5

10

15

20

30

1 LUBRI CANT COWPQSI TI ONS, THEI R PREPARATI ON AND

ARTI CLES COATED THEREW TH 5 CROSS- REFERENCE TO RELATED

APPLI CATIONS This Patent Application is a

Continuation-In-Part of U S. Application 10/691, 853

filed Cctober 23, 2003, thejcontent of which is

i ncorporated herein by reference inits entirety. 1.

Technical Field 10 The present invention relates to a
LUBRDCANT| COMPOSTIMOUS) THBMR SAREPBRATEOF NDNARIIICHES CYaTEIr SHEREWITH

that may aid nedi cal devices to becone slippery when

wetted. The | ubricious conposition of the present

i nvention may be enployed to reduce the coefficient of

CROS$S{REOFERFENCE (1@ RESATED APPRICAGIONS shunt s,

S A A M T et @%b%pgf'cho%tl'b%m 853

fileBBB6EL 10 QOIGO’% thé'€orfd rﬁ%? thdhrm BRoh U atB@ Herti By Rference in its

|ncorporafe arnaco ogl cal additi've conpounds such as
entimtyi.- mi crobials that are released in a
phar maceutical ly acceptabl e manner. Methods are al so
1. proqiedhﬂlcﬁpmelche manuf acture of the | ubricious
S|t|on Al sp d r.e. met hods for th

pplREaRIeEERt 1Bt TOBFT db dud s FOFRSTEIQR PHitaple for medica

dcx)%éshﬁiéﬁ nRAALTABREHIChIC ddviad ot BacBme! slippbty! WEGS wefted. The lubricious
nmedi cal déevices and the resul ti npg coat ed nedi cal

corvipaesitien of theppreseat knyieotion may brrempleyddciareduse she erpsficient of friction

ied to urfaces de LN
of GHBeeR atEaR NssPS S, FRREFRleritteos kot Gddifcheal tubes and other
mediva ifplape! Gfe%dl?fhenu istibystrate8SiThe domysositionrdfahe present invention may
si|icone ub and conbi nati ons of these

alsq u@gp@ﬁgaég phma%@l@d%@pq@p@gnd& such | gscantpgiigrppials that are
t
relég%g |1ﬁga %?l M yvﬁénl‘gll pyr %@tla ongﬁ%'a E’{e}t/ﬂ&rd gtéfg%%(iesgpﬂ%&d for the

manﬁfaem@é) by tlﬁﬂuf:ﬁcﬁﬁﬁﬁcdiﬁpd%glqnel Wilsodegeritsddeare Reethods fmtthe application
U S. Patent | ates to, a

of e dypoarct qqﬁgcqﬂmsaggﬁ i o Jﬂfh%aspﬁaﬁrp%ut&a %fgﬁf’is ‘o surfaces of

mo I AT b ong (B Qoo RE Bl e Sl i

2. poI WBackgihouel pol yners for use as lubricants. Storey et

pr og#ﬁ)gg} @%ﬂgﬁt ﬁaaténgslfpgﬁ% %éefe oogérﬁg‘dé%ag ?Fﬁﬁéﬁ%gﬁae coatings of
pOIWisiwg)}‘rbBHdoﬁb Opsiydtizaat adiglic polyefien vinyll aesiny flastdcarbons, silicone

vant ages when used in the_nedical field.
bes 44 aﬁr@g@a@on@p thgessubplanges) FBY exam @M&}ﬂqsr%ﬁlu&és Patent Nos.

4, 1b6%‘6§f LGheR4hY ob@WrQ ?ef fthCh eRbarB Emﬁé 'E(Sd[tﬁgo alg&iy%ylpyrrohdone-

ef'manence such™as c aracteri
polyhmnhaneanimmollya&e dommat usigs poishsqmpemam e Ratnerhet ral g rily.SaPatent No.

3 9%@(}492:}1%{\6 Ss; ogap w %tgggpt@ng %gijq {qf Eucbncatlon to polymeric substrates

using radiation. Hungton et al, U.S. Patent No. 3,975,350, relates to hydrophilic

polyurethane polymers for use as lubricants. Storey et al. U.S. Patent No. 3,987,497, relates
to a tendon prosthesis having a lubricant hydrogel coating. Many known lubricious
coatings are prone to various disadvantages when used in the medical field. Disadvantages
of such known lubricants may include insufficiently low coefficient of friction, lack of
permanence such as characteristic of silicone or fluorocarbon based coatings, slipperiness
when dry as well as wet thus making handling difficult, utilization of hazardous solvents in

the manufacture of the same and utilization of unstable reactive materials in the



10

15

20

25

30

the manufacture of the sanme and utilization of
unstabl e reactive materials in the manufacture of the
same. Lubricants produced for nedical use from
unstabl e reactive material often require the coating
solution to be prepared daily or nore frequently to be

a h Y (. hCreases S and .expense. .
e 0 el SR L BBPETE SRedifed dof Bl G om unstable reactive
miterialr oftersregiry e Sodtirgy svdtesH toabe Brepuedtdailpairi Bble frequently to be

t@)gl ci.ty concerns and OSHA 5 considerations. Al so, '
uselyh and Shereby dnersases praste @ad expensendlubrirgnisprofieped for medical use

: ' ' ' f bo t hat ..are
imfVing Thzndofls KO kRS BhEaTaflk dliodifitnt HRiid Bncerps, and OSEA
cohsiderafions. edlsof libpicanticdetivgsiravided etih@wing/ foréige BbviBESinto various
carrier. for _anti-mcrohial_ and anti-thronbogenic ]
arqas of hiedY that aip suscppiile tintertioniapd or thrprabereaiq feagtions have failed
to _ . ¢l | . . .
thnee Sopoatedy Rchdbtind 6 Aty i mombogei
competds.i n t he medi cal device field such as for
nmedi cal inplants. The conposition may al so have ‘
pharArdulricionsc edmpubitidn iseecdod tha Swheanédated ggoaba dhedical article and
he rel eased in a ihar maceut i cal |

ds that
subseqRoRtLv eftebhas SPLiCIem dulrinie to Aeruse i (g mestions devignfigld such as
o . h 1 . i i .
ARSI 1 R A8 005 AR e s
antranigepbialtcogrpounds thapcep dearelasdd inoaphamacdlichlip ricceptable manner.

