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1 Bi oconpati bl e, biostable coating of nmedical surfaces
Description 5 The invention relates to nedical
surfaces with a bioconpatiblle, biostable coating of
pol ysul fones or/and pol ysul fone derivatives or
copal ymers, respectively, wth polysulfone which
contl?dn@mpafébge, biestablepeonting of medical surfaces
antiinflamuatory, antiphlogistic and/or
antithronbotic active agent and/or is covered by
agent, nethods 10 for the manufacture of these
surfaces as well as theipesepiption the formof long-term
inmplants, in particular stents for the prevention of
restenosis. In the last years, the inplantation of

The isvemticn relatelsetobmktivah sdifhcdsanvithra biocoaniatihes] bibstable coating of

o558 BEVEGE TR o B, iy, i
polysulieye amdicht icontairs pats deastdapenoantippiiferative,  antiinflammatory,
antlpglggﬁpé Lelor a ﬁltﬁ’ﬁg{qdéiegacgiyé %gbﬁ? LRGP ?5500\’104}{98 @C%%eunrt], Jmethods

C I]ptl on O rm st enosi s canno

for thepmapgfackigRficthese |swiacas ascweltins ieituse bythenfarp of lang-term

implaffey, i phRizURr dednt8 ifdd tAB MbvéritRn STSEsReRLR, | S the 20 one
" which defines the restenosis as a reduction of the

vessel dianmeter to less than 50 % of the nornal after
In thesbastmjsﬁutheﬁmlﬁhaﬁonmfamm tHeal}mIdﬂni dikdtatiorr gﬁ@(tcl)luded blood
' . Thi.s.. i i L term oned val ue
vessdly WP ATERSed ol And TR ARfSyal HBHF RS Hfiecfise of
reoccgingovespel pedusioof theysarehindil the present day oohdzpahda of completely

revePfiB§ SLER restbhSsesd. | ni cal aggravation of a patient is
P of?gn COHSSI dere%’<£ as a sign of a restenosis of 25 the

formerly treated vessel segment. There are three
An ehdtf gasomibtibaasofte térm tTerdktiRROThAN6RYECHUPY M ehe technical

. stent: a.).ln the first ti fter the. inplLantation, . .
teratfiet (e, odet, Fadisty isid ol ydlogBLaemicst Bf e Fpaaosis is the
one véhich deﬁm_es the mtemisrassaemedqctﬁai gfnthewdssebdianfeter td ¢ess than
t a [
50 o BF P98yl iR SR80 A98 AR5 YPERIARaL soronary
angioplastei Thigjisencympliically detesmines! valye afwse heradynarmit relevance
and réBEORIEliRicafpathdlbg) Mksidi 4 %@‘Eﬁé'é&férfti‘ﬁ@%hﬁ@ﬁtgym!lﬁgnractice,
Lay a decjsive rol’e for the recaovery process durin i
the CIW ﬁgﬂﬁvé@@e‘ﬁ %Ié’@é‘?”t”l'ﬁeo gppsidg ??i%@'%r@c@@%@oas of
the foanerliptreatedotdssesseghened to the rel ease of growth
factors, 35 wherewth an increased proliferation of

the snooth nuscle cells is initiated, which rapidly

- Therelaradisreeditierand ceasanisifgr teclestirmsisotaudes] metwedtertie to

ssue 0 vVesse
the blood and, due to the now present foreign surface, an acute thrombosis

can occur, which again occludes the blood vessel.

b.)  The implantation of the stent causes vessel injuries which, besides the above-
mentioned thrombosis, also provoke inflammation reactions which play a
decisive role for the recovery process during the first seven days. The herein
occurring processes are among others related to the release of growth factors, -
wherewith an increased proliferation of the smooth muscle cells is initiated,
which rapidly leads to a reoccurring occlusion of the vessel due to uncontrolled
growth.

c.)  After few weeks, the stent starts to grow into the tissue of the blood vessel.
‘That means that the stent is surrounded completely by smooth muscle cells

o) SRR, B o S B oses 1o
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That means that the stent is surrounded conpletely by
snmooth nmuscle cells 2 and has no contact to the bl ood.

This cicatrization can be tcdo pronounced (neointinma

hyperpl asia) and may lead to the fact that not only

the stent surface 1is covered, but that the conplete

i @er hay nopeertast ta ke Hleod. Thisocicatudaiion Saht bevdso pronounced

o . :
e R R PP et
Elft B‘b‘éegﬁ @&rtgab rGoapletegblerior space o8 thepstent isregsiuded.

however addresses as anti-coagulant only the first
it waf 5% VBB ECVe B oI ShieeSfpsSibynthaing g the stents with
hepariedduwhVharleoet apr Eveopeah deawis jourath(2001)y221e8T 10}B~®816). Heparin
A t {
romeB8 s E 4T Dol B2, 98 inyBBkl g, e moreave
can @y rénfpldo s etetalt effed imoaelivtiony Thisdiestl prabiembean myearehile be
preveSit@iMamest tdising E?%Baﬁb‘h%r?l elRhl Tre%im&ﬁlett)gtefoﬂr?ﬁmwis}_%'tiﬁn of anti-

is attenmpted ‘e. J. t alﬁl oactive sten
coaguapfs 4t (ihintandeshitselve e mecensiand tyrdaprablam afgbatrsoment by
Iocall;ﬁnhl'ibitiag th@gfo\ﬁth&_ﬂ]tﬂé @Bnobith ¢h@§cﬁ§t _ céﬂh>s§ athl 'ﬁ?ﬁt. iTl hils! #¥empted
st.en ich can _ cqntajn pharnaceytica . )
e.g. WY GERRHEE st B0 Y st ShRnoHOHAE PhRERaEautically active
agentshrough a nultitude of openings in the stent. EP-A-1
127 582 on the other hand describes a stent that

shows ditches of 0.1 - 1 mmof depth and 7 -- 15 nm of
Thus,) Ueghth §91i 108 displesesefarnexampleea shollowb motided tskent, which can

contalrf pRAIMAceRicaP BcAG IagRnBIM its iMGRE, WHidh Sr&96Rbs&d through a
reservoirs rel ease,, Co rabl’'e to the openings I'n the
mulityd of Renings In e Sishby macisdt 124567 o fhe ellaRidhAnd describes a
stent dhoatt stioves ditblessiof QHiRcti umt Y idepth Rinah7 coneemid af iidkyth on its
sura s PR WE G LOABRE 01, Bl Tt sbe active agent
resengmis| sreigaseno cbmmgbfeortoorthg iopeningsr yindethay dwblisannstent, the
ohamERRARLA o pUEAL BB L RinduB TR Ssgrdator
and oygf A Telalively lorhperied ohdisee. nwhishrhaweverslestis de dhasaohthat the

smooipauiRelebyelld B HBORAGeK, Lor 81y AnFa veRP deElYed manhét,Ecapable of
sis aftéer Paclifax elutin st ent

t t I
enclofii e, JPROARE gogProedbisots. s Shet i) Mughidodgpr Gsensed fo the
blood,f whichoinviung l%édssfcqa an hhemaisedtmﬂnbélggghgsas%i @ﬂdsﬁﬁas caused by
: | atjhle r .
throm_%ﬁ%ésép ﬂ%}s@/{o cho |O(I:@8 &fbg’ngdnjp%[{‘?eﬁflgt\é?h{%%gﬁﬁt ?#%cé?@%’é?ll eluting
stent imlgntatien. eard 62001 &S, 262et)eat e a non-t hr onbogeneous

surface as a conponent of the deposited, non
| e polymer |ayer on the stent. Thereby the

bi o%%gka ab ) ) | _
One  gppf agern;sqhgnabﬁw bBEPRIGMY g Hieosphmsphoerichaline coating of
biocorhpatisles QWi 01 0WOFP) mrebyeﬂgcgsgmw%leﬁoﬂﬁé@ FSRFPSRNt of the

Lght . or adsorbed, on. t sur e.
ery’chrgg}tg %eil membrane, IS des%neﬁeto create a non-?hrombogeneous surface as a

component of the deposited, non biodegradable polymer layer on the stent. Thereby

- the active agent is absorbed by the phosphoryicholine fayer containing polymer

depending on the molecular weight or adsorbed on the surface.

Objective of the present invention is to provide a medical product with a
hemocompatible surface as well as a manufacturing method for this medical product
with the hemocompatible surface. '
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oj ective of the present invention is to provide a
medi cal product with a henmpconpatible surface as wel |
as a manufacturing nethod fot this medical pr oduct
with the henoconpatible surface. 3 In particular, the

henmpconpati bl e surface of the nedical product is
In payicylan de hemacpapatiblecsnfaceuof teanedicehproductis destined to allow

a corhtnﬂfo@aﬁdhdfﬁorﬁﬂ@ﬁeﬂﬁﬁbréﬂkh Bf @RUREdICAI @rgpgg KRS aR veskl Ll

Thi s objective is solved by the tec teachi ng
the independent claims of the 5 present |nvent|on
This Bbjadiiee isdobridage this t@tﬂm:@ﬂ&e@éhnhb &fi thd qﬁﬁé&hdé?ﬁ Widims of the

Pfes‘%ﬁtomé@ﬁon dﬁ@@ﬂ%egévqrh% ge pggns e'tlfsar gévgﬁpon result from the

depeﬂﬁe@mlams it dessriptionntiei figurep, asiwell astthe exanfplex/ s of
which is/are at |east partially coated with at | east
one b| ostabl e pol ysul fone layer. 10 It was

The prgsent mﬂ?@t@nfrslms tndnedisal peducirythyr sudacessi of which is/are at
least parialgeDabsi With iaf Ide¢ Hﬁ@%staﬁl@rﬁo%féulwhf; p);hanOd Wi th

pol ysul f one, pol yet hersul fone and/ or nyl sul f one
and its derivatives represents an extrenely sui tabl e

It wabi surprigingliybloand uhat thad e:oiaﬂng aﬁtméélcaﬁgﬁﬂéées B¥ing in permanent

corsf 91t 388! L6, BOSARIELIRSaRIh BibipepvBbione and

its derivatives ﬂﬁpﬂaspbﬁhahlwdmmblhmtabla blacorr[paérbleesubsﬂréte for active
agen&orﬁy Sé&ﬁ‘lg&ﬂg tdye h?&!ldbﬁﬂic o'ﬁ‘s?ﬁéttgfﬁ? C;?tﬂ% ca ? Hbggngiﬂé: Nise of

her e

PO'YSH SHopvh |ﬁ{n|Pl¥§§§thQﬁel’t!ﬁ% lﬁwtmbpmwllagadtwdromllc moieties,

the perpsize alfltre Wﬂlfon@%d&ﬁk'ca@lsbé '@ﬁngé%ubﬁ%éﬁh&%‘ﬁ? a plurality of
cially the utjon kinetics

possiffii€s, <a70 F e vsIhIS s g dpsiast Of 41 Hésqshrastive zagems, the

applicatiée anmmatasanféloa*a dyedesifoe rgdease mtéeEsﬁeéldlthHeSelutlon kinetics

h
of theeh RERH AP b e REp e BTy R PofRcian nythe biostable
layer.| %b@ pKIrei gizedd urpde Hdsiermined upys the typé eamqb laysauritoofethe used
hydroﬁhmE(HoY)ﬁHérf %ﬂ ?éBé&lVé? th@%ﬁh?’lﬁz{ I(]@DP Cat,-,fﬂ sp%ﬁ%blc groups in
the @wﬁﬁw pQbieo r@omlﬁu% %Qams ﬁlﬁém%gf afithetegided hydrophilic
polymepathengiditior of $0ail Bafouri® a¢ Wwaér (op %fngé%PaQé@R%r hitRE coating

solui{ FHOSr 8 58 B, o oL DR o i oac

with thehactivel agend. Phepettingex tha toaddibtribetionyofthetrbleakk Mropaties (as
t t

o on S EATL L i SR, Qe Ao 0 o

pr Opeﬁﬁﬁe‘éft e @f}atmeswtéhqlm@de aiim:ialveiy] affiectegaby th¢ atefiaked caddition of

water E{bh WiscR ety izRefite Brh6therdliditve’sd 'dbﬁgogﬁ tlgi’é% gﬁen SPraying

lufi he spraying solution. 30 It was also foun
s‘:”“Qé'bvant ageous that the use of nitrogen as carrier gas
for the spray coating leads to a Ioad of the pol yner

It wasI iR %&Pd“{oab@ a%a“é%e%ﬁts'tﬁgt t?n%el.ru]ste 8% nitrogen as carrier gas for the
spray coating leads to a load of the polymer layer containing the active agent with
nitrogen which remains in the layer and provides here for the intactness of the active
agent due to its capacity as protective gas. Therewith, the shelf life of the active
agent is assured permanently in a form which remains effective in an unaltered way.

The modification of the polysulfone framework by polymer analogous reactions such
as the preparation of new polysulfone copolymers (e.g. as polysulfone block
copolymers or in statistical distribution) has impact on the physical behavior of the
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nitrogen which remains in the |ayer and provides here

for the intactness of the active agent due to its

capacity as protective gas. 4Therevvlth the shelf life

of the active 35 agent is assured pernanently in a

formwhich remains effective in an unaltered way. The
resuliggippiymgrs owheremtbegyppeties s dhe palvimersarohe sontyatted, and are

appnamboam ihestihbiPBEoS Uhth tRs nbh%eaiﬁ@érﬁdlymeﬁot)r h&dfvidually as

| f I
new Df BERREPEUBlE | cPating) 1 Bl Thls 6 But PwSt ﬁ@?fpnﬁa&ontammg
carbaxylit popy san dde pedpared vithd ln@aetlohe@ﬂibélyﬁmfcﬁ@ ¥opsigmers with

L L L e—

the mlyrnet heheqropediesi ef th Ihydeophile polysulionieadany ake beeused as
hydrcf}:ﬁ'iﬂﬂcﬁﬁgr su%ogh@%?@n?% ﬂl&trl] gﬁdcﬂf‘ e%g ulf@ner X giready mentioned

car

abovgf &far the \seltingheofr dhet medifigation| g dmmmty grade is
mﬂueWcteb sé that blpﬁﬂﬁﬁéf W@(flﬂ@)féélﬂ@ﬁﬁ%l&h %%Pk/ (:ﬁﬁ’tﬁ) contains non-

mocBl D S0 Bk e ) pebaBi it iy

propevties seifiselfs whigolinamdnt to thequolymier alkddirt altereti apatial arrangement of

e GGy TGS LA s RN ORAE 1 1 Biera t

use Aypaptygulfoneifoy f@ea@eatnsg wlfichu drase dydsaphiifatregions| wsewell as
hydro%b%:“'r@gbﬁ%“'-‘fsﬁcr%ﬂke ol g&ﬂlf@r‘f@é -‘/%acr[‘%é‘ g%ﬁéﬁsbyoﬁr&%mg a

polysi%eomﬁb Hivereph I%;ﬁlﬁ#eo%lmlms er fsicEpaal greyps mfter dhe polymerization
via polynedr Bﬁﬁl@gbué aebbBos)| YrRided He %[ﬁhéle"@glfslﬁaﬁj/cﬁ'bphob:c or

er Gl ISR, oSG R GHBET s Schce el s chans or

functional grqupisy dul thisn prdéferret hembodinarg, thehihglrdpsilic and hydrophobic

propegﬁéj%%?geédpng IESQ' rgsﬁggebéfgﬁ%lr e@é?—fgﬁ h;é’%feg% B-n a statistic

distribLgiopo pg ¢ e W @lhaihgdlrli) peadtions girdesarhwithsa etatlstzc distribution.
Furthét %ﬁbh %Qﬁbn%r SphifE PBQ@UMQ/ \Wﬁg gg@ﬁﬁi&blc}’ eﬂ‘gsulfone can be

react rovli

prepay %%élafstﬁgst qwﬁ%@f&on et at fﬁﬁ%@@%hydwhﬂtﬁdvommgr gnd at least
one Hyddsphdbic Irﬁorﬁmhﬁs uThérfrom tétnhntdfeepmﬂwltcw&ﬁa?é@.rﬁﬁar to the

tore G B8 DS O Ry ecS r SOR PR amtogous

reacticogA ki mﬁmdnnen’ecqnmlaytsﬂn tine Iodomkl enpodyanerization off dthleast one

hydro?ﬁiﬁ&'é%h:]o?ezgicfekshb Mﬂ With, %? ? l ﬂ?{l%)%?»%bﬁ,‘q%ﬂﬁone block
polymef ton e p@!ﬁiﬂfoﬁﬁst\@@ onesngeatu\tgimmhspom yfuttfeoriydrophilic and
hyd robb{@!ﬁlé Fﬁﬂéﬁérﬁegiﬂ WU HRA S BIbARS. Aﬁét‘ﬁ@? 0§|ﬁal¥ﬂ dnsistd h'?‘&d)r‘?vertmg

at lea Orl BiAroRbIIE TROMRBEH At SHORGHBY CopBmRargHon Wit af lsast one
hydrophohic trmorsmeesHetebhithd Wcﬁoﬁhtm: | it h?d!’bbﬁoblc properties in the

obtairBlCo Ty SIS 46 AREBInER bintinlan A8y Baiies chain, Further, a

mixturehiof da’tellmmﬂlmthydmphlﬁ(:spmlysmlfmeblmttk at least one hydrophobic
poiys&%%Lé!éWrHeZQPbﬁHB M R Ao%ﬁﬁbone ﬁdlﬂ¥ f?’% Iriv%nﬁéllluf Piefein, the

at | eas I C su
hydromh"lb% @nﬁpmrqrﬁeholw@ RIopetties areonfet anblnedelgp@m médnyer molecule
but cah $iROfRMAOhghineirn Itk GRatihg CartPesult in the same effects as in the

-aforementioned embodiments.

For the preparation of the polysulfones, all polymerization reactions known to one
skilled in the art are suitable, such as radical, anionic, cationic or thermal




10

15

20

25

30

35

hydr ophobi ¢ properties in the individual blocks.

