, wherein said pol yurethane pol yner
i's polyurethaqg pol yi socyanat e|derived fromreacting (i) an aromatic or

al i phatic pol yi so¢yanate with (ii) a polyester polyol that has
been nodifiedei th an antim crobial agent.
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43. The net hod according to Caim37, wherein said pol yurethane pol yner
i s pol yurethane polyi socyanate derived fromreacting (i) an aromatic or
aliphatic  wo09933344 pol yi socyanate with (ii) a pol yam nediadssbss been

nodi fied with an antim crobi al agent .

44, The met hod according to Caim 32, wherein said antim crobial agent
having a reactive group selected frongte group consisting of am ne, thiol,
car boxyl , and hydroxyl . 45, The

met hod according'to Caim 32, wherein said antimcrobial is

selected fromthe group consgsting of

1, 3-bi s(1-nethyl -3, 5-di oxa-cYcl ohexyl)-5-

am no- 5- net hyl hexahydr opyri nl di ne,

1, 3- bi s(1- et hyl - 3, 5- di oxa-cycl ohexyl ) - 5-

am no- 5- propyl hexahydropyri mdi ne, 5-nitro-1, 3-bis(1,3-diisopropyl)-5- 5
hydr oxynmet hyl hexahydr opyri m @i ne, 5-amno- 1,3-bis(1l ,3-diisopropyl)-5-
hydr oxynet hyl hexahydr opyri m ¢li ne, 5-am no- 1, 3-bis( 1, 3-diisopropyl-5-
met hyl hexahydr opyri m di ne, 5{am no-1, 3-bis(1

, 3-di i sopropyl ) -hexahydropyr{m di ne, and
5-nitro-1, 3-biy,s( et hyl ) - 5- hydlr oxynet hyl hexahydr opyri m di ne.

31 46 The net hod according to Caim 32, wherein
said antimc@&bial is 5- am no- 1, ~
3- bi s(2- et hylPiexyl ) - 5- net hyl { hexahydr opyri m di ne. - ~

47. The ne
is a honopol

od according to Cl aim 32, wherein saidﬁsonpatible pqggner
: ©
[err]-olefin

r or copol ymer derived fromthe groupconsisting o

vi nyl chl ori des, vinyIid&pe/pthrtQé%,
4

et hyl eneoxi d&§, pr opy'Leneoxi des, pyrrolidones, Z
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SO000:1031-3
vi nyl pyrrolidones, hydroxyethyl net hacryl ates, nethacryl ates, Iﬁ%
pol ysaccharides, 5 acryl am des, nethacryl am des, greqt i , —

proteins, nylons, silicone derivatives, acrylic

met hacryl i c aciRET Vi nyl aceeree wesLLaziuay PROBIRDOIRORISZATION NY | €t h
cel l ul oses tic diisocyanates, aliphatic diisocyanates,
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tetrahydrof urans, ethyl |actates, di ch|%Y bfeeretonshBupblication Dese:of or 8 Julydpdads.07.99)

acet ates o eropyl ene ggla%col net hyl ethers, propyl eéne glrycol

et hy| Gt druen agponol SCTESEE) ) et MUY, B Ro
chl or | eatfanbysalrasabRoNS, 8 ByLRGRE PRNDs) |Wat eiGHAEM, HRI MU, Ub G5 IN, IS, 1P, KE, KG, KP, KR,
t her epf . 49.  The nmszZhauLadRISILTYU, LY, ¥b.aGIMKI MN

furthe bk Ng at | east one y O B P SPSB$Ct HSK.
B FAR ve SRR oIV GNP i

group| consosmbing of chawsieal loyr 9Re7y easti \ >LS, MW, SD, SZ, UG, ZW), Eurasian
chem cally non-reactive antiseptics, chdm calpitept (AdAZrBYaKS, K2 ODaRY, THTM) Enldpear

agent b tcant: RAtdshd n pi g (AT, Saﬂlg. GB, GR,
b P e o Sy dagakse 0 O ORCTE R BB o

dyes, fact , Jqetal conplexes. plagticizers, anti-
t hr orﬂa@éé‘ﬁf,’,ﬁfﬁ%ﬁf}ﬁ; S Pl &MEq puanch M xtures ther eof .

With international search report.

(74) Agent: BARON, Ronald, J.; Hoffmann & Baron, LLP, 350
Jericho Turnpike, Jericho, NY 11753 (US).

(54) Title: BIOSTATIC COATINGS FOR THE REDUCTION AND PREVENTION OF BACTERIAL ADHESION
(57) Abstract .

The present invention relates to biostatic compositions, as well as coatings and methods for preparing biostatic articles using the same.
The compos_itions contain a hydrophilic polymer possessing a functional group which covalently bonds to an amine, thiol, carboxyl, or
hydroxy} active group of an antimicrobial agent. The functional group is capable of reacting with and covalently bonding 1o an antimicrobial
agent without effectively reducing antimicrobial propesty of the antimicrobial agent below its capability of acting as a biostatic agent and
without releasing the antimicrobial agent into a solution.