T RO et s (R comhbne, o et Widergticy of subsrates and

preferablyCresist wep Bbrasivh] FUriGETRY WosR Kb AWAh@PEIus 16 prepare such coating
pol ymer, an isocyanate-term nated prepol ymer, an

frog) ¢gmpeneats that age sotrhselth hazardssi d such as ethyl lactate
and a solvent selected fromtetrahydrofuran (THF),
' , Met hyl ene chl ori de,

DESCI00
Che i &f 1ERRRRye datRsmieny i Bhifiof empast P shdpriney agycrophitc
polyfird, &i mﬁﬁatd'@nﬁﬁlmd%&% ,tdﬂt %]Eﬁléﬁeloﬁﬁ“k? carbbRylft acid such as

further i ustrati ve enbodi nent, e | ubrici ous

ethyh ettt ansh ac selpentsesiected Hyam ogtrahyideofprany (BHF), aRimethylformamide

5 AT 3 Ao S e
thesseif.edt ésdedntemplatidrthhtythesy suledhty mial)be Usedralon¥!orGh efibifition with

é?‘g% Met hyl ene chl ori de, Cycl ohexanone, n-nethyl
cac lidone (NWMP), mxtures thereof and a

phar maceutjcal _additive. In yet a further illustrative

enb8tidrdhither; Flusirative cmhedinenipdhe tlnbriciewsmepmpesition comprises a
. [ hd Vi L S0C -t er m nat ed .
YD Yoh i o5 0 AAEHEO AR, Bt o o oy
acléucshchﬁs daet ]te,tlhyll dastateg, aa sodveneniseldete@Ciftin f t€@tfBhydrofuran (THF),
.tefr rof uran ( THF
Dlmeethyl?ox)fnalmde &Ml(*‘), I\/Peihylene chloride, Cyclohexanone, n-methyl pyrrolidone
(NMP), mixtures thereof and a pharmaceutical additive.

S

In yet a further illustrative embodiment, the lubricious composition comprises a
hydrophilic polymer, an isocyanate-terminated prepolymer, an alkylester of a carboxylic
acid such as ethyl lactate, a solvent selected from tetrahydrofuran (THF),
Dimethylformamide (DMF), Methylene chloride, Cyclohexanone, n-methyl pyrrolidone
(NMP), mixtures thereof, a pharmaceutical additive and a polymerized urethane. The
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Di et hyl f or mam de (DWF), Met hyl ene chl ori de,

Cycl ohexanone, n-nethyl pyrrolidone (NWMP), mxtures

t hereof, a pharnmaceutical additive and a pol yneri zed
urethane. The 2 polynerized urethane increases the

bi ndi ng strength of the inventive coating and controls

Pofmbengaé iure #eg#gfeﬁgeso F%ﬁ ha Wﬁkg uf] im%l gt | cggte ihg,and controls

thePRAR BeRkid G the %hﬂindc@@tw’&l‘ hddifive: ' THY alditfin (ﬁttH@pol erized urethane
phar macol ogi cal additives to be wthin acceptable

engies tha phamasgkinetied efthe 3ntiymigrabial on @?heaphwmlp@éal additives to be

wilt 4% é@éieav‘fﬁffﬂ% gh?ﬁ“%mﬁélhinéﬁbéhih"ii conposttion

P oy afxfties AksaREr 3%%@ ro PlbGHEeh, e tubriciqus, composition
ompHRAXY I o%‘hi]ﬂ: rss% %tpol?ﬂlﬁ}%ﬁ%hddh@”h hexamethylene (HDI)

tetrahydrofuran , Dmmet h ormam de
isonpanalg- @rmumtﬁdqpmp@ymew ajh)ggsjcrmf@ camquiln yaki and a solvent selected

troff) SRR RSN o TR  PEneRT AR (OB r Mptpylene  ctloride,

Cyﬁlb!’fo?@iohb Qilnfeﬂiyl pr)‘h‘bHdén&(NMP) &ndJﬁh@ftﬁi%ﬁ @hePELC It is contemplated that
addi tives and nmeri zed urethane either alone or in

this Bl oentaining luhmcmmmposma san firthercantais pharmacologigadditives and
pofB'W%Hzgdﬁfé?h iy pozflbl?é]o [,ﬁ, s.a hydrophilic

mer suc yVvi ny |done an

| so a%&%rt ?ﬁ‘t‘%‘iﬂﬁ%’ ?lgéo%%gﬁhf& hgo ﬁéﬁw comprises a

hy&bpﬁﬂﬂcyliﬁiymw sdh 45 pbBvinyl@ardlidene, waoiéti@ﬁan@tfe-t&mmated prepolymer,
d| [ SOCﬁtanate and a oI yal kyl ene et her gcol

RENEQL) townigatgd palystierbated GrPVEG) grepalyamer which

r
is g/&lcﬁﬂﬁ acyncgi%{e op'&)%ﬁféguﬁéa%%eo@d nggé{ﬁm?ﬁhé‘ 8‘{% i 32‘):82% alkylester of a
carboxylixsadid anch @§ ethyd lgotats aint a:lscﬂv:dnmsmmlre sf tqtrahydrdfictan (THF) and
herein. The method conprises blending a sol vent
Cyelohgxangnes r om t he group 20 consisting of
tetrahydrof uran, dinethylformam de, nethyl ene

chi d¥ imarthod for tgking) the dublam COMROSIoBK aﬂfoﬂi’é prgsent disclosure is
pratidda! h&%yf he{'l?e? tlgctc{e% ot IQésl bfén&i‘ﬂgy{rgfﬂv Is?(lmfted from the group