Anot her variant consists in converting at |east one

hydr ophi Il i ¢c nmononer in an aﬁiernating copol yreri zati on

with at | east one 30 hydrophobi c nononer. Hereby, the

hydrophi |l i c and hydrophobi c properties in the
pOlnyQEI%ﬁtWé'd Examples faiibe gferemantionad ipedisplfdnes as walleas possibilities
fbrﬂkﬂﬁepghﬁﬁﬁﬁhéhﬂﬁﬂwﬂEHQ&Q@ﬁbﬁfbeHWWtUre of at |east one

hydr ophi i ¢ pol ysul fone wt I'east one hydr ophobic

pol ysul fone can be applied in the coating according to
FurtHenmore)vibete @nthdpossibilityt bﬁdef%ﬁ inttoRiuedd functional groups, for

oxarPIE A8 RS BN Gl dhests RRVR 19l B0, FPslndhus. the

hydropdwbicityi of ﬂieeaetmmeagﬁﬁtemarseasly bet:rlmeaaéub begend it égdrophobic
prop&ﬁFQ‘Hf"fﬁQtL%ed BOIykF o4 SNA"iRtbAlkiRh SRS bRRBENds (Colt

}/nrerl za 1 ons KNowi t
P0|ymhe3%lrt e 8691 dA7e., \Gackheadniroduation ofinfumetienal groups, graft

copoﬁrfﬂér@@aﬁ 18 pk 8@' wheRMh Yﬁ@gidéaér?eﬁl‘?s nBWACHH SRt Jfothér*’Qructure

atore nt| one S ones as we possi bilit
units¢ fan fhe, naguy aﬁﬁﬁ tgrﬂé’ dBis \RUposss @&C&mmﬁ@ %e|b<mtable and
bioddguadatsie pohenershoainebe asédle possibility of derivatizing

i ntroduced functional groups, for exanple the

carboxylic group (Macrom Chem Phys. 1994, 195,
The funcipnal oheigps care aldoyhl apbd borca byndlhgt\.hlacbcs unstabletat hydrolysis

of acﬁn@@ 5 sy %deﬂ%ﬁaﬁgﬂ/&%@ﬂg i hl%léys%ﬁo ntr (gcgme (which is also

I es
Con’fr@lie IV[ﬁthhﬁahE@r @nﬁhsie@@odmg onoltiyentymuof bpoding (thicester

bondi?@%st@%bndh‘lg@ HBRiMh Qhé%%htéﬁé i8fthé gﬁ%gi'bﬂ?ﬂﬁ{o Sélgltﬂsthe elution

t copal can be el n e Si
of thelSive SHE HoRichst ARt Gier HlaaRBCUTYS tokies anethan trajectory
and thdilteaduptatmhmtm margrdifférent nuums&)f dis@ssuAihidN&se req_uwements

conc&%fhﬁ@t (ne. ?tﬂ% 89%@0 gfgrﬂcegﬁlr |o[.] d n?rigi p%atﬂsgﬁag rsg%r\,\pﬁ, atheved
with the inplanibAevartatippdranisists én thef cavalentebening of dleleulphated and N-

reaceilﬁsﬁtggCtHeg)%lnﬁg %*Hd/d:s N %hﬂ%ﬁ%ﬂ’létﬁ‘%@tefdo f@g@ﬂﬂg&%d@ (}ﬁl cetylated

ed via the and

chitosap o dhe ARG et oeseeby fsnBempcossaibiliv tlhwg) poiymer is
improlied ®ymedme ophedthRifbdSeridtRisReTspdind.ty to control

the elution of the active agent in such a manner that
the rel ease curve takes another trajectory and that
Due tadiacp)pasmbmw obthesronstiutfien ehat Ieasrmla@'érsibﬁthéqmlyméhwhich is

v A SO OB AL B, PR R W, gocives, o

differentigtion ﬂeppnélrigm thet layer wahwagamhtodbeamﬂledlamtwe agents as well
as withq¥gh&No Md&n%tl ﬁ %Hh &‘ﬂe@g %%ﬂ%gt%ﬂﬂﬁ? ftinguishes

&5 I n and/ or N-car
the p AELIK 38 19 HOWFS: M Byh@st%biamatlmﬂén@u@yal for the

prevehiin bethecestsiosk.| i ty of the pol yner is inproved by

means of the athronbogeneous conpound. 25 Due to the
possibility of the construction of at |east two | ayers

~ For the setingafyther pené csize sand thus, of the active agent amount in the

polysulfone matrix, not only hydrophilic polymers, but also minerals and even water
can be used as additives. The pore size controls on the one hand the release kinetics
of the at least one antiproliferative, antiinflammatory, antiphlogistic and/or
antithrombotic active agent as well as the amount of active agent in determined
embodiments, which can be incorporated or respectively deposited in a polysulfone
coating, since the pores in the polysulfone can serve as an active agent reservoir.
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vari abl e concerning its conposition, as well as in the
variation of the additives, a differentiation
dependi ng on the | ayer vvith6regard to the applied
active agents as well as with regard to the
concentration can be proceeded. This adaptability
For tes crejions Réporen dnplitey polyssifenenmeliix i theuapplinatiah| of these
additReB! disfapdrit stotefié98he, GrABEHOGIVER], (?ﬁlﬁ &bd Qirshidg. 30
preventlon of the restenosis. For the setting of the
pore size and thus, of the active agent anmount in the

In pnpoipjes uthé ameatiort of porezois @irtigd Mrrﬁ)@hblh izcwag ltaethe, addifives are

depoSitP I QUAE i We rUEF HUIRY B e e (E P Beslabpropyct which

is to rhs eaa@dkamrdm 6 acsuitainde anetheds tHeveim, polysulfone homogenous
comp?rf]‘lgx?éﬁtgdf [ QEHY:?T% \?chh dait?{ E)@EHF{rBFé/d wﬂ%frpcnnln‘é%%w %re formed

IC active

depeagipgran E!Te é@f?r@@%gé ﬁhelhydmwwmyrféfdheeaﬂn’u&ﬂ rasiditives as well as
of the!\htaihx-@@ndlhg podRIBABATRE riimb&SHembts Hom st &npartments

ares 11

per Rk Ui o 8 RAVSGI9E stih Rb o ek e de Brqunt gdded by

percehtagd bftheraziditiven of pores in the polysulfone matrix in
the application of these additives, different
strategi es can, or respectively, nust be pursued. In
As agditives ptan) heheaisededn i detaibf amine sadids, c polyartin® Ucids) hydrophilic

h a th re
polyn‘ﬁ#& hgé\@éhwa:rlﬁég Shq"c@ic%g (?ed?ng %@Y%@%?E‘ﬁggon oligopeptides,
PO'WWE}VE@I" 9@%d@@lye\¥w|%miml%e,t @lmr@oa@@meta@rﬁ;ralyngl t ginerals and
watersui t abl e met hod. Herein, polysul fone honbgenous
conmpartnents of the additive, whi ch can be controll ed
in their dinension, are forned depending on the
In thedu:afs‘eeofeﬂnemmm adids Jthdrgepieitically tyded abiﬂiﬁ: amirhd aeids asparagmlc

e L o e TG et i———

g!utarn@ﬁpaﬁymt isoleyging, leutinae roathiordfie,t pbemdalasind, qreline, serine,

| threorﬂﬁérir%pt%ﬂaﬁety&%’ﬁé q}(ﬁh vﬁh& Asg%gglpé'ﬁ’ﬁnoaggiﬁg akr‘éfmme histidine,

perce IvésS can

n
lysine) ﬁlsa‘ﬁﬁliﬁ% e aeneticady n%'oq:cg@ﬁ ApBe jagids n;milmandctaurme are
preferpsd. ynfpamcsmcasmfeﬁ@@ ar@'ﬂh@oﬁeiﬁégé\ﬁtbﬂﬁ‘és of the L-series of these

amlnoo% é% @{}%’ &@ ¢ 85?@?%&{%&%}6## PRbieROf ﬂ‘@ﬁ?@é’?lpﬁ acids as well

as D lpohlyhal'mms pnglansiob,adid aenedls aamdiL-mbtwes dfmbkeamdreacids are
flq.the am no acids, the genetically coded acidic am no
preferred. . .
acl ds asparaginic acid, glutamnic acid; the neut r al

am no acids al ani ne, asparagi ne, cysteine,

In the Hdskadr e pﬁ%l%%c16§ OheYUsrh e aén&ﬁ:ﬁo@ﬂ é&%héd?ﬁb%ld poly-L-

rolrne, serine,

Q'Uta"?wp%%%l 2 w‘f? ﬁgglem&o kiiasparaging ROk Loateingnpaly-L-glutamine,
poly-Lagiycinear gpmmeisomgtn(?il npoly—LYéudi@e asqdﬁf-i_l-méﬂnéﬁlﬁe poly-L-
ohen bk - R T B 0L I Bryptophans
poly-Ltthieosingn r pdpht-valinee pobf-Lidrginine epolpd. -listidine s pohalrlysine as well
as pol?fdrﬁﬁhlngbﬁﬁchgf)llfy dténggé \;\%g% fp?@fgr?éd.\ﬁﬁtr%fr 48§ S REERERVEE of the
D-series of these polyamino acids as well as D,L-mixtures of one polyamino acid as
well as D,L-mixtures of several polyamino acids are suitable.

In the case of the hydrophilic polymers, globular molecules such as organic

nanoparticles, star polymers, dendrimers and/or high-branched polymers are
preferred.
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25 as D, L-m xtures of one amno acid as well as

D, L-m xtures of nore amno acids are preferred. In
the case of the polyanino adids, the anino acids
pol y-L-asparagi nic acid, poly-L- glutam nic acid,
pol y- L-al ani ne, pol y-L-asparagi ne, poly-L-cysteine,
pol y-L-gl utam ne, 30 poly-L-glycine,

In thé’%%iée lg 'tﬁ(ﬁ 'nﬁHgﬁﬁ 'cd?Bé)Hatle : aﬂ&ans? Mé{)‘n'a é?%na %uidhgtes of the

Cath@%ﬁst'Em, malé‘éwnneotaﬁﬁlum Eﬂ‘t’}/ &sme@mm ap@ppeferreqr osi ne,
pol y- L- vallne pol y- L- arglnlne pol y- L-hi sti di ne,

ly-L- | - t hi d
For {18 Yieatiah 1l i noTer Sriaufe. FieshocomPagments are subsequently
removegr sentthe i pelysuiforidiamatiixsenies rfmaiResk phé yire8@imensional

j L xtures of. ol ya
strucfift Wit Siplo@infie, detiits dbudoiyt Whury it s ef Sfed Jutn the
activgsggenlbl e. In the case of the hydrophilic polymers,
gl obul ar nol ecul es such as organic nanoparticles,
star polyners, dendrjnmers and/or high-branched
In fh%é@'ﬂﬂ?ﬂ?@ Hhiree ‘pipterad: systems ferithe @aalloropf the pore structure are

brieflyiesdrie?) orf oS 05 theCh@iad él%ss@ah@ﬁﬁ& ¥, RiHbral and water.
sul phates of the cations sodium calci um pot assi um

and/ or magnesium are preferred. 5 For the creation of
Systenind: Bolvenaxt ruct ure, these conpartnents are

As pQtBaS Sidives 18 TREH s o SBRbRE pRAHERChel olfsiers ity thermo-
unstableetrigzene geounsisdhg maais abiirp ditesinblectietiyatispenset dighbranched
polyme.fr' is 'uﬁ@gra%& rhtE)htﬁe éﬁﬁiéu‘ﬂ?n@%ﬁfgx #ﬂe'ébb%@@yéﬁ‘t{j h%%ggtreatment

hr ee eferred creat

of thesgysien,Aecamposes ha highderaeehed pose areslonargpsvalatiiearoducts of
decoragdsitibiy euRliérs séatidn P&Hl WTedorrdSpantiilg %o%hﬁis sFnam Iayer

Potv gL e I HREh S L i 5 bt ity and high
dimensien stabdity,r whemby thisostpstegp i$ lapplivabie Gyaalhmetre. Moreover, this

ern 8PV b P51 L L LTS o gt n

efficienh dtreatment of the system deconposes the
hi gh- branched pore creator into volatile products of
deconposi tion under creation of a corresponding
Syste s pol ymer layer. Polysul fones distinguish

thensel ves inter alia by their tenperature stability

s mipBH B0 B I SHRRIBHETY bt SRl GyShi et s

- appliedr datempotysuliondenaixptensisist of doablet bpdwiphilic block copolymers.

Thesesél@utﬁlé 'hgﬁf'cmmrc BYPbggOBSEIPHé@ cbthptie £h{aBhARE BB Which does
not lnteract with the mineral additive, and a second polyelectrolite block, which
interacts strongly with the surfaces of the mineral additive. These block copolymers
have growth modifying effects in the crystallization of calcium carbonate. The
resulting mineral compartments have an approximately oval, bar-bell or spherical
shape. Due to the excellent resistance of the polysulfones against aggressive
chemicals as well as the hydrolysis stability, the mineral additives can be completely
removed in the acid bath. What remains is the desired nanoporous structure of the
polysulfone matrix. '
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As mneral additive, e.g. the physiologically harmn ess

conpound cal cium carbonate is applied. The

pol ysul fone matri x consi sts $f doubl e hydr ophi lic

bl ock copol yners. These doubl e hydrophilic bl ock

copol ynmers conprise a hydrophilic block, which does
Systeypt3:WWalefact with the mineral additive, and a second

As fldialadeitret Watdri@nibdrio c@ﬁéiﬁ@rﬁ@nidg%%t%oﬁtmglt%? case of the

Wt he syrfaces, of the mneral additive. T )
Coa“ewgﬁbﬁé}@él'Cﬂgv@%&cgmw ROJAr Aglive agenisetls the Useeof the spraying
methody8iegbdlysidfoneris presEit ¢ bmorgamiosahvent $ben aé@ﬁi{' dHiova@form. The

oI, SRR Sy GRSt e o te

furthereesiception of die Ective aigesti| Tl the gaitine tageng rdissilwes principally in
. | h : 7|

e 8 hastey1Edl 8 KNSR VbR rhlpgns ater

the dgppgitigatan thanskrfacenal e medicad piediicte§uhaeayprityuthe water from

theses bomphttiren® chRde ROy EGMPISTEBI iom the EIGFABY: means of e.g.

Wt er additive, water cones into

As flyid . .
the fisgag; djghg: VP Eraalss e BaIQRATGHS SHuphiEes eadest wihdhe active
agent d’a‘te't acfivef agdret coerde q?bﬁ‘ﬂ“ of tied pw'rési‘lcmbﬁrin@ﬁalst Eé@ in consecutive

: the spravin 0 e :
step< 3t iy AgelE citSBugh, i fodeh o feriBl el ragze drving.
In the ngetheds existiognuntitbe rebémtr ddiy rihesadtivei agerdavas atis dissolved

' I I b3 00 0N e;
ot )P PRI SIS A ke o
conceyitatips qfdbnactve servewapalseefiested fram a ellorjerso gelution. Since
ro cBbstory ke RSO BANT (3. o gl
concqiiHae TR - prodiire BLudeqqainey, oHe et pWasn entalls an
unnetdsssey expgpsure ofithe padent elsy thaDyss! of:%[%r%@ b&tiia{/ﬁ%ﬁﬂ@bstrate,
s fre ryin at . .
oo B3 By b0t o oo i an
expoiteiis eeduggdio @ mindmaot.i ve agent concentration of the

pores can be increased in consecutive steps wth

active agent_ dissolved in water and preferably
For the pepgratian ¢f a speaving salytion| gentaisingeatrieast ene polveylfone and at

least ugtid | aritipeolifeefivs! dldinfldriatsty] \dhtpBRiistitear’dl/§© antithrombotic

e 5585 Niher SRS0EBly S 58 Sl Wieh arorats casty, L.

whichcraoefatietsush asf for eeample vhloagfer, dieklosbisetiainke tstethydrofuran,

sctof Rt CERLAOI 013, FAREepb S LGP AESEERa i

moreqygr east bensatgieatednwitht watanerebanpreparad ihavirge af paitichlsst water

o

conteff) ArirepyiC ivatethbShteft ohs 28 — UsRgC Ef@féfébifxg‘?‘f‘ﬂ 909%, more

t tiegnt, By the use of water as active ‘agen o
preferghicd Bat £.0% ofASheSiAN IR BIV G y- Gde are pLEARe. Further, it i
preferd@po#fi targaniof stdld \mng,oltwatdr,f Qﬁ@iygﬂfdd':@( é{ﬂﬂ tdfive 2%g{a_nt form a

reqi educe 0 a mni mum For e preparation
homo@éﬁé;&%p‘%éﬁ% sol ution containing at |east one

pol ysul fone and at |east one antiproliferative,

" Via thgn@tr%%ﬁﬂom@wﬁeré%éH‘Wd?&él’ﬁﬁ&i@ or, B eively, the hydrophobicity

of the polysuifone can be also varied. Thus, it is for example possible to synthesize
polysulfone copolymers by means of 4,4-bis(hydroxyphenyl)-pentanocic acid (BPA),
so that in this way, carboxylic side groups are introduced, which lower the
hydrophobicity of the polysulfone matrix. Moreover, it is now possible to derivatize
introduced functional groups, for example the carboxylic group (Macrom. Chem.
Phys. 195 (1994), 1709; Coll. Polym. Sci. 279 (2001), 727). o
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active agent further preferably solvents are suitable,
whi ch evaporate easily, i.e. 25 which are vol atile,
such as for exanple chIorof@rnl di chl or onret hane,
tetrahydrofuran, acetone, nethanol, ethano

i sopropanol, diethyl ether and ethyI acetate and whi ch
nor eover can be saturated with water or be prepared

Via tﬁ@kﬁbé‘ﬁbiﬁtyp&* ﬂ)hﬁngacEf A&t t\NBC!&?eﬁ'Etof tgé‘ ?’Bwed'o Wﬁéﬂ is variable in

contents from1l - 15% pref
its coypppgitian, gswell as; !mw%waﬂaamcﬁfamey additives, aﬁ@@"ﬂgn@'y a layer-
depefid8iit differepitintian irerespett bEthe aﬂpileg active ra@feﬁfsr 88well as in respect

of R SR e ot S, 05 b oo the

polystiipied ymatrix, ashe unjekrealhj Iapphd:abier biostalyie ctaatinigy matééal for the
prev#ﬁﬂh%‘f!??&leﬁb% of the pol ysul fone can be al so vari ed.
us, it rs

or exanpl e possible to synthesize 35
pol ysul f one copol ynmers by neans of

Furthér 4theb' 868Y foO)*MQWéétld)eﬁéﬁga':&é%m 4 (HEfre SOI'JH?%plastlc

carb I¢c sid roups are intro

polysifipass Gt Der KEToTAR ARISAY PIRSS) syl Jheulimbiasice. of heat
(therma}. rGéneMyem@moplésﬂbS (EIQMIWI%QI &drisistoolphéarabt #&s branched

mole{lb IERYTT VBB ARE e Con b S DY o) When further

heateti7 ity Garh be sPobjed cﬁupletél?fbr(dﬂ@@tébmlﬂlﬁ) parfician it Bepreferred if

these“tﬂi%?rhgélhbe\% PB&SL%H&B?%@ hd rﬁbﬁfﬁ \&%}E} g%deqpq{ogi@ properties.