I SOCyanate

ed

_' S

cornistingC amﬁ)owm’?hydrglﬁlrm lelﬁledgﬂfonPanidse ah&:tltylmed echlonde, n-methyl
er pre erably unt] i jon is
Pm@ef@ cxlphengpans 4pd Faixpges Fherqood L&w@f&mﬁ, JHsisocyanate-

r I 5
TR g o
togethies preferablysintil a ooifoim golutipn isfermed.r i ed out by any

met hod known in the art including dip coating or

spr ayi ng_then ir [ Vi 0 ennva

Oy Eibo s S Bk dpbelab B iE 0% J8en FAGERY coat 2 surface
pref@ablyahe danfaczeof 10edibslr devides i€ pRvidel thefeist Thisl praedss of coating may

thereof. The surface may be any surface, preferably a
be carried out by any method known'in the art including dip coating or spraying and then air
drying or removal of excess lubricant and optionally baking and packaging a medical device
either before or after sterilization thereof. The surface may be any surface, preferably a

surface of a medical device. The medical device may be optionally cleaned and dried prior

to coating.
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surface of a nedical device. The nedical device may be
optionally cleaned and dried prior 30 to coating. 3
DETAI LED DESCRI PTI ON OF THE DI SCLOSURE The | ubri ci ous
conposition of the present invention has been found
particularly wuseful in |owering the coefficient of

DETMLE%E@OI&%?@N Wm&&%@@gg'dm' ling
thoracrc devi ces. The

| ubrihe b@gc@@mmppsmnm of therpréseat invedtibn dias debn Wrerdparticularly

ted f THF
1 O}gﬁ %%l-_cjsf ﬁgé?erﬁ @ﬁ@rca@ﬁvg:,eﬁ guch as indwelling thoracic
catﬁmrsom ameﬂ medibalfﬁé‘l‘wés PYh¢ Alurns dohlifolitiRds Eﬂaﬁ{xfé&ﬁ?ed from a
ereof, an al kylester of a carboxylicC acid

blepgrofé;pgrp&néore@p ptslsglﬂc@ﬂeﬁoméﬂ'@Iqufommmde (DMF) Methylene

o ey PR nalty Ry LRy dolE R el buies Fere, an kst

of pmayhomyjalc meid shohdasydfor pednvple,Nath laiaﬁﬁtl@'metﬂﬁbé’&%ﬁ%' bfgolyacrylate

ovi done or polyethylene 10 oxi de,” prefera

Whﬁlfﬂrﬁ/ v?tﬁof p PP it8ioReeterred, | Ac hudrophiligd polymeri csuczly aandor example

polWﬁ&l}B}Hondgg%‘ gpflng#rﬁ g‘i?ébg@ éo'lg% gtcﬁaf% R gg%ed or polyethylene

Any I'soc
oxider meﬁeraélyep@ymylpwsohgtmtte -inéretse BydrophiHERP ahd HBElfclty, and an
iso Lteci%n beteHs ?ccordl ng to the disclosure includ
ar s ROt OB o pol yoxyet hyl ene- based

|so anat es such as a toluene or isophorone

di i S8y rRAte-ferrunaied Bﬁeaglammfemas betused heret. Brefemet] dsocyanate-
terrhh‘)ﬁfﬂd*preﬁ@l e@ af Iﬁl ﬁ?ﬁ‘%@o@&ﬁ%etg RY dsure include but are not

_ oratlon,
hmﬂ;eda, ppl’}’@riyﬁhﬂlenabaedusacya:mwabb ad Mdlerrc? ﬂﬂ%phﬂi%he diisocyanate-

basgﬁaﬁf%@% 1% I ro a ; A’PI PRI\%R%&@&(T gmﬁffacWed by Dow
Corpsrativanat evighthhas® eqj 4pd1 Cmtteh Q@bg gg%polymer

al so be used. These re ners |n ude
maryfactyred b:éoUm@oyabomytA@Em Heweret B, gianafictured by Uniroyal

Cheﬁhﬁ enyl met hane diisocyanate (M), polytetranethylene
er gI ycol -toI yl ene d| i socyanate (TDI),

po'dt%; net hyl ene, et ycoI - sophorone

diis § E’;J( a G&SWP{(G &pewn in the art may also be used. These

pre}mbylﬁéﬂs dhelnagy st fwe n

di 4 oxybutyl en 3 ycﬁl?-&f&glﬁ rﬁo&@éﬁl soc¥anat %ther glycol-
Ph@’?ﬁ}/') HE| {Sgcmétﬁyfkﬁﬂh I?J nﬂiﬁgt;ghythylene sl!hpﬂgiy&flﬁolylene diisocyanate

yhen eny met h

(TD%  ITRRAEE R, VB Bﬂ@ﬁ isorTanaiey | Rl 4 oxybutylene)

g ycdl—d@hemdnmﬂ&me( Tddispe &Qieye 0@%(31 0 i

i Qcy pol pr}:)pyl ene gI ycoI pher?))l/)?%aﬁg ?PyCOI tolylene
IS(H" F%Ey@ﬂ)j&’ep? OXWW pe)o glycekisopfioyons dus:boyblmne polyethylene
lycOl-4ipRENARR T I col -~

gy |J|ﬁ?oc an a%]’gné &}%C}é%%%ﬁy Weﬁaﬁﬁw L%’Ie ‘i]n@[]y? Susocyanate

(TDB; p@ydgaahae glycbEispphorone diisocyanate, polypropylene glycol-diphenylmethane

diisocyanate (MDI), poly-propylene glycol-tolylene diisocyanate (TDI), polypropylene

glycol-isophorone diisocyanate, polycaprolactone-diphenylmethane diisocyanate (MDI),
polycaprolactone-tolylene diisocyanate (TDI), polycaprolactone-isophorone diisocyanate,
polyethylene adipate-diphenylmethane diisocyanate (MD]), polyethylene adipate-tolylene
diisocyanate (TDI), polyethylene adipate-isophorone diisocyanate, polytetra-methylene
adipate-diphenylmethane  diisocyanate (MDI), polytetramethylene adipate-tolylene

diisocyanate (TDI), polytetramethylene adipate-isophorone diisocyanate, polyethylene-
4
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pol ycaprol act one-tol yl ene diisocyanate (TDI),

pol ycapr ol act one-i sophorone diisocyanate, 30

pol yet hyl ene adi pat e-di phenyl i net hane dii socyanate
(MDI), polyethylene adi pate-tolylene diisocyanate
(TDl), polyethyl ene adi pate-isophorone diisocyanate,

pr lléllcl)eg %gﬁgfég&?]}gﬁwﬁe%%% ?@%@gﬁ@%%&? ﬁori?&ﬁylene-propylene adipate-
toBléreatdtisd®layhte (TDRI 615 polysthglenelpidPylene adipate-isophorone diisocyanate
ol yt et ranet hyl ene adi pat e-1 sophorone diisocyanate,
p GBansS ene- 4 propyl ene adi pat e- di phenyl net hane
di i spcyan I - yethyl = Pr ap |.pa . _
toly eﬁ.ﬁe" ﬁgﬁs?étgagygkugﬁg&%é}gﬁ’oﬂgﬁe& q Héx%ﬂ%ﬂﬁ%n% EﬁDI) isocyanate
temmahgtiet pyrepolgmer cay lbenseddi Thd DS 3pdyanawachinated \paepolymers offer

| i%%ﬁqq%h&?%ziké%g%& ﬁﬁghgg%gpj\é% Lt})rlggést}mg%c\é%r@ng to the disclosure

iné1888 NAked Ao Bﬂﬁﬁé?’étg, N‘E“"‘C]{.,FI-{;r quﬂeﬁ%lygl\?r, manufactured by

I socyanat e-term na prepolyners of fer énent s
Criompten keorperationy (Uniitnyal)y BViiddlehusy,c Coposcticuton Blis oHIInprepolymer

PP EN YR er g B e DIt aving P coa b {19 free FIDL, which
cah! BSTREASTI AN RO hidfagdditink Qidl dontd] sl ®B#KeY -exposure to HDI  This

Connecticut. This HDI prepol yner provides an

prepodvipembavang selatively v gree JHPY rstucesadammg! toxdnityt thatncan be associated
: 1.0 | ' n _be beneficial in
w@ﬁ@t‘ﬁtﬁ% ré&grear%%{)&gﬁ g%%%%;‘é@gge%&@ﬁeég exposure to HD .

Thi repolyner . having relatjvely |ew free HDI

red coégm_ﬁ‘grﬁﬁ%lur?%eéit o ag %%}F? easso?:rloﬁiagﬁ ehjef ypolyurethane
ma&hifstuied 8% Ddw | CREMRART Br t Byiioimne® PoIRRINAAE Smanufactured by
Pol ﬁ‘rrerl zed uret hanes such as Pell ethane(r), aromatic
Casdindecl dntommatiorainer iseayamptectermingtedyprepalymeisnor Apth esn be used, to

enit AR S dneB bt o SR e P RS e B s
D i b BB 5 e PR o e contols
th@fiflé bf Yélease BAR tRQ aif¥BIes 8¢ phirfifabaififictich ©F s Fifarin€ological additives
bi ndi ng strength of the coating and controls the rate

when ptilizeds b ded withins aeeeptable pheangsieuticah diRithet The dyrometer of the

polerPd8 IBEM A ek kel HF Burcfiil ot chd Il v R tp b coated or
theofunttienaliby Dihy iedicat deHEeinaf becoiecbnipidinistd! ch t he
duroneter of the nedical device to be coated or the

f uncAnyopRdriva¥olefichNRidiBel may beQised CFHPYxanG® BRti-microbial additives,
conprom sed. Any pharmacol ogi cal additive may be used. _
suglp s esilyiep| seltsrari antibiotissi mayabei uifoomly sespendeds withiny dhe lubricous

I A MESTN T -
the Ribeiaivad pespegtivst dfthe BbibPoditioms hte contrdlied by bkeriig the r&&S6f urethane

‘in 25 _the | ubricious properties_ of the con%asiti on,
ang Py o §oF epgmples of isuidahle polyisoryangtes spe Engyrdopedia of Polymer

Science and Technology, H. F. Mark, N. G. Gaylord and N. M. Bikeles (eds.) (1969)

incorporated herein in its entirety by reference.

Anti-microbial additives utilized as pharmacological additives within the present
invention include the biguanides, especially chlorhexidine and its salts, including
chlorhexidine acetate, chlorhexidine gluconate, chlorhexidine hydrochloride, and

chlorhexidine sulfate, silver and its salts, including silver acetate, silver benzoate, silver

5




10

15

20

25

30

and PVP. For further exanples of suitable

pol yi socyanat es see Encycl opedi a of Pol yner Science
and Technology, H F. Mark, N G Gaylord and NN M
Bi kel es (eds.) (1969) incorporated hereininits
entirety by reference. Anti-mcrobial additives

| rpecological additives within, the, . .
ol S8 3o DRSSP B il B s, siver i,
silvepepalaiifaie, C BIlodrhromin) e agddsilvdr Salfidiazihd)Clpétigkin, tetracycline,

chl orhexi di ne acetate, chlorhexidine gl uconate, = )
amippglyeesidesi sech 9% ideampein pad gentpmicin) sifaraiciann bacitracin, neomycin,

s Sl [ tS,:.] udi ng_si | ver. . .

chiapBhicd rgingl, shBahily, JujnpBles Uehad, prifti g, morfloxacin,
nalidikataeid, spéfloxacing Endgacisi ande cigrofiéacd, penidiMie such as ampicillin,

| aur.ate, silver nitrate, silver oxide silver
a“t?&ﬁ“’rﬂi‘c“a‘?@ pirgcily egphalospering, vaneemyrin, and eombinationsi ofeany of the above
anBGhitRabialg, tetracycline, am noglycosides, such as

tobramycin and gentam cin, rifanpician, bacitracin,

neo L 3 I ' | e . tol naft.ate .

i ey e tenGo TP A5 el 5 3 PRIl i € according to the

prosani m;vi:nm Wouldetid beiﬁfllnn M@diﬁ&ﬁ@'(brﬁlsai’fd;epalih? may be used to ensure its
.Ci pr xacin, penicillins such as anpicillin,
bidlpgierlfqtivity aBdfingr thEpmbosCRiS TP S or 1S contemplaipd et the rethane
! . : g bi al. .
co%ggnéiﬁnﬂhg ?\%éng%yghﬁ’éd ?@gua&fe fegﬁagg%eﬁt g@é‘ allfepﬁjilf [20hnBliFed heparin

anti -t enic additive

majerderacol Ib@iitileuiljalbfd ch';génie -WWT gen(ij\mdt frem p;@ﬁse ahd herbs having
.nventi on wau e heparin. ified forms of heparin