SUCh\/\é'F@W'@ﬁ’ﬂCt Heolysaifones ohawﬂgt rhl@eemdmmbwesent properties can be
synthégiieéi' é’éb’tlrﬂh‘lﬁatd %Mér ab&ﬁ’eo‘%)‘é@@%edj' hEfioRR! \/%t 'pBQ/n'xéP analogous

pect active agents as we

reactipgs pIaIEPk £0gP vm%%&%%m Pal¥sIZAEANERS hisifoRilic withThydsophobic
monoaekTs! mhelthenndpletsn@wwh@e divl.*itﬂlnel@oin\/ﬁl*ntitf\ﬁ‘é?g?3 dﬁﬁtréSﬁeélﬁlely the

ey ADAGE 334l AL, Pt ) T, el potance

- againshéeotnsdast arnd goyldyaysis ohigh istahbilite f &fr disdensidvgr rasidtandd against

. p.cal | | ast i
aggro e RARYTesIn PRaIR AT o6q SR RErR OGS . 3 1], *''
t her nopl asti c pol ysul fones consist of linear or |ess

A prdfsred f’tﬁérm@ﬂb@ﬁ@'p@ YSUFDAS - lsvgv?ﬁh&ﬁfé@%rﬁ rﬁ¥pﬁéﬁblbﬂ and 4,4-

stretc urt her ca
dichiof3p HUTRNE 31, babEpiEIRFga reariane:(ses foloating darma (1)
it is preferred if these thernoplastic polysul fones
have hydrophlllc as well as hydrophoblc propertles. 15

Such t ‘as 1613 sulfon aw(hg t

anbi val e ing to
the ab v %{)e S
reacti oc u rlzat 0 qu p r|z Ri on

of hydrophlllc ﬁ hydrophobi ¢ nmonomers. The

PO, TR SROHEL 3 IR kol Boneppenvone

di stinguish by nultiple sterilizability, resistance 20

The p@@éulfrﬁies’\@hlcﬁta?éfﬁp%ﬂéaw %ﬂhlésdo‘ét:na'a‘&oﬁilﬁ@'td tﬁé/m%ntlon have

the fol?owmg general s‘?rucfc'urf:-j)1 %%80? {(]) ftormula (1):




10

15

20

25

30

35

aggressive chenicals as well as good thermal aging

stability. A preferred thernnplastlc pol ysul fone is

synt hesi zed from bi sphenol AQand 4, 4' -

di chl or ophenyl sul f one vi a pol ycondensati on reactions

(see followng formula (I11)). 25 ~Hg ~-- O u COS CH3

Pol y[ oxy- 1, 4- phenyl ene-sul fonyl - 1, 4- phenyl ene- oxy- (4, 4
whergair Sopropyl i denedi phenyl ene)] The pol ysul fones which

are applicable for the coating according to the
n renfﬁmitﬁ.fbﬁ Jrade ofaqplyrnenmilqrbwqw@ deieihg rangeytrooye = 10ton =

10. ocarsc . Cioviefd rap iyt m ﬂm@r Fafge frdoh n= 20 tahgr=LB3moon fﬁﬁl@éreﬁr%?ér%bly in the

r ad ol r z tio i.C S in
rangd PoRTR 0 8 ) 6B b oretaiahit m g gt Pada to 1 = 500
furthénr preferabh2i: the nangeiirdlﬁm =f 80 tder = [5ef @ bbyticutarlyhsreferable in
the r%lﬂ(gigﬁoﬁlrrqm‘fbﬂo% t%)gnt— 1. gogoofurther preferably in

range fromn = n = further preferably
intherangefromn 80 to n = 250 and particularly

Furth%F eif & ?@f@rré@ if i A& ? Fér‘iq;g that aj\gglghﬁ aOerag%Q)q the polymer of

60. 0%9 wé@&ﬂ Oaglé?@gereéerabfVe?Q)QDQrt@ﬁ%OO anaofuniher preferabiy 80.000
~ 971D QPtha/ @gll mbf@f%@iﬁ?labﬂ 7@3@3)050 %ﬁ%(?@%sltﬁ{lo{f'})'and particularly
prefebqﬁ?g%a §§ Cgﬁ)&//m ﬁ'ﬂ@ g/ nol | agd particularly

Morepve, 6t &blpecf@fredod n |é9$1 GUehga n‘ahge ahut tite NpiRPVaVeragé of the
poveidy 6118068 ek 2.0 751500 Bt 5ol iy MBS — os.000
glmombuntblw @Bf&fablyp’i%f)@@ ab$9.000 pstilBmmode prefesBd BHO0AS 59.000 , and

) bi 00, still nore
P am%’!aye‘?rre T EbRATR 45 15 8 06,65 %Ro'dgr%fégm arly

preferable from 45.000 - 58 000 g/nmol results. Y and z
Y andre aret ﬁ'ﬂ@gemmﬁﬁf@s liﬁ ﬂ'lBerér@wqaroH omd 4@ ér@d FQ%(RR‘ mean

ot h
indergfiafina srpm OER B5 elkvishe’ GRS hadidoh Gr bnsereon atoms, an
aromgliogpoumkavigg ® too2@ eadmrbatonad, Metemmnmtlogromﬂ'vaomg 21010

carbofy Bl ncosiidtene CBICIR FalfB ) ©LIIS bR, tps. an

a kyfeg\eaaﬂeln%@rw Bayiag Sdoct pwhontatoms, an anylghealisylekgigeoup having
6 to 200ERrHAAY| bféﬁns 6ah %I@)Qeﬁéé)gﬁ @r@t‘jp? rFFaw 1akc§<yl|29 REMOH atoms, an

at ons, aryl eneoxygr oup

' h
aryle royE avb%‘%ﬂﬂ c*é’r%(gﬁa"il%‘r%m“ﬁ ﬁe’i%?@&%ﬁ@%@%‘%@lmgﬁto

20 cdiramnngtcﬁni,oa cycloalkyleneoxy group having 3 to 15 carbon atoms, an
alkylenearyleneoxy group having 6 to 20 carbon atoms or an arylenealkyleneoxy
group having 6 to 20 carbon atoms. The foregoing groups can have further
substituents, particularly those which are described below by "substituted”
polysulfones.

Examples for the groups R and R’ are -R'-, -R’>-, -R®*-, -R*~, —-R%-, -R°-
~R-R*-, -R*-R*-, -R>-R®-, R-R%-R>-, -R“R°-R®-, -R'-R-R>-R‘-
—R“R*-R’-R*-R°- as well as —-R'-R*-R*~-R*-R°—R’-;

wherein R, R%, R®, R*, R® and R® represent independently of each other the following

- groups:
—CHo—, —CoHy—, —CH(OH)-, —CH(SH)-, ~CH({NH2)-, —CH(OCH3)~,
~C(OCHz)z—,  ~CH(SCHz)~, —C(SCH3)—, —-CH(NH(CH3)}-, —C(N(CHz))~,

~CH(OCzHs)-, —C(OCsHs)~, —-CHF—, —CHCl-, ~CHBr-, —CF», —CCly,
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25 20 carbon atons, a cycl oal kyl eneoxy group having 3
to 15 carbon atons, an al kyl enearyl eneoxy group
having 6 to 20 carbon atonslbr an aryl eneal kyl eneoxy
group having 6 to 20 carbon atons. The foregoing
groups can have further substituents, particularly

'—CBri-hoseGM(D@OHD-e de<H(CLOCHE)Iaw BLCHQMOCLH-d"~CH(COCH;)-,

: _CH(QQO”}PB_ ones. BgRCﬁX%npl eng&fH )he grougﬁ(@% d R a C2H5) ,

—CH(C%\"W@—, fpu(@@uhecmww(ﬁ@w(cmzm RS R4 ,

—C3HsR - Re@yel | ap Rl Em cyclo—CaHs
R4, RS And’Re !

Cydomﬁg'ré% nde‘ﬁfql?/ %ﬁ"fga ‘&)ﬁgﬂﬂetn he 14 b4h g - 3|'g'fmups*0C4H8“.

~OCsHHR- ~OCHH-, Ol ©=|) , —CHHIGHD - r-CsHso— —C4HgO—, ~CsHgO—,

—CGHQ@'J NW)QHC?QFK@C#BCZP@(-S iCsHe-,  ~NHCiHg-,  ~NHCsHe,
—NHCBHAH GBINH-C NCCHND—,  —CsHgNH—,  —C4HaNH—, -Gt~

CH PR Be (O, S O e O S

QSCHc@zdaﬁHs)—camw eCaHa$-, -Csﬂs|$eoeﬂdﬁbm$— CH( CH3)
—CsH-X CHS)_ @1*(3932H5) rggg‘? _cgﬁg@miz —-CsH;;(NHz)—,
et A lﬁb cgéq?gt“ ) c%hhio@#a&- " CeH(SCHa)-
—CeHé‘(m@Hmm —O4BI(@OBHs), - OCHBH,(CD OC@EI@I COOCHs)—,

BRI - ST N SEhNG Ront)-

~CoHa( QBOBHE Hs ) NHEG b8 CONBERN)~, - NHCBHLO- CH2NH-

-OCHEZNOOGERIE! | SOAIRIE oS N OB LONAG (-
~OCeHgClici e Bt S~ OCEHHB-. . - SRR OCHEHDS. ~OCGHI(SCHs)-

—OCqgH3 (cd@;ﬁb()ﬂﬁ)-ocsﬂ%@t@tﬁ@ﬁ “~QCgH3(COOCH:),
4306”%83;)— C%EEHE?' 5%%%%**3(%&%&:@)5%) s ( ?OcsHs(N(CHs)z)—,
—oceHmmagpt@ocngpaﬂweam ,rocr;,ﬂ OR

~CeHiER o R 510~ D ?ﬁ%ﬁeb— L Ggha(NH,)O—,
—CsH3(ChBs{ Colis Q‘" WW( ,C|'|3§38|)13(00f‘|3)054'|4 —CeH3(SCH,3)O-,
—cng,(@@@i}%( ﬁ%) -»cs % @ (GOOCH5)0-,
—CGHaf ; —Ce 3&2()@1#3)— 6Ha(CONH2)O—,
-csHs(@ONHﬁmQ -cmg@@@ﬁg . - OC6H3( 000CH3) -

—SCeH4—~ —(S%) 3)— 6 3%85% “SCG%_E N C'_—[gg Ha{NH2)-,
~SCeH3(Cl)-, —SC5H3(F)— —SCeHs(Br)— , ~SCeHs(OCHz)-, —SCeHs(SCHa)-,
—SCgH3(COCHs)-, ~SCeHs(COC;Hs)-, —SCeH3(COOH)—, —SCeHs(COOCHs)-,

—SCsH3(COOC;Hs)-, —SCeHs(NH(CH3))-, —SCeHa(N(CHs)2)-,
—SCeHs(CONHz)-, ~SCeHs(CONH(CHa))-, —SCoHa(CON(CHa)s) |
—CeHsS~, —CgHa(CH3)S—, —CgH3(CoHs)S—, —CeHa(OH)S—,  ~CgH3a(NH2)S—,
—CeH3(CNS—, —CeH3(F)S—, —CsHs(Br)S— , ~CgHs(OCH3)S— , ~CgHa(SCH3)S—,
—CeHy(COCH5)S—, ~CeHs(COCHs)S—, ~CeHs(COOH)S—, —CeHy(COOCH)S—,
—CeH3(COOC,H5)S—, ~CgHa(NH(CHs))S—, —CeH3(N(CH3)2)S—,
—CoH3(CONH,)S—, ~CeHa(CONH(CHa))S—, —CeHs(CON(CHa),)S—,

—NH-CgH4—, —NH-CsH3(CHs)—, —NH-CgH3(C2Hs)—, ~NH-CgH3(OH)-,
“NH-CgHs(NHz~,  ~NH-CHa(Cl}-,  —NH-CeHs(F)~,  —NH-CgHs(Br)-
-NH-GgH3(OCHz)- ~NH-CeH3(SCHs)-, —NH-CeHs(COCHs)-,

—NH-CgH3(COCoHs)-, ~NH-CgH3(COOH)-, ~NH-CgH3(COOCH3)-,
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20 - OC6H3( CONH2) -, - 0C6H3( CONH( CH3) ) -

_ OOBH3( CON( CH3) 2) -, - CBHAO-, - CBHB( CH3) O,

- OBH3( C2H5) O, - CBH3(OH) O, 12 C6HB(NH2) O-, - CBH3( 1) O,

-CBH3(F) O, -OBH3(Br)O , -CBH3(OCH3) O

- CBH3(SCH3) O, - CBH3(000H3) O, - C6H3(0002H5) 0- -,
—NH-GbHEC m camelamamz;@m(@aﬁm{ 000C2HENE-CoHa(N(CHa)o),

i

—~Cs 4'5!@5'H3( CH3')'C$ 3( - ~CeHs(OH)-NH-,

-CGH3(W»@7|3|QNH2) -c wp@m F NH-S%FBL%%Na(Br)—Nm
~CeH3 'Egt ) §_ bu;g)—N S;%% %H;;(COCHQ—NH-
—CoH3(EBERHFRBRYS ~CgH3(COOCH3)-NH-,

-CM@@@@%%% 30%@%%%%%-, _orRasNCHo))-NH-

—CBHs(wN’(‘lﬂ-M‘B- —Cmﬂmﬂwﬁe»—NH@J—G@a‘%&ON(CHa)z)—NH—

C6H3(NH2)S -CBH3(Cl) S, -CBH3(F)S-, - OBH3(Br) S
. -OBH3(SCH3)S-, - CBH3(COCH3) S-,

Paﬂlmmmm@y@polys@ﬁmmw@l as HEHBIKOCE-B)Eerein the groups
—R'-- O-QQQFBHPZRS—SRZ OﬁH&(-IEQH(F@:B)rb esent frRfdPeNaEhtR) éF Bach other
the ?C@le’c )2) S- -—Ca {t m|_|3( CI%"L;— —CgH4S 00—,
—SOzChﬂ-lh-OB#BCGHHé) and- w;remm 3')2—061‘NH‘ C6H3(NH2) -

-NH CB8H3(Cl)--, -NH CBH3(F)-, -NH CBH3(Br)- |,

- NH C6H3((I:H3) . - NH- CBH3( SCHB) -, - NH O8H3( COCHB) -

R and\R: caHB(rien 2¢mesent leelp@atﬂmtﬁom-eac,h other preferably a m0|ety which

s bour RS m PR

- NH- - CBH3( CONHR) - , - NH- - C6H3(C(]\IH(CH3))
Accord% PR RORK 1) B onsu.%Hé &E&Eﬁfcﬂ‘e@ ré\‘!‘é‘ectlvely for the

biostab ﬁ%%&pf%’glost@ ?y_grs sel%:éqz@ 8Ny ip@_lgrmgp w’hlch comprises:
po[yem@ﬁedﬂﬁo@@ke)suﬂbhwteﬁwm&sumbhe - polyh8ARLRIfoNd; - substituted
polypﬁ%)}[g{lﬁggé@j one'%ﬁ%@%&qﬁjuorinamd polysulfone block
copo!ymm(ﬁﬁﬂ@itﬂu&jnatmﬂﬁpo!yﬂﬁf@@l\bbm)@)pdumérs, substituted polysulfone
black c%ﬁ%%?%‘%hggbﬁg% @E@EPW er{rs'eferred are

pol ysul fones as well as their m xtures, wherein the

 The teraulsubstifdted” pBErsufor%is- is t& b&2undersiodd? ag3polysulfones which

possohS W 2T ASERE LB 5 oS SO St e B or e
substituepCahi -the pbebiiene wnitd er@lﬂm @(r@éBb:ﬂdeﬁ%bstnﬂ.@n& dhchmples

for the%'e %iﬁ)@tlgéﬁwfﬂlsd F@t%ﬁ\%ﬁ % ﬁlsnﬁekeg@legn ) ¥%r&f each other

—-OH —OCH3, — CgHs, H --SCHa —SCsz, —N02 -—F, --Cl, —Br, —I, —N3,
-CN, —-OCN, -NCO, -SCN, -NCS, -CHO, —-COCH,;, ~COC;Hs, —COOH,
—-COCN, -COOCH3; ~COOC,H:s, —CONH_, —CONHCHs;, —CONHC3Hs,
—CON(CH3);, —CON(CzHs);, —NHp, —NHCHj3;, —NHC;Hs, —N{CHs);, —N(CzHs),
-SOCH3, ~80C;Hs, ~80;CHs;, -S0.,CoHs, -SOzH, —SO3CHs, —S0sCoHs,
~OCFs3, ~0—-COOCHj3;, —O—-COOC;Hs, ~NH-CO-NH_, ~NH-CS-NH,,
—NH-C(=NH}-NH;, —-0O-CO-NH,;, -NH-CO-OCH;, -NH-CO-OC;Hs, -CH.F

- —CHF;, -CF;, -CH,Cl —CHCl,, —CCl;, -CH,Br ~CHBr,, —CBrs, —CHjl —CHl,

—Cls, -CHs;, —-CoHs, —CsH;, ~CH(CHs);, —-CsHe, ~CHx~CH(CHz),, —CH,—COOH,
—CH(CH3)-CoHs, ~C(CHs)s, —H. Further preferred substituents or functional groups
are -CH,—X and —CoH4—X.



is bound to the sulfone group in the fornulas (li) to
(XV). According to the invention, the polysul fone or
t he pol ysul fones, respectivédy, for the biostable
| ayer or the biostable |ayers are selected fromthe
oup whi ch conprises: 20 pol yet hersul fone, '
- The %Plby\tln@ gengralo stractueal starmolas rWﬁhbwdefenbﬂormeatmg units for
t I f
polys‘EIHQﬁ(]&é BEErabhp ﬁ}‘l ﬁ&%hﬁé& (ggfy gﬁ?{% t&u?@@ Rp8&ting units. It is

mers, perf at ed

howeelsba Seréer@ %thfm @aeunﬁw@ar pibiey &m&aiwg Witscr blocks are present
besidegnné SABWA, reﬁé@tﬁigfl UHits Profdrtadeone bl ock copol yners

and/or m Xt ures the foregoing polynmers. 25 The term

"substituted" polysufones is to be understood as

pofysul f ones whi ch ssess functionagfmgroups. NG

Especi al ne units c have one or two

substit arld the phenyl ene units

one

(al so r %o as: | X, X, X',
- H5, -SH, --SCH3, SCZHS, -
-N3, 30 -CN, -OCN-
- COC2H5, - COCH, -OOON, COOCHB COOC2H5 - CONH2,

- CONHCHformuEONHG2HS, - CON(CH3) 2, - CON( fadihl2 (1v)NH2,
- NHCH3, - NHC2H5, -N(CH3)2, -N(C2H5)2, -SOCH3
- SOC2H5, - SO2CH3, - S2C2H5, - SOGBH, - SC3CHS, -SOSC2H5

X, mcamgR' h@/ﬂﬂﬁéﬂ@ﬂdemmmthemhmmmenmh@nﬁd&\ing.
35 -NH C(=NH) - NH2, -0-CO NH2, -NH CO OCH3,
-NH CO- OC2H5, -CH2F - CHF2, -CF3, -CH2C - CHCl 2,
-€C13, -CH2Br -CHBr2, -CBr3, -CHz+ -CH12X" %13, - CH3,

H3) 2, - C4H9, |- CH2CH :

PH5, C(CH3) 3, -H.’
s—or functigria
e 13 The fol | ow ng3
tructural formulas [ epr esent preferred5repqgt|ng
its for ponsquOﬂEs Preferab+y, t he polyners onl yn

consi St s repeating units. al so
possi bl e r:???/ﬁ one pol yner ot her repeg{'%%éex‘ﬁ)ts or
bl ocks are present besides the shown repeating units.