ARy b Rl al Eapa et eoh bejiiagt Gy phamageIoBigRL Sciygs. Bxtracts

of plints hhd RGBS IRAVE bett RAGWA it %oséeﬁs én?i-ﬁﬂl%ﬁgpkl&i e%ﬂgl?(?mgir use has

t he urethane conponent may De nodified to nore
fori hunan anddinimealccongypaption. Ewttaetsudfsuch plants, known

eo:
s R ] S BERE SRR SRR Sope o e
exteauts, bachi tak | gr seell axtractomes iTead ORdsHE MiREe CiXhhd6thers can be

. of plants and herbs have been known to: possess .

incgrroratad dntghe fubsiclqusicoyrpapition isad theirsentieicroiabproperties released to

the%ﬂﬂ‘&ﬂn&iﬁg@%s&%%nfe caaﬁlﬁg%aﬂﬂ& ani mal consunpti on.
Extracts~of such plants, kKnown" as phytochem cals, my

be i) zZe . thei,r anti-m.cLobial properties, Sgone .

o B sl HhyiePiive hiladiedss B iho BtednePdigGhie SBloranfl, emulsifirs
surfeetants, emd Qolloragtabilikérs Itkat Gré walldahewithimthe Wt may be added to the

i.ncorporated into the |ubricious conposition and their

lubgigtous neQurRAsTan. pr Bise pddidien ref emylsifiers and heurfagtantmayngid in the
M i

col | sp fai.er sur.factants,. .an o] ar, .
ot aBn o MO Wit Gqto il AAFHRR: ot e TEbCinug copting formed
fromdttie cuqur;cime:omdpobrﬁoﬁl ARUerdiRNBABe 8isflBsurd Bfd dtiiubtieiy 6f the coating
epul sifiers and surfactants may, aid in the
maxggﬁe%?l byt the pdjusnest of the cpongsnirationsoftbePVRy vehicl e
and its surface wettability.
The lubricious composition of the present disclosure is generally prepared in a dry

mixing vat. The lubricious composition is preferably blended at room temperature
according to the following component ratios described in weight percent: about 1 to about 4
weight percent, preferably about 1.5 to about 2.5 weight percent ofa hydrophilic polymer
such as polyvinylpyrrolidone, about 0.5 to about 3 weight percent, preferably about 0.7 to
about 1.5 weight percent of isocyanate-terminated prepolymer, about 15 to about 25 weight
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The rel ease rate of pharmacol ogi cal additives within
the lubricious coating formed 25 fromthe |ubricious
conmposition according to the disclosure and the
lubricity of the coating may be controlled by the
adj ustment of the concentration of the PVP. The

| ubri ci gu osition of the present disclosure is
PYERL BIFIS7AL1Y GBOI 1orfbRu A3 Weighkpereeny atkylemé of a carboxylic acid such
ad étﬂj?l' 154t SnA BT foUbo %\O (ﬁg&f E{Oﬁ%?&éﬁt ﬁi ?Joui 90 Weight percent

enperature accordi ng onen
tOradmub&Owerghtpheehtlom‘a\selvgmsupbaﬁé‘m about 1 to about 4
30 wei ght percent, preferably about 1.5 to about 2.5

vei glihe ohtponents§ oft thy dﬁ'&lﬂﬁbﬁd Q:oﬂ@bé‘lﬁ&'i ofStheh p%%ent disclosure are
ol yvi nyI yrrolidone, about 0.5 to about 3 weight
dserall Alendsica avom tempesaiure it theohydeophuli polsage Fissolved within an

Ao 5f 25 RRAC AR bt b LA B! SRORNR for I8 24 Fours until o
urd foomt scﬂﬁtwmug I‘formai Ca«fnddlﬁblwl sodvents of tle dﬁbb@lm&l lsﬁch as THF and
ng d such as,_ethyl

PRERENQRE, @k, fhen Q?‘{s 'ﬁi‘?t ¥ %gk Sa%%ﬁgﬁsa ?fgrelﬂatm additional about
1533)@ Hin@es ﬁﬁil‘ﬂ‘ﬁec@ﬁ‘d ﬁﬁ%mpgol@tlo?ﬁs\f&?ﬁed? ?&P%EEE theTJ&?nposumn as

onponent s of the lubricious conposition o
a W@Q&rﬂle cﬁoslzanasmteanmam Peppdyraerils Iagidddl to titkestcartd wriform solution and

S B 505 B PR o G S e

ethyl, |actate dmxedfor apout 2-4 hours untjl a
uni f i}P&ﬁ? {3ion 5 meistise senaiveand wall Tavase i wisegsity faot tightly

cafh &L Hﬁﬁﬂé Storapén Psor! KFE c%&tﬂnlgo %’ﬁiﬁ%@@ ka6 rﬁ? m@&l@alt 8&fces with the

added to this uni or m so m xed
lummws eomposifierytthe partis0laninmdicad device,| smhsxecmmlhelen, should for best

i §,for.med. , Pri.or USI h copposition_ as
re§fts Bl ehief by iR Sisting, 8 10D Y6 SomtormbL 5 F0BWe} §9r0Rds &ad dried by
fofbéd%ﬁ 4tQabolie 58P aBbuY 00¢ 0 1 RAIVE 'sﬁx‘fa&”x@sxdﬁ&l)&%brf) ol and debris.
about 30-60 mnutes until a final uniformlubri'co

Theglgvicads atdhistpodnt isaprepanabfree. Themedigal d@glcs 4 then dip mated for about

hat ens |ncrease, cOo

5 E03! SEmACE e MR HohlpobPER SRS, 1 BB b omd sty
removédftemthie Solationreatia¢ akatd 6F asoRs 0\8 tbabdikd .0 indhés ek S8tdnd.
conposition, the particular nedical device, such as a

C at IHedathetdt WUt dther Medids Uevid®is el hir AribE ano%ﬁ{‘feﬁuaﬁ datu.re for about

di p, washing in 100 % i sopropanol for about 5 sec
1040 gbenti3crepgndsde elawany excesa bidwician cDmpasmm tcodraid af6 Optionally,

q d.d Th
O R LR
drydngl,lthe ccbaied hxedlcdl dbvﬁ:@ataf&ioﬁﬁbhaﬂjabuﬁpreﬁrdbw Bdked € Q1766 air ovens at

55( Z bnmg:u gQnposi tion according to the
abeft o 2 8 omfﬁzr ahouh 30 annylebra ahout 3 dours bat mast preferably
foﬁne%oﬁ?taﬁd%exﬁk%ﬁi&'e&)ﬁﬁlﬂﬁe gbgpt 1.0 inches per second.