Prefgired are: n fo la (I'1i) X X n andeR have
-rndepe dently of eagh-pt her the akpve ment i oned -
meani 10 t» (M OCF2 S O
| B 0{} |
O

n L. Xn a4 n

formula (VII) formula (VIll}
10
X, X, n and R' have independently of each other the above mentioned meaning.

e Xm —
1
-——o—{)—%—cw——
o)
L G N

formula (X}



Oformula (MI) n X* n formula (IV) formula (VI) X"
formula (Vill) nn X X, n and R have independently
of each other the above meni#oned neani ng. n 11 O
formula (1 X) 14 Further, polysul fones of the follow ng
general formula (X) are preferred: X' O wherein Ar
represents: X 11 OS OGAr 11 OJ n Ph Ph X'' Ph CH3

Fu i ther bove

R o et bor AT OB P8 bl

repeating units are preferred: 10 15

~ Xll Xllf
T
10O ? O—Ar——
O
in
5 wherein Ar represents:
X X ' X
S
VA
0
Ph
X X' X X'
O
X X X X'
Ph Ph | Ph CHs
X X

X, X" and n have independently of each other the above mentioned meaning.

Furthermore, the following repeating units are preferred:
10




10

15.

formula (XI') 5 formula (XII) X' X*'" n forrmula (XlI1)
10 X, X, X', X''" and n have i ndependently of each
ot her the above mentioned nt@ning. R' and R'' can
represent independently of each other a substituent,
as it is defined for X or X, or can represent

i ndependentXy of ea¥h other a foup -R1-HXBr -R2-H.
"Anot her| preferred r¢peating unilit has.a cyglic

substi t uey 0 aro HQ\ T | 3 s for

exanpl-g] a

formul a (3 ' ably reapres N - -,

“CH2O-,| -0-, -C2H4-, - -C3H6-, 5 -&(OH)-. The droup

- *R-R'= preferably represents a cyclic ester, imle,

carbonate, urea or uret anelsu as for exanple:
-0-CO- O, -0 CO O CH-- oMUl dh o coH4-,

- C2H4- CO CH2-, -C2H4- CO C2H4-, --0--CO CH2-,
-0 CO C2H4-, - O CO- C2H2farmifdigxH)0- CO- CH2-, or cyclic
esters, which 15 contain an aromatic ring. In the

foll ow ng, polyner anal ogous reactions will be
describedX whi ch areXknown to ofe skilledX™ the_art
and serveifor t ification . 20
f or mul a /HIE s X
and Nt + o J |
Cl Si Mp 1 a lcat abysy d 4 can
be fufther suBStituted. Via these rdacti ons, for
exanpfe hydroxyl groups, am no groups, -n
formula (XIlI)

X, X, X", X" and n have independently of each other the above mentioned meaning.
R" and R"™ can represent independently of each other a substituent, as it is defined
for X or X', or can represent independently of each other a group ~R'-H or -R*-H.

Another preferred repeating unit has a cyclic substituent between two aromatic rings
such as for example formula (XIV) or (XV):

X X' X" X"
M ?
_ o——<§ l E)—Tel, ot
O / .
i R" R 1
N/ |

formula (XIV}
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- 20

car boxyl ate groups, ether or alkyl groups can be
i ntroduced by a nucl eophilic 5 substitution, which are
bound to the aromat via a né@hylene group. A reaction
with al cohol ates, such as for exanple a phenol ate,
benzyl ate, net hanol ate, ethanolate, propanolate or
oparndl ate resul t&' in a pol y&r in whicK™a
3 % of .t he
em ng (l?)ol one with
o) d,...._

nts an

: 'ed, as far as not yet present i-hn
the nononers, t he polyner by foll ow ng reaction:
20 18 Besi des ester group, diverse other
substituents cdd be introduced, by at first
proceedi ng a single or Pouble degrotonation by neans
of a strong base, e.g. ®MBYIE (X¥) tert-BuLi, and by

subseﬁuently addi ng gn elgctrgphile. gg th? above
R" pfREERY pisREIR- G eor @ Chroup i ine —Qpt arhel  ~Cabe,
—CH(EJdrl)bpnThe_ agrodpgr edR—Rds prefenablyi edpiaseatsotaheatychit egster) amide,
caroch B G GLARALI LS PSR LR H-8-, 0-CO-0-Ch-
"O-Cg%'rés@rla'ﬁone wi t h 1CHohoBOcOnsilds-es is adhiteved for —CsHe,

~C4H ,armis%?s/, theHise, oLo-pel eyl f angHageRMiNg 1§ _CO-NH-CH,—,
rlﬂﬁﬂlg I'l B) Efogeth W th r'J_‘(’J_Ig/sulfone accor di ré%to
-O-GQitriHe (11 0. ThdHrfednNH-Sthas of bot h-NH-CO-NH-CoH,—,

—NHHB0ysuCHne s -NH-€20h0 03Bl — C anCHpREe CO-NIM 84, 2%.CLI9,~S O,

2% ~ 98%..Pre r ed i os~are ,10% t 0%.. 159% to 85%
~CaHg305 72534 ﬁtﬁ‘ﬁﬁ% f‘@hfﬁ/??!’a‘g'de‘v o e 5y LaHsaos 2eae-O-,

- —C3H5E%t 0 5Oz These pldbntaiHral uesCiieQ-Chh—, appiCLH—CO—,

— any_equbifgti onc9f, xsireghi i ¢ apd-ky ¢k gphobi g ~q_cH
C3H£‘§F03’ul f% €5 datzd’ a?%&ﬁf‘optglleﬁ t’edq%z’o % ﬁ;lgj’cﬁz + ~0-CO-CH,
—O—mimntﬁ'@n@@?ﬁzﬂmr e.—QH/-CQafalle, of ora cyclic esters, which
contalPPary akdrhaeriMgt h hydrophilic and hydrophobic noieties
in one nolecule can be obtained for exanple by
esterifying only inconpletely the - polysul fone
in theafotlowitign potyondroanaibgos rélctiand will i, déytibeshiwhich are known to

ome SKFERTIHY g U Bhe WELIRSHRY o 5SSl 21°

O

l n
T

1A O~O5+O
O

L. CICHz CH,Cli - n

formula (I1A)
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20

20 carboxyl ate groups to ester groups can be 5%: 95%

to 95% : 5% These percent a%;e val ues are to be

appl i ed for any conbinati onTdf hydrophilic and

hydr ophobi ¢ groups and are not limted to the

af orenenti oned ones. It is supposed that by neans of
Chloromethyensi geatuipsn asc cwigliesy X oandeXi mwaanbieointodduckd by use of
form %ﬁ %ﬂsﬂw@goéh?ﬁaoﬁatalﬁ%f‘%%ﬁb é(§|9'n0|p°+/v¥ﬁgf1r e thn ve further

rophobi ¢ gfoup

SubS@H@ﬂph\e{@s @Wn@act@%r ioraree(amnim !ﬂfot(ﬂe gFeliss aBmino  groups,

carbd&ymél roubé étﬁeﬁ/ OF YalkiiPerdupdt chRabe! Meroaekydesy | 2%Rickophilic

a not crystalli
substfiion, 'a'r:ﬁygf@%@me I e SEngt Vi armathviee arade. Ageaction with
alcohola@esj sunheas fombkamplee gi phdrickatel henapidte, dettieiholate, ethanolate,

oo RSB EBE0E SETRHY G oL 81 o a
over 55|%c¢fpﬂilel 9hlarmngﬂlwmepglroja®al fThecfoliayiangs polgsulang withi lipophilic

side drd !l e to apply nmononers which are already
gsug titut eg% correspondi ngly for obtaining the desired

substjtution pattern after the polynerization being
[ ~result Ry

t he khown 5to [ ctii on
sch 019 |
wher e n O esent

fol | ow gr oups i ndependgntly of each her: -SQe-,

- C( )*?RO --C(Ph )2- or OB* L and L' can thus Haye

the nmeani ngs of the corresponding groups in the

formulas (1) to (XV). GE’HUE‘U&I@)phlIlc substitution
whergiacti ons are known to the one skilled in the art,

R fof SR feprasd T L AP RER Ay mPlety” copacial y
preferred if the polynmers possess hydrophilic and

The :%[Hti%ehxb' cPfWeééri | B ril‘ﬂFtﬁfrJE%d ngs hand o [o’PI Rt Biesent in the

mer a by useé o one
monomﬁm aBh ﬁlP@in’yl?béfO”PW"’!Q)fﬁﬁcﬁam on with at |east one

3
0 i
o

- formula (IIC) l COOH COOH ' n
SN

- O+0O~O :
o)

- '~ COOR COOR - n

formula (1ID)
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hydr ophobi ¢ pol yner. Thus, it is preferred if for
exanpl e X and X have hydrophjlic 15 substituents and
X' and X'' have hydrophobi ¢ ubstituents, or vice
versa As hydrophilic substituents can be appl i ed:
-CHO, - COOH, -COO CONH2, -NH2, -N*(CH3)4
BeS'd%@PBestes&wp,- diygrse ofgercbatitients Nanchenptroduced, by at first
proceéﬂrh@é—éﬂh@le dﬁ%ud@d@&o‘t&ﬁﬁ’t:cﬂﬂﬁ RaGArC o §rs|tr)bng base, e.g. n-BuLi

t.anat

or 1oAY Bp8 il SubiReaienidda 25 SESRIZD e, bty aomplory
case, Sathdh, didlio wds, ad@ed foBrthe -ihtrodion 6N.the Gdter ghip and the
o et e G o RS s

_NHC2H5, - N(CHB) 2, --N(C2HB)2, - SOCH3, - SOC2HB, |

A com@@%@'ﬁﬁ acb%ﬁk@the%@\ of ac’ﬁa?%ﬁﬁWhpophmc moieties and

?oocrls XI'T
a polyguifers cwihgianbabic n@m@s Jigrachieveghior exeAmle, by the use of

polysulféiad &ccor@h'%ﬂo foamiBrz2 %& 3ther‘ﬂii@i pol?s‘hi?one‘ é‘é@ordm?'l%a formula

(Iic). Zf%ﬁza'ﬁékﬂlffat“’&ﬁ%% ”??(@l%%% okt 680 &1 s%)em 88% : 2%

to 2%pp8§%u Frefeesdantiop aed QO?/cEtﬂ). o094, d B%JESS@‘Eﬁ 2beog tcﬁ?&%&hrﬁi 27% to

73%, %%&%ﬁ%ﬁ“fa% l':'atZt/ %n& 38% chgp éo( Qﬁs? p%_F rba% gar%s are to be

appliechfasanyetambisation ob hydicphilist ared hyadtoiphbbicopolysdfomiesvand are not
llmite@f@m)é abdvd- ﬁft{iﬁtbﬂ d mhigk&ad of the carboxyethylene

he net stituents, any other substituents or
aI so hydrogen can be present. Pol ysul fones are

An erdmple ot 4 ZeslyduifohBeivith hhgdrobBficS hAA CRyREBhAISE moieties in one

mole&E" €57' BE obtained for example by esterifying only incompletely the

polysulfone according to formula (IIC) and thus, hydrophilic carboxylate groups and
hydrophobic ester groups are present in one molecule. The mole ratio (number) of
carboxylate groups to ester groups can be 5% : 95% to 95% : 5%. These percentage
values are to be applied for any combination of hydrophilic and hydrophobic groups
and are not limited to the aforementioned ones.

It is supposed that by means of this combination according to the invention of
hydrophilic groups or, respectively, polymers with hydrophobic groups or,
respectively, polymers, amorphous polymer layers are built on the medical product. It
is very important that the polymer layers made of polysulfone are not crystalline or
principally crystalline, as crystallinity leads to rigid layers, which begin breaking and
detach. Flexible polysulfone coatings serving as a barrier layer can be achieved only
with amorphous or principally amorphous polysulfone layers.

Of course it is also possible to apply monomers which are already substituted
correspondingly for obtaining the desired substitution pattern after the polymerization
being effected. The corresponding polymers then result by the known way according
to the following reaction scheme:
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15 chem cals, they are stable to hydrol ysi s and heat
and possess very good nechanbc and tribol ogical (no
surface abrasion) propert|e§ As further particular
properties as material for the application in the
l'iving organlsn1 the high dinmension stability and the
mul ¥t pl e steriPizability can be stressedX" Pol ysul f
are lJused already for a long tine as ned ca

-\entrates on hollow fifk
F> Pler e t hie pol yBI@-4

Cl—t OH
0 dnf are | eadi ng on the
due to their good henoc ibility and nenbrane
form ng properties. Thi , the problemof dialysis

consists prinmarily in_the ceSS|ty that during the
, has

whi ch the patient possess - flow through the dialyger.
Thus, It is clear that the menbrane has to correspdhd
to very high henoconpatibility requirenments. 10
whenﬁHOther large field is the use of polysulfone
capillaries in ophthal mology and in form of flat
menbranes in various nedical technologlc auxiliary

L and;rgagﬁe@rsbpg fek g&éﬁfp?é ﬂ?{fdliBwa atgpég,\éghﬂp 'a;r %bﬁh other:
—SOzpi 65t(Ethlade ayfePh)rhedre @nﬂak |candhusg>bray@ the granings of the

correéptd’fdhi@ grbapmhymg (f/cﬁﬂfhl@@ (b5 t&Q%VE}’ S‘N@hgﬁ&clbé I5i98/°§3l)bst1tut|on
reactipfy 5t K5 wbrio Be s Siled R tesgrtr whish 2o Mfﬂtw Exemplarly by

the alpmleysahesnar e sui t abl e pol yvi nyI pyrro |id one,
gl ycerin, polyethylene glycol, polypropylene gl ycol,
pol yvi nyl al cohol polyhydroxyeth met hacryl ates, 20
As almc&a@eptimﬁcﬂgt |9p@$gemalbfr ptﬁenr@d]@y the polymers possess hydrophilic

Hotite prdRG1ied &en t |0Y||eaﬁé mﬂﬁirﬂon@ﬁ:}d{yﬂtw%hy%%me other

Iactldes glyco des, cop
hand &M 9?%@? %e'@a‘afhanﬁdv% 5'@ lit ingbgmer fpcompinationowitht ainleast one
hydrophblibystilgmgh urmm it |sapﬁeﬂerr@@ lityfoy Gxampie DY BA ©€. have hydrophilic

substg%@géﬂp?m sr“ aéreéyc\,%pl'éqbé? ggbstltuents or vice versa.