O The ‘catheter or other nedical device is then alr

dri re fo 10 .t 0. about
seconasgt &%ﬁa&t\%@?aﬁ@%g S qreH qoegf ypn é}berrgggyaﬁa@nte{r@nated pre-
polyreer,n sofvent @plectiorfil dnd, concentrations of the components of the lubricious

compositions.  The coated medical devices are preferably checked for adequate

transparency and to ensure that no solvent odor is present.

Preferred methods of making and using lubricious composition of the present

disclosure are described in greater detail in the following examples, which are provided for
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excess lubricant may al so be renoved using w cking
agents known in the art. After air drying, the coated
nmedi cal devices are optionally but preferably baked in
forced air ovens at about 500 to about 90 C +/- 5 for
about 30 mnutes to about 3 hours, but nost preferably
and renmoved fromthe oven

25 for.pne h
pofifsr it REfhor At e Tl e ivel g chrempiss, 4 R intended to be
cohstRfed A8 BhitihE B isBeast thY Sreséi it eRfion. SO! VeNt sel ecti on

and concentratlons of the conponents of the | ubricious

conpositions. The coated nedi cal devices are

preferably checked for adequate transparency and to
Ef%gﬁﬁé _that no solvent odor is present. 30 Preferred

of maki ng and usi ng Iubricious conposition of

det 4 PEREN s OuBBrEGH oo iiaeiF 36¢ imparion AL BRFpRe ucplending the

follawing Coppopagen Hmititp wbteﬁnﬂlldhsssmmd ﬂii*m ad &grstfapélleﬁ% ple yellow
I llustrative exanples are not intended to

soluppmt Mhemegediontyire plrgdediin erdengives, in this lﬂp&@w example.
i nvention. Exanple 1. 5 A lubricious conposition
according to the invention was prepared by bl ending
they, i ng conponents in { Xi ng yat until
di ss—oég%\no forma crystal é&gg}—to pﬁe yel | ow
sol Ethyddactatee i ngr edi ent s are330gnded i18.03f6ler gi ven,
in |Q;IPSK anpl e. red| en 9) NO 10
Et h)&/)I Lacdtda@%%%m%n&% o 00 ( BA neoogs 7 on)
409 Cclohékanoye | ohexanone 560¢5608. 04% PRIH4H00g 50. 08%
(TD DI PRENE (r) L-100 17. 85% _15 The
I ubWous conposi tion accorggﬁ%gto théa%—%nti on was

pr e(EDPARIPRENB® {[eIgEer at ur q7,35ge PVP grgoet hyl
| actate were m xed for about 2-4 hours until the

solution was uniform The Cycl ohexanone and THE were
add?ﬂetlﬁbﬁ Bud' RbimPb&tisR! é&bﬁﬂlgﬁ?@l i )ﬁﬁ\%n 3)‘1’%})&1}?% at room
m nut es. e resufting soluti was cap pe top

tempstaranet "ﬂlmRMP atd ethyl Mtaﬁﬂ everoomixedr fop abdud 244 hogrstunei! the solution

wag Sty TR CarieReayor e KBoTere e to,dhs Aol beop and mixed

foerB@tdtt 156nifthteslt The $Edulfing! %lﬁ%ﬁa@cﬁﬁ%ﬂ Gg! r%\%gft’ s§1¥enft%Vaporation.

then di pped coated W th no dwel esc
Onghawriordo using the solution as a coating, the prepolymer ADIPRENE ® L-100 was

added to the capped solution and mixed for about 60 minutes until uniform. A medical

device was then dipped coated with no dwell as described in Example 3.

Example 2.

This illustration is a formulation of the present disclosure that includes
pharmacological additives. A lubricious composition, containing silver salts for use on
PVC medical devices, was prepared by blending the following components in a mixing vat
until dissolved to form a crystal clear to pale yellow solution. The release of the silver salt
is regulated by Pellethane® to PVP ratio adjustment. The silver salts that can be used are:
Giltech Powders 01-07 (this is a water soluble glass silver salt produced by Giltech Ltd.);
AlphaSan RC2000 (this is a zirconium/phosphate crystal produced by Milliken Chemical);
SSD (silver sulfadiazine manufactured by The Kendall Company in Oriskany Falls, New
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Exanple 2. This illustration is a fornulation of the
present disclosure that includes 25 pharnmacol ogi cal
addi tives. A lubricious conposition, containing silver
salts for use on PVC nedical devices, was prepared by
bl endi ng the foll ow ng conponents in a mXxing vat

YOy dndlbifif ohdh DR ENEL BB, o egéﬁe 88 in sman

ution. The release o | ver

quantities, 0.8t hsYheqs. CyclohBxdhonat i 0 adj ust ment. The sil ver
salts that can be used are;: G Iltech Powders 01-07

(t hilpgtedieat wat er sol ubl e gl a y| ver sglt produced by
Glt Ltd.); 30 Al phaSan R%(this“'is a

zi rcomm unf phosphat e crystal pgiodfuced by46@%l i ken

CherReliathine® ABR0( si | ver sul f adhpazi ne na u(f(ya\ctured by
The Conpany in O skan Fal |l s, w~ 8 York);

dal |
and }r’}\;é‘P tasi de (obt ai ned f riGAgFi sher 19cﬂ%nt ific).

Hepquprv@ﬁ@@pﬂ nt [ t| es, 1 5% gs.