pol y(1, 4-di oxane- 2, 3- di ones), -
dl ,
As *;\’Ef#é““’ I\Y%“%E@é‘?ﬁc 2 eﬁﬁﬂ‘%‘nﬁ?ﬂéﬁc A0y degOOH, €00,
1%r i m, cy¥kehly | at®¥ICH;,  —SOsH, —803, —~NH-CO-NH,,
wNH-mSWf-ONHQUPBﬁFlI')-UNHE,Y Lapiybanes. Sl ,.yarﬁc Wﬁhﬁgfotaﬁét@d amino

gol ycaprol actone “butylacrylates, multib
groUPSych as e.g. from ol i gocapr ol act onedi ol es and

ol i godi oxanonedi ol es, pol yet her ester nultiblock
P but yl ene pht
As nRBoRIRIS SRS BRIL SRS e K et nytoag s, ~SCHa
~-SColda bd‘ﬂ@;t,es— pel}caprotHhct oNg- g+®NoI—(D@Hs,—-NCO —SCN -NCS,
ucoo‘Pﬁ' ey 'Utaegtw POLYORIEH,, ™ DEBRIEHA ©)  _CONHC,Hs,
(D E- cO-DT- car onae&%
“COI\EQ'_%XZbI s pReMNCallsloni nobkiCabtsat e)-N(CHz)2,  ~N(CoHs),, —SOCH,,
—S0C;Hs, —S0,CH3, —S0.CoHs, —S03CH3, —SO03CHs, —OCFs;, —O—-COOCHs,
~0-CO0CyHs;, ~NH-CO-OCH;, -NH-CO-OC;Hs, -CH,F —CHF,;  -CF;,
~CH.Cl —-CHCl,, -CCls, —CH;Br -CHBr;, —CBrs, —CH,l —CHI,, —Cls, —CHs,
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pol yort hoesters, polyglycolic acid

trinmethyl -carbonates, polytrinethylcarbonates,

pol yi m nocar bonat es, pol y( Qinyl)-pyrrolidone,

pol yvi nyl al cohol s, pol yesteram des, glycol ated

ol yesters, pol yphosphoesters, pol¥?hos hazenes,

“C2|'Eol y[ pC8%. car b&tYRieeoxy) pfaidane] ,~CH2-CH(CHs),,  —-CH—COOH,
_CH@gmgig%%pxmp@nq%Qoic aci d, pol yanhydri des,

pol yet hyl eneoxi de- pr opyl eneoxi de, soft pol yurethanes,

pol yuret hanes with amino acid residues in the

Moreoaek tnlychc pplysljambllw aﬁ@Pﬁfé?ﬁdePﬂﬁl 9@&9&%@3{1’?# exampldl @, structure
.« RO . polyorthoesters as well as
aSﬂcd%%ﬁVﬁﬁﬁgﬂﬁﬁgﬂzgé} i pids, carrageenans, fibrinogen

starch, collagen, protein based polyners, polyam no
acids, 22 synthetic pol yam ngCfti ds, zein, nodified

zein, pol yhydroxyal kanoat es,\\pectic acid, agtinic
ac%;d, iflle non Jif fed-\brin cadsej
carbo tEZI RS E\_/4 \_) ya c?ac cl
chitosan a its derivatives, chondroitine s@ phate,

dextran, b-cyclodextrins, copolynmers with PEG and
pol ypr opyl ene gl ycol, gum arabic, guar, 5 gelatin,

col I agen, col | agen- N-hydroxysuccini m de, i &gs,
phospthk@EgﬁLézEF%jic tions andjcopol yneres and/ or

m xtures he=af or e- grent i oned s bsgggggﬁiiﬁgzroﬂ

pol yvi nyl pyrrolidone, polyethylen& glyc an lycerin

are preferably used. For exanple, for increasing the
viscosity in the productionﬁbf t he pol ysul f one

solution, 10 polyviny ~~doRe (PVP) is added,
which is solubie in th em‘ion agent during the
manuf acture of the hell fibres“ard is thus renoved

again. The conpl eted{ porous hol |l ow)jbre stil
contains at an ave 2% PVP. The
addi ti on Of%ﬁfl only conduci ve
to the visc [

i.e.
I ncreases Vi scosi ich
co-determ nes the ol ysul fone and
t hus deci sive for permeability erties of the
end product, becaus€ of this one i

pore size and the pardgic Si Thus, the pore size,

pyrrolidone is
ing the producti
but also a facto
15 size of t

and thus the perneabili of produced pol ysul f one
can be regulated via't and the nol ecul ar

wei ght of the adm xed polypggylpyrrolidone. 20 The
bi oconpati bl e and good nechantcal properties of

pol ysul fone and the po§sibili of regul ation of the
pore size by the additi%ﬁ"@?(ggnyvinylpyrrolidone
and/ or another hydrophilic polyner and/or water

: : | _
The cHERYbDERA L BBt cBle ) R URBIg B ST gt i
of thef oarbpkyethyleget ant Ithe atethy sydpstitesrits oany sdiesdr asbdtituents or also

xanple in cardiology for the prevention of
hWﬁUS%%EEU%PﬂHGSG%%CIusion of bl ood vessel s.

Polysulfones are characterized by their high resistance against aggressive
chemicals, they are stable to hydrolysis and heat and possess very good mechanical

and tribological (no surface abrasion) properties. As further particular properties as
material for the application in the living organism, the high dimension stability and the
~multiple sterilizability can be stressed. Polysulfones are used already for a long time

as medical polymers. The main use concentrates on hollow fibres e.g. in blood
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Si mul t aneousl y the encl osed nitrogen provi des for the

shelf life of the active agg The preferred anount

of the added polyner is in he range from 0-50% by

wei ght, .30 further preferred are 1-20% by wei ght,

parti cul arly preferred are 2-10% by weight. The added
d'a"?ﬁ% uvhere dheiralysulfopstifibies of the Firesenive caepang arelleadiog on the

globMQhQﬂ(g guéfto 'g’rﬂﬁr %@ﬂﬁgé?ﬁg@ﬁfﬁ\%ﬂhl o8 melﬁlgrgﬁg%ﬁﬂlhgcpropemes
TherBhy. ecBimbln GrsoiblyaB Gasisty HHINERY dh thamasessidl Hial during the
hem@dlaiyelsamW artticohgoieegnpahéalle. héparim)ehasd I'tbsbéuaﬂmﬁs’{bﬁed, the

sl I o i it BREF 4 Al GHERG a rorhou

treatpenf salcus ® litesseof blandbethin imdquisthiest tebppaximately 15-times the
bloo&QHﬁJlﬁﬁTWI‘MCOV ﬁ"@éﬂlﬁrﬁ%osgéi Lgdw Pﬁ‘gnﬁﬁy@‘d fi%‘i’ Thus, it is clear

IS SUT ace

arti

that '@8&?@#{8%6% t%@orrwqupy@w higifeherageompatikility reﬁ@lrements.
surface of the nedical product at | east parti ally,
I the nedi oduct

refera h ver
AnotREFREE B 13306 el Rasign sepiliaes,ib oBbl ablagy &nd in form
of flabmembrases imvartdbuwd medicattepbhylogid andlidty ehesmhl y at
| east one layer containing at |east one
antiproliferative, antiinflammtory, antiphlogistic

It is mﬁtﬁm it iddut @ﬁbcn d¢orﬁﬁﬁ¢ M@?fﬁ&ﬁfﬂé adldad b6 the peRstifshe used for

[ l.ncor. i.rst_biosta
the t3ERO8E, USE THRTERY.iR8 raliSiof ROVSifione: BB polymer can be
50% pylw&;g&htftorﬁo% Weﬂelgfﬁhep & 99 8990 bpevdighteo 1001 %Aiby weight in the

respettiv proliferative, antiinflanmatory,
pé& laEﬁ%gl Sﬁl C aénd/or antithronbotic active agent can

conpletely consi st of one or nDre active agents or
n be anot her bi ostabl e pol ysul fone | ayer, whi ch

As hyRephili welugenst ap suiablec ra@@yrf@:dgn@. gjmr@u pajyethylene
glycof; alibo%rcljmhéﬁ@cgly@@lt | pbIgvinkRYBEGhdIN Mymiréksﬁetﬁﬂt 'n"/tﬁhacrylates

o et Bl P eSS se PULICRE 36T grobaveol

acid, pohdadtides, pnlj@tycalldbesqat@blyeneﬂs&)fethe pulylactiddd and poligieolides,

f /
poly-2E8HoTa ol L MHNIIBREAEE, 00 888, ol BlGhudpayhigyrates
polyhvdrquéalerﬁ/t@m i ooiviydraxybutiatesceyalewtesh apely(2d-dioxane-2,3-
dlone@.?abéﬂr(‘v\’(’:tdlo% ZIdHés) t Ebgﬁpcfﬁé -di®%hd erp%l){!?fﬁy@hﬁes such as

r] two or th particu arly
Polymaleicyy ef er r ed: an M " vi prolifer HpiiRke, polycyanoacrylates

polycapndlaoibh@ﬂirfﬁitnylacrymté% phLQﬂjljg-blt-maW/ or aghy, It t hrp@l?%@brélactone

an be bound to the re ec i ve :
buty Y aleR, JPUB R aRRTY SUER it ooy SECapriapioBbgioles and
oligodioxhnumedicies,y p:xlymhemtégter vmaitlblcm:kt tpe!wnkbrsmsuehbasdlﬁliﬁ and
polbeﬁllé}{eef Q&R héla Eol&@@oﬁ:‘l’éét ‘BL) é@g/cﬁﬂé a?%)? trimethyl-

abl e ers a
carbongiass s an@y@apralﬁth ﬁb{éﬂhdﬁsayerBO|Y@eWy@Utﬁm&te, poly(DTH-

‘iminobAeNhatedan gEMETH-co-DT-carbonate), poly{bisphenol-A-iminocarbonate),

polyorthoesters, polyglycolic acid trimethyl-carbonates, polytrimethylcarbonates,
polyiminocarbonates, poly(N-vinyl)-pyrrolidone, polyvinylalcohols, polyesteramides,
glycolated polyesters, polyphosphoesters, polyphosphazenes, polylp-
carboxyphenoxy)propane], polyhydroxypentanoic acid, polyanhydrides,
polyethyleneoxide-propyleneoxide, soft polyurethanes, polyurethanes with amino
acid residues in the backbone, polyether esters such as polyethyleneoxide,
polyalkeneoxalates, polyorthoesters as well as copolymers thereof, lipids,
carrageenans, fibrinogen, starch, collagen, protein based polymers, polyamino acids,
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of different polysulfones with different hydrophilic

pol yners and di fferent anmounts of 30 hydrophilic

polymers as well as differeB2 henpconpatibl e conpounds

or different active agents. Further, it is preferred

i f the nedical product has a surface which conprises a
syntheticpalygratricbbeids ayein, mddified izeird qroghydedxyikinpates, pectic acid,

actlmcn%% pﬁﬁﬁﬁ 9Ad oﬁodrﬂméd?ﬁedn,g@’ﬁﬁ,p JH 8?%9'3395'?3%2‘2'%%@ Sulphate,

album@; ¥W&|U§@’U@ﬁ§l chitesan and dpalerivatives dhoadrallineestlphatey, dextran,
b- I b
cydlcﬁf%&rﬁ?é SopMrhER \'JVHWEFG érﬁ?@@ﬁoﬁﬂﬁ%w gtgﬁnarﬁblc guar,

und e[ an a tlve a ayer secon

gelatigy c9 qhcollp xrdrpéw&cmmde Jipigsy; @ﬂ@ﬁpb‘éﬁnlds trRedifications
and heopolfasi bbﬁdlo@yernifd@ré@ tore lteyeshfdrévgsntRndd f sBBstances,

hIS | aver c ctive ent
polyviidrisiitp e BeRyienalied Aria e die Rintethal wsedo,
if 24 a biostable polysulfone layer with an active
agent or an active agent conbination is deposited on
For examplefesincreasing theavistosityl inylee prachictionexrtive pplysulidre solution,

poiyvlrﬂr!cffﬁfrroqrreggg 3PVF255€ é&aét?l wh |9f1 i§ QHBPF%W t}‘rg (b‘?éﬂgbi?ﬁlﬂ}neggent during

the nwméa%wr%*@& hellyy i erfN-&ﬂﬁlr ﬁoﬂwaefenvpmcé@gam The completed

pormj%ahbll@.h|f)bré|-s’tmeédﬂltatrﬁda§ Bht 8¢sBgash Amdlntiof €S- @y, PVP. The
ermcE’rrpat i, bl.e

I
additpfl 3 pREVEMNGETAPRE Tar BFL REM Poner S 8! e veCenie during the
productiong bepcrddsesovigersity, dub sl acfactopuvhiclh nd-gétermines the pore

size t‘Frf gr?%Percﬁ%LXn(? p%gﬁegglv%{ﬁ{ﬁﬂé' ogﬁ%aﬁg ){s tg"ricppfee es %9 the end
produchvlemauaa of this onsr isf éepem:leﬁt of sl poreheizacampale (paticle size.
Thus, E?ﬁéeﬁor‘essrﬁé e?ﬁ@tthué: P@Fm@éﬁl]fgr %‘F%é uc‘e'a' @ol?ﬁj!ﬁ)ne can be

ari b or ms ext er
ref?lu""l"‘ﬁgor""5‘15 theyr aR@unt ¢ 5?"53' pitle ermelgcuiast \Melgﬁg/epf the admixed
po[yvmyrm#mlggbyecovers t he subjacent surface or the
subj acent | ayer, wherein however a partial covering is
possi bl e as vveI . Further it is partl cularly preferred

- The brcEcotnqr?atfﬁfl £ 8 s W@%ﬁﬁ%@%%%%ggﬂ %ftré}ﬁy%ﬂfé)%gga}n%;m possrbrirty

of reguiatiom af the pote sige by theeaddifionrad Boyvieylpysolidmhe and/or another
hydro?hﬁiétbél m%\"‘%fho‘?ér fn%rtereg&ﬁgﬂ %c&%‘f’é Cfﬂak@‘:@éﬂ‘1 rﬁégagyrﬁérl the ideal

hrom um | um ng sten,
SUbSt'&’é‘Pd OkndllnphampACeUliRe. wiakh Fan pbef apalisid, fonbat targeted local

application Oeuﬁﬁtasﬂrfop@xﬁrrﬁ:ﬂ@dhtcérﬂﬂild)%’y hemse Mratémtich of reoccurring
occluparrr [ E’rﬂ%r % [ﬁr’re stent does not have a coating nade

e 8!5 ial. Medical wires can be excluded as

medi cal products. 25 These stents according to the

invention are preferably provided with at |east one
Simultaneously the enclosed nitrogen provides for the shelf life of the active agent.

The preferred amount of the added polymer is in the range from 0-50% by weight,
further preferred are 1-20% by weight, particularly preferred are 2-10% by weight.

- The added amount complies substantially with the desired elution velocity of the

applied active agent.

The medical products according to the invention possess a surface which can be
made of any material. This surface is preferably not hemocompatible. Further this
surface is preferably not coated, especially not with polymers and/or organic .
macromolecules.
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bi oconpati bl e | ayer of bi ostable polysul fone covering
the stent conpletely or inconpletely with or wthout
a defined proportion of a h%%rophi lic polymer and with
at least one antiproliferative, antiinflammatory,
anti phl ogi stic and/or antithronbotic 30 active agent.
The higsteblg, potysulfens iayer sepmbechounsk aghesizaly omcovalenty aisxwell as
t
partiafi§ ‘ydwésﬁ/@}ﬂﬁén@ E)%rt[é(]@ cgi\?griérlﬁlft%ew sUANES. Pr’e?erték‘l ¥5 the covalent

b con&g red to as t
ondiggpd et ré%iy%w aNeelaver §pve';§yme safface midhadnegicat produst at least
partiafigheefarably idwé Ve (@hﬂﬂéﬁ%l)ﬁ%ﬂfedm@ﬂldaﬂpﬁd%ﬁlct RvgRterfNat least the

t f at | tt
surfaJE SRR dhe pianilis Rl BAhE MRl | ayer
design, the first layer consists of a |ayer which is
Prefeféby A it Sltgﬁ&t a%bal Ila){/(ejf: O;&In?élﬁllnéo%t 2%@9 n@ ! %%&@Hﬁeratlve
antunﬂwm%ow@@naphloustlp@m/or snlithgsmbetio Bctive agen’epan be deposited

and/oﬁﬂhbd;ﬂb&ét%aér@rtﬁls fipdt] Bﬁ%%létﬁcﬂyﬁ%@rlag%'éﬂwmb' this first

tive 25 ent active agent c I nat
PO‘VS@'? &@Mﬁﬂ@hﬁhﬂﬁaw @ﬁﬁcﬁqn"%iﬁtﬂ’,goﬁt leastnarantiproliferative,

antllnﬁ@nmmﬂyerantlphld@%tﬁ;f éﬁdforvﬁntﬁhrdnﬁbcﬁiéﬁﬁuﬁ\%ﬂ dejent ft%'ﬂil completely
rting fromt er desi

consish Bt R BExMiecadesls a8 b aneiipr biestie paivaynpe laver, i
whichdbpactive lageht onthenattivet bgents are hecdted,cor odn bé a Isemocompatible

layer," ﬁ?ﬂﬁﬁlﬁhvﬂ{%a{&ﬁ#&agégn{ r e QQE%D%E;%ﬂgé ;E%Fa%dagg% Whereas
hydmpgoblpéﬁcéweoagamts Igan| @@&p@ﬁﬁ@m in @ngfreorh padigshindar aubipstable

layer, M@réHMd SR é\ﬁélﬁ@ db rtﬁéfe?ébfg%le#%@,ﬁé@ ®h Jmﬂg.gehe biostable

active agent, ich is'locate € nore ropno

layer.pol yrer layer or vice versa. This offers a broad

field of possibilities to establish a distinct 10

r e yence in t valla f the active
Thus, 68 T0RAC HERLE o iphip SR thidhtin fdh, Rave RErBRgs. Winich are
coated ovithe wneatwonthréacvtheorerlefensr ewemimadieyeno of thiee layers and

@é:%? e invention has a coating which
parttc%l’gﬁgl sts égt@?eeggt{r&?hree | ayers. According to this

triple layer design, the first 15 layer consists of a

The érﬂhp%hfeiﬁﬁvé h drgiirffRY§habryu %héﬁfo}g?&tlby aRQ/ap L?Fétﬁhbb rﬁbotlc active

agentls) LA e bf?'&%ffs ngg?ﬁtsrﬁ%%ﬂi?e e AdNesyalg T dovelitly i partialy

adhesbamheand pbptlamytcbwaldznhymhaidneﬂ'm)h(sﬂseérf/@ bendiagds pedferade
or different pore size. The polysulfone |ayers
' contain either no active agent or one or both
In capepiie epurfaca r ceating flas amore abiostatde alpblysuifone layers and/or
hemotﬂfrﬁbétftﬁé?% yersa H é& \Jeaﬁg&ﬁt%%tﬁra%bﬂ i 39 'Iéé/e‘?é‘ LR consist

of d'ff%@éthOB@H\Bgrﬁé; W&hsdl wmn&, ﬁ'ygrmnmq polymsrs ﬁn?!;deiﬁemnt amounts of

hydrosting lpetenérseas well Ber diFrdritehémetdPphtibiENESmBBNAGS B Ndifferent
icularly suitable for the use of hydrophilic

rt
- actlveggpﬁgse agents or active agent conbinations in the

formof a pure active agent |ayer. The superjacent 25

Furtheli’ ngFsaEkffeﬁ%yl he! A%gical sﬁrﬁgactt ﬁéé NS GRLEIMI comprises a

ner serve
hemocompattble layer, Wthh is deposited and/or incorporated on or in the lowest first

biostable polysulfone layer. This hemocompatible layer can also form a second or

third layer, which lies directly or indirectly on the lowest biostable layer and/or on or

under an active agent layer or a second biostable polysulfone layer. Moreover, it is
preferred if the hemocompatible layer forms the lowest layer and if on this layer can
be found an active agent layer, covered in turn by a biostable polysulfone layer, or if




10

15

20

25

30

35

controlled elution of the active agent. Active agent

conbi nations with at | east one hydrophilic active

agent result in different eP4ition kinetics. As top

coating can al so be used the hydrophilic polyner,

whi ch can be adm xed to 30 the polysul fone, which is
a biostablenpeiysutienavsyer witheabiastive@gend be ancattivegagent zombination is

' y henoconpatibility

depogﬁﬁd‘?ﬂgﬁé;}gv?ﬁ h%g’i?n‘{" o@ﬁg%g, agent conbination),

which is equally distributed over the total surface

This ;mfemdmnﬁ{a@me fIéyé?U%drﬁsiéttQ hﬁr@ﬁfrfﬂ@l‘}t oft Béhpzétélyoﬂgélﬂ%ét?ﬁfand N-
e, sren sur, ac ells 1N arti cu r noo

reacqyigtetbiekarits destipbalkl ned NercasiatSg Hiinads Noeromethytated.

partiatigntM-alcegdated nnehitos@ihusgndior r aitdresngodOWHesendsubstances. The

rem RAHAHOI Iyl L Bhpode dRAes BBttt gs SHbapoes othr
hemagonpatible s organic heubsiamcesur bak econsistst prefgrablyel gnly of the

aforeRIcRYi8ALEduMéBndedi gh drug concentration, which
entails tHe t?Qnger of a thronbosis. 26 Thus, the use

of polysul fone assures that the active agent or the
Conc@mgng%@tml icalqﬁﬁbg?@tamrdihgqadPégﬁwd toR), it i?rbrbh#retdhif a sole

subj ac. ayer an r d ncor por at ed adhesijve in the
hemaRIsRT, Iava 45 Easean TG s Polboasgecompativle
layer smrmdhthe exbernahgr thetlowekt yehe stent surface with cells

is not prevented, but an overgrow h. This conbination

of both effects confers to the stent according to the
Furtherniteigt preferredt thadi ailayerotomplsitely ycovgrso i gubjacent tserface or the

bja¥E8S8yerValH vefing bR, as

sublaKE A of B e A REr S a dRing's BosSBleCannl; T

active agent or of the active agents extends over a

Furtheeit i@pbmﬁu!hﬂwfr?fe@@d]ifﬂ@e RAédiRanbducPACESTERY th tAY fivehtion is a
aliter

stnt it 4TS 05hec A abT R ABHE b e Sl G Preterred are
metals eindaplastids sunzh as forvexamgeletmedicabstamdesst steel/ itdartibm, chromium,

_ . ; " ee :
v T o oA St Era M s B o
and/or pokocanly condifionally hﬁﬁ@opﬁmatiblmﬁari\iwamttbeismt pesfnot have
a codting AfeldeBf }B§AMic. ﬁﬁférﬁil.ui\ﬂégﬁba{l "J\Wﬁé‘%a\ﬂe'ble ?)?CIﬁéedl

t
dparrmcologlcal kinetics and, 1n the case of nore tha
ProdUGERe active agent, also the elution sequence can

fulfil the required demands. As active agents are used

Thesd Storls Mk S aBRFST e Belehrol hidbdCaidi ast one

biocomgatible, layesf of dbibgtable quilysulione 20vening olhedstent completely or

medical
n

“inco ntt{efgi\@im ?Fvﬁp%f’é deifby ﬁoﬁtﬂerﬁ?g%ggéhﬂ%w%éf‘ymer and with at

I'I ferative active agﬁﬁ re "sir _ :
least (angyanfiproliferativer antinflampeing: antighlpgisiisranséeratantithrombotic
activeL _rf@.lon@Ry,r few@ éﬂ{v%@@é_rﬁ‘ ,caﬁﬁgﬂgéhginnmﬁgagﬁdy %‘ndn/or cover the

.bafi in; in, in, j in,
matrix; g5, SAAHG AYRr 1) e IR e SESRILIaVa i SoiRTed Mo s the laer
depositetiontbierfirst lager, e&st atin, sinvastatin, |ovastatin,

: fluvastatin, rosuvastatin atorvastatin,

Another preferred embodiment of the stents according to the invention has a coating,

which consists of at least two polysulfone layers. According to this dual layer design,
the first layer consists of a layer which is covered substantially completely by another
biostable layer of the same or different pore size. One or both layers contain at least
one antiproliferative, antiinflammatory, antiphlogistic and/or antithrombotic active
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25 pravastatin, pitavastatin, vinblastine,
vincristine, vindesine, vinorelbine, etoposide,
t eni posi de, ninustine, carm®tine, |onustine,
cycl ophospham de, 4- hydroxycycl ophosphan de,
estranustine, mel phal an, betulinic acid, canptothecin,
agent. fpmwvedll activs lageat icombinatimhsparg Lisedxifich beatubiiy support and/or

o e e W R R T et ne,

busul fan, 30 procarbazine, treosul fan, tenozol om de,

Startlhg'ﬁ’élﬁptﬂxs QBHP%BP' @W qﬂér%; %ss@ﬁ%@icﬁ%brate different

activerpgenipcsenarataly fr@mph othenetrhther leyet whigh isteasabitivaly suitable
for thé'déﬁ%é@htﬂ'iﬁg%ctﬁe 'd@éﬁf %eﬂﬁaphﬁséﬂé%[ge a”WcF‘rBHﬁ&ﬁe RRtive agent is

| gf mE i n b bo enac, .l Qnazql ac
ocateq] it ﬁ%xﬂ rONBIGEXS SPere dydeqrhilic AP dEts ﬁ@Oth?éte(Hﬁf%lf kietics as.
anothmﬂ@dmpmb&ﬁadwepa ént] wAth BBbEteEaMthe hﬁd}éqq/dlrétﬁ'no'b'ic polymer

ver BRSBTS o AT Y b1 ool = i
reasomebbcmdgndeﬁnihe aedability efdbeadtivei agentstys wealbas o control the

elutioRhe/2Ra RBhconiitin/ T de. | evorrent hol, benzocai ne,

aescin mer capt opuri ne, thioguanine,
cyt ar abi ne, fluorouraC|I gencti t abi ne, capecitabi ne,

Anotf@i’?ﬁé@‘r@d emB8ARt ¥ ithe sfdntd b@&brﬁin?d’ﬁrie%@éﬁ n has a coating

I.I'l not eca t opot ecan dr ox

Crin
whlchﬁcpqsgqtg e‘:rﬁi leastihERg layers- %‘F‘Eﬂ’é@'l“gd@lthfs F'PJQ FYer rqle3|gn the first
layer aemgtag:ifrmazer vitigaspes gnee suﬁﬁmﬁiéw @bmpleﬁéi?fﬁ?f‘nﬁ@ﬂﬁpletely by

anothggcrséﬁcfrgci_r@g of gﬁrseﬁ %ﬂiyg f?grgr@@ ﬁg :\é%@gﬁnfj %cmgbma{lons \n%lch in turn
is covered ibyea mlrcbblastﬂblblpousuﬁmne Iyt &fi $ame oA diffeteBt pore size. The

polysm“dr%x %ny[aFé) ESnta‘ﬂmz @ftﬁép R& 'd?:?ive raeq;e?u‘? e rb‘?i ALIBLAH i resent matrices

et PR (cyt

for at éﬁﬁ%@@ﬁu @”ttuar@ématwﬁhawmhmmaéWh antiplJegistiy apkiatiamtithrombotic
active &gl ARbUsedRfeadtind a%bh?éomhﬁéﬁon@ﬁﬂhi%ﬁ‘?ﬁ&t‘uﬁlly support and/or

flo ecin, fluroblastin, nonocloha
| comp%qﬁ)e?rg Eéih%p&ﬁ&p BBt the nuscle cell

proliferation, bFG- antagoni sts, probucol,

i GRS i ) SRR PP T B B 4 s o

activecagertmembinatiensdin teaformt ofl @ puee Hclive sigest Byer. Themsuperjacent

blostaﬁfé % %ﬁﬂar' Iﬁf%adﬁgfp ‘@Héﬁﬁ‘?{q ré,lliﬁﬁeén?% ﬂgﬁ?ﬂwic H&ﬁﬁ'l%" Serves for the

Con’frqﬂsﬁt%letm o ithie| activeragants Active,agent gaatdratiansewith at least one
hydroghifit bbmd?ént\/r@%uwﬁﬁdlﬂbﬁéﬁwmt% kifbfiey ospori ne,

P-estradio - estradiol, estrone, estriol,

et hi nyl estradi ol , fosfestrol, nedroxyprogesterone,
As topsbating chn alypibenades theehydraghilic gudymenteichtaamnbé aglimixed to

| the pwggwékﬁgsggpﬁggﬁ{aéw Jpenoi ds which 15 are applied

ncer, “Verapam |, tyrosine kinase
inhibitors (tyrphostines), cyclosporine A paclitaxel

The bﬂf&rﬁﬁa‘-’ub@@'&b&ﬁﬁg Lo &) §f§n@ (gfr‘% 4 §(¥orpﬂ‘@h I@%sgﬁam hemo(fomepdatlblllty

baccati n, otere,

and “}?aém?y%@?fa! r.aga\ﬁ%@gem ComBiriAYANY OWEh de eqwaty disiibuted over
the toial sudaté vhtle/stenteveitd indthelfigSBaP HicrbRG@wWih MR icye surface

with cells, in particular smooth muscle celis and endothelic cells, proceeds in a
controlled manner. Thus, no rapid ongrowth and overgrowth with cells on the stent
surface occurs, which coulid lead to restenosis; however the ongrowth with cells on
the stent surface is not completely prevenfed via a high drug concentration, which
entails the danger of a thrombosis,
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sources, nolgranostim (rhuGw CSF), peginterferon a-2b,
| enograstim (r-HuG CSF), 20 filgrastim nmacrogol,
dacar bazi ne, basilixi mab, d&8lizunab, el lipticine,

D- 24851 (Cal bi ochem), colcem d, cytochal asin A-E,

i ndanoci ne, nocodazole, S 100 protein, PI-88,

nmel anocyte stinulating hornone (a-MsH), bacitracin,

ThusY ithe ORKE tdf A IfSRRINR! as@ie8ofRik he: adRe égéﬁt”%r tPe active agent
uani d?ﬁggc%ddgsﬁe' stinmulator, tissue InhiBitor of netal
Comlﬁ%tm Bd adaegively on thessyRjacentdayryiand/orineprpoatggiaghesively
in thé Mo@rpRr ’lefbddnédhtnubusly Z2nd rrﬁmﬁiltdr?;%ggtes,@éﬁthihBNﬁgth of
r,inhibitor-

ragnment.s, .nl aspi hogen activat Yy .
the sli SRS LR GOBH hrAKPBERo PLLAN ABTUBALE This combination of
both d@dffegts wohfeos i tdethe YEBE aatording oios thec ivention | tG8- abilifyr ofmrapidly

inbi 0f i f.ur i :
growfg@feiggfo ﬂ‘liéﬁvé)%sg?g@lgér@ bcé@?&# ghlg%rs%gar geeng;%?c;nﬁ%( ds well as the risk
of a thegimbasis; 'Fh%r%lea% of the: actbes agens armidbe active Agents extends over
a peP6gt 8P ifYsm RhES DA ANGhiAS éﬂera&gglsawésﬂow NR S4Chndisths after

] dicloxacillLin oxacillin, sulfonam >, .
implagtatias inyRgisicUlag RreTerakivd de imosthsrattar iIpiantatinmn,

aspi rin, abciximb, synthetic antithronbin,

The el 8 e oA E e DR B L B BRI g the pore sie

with tbleaaﬂditimgehth&cﬂdlmémyipyrrﬂgjbtw od & sirpilaxtreidedphitiorpolgmer in such a
.- t . ,

vy EPHRS bl PRrdAoh IR b oAt S LA o oo ol as

its pharpesaioaical bmﬁa@ Rhd aivethestasepefompreathan one Relivenagent, also the

elutiol SUGUBASE cal 3S1APiNeFEalRed defitiisas di pyrami dol e,

triazolopyrimdine (trapidil(r)), nitroprussides, PDG-
ant agoni sts such as triazol opyrim di ne and seram n,

As aéiile iagenty tape susadc Bntigrolirbtvgg idubsiiricagaRitiphlogistic as well as

et o GBS ol BBy st
macreljstep tasdibintice gahdioor stating hares uséd. MpiBabled aBtiproliferative active
nt Lsen 0] J.des ; st e .
ccenti aRE" Sl SRR ORI BF¥ELblimyg - somatositn,
tacrolifRusg oioME PR MYGIn.ot GNFHMYCES k dssomysinef (gfilesmecin,  erythromyin,
midedtrhsih Pid¥amylcht OftRIaPamycirt NélbAtHromyBR! Hakeahdimydis afolimycin,

. | yphenol s, .epi catechin. galate , épigalloc t_ec¥1| n )
corivefRfiiT, o STREASIEN. ¢ ORI, anBOVARAYI e FoSHRALE, | atorvastatin,
pravakttiny rpitave statinn adriblastineg tvimeristiap; | virdddsiras alinarelisine, etoposide,

tenipddd > Ainudigl o PélirhlsTpes 7 IARUSAGG BloRPRpditige, 4
hydrodyeysignhasphiemide,eestramustine:r oyedfreatame betdinil atid, camptothecin,

oachil BERERORY 090N SERTS SKERTAE Brccpppic aca 2

h
ethy'*&ﬂé‘%&%g{i}é%ﬂ%gpﬁnC@O@M@S) bepdamystine nsigeathazine, busulfan,

procartiasiie)l efleoduMAare témeitlomidapr thisiepaPhaayhdkibaAeNedarstubicin,
as, ,acyc

actan 5" S RS SR oot By g, cactnomyo
methdﬁ"é)daeT,e nﬂudm’eblhw; ot ﬁlmiﬂr?biee&&iﬂa%dnogd}rh shdspahte, 1||@1qfebutazone,
ot I e osi | . .
scemB ST o] L ER, et SR S Rl aci
lidocajne,i pretoproden. agwhenramicchaeid, c ioxingn,nemelaxidanguichigroguine

phospiidtd]l BenicifafiAs! ih%r@@%ﬁﬁo@.ﬂn@ﬂ%a@ﬁd,%@&ﬁ% aurothiomalate,

furtherrlore,nat%ra_l t érpenol ds suct i )
oxaceprol, celecoxib, -sitosterin, ademetionine, myrtecaine, polidocanol,

nonivamide, levomenthol, benzocaine, aescin, cladribine, mercaptopurine,
thioguanine, cytarabine, fluorouracil, gemcitabine, capecitabine, docetaxel,
carboplatin, cisplatin, oxaliplatin, amsacrine, irinotecan, topotecan,
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hi ppocaescul i n, barringtogenol - C2I - angel at e,

14- dehydr oagrosti stachin, agroskerin, agrostistachin,
17- hydr oxyagr osti st achi n, o#%étodi ol ids,

4, 7- oxycycl oani sonelic acid, 15 baccharinoids 131,
B2, B3, tubeinoside, bruceanol A B and C

| hydraxysadsamide o shikefd@ine, y peatostatiri, dakleNleakih, Piretinoin, asparaginase,

pegabé&%}%@éy Shﬁwg péfbrﬂé%gﬁgfibg | C%ag‘loﬁngﬁlgnEa?mln%%lugathlmlde
adnamycgboazlthrowgn rsw@quﬂmngephamptlemsmq cnrphferatlon inhibitor-2w,
epottifohds a0t iy AB, e?ﬁ‘?cb)‘éai’r?d'dhe'A 2Pt rlﬁmghﬁéﬂbhémﬁatmofetll c-myc-

scul pog_eatl n nmebaunj.n, | edkaneni

antisqnse, éwgﬁd%'S@néese erd I deyiokisar antagonisth LETP  inhibitr,
cadhérimes, hwttylaﬁiﬂlt mhibiren€OX-2 inhibitor, NFkB, anglopeptln ciprofloxacin,