QICI ohexano e. | ngredi t TIC—}I 10%

Pel IS#vBRPa (Gilted®30 3. Oy 3. 0%1E0gy| Lact ato%lQ Qg 19. 0%

PVP (BASF Kol I'i di on) 1. 1.5% Sily Sal t
r%é’gﬁ? 1. 0% Heparu??g%gs g 0.5% %

q/cl(lyhhrhaxmaezs 0 g 28.0% PBIog Hypol %BroeyA G60) 1.0y

(o] were m xed at roomterrperatureln
t\/\o%pi));?ﬁgp@ %ﬁ%r&@)a fi rstéﬁ)&t of ELIVh

Lact at e/ PVP/ Cycl ohexanone and a second part of
THFL Pel. | et(ﬂane Once both parts 15 had conpletely
di ssOF WEgedients erq mpked;at rooppienyneraiis in v @ags bomprsing a first part

t
o partcurar rciird et sl B It gyl oo o pars
permpletely, @hssebvcé,eﬂﬂgzbdmbtaﬂe/ﬁ%/@clbhﬁi&bné Q8RK®n was added to the
eﬁ ed coat i %ﬂger engje and silver rel ease.
TH@Z}; SHEXayHE ?ng a5 §Xangpie. ik wies [fesipd) thatrthe BVP: level should
notCambed AbsutTREYY Y Nakticr 18N Ghlled WORHAL URBEAR Ml sitver retease.

above sol ution and m xed
qulglpféﬁmntgw@qomdtm qs 20leint level. Rrigritexoatids TDIEHypol*PreMA G60)

0 . was .ad] ted to Xi M ze coating
e YRR S B St T 6 5 S Bl upon e
sxlvencmh}dxx askit the delb&xfaﬁérfé‘vlle?el ias ARJuRFed zetcggtmg adherence
tﬁ ﬁ&%lé percent of silver | oading thin the
to the, devies. | The pmpunpidefy silverenyeplex edded to the formula is determined by
the overall percent of silver loading within the salt complex. Giltech Powders range from

6%-9.5% silver loading. The particle size of silver complex is important in that it may
cause problems in coating adherence. That is, larger particle (greater than about 10

microns) size yielded poor coating adherence and uniformity.

Example 3.
Thoracic catheters made of polyvinyl chloride (PVC) were washed with isopropanol

and dried at about 70° C until the isopropanol evaporated off. The catheters were dip coated
in the lubricous composition according to Example 1 with no dwell. After dipping and
removing at the rate of about one inch per second, the catheters were then immediately
baked at about 70° C for about two hours. The resultant coating was transparent and
odorless with good bonding. It was observed that when wet the coated catheters were
slippery.




10

15

6% 9. 5% si |l ver | oading. The particle size of silver

conplex is inportant in that it may cause problens in

coati ng adherence. That is, larger particle (greater

than about 10 25 microns) size yielded poor coating
adherence and uniformty. Exanple 3. Thoracic

cat heters made of polyvinyl chloride (PVC were washed

wi t hThesopted satheters werd kept atdoat terhperatuefo€8 umdriths drdethen tested for

G e R

iCtheters: Wers Wéteg iggr coefficient of
frichianding dtauddrd) teve nbiedds asAbt mdévﬁﬁﬁms*gm?ﬁgma@ BRVEMficient of

at. t&e rate of about one inch per second,
Frictiom L}1894-8 e The chtbgtersiiversi labrciqus wherewehandathe fitictith 1€duction was

621409, aggﬂé&{'n%é‘l@wgﬁ‘lﬁb? 1.The resul tant coating was
t and” "0

ransparen orl ess with good bonding. It was
rved. t.hat en. wet the coated catheters were
Ta@?‘?g%‘%"gﬁé‘g‘aﬁ%g}b@ﬂ‘ed catheters were kept at room
T_f enperatHe nont-hs then tested for relatjve
YPeduct i opHT: f Pecet |oStdry | gtMim(p) The | Maxr@) er s| # of

friction @sing

ef

st andard
f or Coef
were | ub

test net
ficient o
ri ci ous w

wer e tesftpdad or Cofegﬁétﬁ:inem of
h

set for

ods as
fof (R)i ct
hen wet

and t hd

i on DI

th within
894-87. T
friction

ASTM net h
ne cat hete
reducti on

%agnples
s

Nonaoated 6
effici
. 543 NA

Cathglst ed 0
Cat het er

2.8430 as
ent of Fr
of Mean
0.012 0.
. 204 62. 4
Coeffid

SKawn be
reducti

3% 0. 004
i ent of

iction Type =F/

l®g12 n
on Sany

508 0.582 10 S$terile Ca

0. 197
Frictig

toespge 1.
W Per cent

les of (

0.214 10
n =() Fr

aBke 1
Stdv. Mn

Non Coat
het er
Sterile
bm t he abd

3

ed

ve

Cogeda, wi
Steh bri coy
effici

t(h204 t abl
S Cconmpos
ent of fr

62143%t
ition pr

iction aof 62.4

1050CHp P AI0EINT7 t hat

ovi ded

a reducti
per cent.

0Re4presg
bn in the

10

Ctﬁccordi ngly, singe it isfclear fhat the catheter wgs
AGPthpery when wet|, and tHe redugtion in

Coefficient of Friction = ()

From the above data, within table 1, it is apparent that the present lubricous
composition provided a reduction in the coefficient of friction of 62.4 percent.
Accordingly, since it is clear that the catheter was slippery when wet, and the reduction in

coefficient of friction was observed, it is clear that the catheter was lubricious.

The lubricious composition prepared in accordance with the present disclosure may
be applied as a thin surface film, e.g., less than about 4.0 mil, but most preferably less than
about 2.5 mil-in thickness, which upon contact with water or fluid sufficiently reduces the

coefficient of friction to aid in the in vivo placement of medical devices.

The unexpected significant advantages of the present lubricious composition
achieved through the particular composition formulation noted above include decreased wet

coefficient of friction, increased adherence with various surfaces, resistance to wet abrasion,

10
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coefficient of friction was observed, it is clear that

the catheter was |ubricious. The | ubricious
conmposition prepared in accordance with the present

di scl osure may be applied as a thin surface film-

e.g., less than about 4.0 m |, but nost preferably

anl es?l than 15 about 2.5 ml-in thickness, which upon

d o FRSR { PHGIACGHACE) additives ivtbre LMseilc i that pharmackitios] e efficacious

phe@eicbiogicitbp@tied Fi ction to aid in the in vivo

pl acenent of nedical devices. The unexpected

si gRjrdd: can a ges_.of t.ne present, | ubricious
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beagm.opbylene sxidep dnd dikedmieiboss FreRraR! AT Betibl® coated with the
s &gb} Ci OUS conposSi tl%g of the present disclosure are
) bb)a _a}i’lél_gﬁ’“ﬁ (FRBEHEATE PR ged &d then gleab?%nglganmg radi?jtion by cobalt
0 st 11tbZRrads, t sterilyz an
t hen packaged u@? R’Séfg%gl tlﬁé’ﬁl}t3 esé’h’%i %e@‘%ﬁﬁ?‘i?ﬁf?’é?‘@me cycles for