R I TR R Y S ——

prolif¢ratiohe birGiFeaniaganists, mpbumprasxagalandms,l fodibiavich@nd, derivatives,
wtan‘@i}:o%tf%an %Wrﬂ?ﬁﬂoﬁt %H‘loa’u\@%e TRAH Nas RERGSAREMANA" tacalcitol,

beri ne, chél ClI'ct oxi n,
thymasing cerdulflmarichasidr ard disi defivativespsuehu @saflisesthyifemerate, IL-1B

|r1h|b|1?d+‘Ir Clé:@dhicméi' thT oQbhb N8ucH tdsd' B@nfzé@ryqrdgﬁ? tefranitrate  and

adl ene-4, 16-di
Sy"d'?f?ef"gmf?/ gﬁ&) e@YﬁW&EJ i Eanexi “ h&i%ﬂﬁﬁﬁ"?f '“E?rn(ﬁ gpthadiol, a-
estradtodI&Htlﬁbﬁe[\legmbdﬁethshﬂ%sﬂadroﬂ)lfogﬁestrbhQﬁ@d*bﬂyprogbsté%h@eestradioi

cypioﬁ%ﬁsofggﬁgﬁg%%% ?% éﬁm%ﬁhjﬁame a@a%ﬁn and 0 ?erpenblds which

are applagt ylnyltlrml theraphr ofrecaricerredprapamil detyfgsimer kinasei inhibitors

| (tyrph%stm@%y %QEIB‘spﬁrm% e ?fdgﬁfa%bp aan{sgﬁéﬂlmi'ves n(6 a-hydroxy-paclitaxel,

oxous

bacc%tm steyptareamna Otheribu syathefieally mp(ﬂw:e%éna@p@mi@u eligmners of
carbo@xhﬁjl?dﬁld@%h/l@% AR Usi Gefitiles Ay ARMAPINERS BBTdied from native

sourcR ORraFigRYe) AL ONGRSHcPPuBflsion 0-2e. [SBRRARHIT-HUG-CSF),

fllgrastmmscmaa:regostdad‘.érbamde, ldaiipiniabe, daclizumab, ellipticine, D-24851

canBERu SRR RSB A KABRSHE ool 5 100 prot

Pi-88 dnelsnpeyiei slmulagngchomeone i (oirdBEh; hecitaaiys hltmentnmereceptor
antag@ﬁ%@o%ﬁbfa%tm? 3%}%1 c{ﬁs Fg&hse ”Eﬁlﬂﬁ?é\f&ar hg% ShiRlitor of metal

gar esi no ronosod

Pmte'a@é@w3| RWenidndTes Rucieiceagidsi Jdeie acidsi inepmmsaiedariato virus
transrﬁtttefrslr t DRIA nahur FRNRAET REGMIcHSs, Spiaéamﬁrﬁ)d@hp pasHRtsY! inhibitor-1,

plas dehg% ﬁl}i)h(s)ﬁg;g%@s‘tq@@a%&onuc eo és? t\IllgG‘!)-' PI}‘I]bdfOI‘S called
IGF- 117Frbyrdrtbayglglupsbf srdibivtics furtiterdhiond | ckfadrbxil; cefazolin, cefaclor,

cefot&?ﬁﬁ@{g@phﬁggsbfa?nﬁﬂ g{'e é@ﬂﬁtﬁg éﬁ?e &Nﬁé&%ﬁl the postoperative

phasecdnamarasw well Bpemzcualm@ Bsuchr :as| |d1cfamaiumhycpxmihr¢, atilfanamides,
metroﬁ&da%@l Z8RAthFomb&Rs' SLERISS nﬁ@kmbﬁgytﬁbﬁrﬂ{ ' chlélmab synthetic

usantln . excl sanln ngl au&

antlthm#'ao#%hr lin Tﬁ@uraameeraa@ﬁﬁgnahsmﬁ»@anseﬁél@ﬁatpéna;ecbrand N-
reacetydutdd nﬁ@barrm)t kieswa pragrindgeénf &hvendr, épmﬂfﬂfeﬁ fitﬂét@tét Otﬁhembrane
rocop{pE B R ERLE S B P L BRBG B0 Bl Wi, rhirucin
PPAGCKmpnotarvine:; q:zreum&nasepestﬁep@m@smmgae‘ann acdkinase, vasodllators
such é’égagvvﬁarﬁﬂﬁ% élg éﬁlc%ﬂ'ﬁ(xﬁlr% tl@g‘ldcﬁ@?rﬂ‘ﬁbﬂrusgﬂ%%obﬁ@ﬁ antagonists
such as triazolopyrimidine and seramin, ACE inhibitors such as captopril, cilazapril,
lisinopril, enalapril, losartan, thioprotease inhibitors, caspase inhibitors, apoptosis
inhibitors, apoptosis regulators such as p65 NF-kB and Bcl-xL antisense

oligonucleotides and prostacyclin, vapiprost, a, B and y interferon, histamine
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derivatives and josanycin as well as
triazolopyrimdines (trapidil(r)), D-24851, a- and
13-estradiol, macrocyclic céPbon suboxi de (MCS) and
its deri vatlves Pl - 88, SOdI um 10 salt of
2- nethylthlazolldlne 1, 4-di carboxylic acid and
antagnisteat $er@§>nlranbl0§kem| halofudhnend e mifedipine, e tecopherols tranilast,

molsﬁé‘ﬁhhé‘ %h%lﬁhe?l%ﬁ %hca@?ﬁl‘#lﬁ lb%llétge ég@h"@é&feaﬁh 'd@iﬂate Boswellic

ances anti tive
acidg oY1RHprearaliveact Pﬂ‘énorﬁﬁi@nt gnakiprags @é@ntﬁpe@«t Sulfasalazlne

etopdilf i¢é edlbl@ﬂacmlhetaﬁédy\ﬂﬂ‘lélgﬁﬁﬁféirﬂjlcﬂné ehehBgin, r;ﬂﬂbéfﬂﬁmnd retinoic

acid, Ig@{ ga)gqpyrgﬁméa’t?eﬁqirﬁ e,Ppl%g)%z elfriqsﬂege“ va} amidorone. Further
activeldgpodsach aterdiels (Prydgesoorlisuhs, ,betatetimsohiec deaammasone) non-

sterofi O 8hiGSnd e Eih %I?) fe\!ﬁ&edr§ bﬁ%@#ﬂgbl omethacin,
ﬂaprﬁlﬂﬂﬁﬁ%@ﬁﬁf@éﬁm Pdﬂw?r{aggg@ngz?u@h Mmm g@nmclowr
and 2@BRhdihe Qfeefaﬁ!oaBPkSﬁ/éBﬁ ﬁ%%ﬁtnaﬁtﬁg@dtﬁcsfg 'u%gh 'P this field.

Clt i ve concentrat
Examy %%ta%rq*%ie@azmﬁtﬂewtﬁwefeergr@@oﬁﬂwos Kethepnazgle, miconazole,

nystamﬁpeérbﬁtialﬂhepAﬂftﬁlfo{t@zde dbnts éﬁcmsﬁﬂﬂoﬁﬁiﬁlr@ rﬁéﬁﬁt}ume quinine
i v

are. §Hef SBepls, Aol EichonuBBRangre MetGehderapids Such as
hlppocaeaﬁmfln harefigtogenol-G2 tangeatabeli Mbhyd\ﬁmagmsirsmmlmsagroskenn

R

bacclmfir&td%@és &3 dubpimeside; bruceageinf, Baged Gisbrgpastimoside C
yadahﬁdﬁﬂes :N)aﬁaq:’ al%BH@é By pHRMtR tdi’ﬁé’ﬁ’;ﬁ?érﬁéipiﬂe/& 4B C 8bronarin

od uc es I er st ent er are
A B p¢ |U{/Sq i éf%i 'ﬂ)énta@f ﬁé\%eﬁe@ﬂrm'sw Qgfrmapal mgytenfoliol,
effussmtih &, l%uc‘&aﬁnﬁf A faﬂd Ber Idﬁgﬂfaﬂrrnqu 08}8&]p6§ez§ﬁh 1c "Mkapisbaunin,
ecially prefer C
eukeFRREL 2IA o B0 Sre! YpAHet S Co e M ehnarion  1.11-
dlmeﬂﬂONYGﬁrﬂhlafﬁ-GﬂeJ deydgmyﬂ 1-methoxycanthin-6-oridi scopatetine taxamairin

A anHV‘Q ‘f’ééérﬁfb?nﬁ'ip?&fg' ‘é?uﬁﬂ@r%c?rea&{ﬁ’@h\l\ é6c§|ﬂ8{|ﬁagﬁstolochlc acid,

anopf@ﬂ@f ehv@r@xy@m@nteﬂne anempaifer @rat@aeemomrf f herheriag;t | sheliburin
chlond@ e@ibtoxfrp RGrestiocalih® borhbfdshftin AtaddBP b@fiﬁeﬁécﬁ’%vo\‘}@ € curcumin,

dinydiQlidifey 2{?‘5(@ e ﬁ'glﬁr'?ﬁe {%bé}ydr%&@?gge iR 4siesliege-3,20-dlone,

bilobalc ginigloh gginkgbte dcidehéliepalirs, alhdhﬂnéra ﬁ'ldf(ﬂﬁé-lN-Bﬂldby Ias:ocarptne,

.inotod[;@t r@?(l:gs?ch hc}, o?‘f)%‘?&?ﬁ@gﬁ’ﬁ‘h? Lﬁ%s angr %v el%fr%a malloterin

mallotachramaneld lsobutmyimalbtcg:}mmlaaabt mamnmsaﬂn aldl, e marchantin A,
mayté?@ ﬁé“'l}rc??i?ﬁifélﬁy%a%étfﬁeor pAhbRRatAl  liSSPdniRBe oxoushinsunine,
arlstolactam—AiI blsparthenolldme periplocoside A, ghalakinoside, ursoclic acid,
deoxypsorospermin, psychorubin, ricin A, sanguinarine, manwu wheat acid,
methylsorbifolin, sphatheliachromen, stizophyllin, mansonine, strebloside, akagerine,
dihydrousambarensine, hydroxyusambarine, strychnopentamine, strychnophyiline,
usambarine, usambarensine, berberine, liriodenine, oxoushinsunine, daphnoretin,
lariciresinol,  methoxylariciresinol,  syringaresinol, = umbelliferon, afromoson,
acetylvismione B, desacetylvismione A, vismione A and B, further natural terpenoids
such as hippocaesculin, 14-dehydroagrostistachin, c-type natriuretic peptide (CNP)
agroskerin, agrostistachin, 17-hydroxyagrostistachin, ovatodiolids, 4,7-
oxycycloanisomelic acid, yadanziosides N and P, isodeoxyelephantopin,
tomenphantopin A and B, coronarin A, B, C and D, ursolic acid, hyptatic acid A,
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c. depositing and/or incorporating at |east one
antiproliferative, antiinflanmtory, antiphlogistic
and/ or antithronbotic activ@9agent onto and/or into
the biostable 10 layer, or W depositing at |east one
bi ost abl e pol ysul fone layer with or wthout the at
zeorin e isstiridegey nsni opiaiytaniolin) gffesantiogds sxcisain A aindl Bakingikaurin

B, scfl g proliferative, antiinflammtory,
aﬁ)t%l pﬁf ogi stic and/or antithronbotic active agent. 15

After the step b', preferably also the step c' can

The Belive eﬁ’ts a@'@ﬂ@s‘éd 's@ al%{te! eéﬁsboﬁibﬁwém% RrE! $4rfEabr Yedifferent
i ¢ and

t
cono§fitchy SRR Breipely roﬁg Siive, RNt Whichohavobgsiees their
antlprcﬂufea'atlvéOeﬂkfdterai$dwamwms@préssww propérticke Aheng such active

agenps, c8{mtlt ?%ﬁlto%?fc d@pgﬁﬁj?%@? S%C%'E‘a‘é? %ﬁ(ﬂﬁ'@é&‘ggﬁ Iitéjxel and its

derw@ﬁn&st@tm osaoryoiubs ovall asfriazolglyrimidines dtrapidil®),o924864, o- and
B-est%?:' oS %é&ﬂ@y&li@yﬁérwﬁrbtﬂ:)%ﬁﬁeswegl) e ﬁ@%eﬁ@ﬂﬁég - 88, sodium

one subj acent
salt oE gﬂ%ﬁtm{thﬁaﬁokmn@ﬁ&-@i%bowﬁ &cy and ﬂ@fl@itveSam% ﬁtl’Oldj’ﬂUS

the same or of another hydrophilic pol ymsr Preferred

: s if this second biostable pol sulfo

FurtheRpln (releTelal BnEoMimROThR SeverAlp ripEliigatively - acting
substane¢eroredf antipreliferativee atiiven dgents bumtlﬂbhmosuppresswe active
fol ysul fone layer with or w thout hydrophilic 30

polymer as external |ayer. The antiproliferative,
antiinflammatory, antiphlogistic and/or antithronbotic

Espeé‘éﬂ* Vp?refeﬁ‘&‘?ﬁtth SaEﬁ\?é ea’é;%h'té’ nq;ré | £aLadqf r8M ttlli@ %ngpcompnsmg

boyve. dinments are
paclitaxglc haﬂg\,elt%l [q;_qﬁygg\ﬁ%t , gfqg;tr[aglgﬁg,r smy@statm PI 88 (sulphated

ohgoda%@‘ﬁﬁﬁdi@aiprb én| mde){ SRBRICYERC oéarbbllel aINEdES @s tand their
ennc at.i u an eci a
derivalE8, Jrdl - NS SO EHF REB R eV hS el Gl oxviamide
(D-2486d), addrieamdimisat ed hepar| n, N-carboxynet hyl at ed,

partially N-acetylated chi tosan and/ or of m xtures of

these substances and is indirectly or directly -
The apdivesagent isrpreferabbyweontainedi insa giarmagypuiical Tadtive concentration

from bqrmcan?@tm ﬁgier‘ %M\érofcéfénli’%dr%%t ﬁ?rtﬁ@'t iﬂFe?é‘rE 9@51@ 15 and
preme | ayer
espeqilpRi o

agen

formth
2 el e %ﬂ?e Pg stexit @uafﬁ% theyi élﬂt'é!e agents can
be costgined ninhav\am‘tlar dricentratidie MR CPEPSAMEB! 6r iRysther ﬁ?/ers As well

et o0l STREATRTub B i 24 ek BEHBK i tr samo

~ layer ad iregiffesent aydrspdurthar Ipyefeoredl isrdn grtbmdirhents wihicle possesses a

pure ééﬁ){,@ eﬁb%&?gg%gﬁ)‘.é/rﬁell@@rs are deposited preferably

sprayli ng method. Furthernore, the
|nd|V|duaI | ayers are preferably not deposited onto

The abdturtsef peRMer detRited 'BdrlmédichSprétiYict and especially per stent per
layer are preferably in the range between 0.01 mg/ cm? to 3 mg/ cm? of surface,
further preferred 0.20 mg to 1 mg and especially preferred 0.2 mg to 0.5 mg/ cm? of
surface.

Moreover, embodiments are preferred which contain an active agent in two layers.
This can be two different active agents as well. If the same active agent is contained

in two layers, it is preferred, that the two layers have a different active agent

concentration. Further it is preferred, when the lower layer has a smaller active agent
concentration than the upper layer.
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10 Preferred is a nethod, which consists of the two
steps a) and b'). The coating principle offers a broad

“range of variation in respe%g of the requirenents
concerning the active agent and al so the properties of
the applied polysulfone, so 15 that different variants
of coating result, which can be also conbined with

Tho SEAS. AbeGling ¢ 1B Bl KB e e lTRENEH VoA aetnod for the

biocompatible avating gfhstents wheseabasid ihitar foitwvingoprpmipleer such
as PVP, represents in respect of the applied active
ag)ent_s_ a broad field of adaptability of the conmponents
at froyding aisteat.aancked system Further |ayers of
b.PalkpEsiting 2k et vl biasdbld BQI%/QﬁIfd:’ﬁéDla%F’(nﬁ%h oM lithdtA ¥t lieast one
0 alffhﬁrent PVP content wth and wthout active
abé‘ rphlicPlYRer.5iNd | n the sane manner, a | ayer,

c.Wiepbsiting pinefarrinbdrpohatingdatcierst ené laytiprolifstative, tantiifidmmatory,

SULf: . 5 deacet vl ated an . .
- dhligfoishl SART.Mtihreaduii AGRECAE ofte BAlor jpta thg biostable
hégysrior, N- carboxynethyl ated and/or partially
- : i£-QS j af
b SR sR et oo RSB BENGLISS URF Sufl of RERG the at east
pPBdetydEephilish pelynale teaethefas¥ithhgabf least en®| apdntoliferative,
f ShhBAMMEOAC BntiphiegRAc @hdlGHriihrembdie UPEahasent
bi ostabl e | ayer or |layers surface, as it occurS for
exanple prelimnarily to or also 30 during the
After thepsteptiit preferblylyratsdithe step ofleat foliziw:on of the coating.
This inert layer can be applied, if necessary,
optionally covalently or adhesively between two | ayers
c.agdepogiting ahtiast one ansiprolifgrative vaniiinflammatay, anjiphlogistic and/or

Péﬁﬁ‘thﬁt)rﬁgog@o?%ﬁ%éﬂ &He stLatﬁ@Bs ' é’orggyéwe

bi osta ne layer wth or w
hydrophilic polymer, c.) depositing an active agent
L\Le [ [ i it Vot
Afer fil SEbp 5 LSRRG o 900 S0 bl JAESAdils #1bi 8, et appther step
d candoljoveubst anti al |y conpl ete and/ or inconplete coating
of the biostable polysulfone [ayer containing the
t wth at |east another bio?table

active. age a
d.g ?Wﬁ'qiﬂga“i lggstong s bigsiedle olygdiang layer.ayer or
differing fromthis first layer inits content of
: ATH A hus, .in.the pore sjze 5.e.
his ST bstabeRENIonB) uaritued it B Gn b e fiwvsutfone
other Slyamtthe Jirdl sghjacenti layeaaddocarcontan et tenathei feicalal different
| . H
amouhE48the SSyid ey of Aicier hyaChhlE, BIGREE PRI6RR £ W second
blostap% gelysylfone layer contains at !eas? one active agent. in particular preferred
are embodiments with a biostable polysulfone layer with or without hydrophilic

polymer as external layer.

The antiproliferative, antiinflammatory, antiphlogistic and/or antithrombotic active
agent is preferably selected from the group listed above.