SUPRReTH&SEtsof sterilization and packagi ng are known to
those skilled in the art and include ganma radi ati on,

el edppropiiate paelagingefon YHeesubjeok ésheed ARBichl &R idEh ic foi
nedi ca] . devi cer coated w tch tltffﬁne&ggﬁ*g?cgegtmetalhc foil

Pr ef er abl
POHF%%r f%gﬁ Oaagalm% og,p@u%kwygth}ﬂme tiHen eghtydeniel vinglacetate film,
Ivisi Lati ptth 1 to 3 ds,
romOPIAIR S\ 90k SRl st T o s
skilled dinethe ragt buwtr@’mbi% en admnmhmsd_ i | goimw&ppd@f;agm%%ﬁ&e vinyl
r ect coa medi c evi ces i ncl udes
scstub i o i b giienColiem dasoraiam b ihe Ribtisanbo ik sontemplated
vilinthesop et o0 Bt ot AL Wy b i
sensﬁhv(y ‘%dkfzeliﬁm doedical e vinest @ate?iowlﬂh sakh hﬂdidvés;sﬁohﬁihﬁé backaged in
Wt um num foil cover pouch with an
app%‘ﬁ??@%%@gééngﬁ%@%%s ilminner |i ger to prevent
noi serption by .the lubricant. It is
5 co@é rf%p?%g@; 89 “\%“gl h‘ﬂﬁ Sﬁ"l’i%“%&%é IIBPdiPﬂedfmi@ls eemprises removing the
evick §rohpitsipack i ' L be,
s broiegtis, Spplging \ALARES 1 WiubBAed ifiedBY i Cipvice and
Plac\ﬂgg'# dayies asgressyry Jorshpartichlaranedical pgeckdie.  appr opr i at e

Iighj packagi ng known in the art. The nmethod of using
th ’§lﬁ9p’@dh§r@m$ ethatm_hdipredeng dubrivisusCEsTdsifh FERYERA devices
ylge hromits packagl ng,, applylng nolsture
zm"%‘%se?ﬂéﬁ?’g‘ e Wi, AReion Fesistaniy o oecticians ef Sctionoating §or medical
evideheamtbva Cehitde NR% € 38R/eYink O nar tj gul ar di.cal .
han%‘&iedure. It is seen % ﬁ%réeq(%trlgégt E{éﬁyt%eagﬁg%mbms and other
p 9873 astivornmepiunie nThelbrieidic compteitics the method of making and

using the lubricious composition, the coated surfaces such as medical devices and the

method of using the coated medical devices as disclosed and described herein have specific
advantages over the heretofore known lubricants for medical devices. The subject
lubricious coating vehicle resists wet abrasion, adheres to a variety of surfaces, has a
decreased coefficient of friction only when wetted, is biocompatible, and is able to deliver

pharmacological active agents with acceptable pharmacokinetic properties. Hence for these
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provides an effective wet abrasion resistant, |ow
coefficient of friction coating for nedical devices
and a vehicle for delivering additives such as
anti-mcrobials and other 25 pharmnacol ogi cal active
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serie %oatings pertaining to anti-m crobial
ad itL%§§lﬁgd thg met hods for ensuring that the
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; i nti-inflammatory conpounds both
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the like. Simlarly, rather than the traditional 10
phar maceuti cal conmpounds, the additives can be organic
conpounds with desired pharnacol ogical effects. It
wi |l be understood that various nodifications may be
made to the enbodi nents disclosed herein. Therefore,
t he above description should not be construed as
limting, but nerely as exenplification of the
various enbodi ments. Those skilled in the art will 15
envi sion other nodifications within the scope and
spirit of the clains appended hereto. 12 13 CLAI M 1.
A nedical article lubricant conposition having a
delivery vehicle for a pharmacol ogi cal additive
conprising: a solvent selected fromthe group
consi sting of tetrahydrofuran,
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gluconate, chlorhexidine hydrochloride, chlorhexidine sulfate, silver acetate, silver

benzoate, silver carbonate, silver iodate, silver iodide, silver lactate, silver chloride,
silver laurate, silver nitrate, silver oxide, silver palmitate, silver protein, silver
sulfadiazine, polymyxin, tetracycline, tobramycin, gentamicin, rifampician, bacitracin,
neomycin, chloramphenical, oxolinic acid, norfloxacin, nalidix acid, pefloxacin,
enoxacin and ciprofloxacin, penicillin, ampicillin, amoxicillin, piracil, cephalosporins

and vancomycin.

6. A method for producing a lubricant composition for a medical article containing

a pharmacological additive comprising:




7. The method of claim®6 wherein said hydrophilic
polyner is selected fromthe group consisting of

pol yvi nyl pyrrol i done, polyvinyl alcohol, polyarcylic
acid and polyethyl ene oxide.18. The nmethod of claim®6
wherei n said hydrophilic polynmer is

pol yvi nyl pyrrolidone. 9. The nethod of claim®6 wherein
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9. The method of claim 6 wherein said isocyanate-terminated prepolymer is
selected from the group consisting of polyoxyethylene-based isocyanate prepolymers,
toluene and isophorone diisocyanate-based prepolymers and hexamethylene

isocyanate-terminated polyether prepolymer.

10.  The method of claim 6 wherein said pharmacological additive is an anti-
microbial selected from a group consisting of chlorhexidine acetate, chlorhexidine
gluconate, chlorhexidine hydrochloride, chlorhexidine sulfate, silver acetate, silver
benzoate, silver carbonate, silver iodate, silver iodide, silver lactate, silver chloride,
silver laurate, silver nitrate, silver oxide, silver palmitate, silver protein, silver
sulfadiazine, polymyxin, tetracycline, tobramycin, gentamicin, rifampician, bacitracin,
neomycin, chloramphenical, oxolinic acid, norfloxacin, nalidix acid, pefloxacin,
enoxacin and ciprofloxacin, penicillin, ampicillin, amoxicillin, piracil, cephalosporins

and vancomycin.