Further, embodiments are preferred which have a hemocompatible layer. This
hemocompatible layer consists of the above-mentioned hemocompatible substances,
especially of completely desulphated and N-reacetylated heparin, desulphated and
N-reacetylated heparin, N-carboxymethylated, partially N-acetylated chitosan and/or
of mixtures of these substances and is indirectly or directly deposited on the lower
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manner separately of each other by neans of both

| ayers, as well as in case of different pore size of

the polynmer a different loa¥lng with active 10 agent

can be realized as well as a different elution

velocity of the sanme and/or another active agent is
biostalde ﬂayﬂreThIsrhepmo(:chmpamle Iaym ¢aar be 'loegies ibetwedn two sitlegr layers

repSt i :

as wéﬁ a@nﬂﬁﬂttgﬁt %@)r@émsen%??? H‘ibgfdgﬁé&%sw@fu éﬁv@ﬁ?ee 866|¥|Eatlble layers
are alﬁ@omf@ﬁb!e,rwhezeﬁrs hwnfehent mlymr&h@mpeomeybim Iarserels preferred The

hemdc@Mﬁ)’a‘ﬂblé’Wﬁ (Faﬁ‘ﬁbecl%ﬁrﬂi %dﬁb&fvﬁfyeﬁé \bé’lﬂ‘é@p&\}dléntly or partially
rs |n'géfferen en raloP deposition
adhegyelgﬁndﬁpq{ya )ﬁé\%@ "’B@rexecut ed before

dlfoSI on of the 20 active agent into these |ayers,
sane Ctl Y
Tho rEGRRRIA IESRC Al Polesieah ptaretaty wiab eh dipRing: or spraying method.
Furthaddotd, dhalihgividuabldyers |aag eprefdrablysmott dépasijed! gistol thensubjacent
f the pure hydrophilic polyner can be
Iayerghtllglis’{%trhrg as diffusion barrier and top coating. 25
Varl ant B a.) Providing an uncoated stent, b.)
Prefe?’r@@% h%@ﬁxo@%hl&h%n%@t@ oPEHé’ﬁ\HJ &@B@ d)%a\ﬁ@fb yith or
wi t hout hydrophilic polyner, .) Substantially
corrpl ete and/or inconplete coatl ng of t he bi ostabl e

The d@QhMQ lpilrihﬁrpﬂe bffgey % }wde’(d pingd e%ﬁﬁ\t'anz%mbnaﬁtrembé&tldeh@treM@irements
ntip 0|st|ca 0 thro tive,.a

concdfipcpheldet Sadiled aidl s Asboies &5 & digptone, so

that differesinestaants ohd:tbqtmgomphbtwhmhdjanrbe alsorgoindiined wéthi each other.

of the active agent layer 35 with at |east another
bi ost abl e pol ysul fone | ayer, which corresponds to the

- The pospibility af/flusncing the psopsrias ohithe pelysulfong ¥a the anpeunt and the

mole&MHt W@grﬂf of Y5k \?\ﬂaﬁglu? cgr‘éi \i/ﬂér oeﬁ%r;ﬁ%k?n dsgPW €represents in
respegh e Sl etV a0ctine Broaskiad of adaptalty Pt Components to

a dovetailpt alyetemmd/ or i nconpl ete coati ng of the active agent
layer wth a hydrophilic polyner as top coating with
or without active agent and/or active agent
Furthewlayersaof palysBlf@ye mithost atiditivasel PYP and/or with egqual or different

PVP EOSEhPWith! Sndd@tHout etive2hddHls HE S5 dibIt 01 e 38 franner, a
layer, which is preferably bound covalently directly to the surface, of completely N-
deacetylated and reacetylated heparin, desulphated and N-reacetylated heparin, N-
carboxymethylated and/or partially N-acetylated chitosan and/or of mixtures of these
substances can be deposited, whose athrombogeneous properties can provide the
masking of the subjacent foreign surface in case of lesion of the superjacent
biostable layer or layers surface, as it occurs for example preliminarily to or also
during the implantation by mechanical destruction of the coating. This inert layer can
be applied, if necessary, optionally covalently or adhesively between two layers as

- well and/or as top layer.

Variant A:
a.)  Providing an uncoated stent,
b.) depositing one biostable polysulfone layer with or without hydrophilic
polymer,
C.) depositing an active agent or active agent combination in and/or on the
polysulfone layer via dipping or spraying method,




10

15

20

25

30

35

agents and also the tenporally rel eased amount of

active agent to the requirenents at the correspondi ng
“segnent. In nulti |ayer sys®2ms, the |ayer which has

been newl y deposited substantially covers 10 the

subj acent | ayer conpletely. "Substantially" nmeans by
d.30 -subtstantially efconyiiéte 7and/e00Mcompleteercaatioferafedh80 biostable

100%0@%15“@@%%&&&%\?&%@ a&th'g QYeht Qﬂtﬁsa? ‘F@e#sqlétr%ther biostable

refer cular
pr efmfﬁwf@ngdaw ereespguingly e i @rt lam arrdifeting from éhis first

as vialér |hht§ doRErRf Wﬂﬂfb’fmz‘ﬁpd}ﬂ?ﬂn@h ah@thie .mbaﬁé sized
?1)5 accor to t he afor&g{e@ﬁioned net hods

ar t9HPS lﬂ heisamie or #pe ive ggent on tvpoagq{g combination in
i nv earid/omors thevexterid Uldmmﬁleo@j!éms@fthﬁ@iﬁf@"ehh notNEoadénts andfor

2 sive, flort rfb Rkt Bon 7. SreBed G e Mo Bl pferoeted

t o trhannherveeparaieiniotaach ethes |b|ygnneahaytﬂrbcdh lagensulasiwell as in
| ay &ias8Y st Siffe éﬂtip(?r@ §25 tdfct%?%é}zm%l"'at Gwe?ﬁerf:tofoahpﬁ:{/wdh active

cont | nuous re

ant i396Nt £RAERQ rgalizec ﬂ%WVQib%ta giffesert e'#ilﬁﬁ’d{ﬁk?féty of the same

and/d/braniRcaRiesijert iRgb4disle. agents due to their
coating. Due to this ability of continuously releasing

the active agent in a targeted way in a required
In padicolant thd teemc'lepeditingt in steccipanid/og step ehmedmVeiffusion” of the

g&.ﬁt nt the danger of restenosis. 25
actlve"% ﬁ?r%%ﬁécﬁw?é%%e? tion of restenosis takes pl ace
on the one hand by suppression of the cellular

Prefefr‘éacér‘eoﬂfeo%ﬁ['ﬁ}%dh% WItPSMdjyéS[t ab eé@gglﬁlﬁﬁ{é e jers, which can

tion Ive a
Confaﬁh@fﬁamnt\héf Eﬁ?éﬂtc RIWBeRuN different eaneantrationst hor hand
by provision of a bioconpatible surface, so that with
crease of the |n{I uence f t he

h 0 t
The degSsBRn i GITaTRH RabTREIaYBE G Be @RyRe efreBflsion of the
activensigent wotd dhase walkers, eatiehothe rsamee uictiveg ageat usi aotivéd agent

combb‘%ﬂoplsﬂgﬁl b\é%%%?émé@ n Bgﬁﬁullta?%% term 34 Description of

ures urée di agram of macrocyclic
car bon suboxi de (MCS) inatriple layer systemwth

Addltl@ﬁél[i’yS Ldﬁo@iﬁk% @ag§eP 6?% Qﬂﬁéﬂ!é‘ 9}0 VslRoRé Ur‘@eﬂaﬁmmeaﬁure h)édrophilic

ayer an #one coatlng i ch cover
polyImER AN BEAGPaIEd REdi WO PRrAr ATSHIAP GOIB8: wi th
proportion of 0.04% of polyvinyl pyrrolidone. Figure 2:

Varia E&lt! on diagram of paclitaxel froma polysulfone
rix wth an amount of 9.1 % of

a.yol Wrovidingyan vh¢ohted stait, Fi gure 3: El uti on di agram of

b.S! M42pbatihg 5hE BiBL{RIP PolsHlifonBE IAVRE " With bf RiitHout hydrophilic
polymer,

c.) substantially complete and/or incomplete coating of the biostable
polysulfone layer with at least one antiproliferative, antiphlogistic and/or
antithrombotic active agent and/or active agent combination via spraying
“method,

d.) . substantially complete and/or incomplete coating of the active agent layer
with at least another biostable polysulfone layer, which corresponds to the
first layer or differs from this first layer in its content of hydrophilic polymer
and thus, in pore size, with or without active agent and/or active agent
combination,

and/or
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proportion of hydrophilic polymer. Figure 4: Elution
di agram of 1-estradiol with a proportion of 15% by
wei ght of the 15 pure pol y34l fone matrix without
proportion of hydrophilic polymer. Figure 5. 20
Figure 6: Figure 7: 25 Elution diagramof trapidil(r)
d'tx orsubspantiadiv icompdeteaand/er icompleteacanting of thedadiiMecdgent layer
ol d (
p ngﬁ‘nﬂa%wéﬂmlgogggyn%ﬁ%ﬁ%Bub@&f A yQUH gﬂg%ndgtéréhve agent

Phot%]ﬁ‘%"r ¥ivegerscomminatiotsel segments after 4 weeks
of inplantation in the pig. Figure A shovvs an

By mEARS of Sikses vanaie. his pOSYbl tocal thetontieg srdloat © the active

. agentsharzhalss thedermpovallyreferisesliarhonnt ahaktiveastsshtvb tthe Mefuirements
' ' . C ration. 35 Exanples Exanple 1
at théé)b Pés%laﬂﬁ{ng %&M th pol yet hersul fone 5 Spray

solution: a. PS solution: 176 of PS
o PRAEHIEE, e U Sl Sy covers
the sulgjacdrg. Eammmlet&ly.ﬁ‘ﬁmpstmﬁraﬂyf imebns byes®— 100%, preferably 70 —

100%; 8’[1 %érg_gizggﬁgﬂ %(ga 'igg%o a%lhﬁ%l'g i;gef(e{)éﬂ}g GO 154088 AhdSpecially

preferred up to over 96% and in partlcular further preferably up to over 98%.

Object of the invention are as well the medical products which can be manufactured
according to the aforementioned methods and particularly stents.

The stents according to the invention solve both the problem of acute thrombosis as
well as the problem of neointima hyperplasia after a stent implantation. Moreover, the
stents according to the invention whether as single layer or as multi layer system, are
particularly suitable for the continuous release of one or more antiproliferative,
antiinflammatory, antiphlogistic, antithrombotic and/or immunosuppressive active
agents due to their coating. Due to this ability of continuously releasing the active

agent in a targeted way in a required amount, the coated stents according to the

invention almost completely prevent the danger of restenosis.

The prevention or reduction of restenosis takes place on the one hand by
suppression of the cellular reactions during the first days and weeks after
implantation by means of the selected active agents and active agent combinations
and on the other hand by provision of a biocompatible surface, so that with the

-decrease of the influence of the active agent no reactions start on the present foreign

surface, which would as well lead to a reoccurring occlusion of the blood vessel in
the long term. |
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32.0 m 0.01751 g0.01832 g0.81 ng 42.0 nl 0.01742

g0. 01816 g0.74 ng 52.0 m 0.01734 g0.01814 g0.80 ny
62.0 nm 0.01736 g0.01815 go.% ng Exanpl e 2 15Coati ng
of stents with polyethersul fone (basis coating) and
pol yet hersul fone with 0.04% of PVP or respectively
0.08% of PVP as Descriptiory ofithey fignirgs ons: a.

Pol ysul fone sol ution: 2017.6 ng of PS are wei ghed in
and filled up to 2 g with chloroform 40.88%f PS

| Figur@foi éf/glEg@Lb‘?\ \Aéla‘gh/éarg%‘? eréé §B¥°'ﬁ9| gagbgn 88&d§§m€) ih & ti¥le layer

chl or oSystem wi mywliﬁme@ basezcowng, thepactiveg agent as medium
Pol ysutéyé?ean’b E%IMI%E%O(]E}?N%@ \Wﬁlcﬁf %@v%ré%n?pléte@t}‘rg medium

PVP are wel
chi or oP6IR 245 larerowit) aPSRQioR ol e ol vigiRTolidone.
coating: The stents which have been weighed in are
spray-coated with the spray solutions in the’
Figur;?_hrﬂ:li cgEMio?w diegramh tdf pac)itafiebfroin ampdlysulfofie hathilk. with gn amount
ere process, a tine perio
of at ﬁeg\gt} ?iﬁsﬁrﬁﬁyg&g@gé&g%t the next layer is
deposited. After drying at roomtenperature over ni ght
in the_clean room it is weighed again. Stentbefore
Figurecht i nghtiosr diegsamnghaimvassatin fepm boure2pselgsyiforsp meatrix without

g0. 75 g’g)pbrﬁbrpopﬂﬁﬁgpgiﬂcgg%rgO 54 ng 2b' 0. 01968

g0. 02034 g0. 66 10 Exanpl'e Manuf acture of stents
with MCS and poI yet hersulfone |n the 3-layer-system
Fig;mrgQLC:OIr diEﬂ%ohodné/&rra'n? ot B-es%r%ﬁ g tprc?;g]osrtlon of 15% by weight of the

pure polysulfone matrix W|thout proportlon of hydrophilic polymer.

Figure 5: Elution diagram of trapidil® from a polysulfone matrix with an amount of
4.5% of polyvinylpyrrolidone.

Figure 6: Elution diagram of trapidil® with an amount of 50% of the pure
polysulfone matrix.

Figure 7: Photomicrography of the vessel segments after 4 weeks of implantation
in the pig.
Figure A shows an enlarged section of a matrix stent
Figure B shows a cross-section of the vessel segment with the stent
which is coated with polysulfone and loaded with MCS in higher
concentration. '
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. Exa iey,yi nyl pyrrolidone are weighed in and filled up
——n,ig—g—with chloroform 25 - 0.84 %of PS, 0.04 %of PVP
Coatifhigrdfystema iwittOpol)otherstifeneed stainl ess steel stents are

15 a) Pol yethersul fone solution: (1st |ayer: base
coating, basis coating): 70.4 ng of PS are weighed in
and filled up to 8 g wth cBPoroform 4 0.88 %of PS
b) MCS solution (2"d layer: mddle coating): 39.6 ng
of MCS are weighed in and filled up to 18 g with 20%

ethanol in 20 water. 4EX3mh MCS c)
Pol yet hersul fone | PVP solution (3rd |ayer: top
coating): 100.8 ng of PS and 4.8 ng of

to

wei ghed and spray-coated after their cleaning. The
stents are sprayed with the correspondi ng anount of

Sprat B8lutisgpecti ve 30 spray solution with a) 0.5 m; b.)
?[.gr_ﬂ ?nd_ c.) 0.85 nl in the indicated order.
aThet 8OR% t er each layer a tinme period of at |east 6

ha@Bsm @ 5 (poNathetstifone XUdél®y, @Vailétﬂeﬁﬂfrﬁwhay?]\hg@ veighed in
e

dryi t r.o tenperatuce overnight it is weig

a&ﬁfjﬁﬂeaﬁ'@ t°%ﬁe9¥‘6n@‘ (Preiorgf. the active agent content
orth88 % BS s is 153 9 pg. 37 Stentbefore after nass
mass coati ngcoati ngcoati ngMCS 10. 01829 ¢g0. 01894 ¢0. 65

1. .41 N ¥ Bl mie) P i wis) e d L O B-£4

JJ.""J. Iug V. ULTJ9 gC. ﬁanG UU' ro LIL) JJ lJy GU. VUL | 4
gp. 01836 gGPEH nyi39 E&ﬁ’zfﬁ. 01719 géﬁ%ﬁ?go go. 18/9154
PPSEht(18331@dn01903 abatily NMU152 pgathify 01774 ¢BalA§36
gp62 my135 pg 70101729 gd 01802 gQ. 73 ngl59 pg
Ekanbl § 4 2éxmaf mi rlat 0768 g he elMBEE &i ret i @.320Hhg MCS
f remgpgtyet Ifber]sul frene—with-—-4-—500af D‘Q’P 5Hato gach
ohe ©f |snap=0f! cap g@ggggég ohe Q04RBYIGs give(;(r,7 M'Yed
Wthg 21m olo WPS | 0.01751 g 0.01832 g 0.81 mg
4 2.0 ml 0.01742 g 0.01816 g 0.74 mg
5 2.0mi 0.01734 g 0.01814 g 0.80 mg
6 2.0ml 0.01736 g 0.01815¢g 0.80 mg
Example 2

Coating of stents with polyethersulfone (basis coating) and polyethersulfone with
0.04% of PVP or respectively 0.08% of PVP as top coating

Spray solutions:
a. Polysulfone solution:

17.6 mg of PS are weighed in and filled up to 2 g with chloroform.

- 0.88

% of PS

b. Polysulfone / PVP solution:
25.2 mg of PS and 1.2 mg of PVP are weighed in and filled up to 3 g with

chlorofo

m.,

- 0.84 % of PS, 0.04 % of PVP
b". Polysulfone / PVP solution:
24 mg of PS and 2.4 mg of PVP are weighed in and filled up to 3 g with

chlorofo

m.

- 2 0.80 % of PS, 0.08 % of PVP
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buffer, closed with parafiimand incubated for defined
times in the drying closet at 37C. After the chosen
time period has passed, the38upernatant is depipetted
and its UV absorption at 207 nmis neasured. The
respective stent is again mxed wwth 2 M of PBS and
i ncubated again at 37C. This operation is repeated

Sprav 8YS6r: times. 10 Exanple 5 Coating of stents

“fone matri x which is |oaded with sinvastatin o
The stpntgywhishtaverhgen weighegsniarei spragcaaled with the sprayesldtions in

i R i ' theN Al ' | dspravi
tho Ay i 0.0 B} Q0! S Stk bR cprayin
processp tmerpeariosabehigast Soheursreasses: witl dhamext faysyis deposited.

After ﬂq}in? afriom 4erfpsiat@ie iBmihtintheadleah FGA! id Weyhed addin.
nmg of PVP are weighed in and filled up to 4 g wth

chloroform 4 062 %of PS 022 %of Sjnvastatin,
Stenb4 brfere eaming:|eAftehFestiNgkf or e MAS®r Mass mass

sol utioncoatinggoati ngcoatingsigygsfatin 12.0 m

a)0./02164 g0.02171 g1.08 ng270 pg .0 m b)0.02129

. 02280296824 ny300213238 Exarp¥e nfg Coati ng of stents

wi-t-h—polysul-feong—matrix—whighis-loaded{with

W mjasPA19688 t | hPPR0281bpdr t i34 819 PVP Spr ay

Wgti Y ST &l tatim 7o RyE-sofution: 23.2 ny
of RS, eg).@%ﬁud-’of s?r??ggta in ar?dgg.ﬁbgsrrg of PVP are

weighed in and filled up to 4 g with chloroform 10 -

0.58 % of PS, 0.22 %of sinmvastatin, 0.08 % of PVP
St ent spray

- Example 3

Manufacture of stents with MCS and polyethersulfone in the 3-layer-system
according to variant B

Spray solutions:

a) Polyethersulfone solution: (1% layer: base coating, basis coating):
70.4 mg of PS are weighed in and filled up to 8 g with chloroform.
- 0.88 % of PS

b) MCS solution (2" layer: middle coating):
39.6 mg of MCS are weighed in and filled up to 18 g with 20% ethanol in
water.
- 0.22 % of MCS

c) Polyethersulfone / PVP solution (3" layer: top coating):
100.8 mg of PS and 4.8 mg of polyvinylpyrrolidone are weighed in and filled up
to 12 g with chioroform. '
= 0.84 % of PS, 0.04 % of PVP

Spray coating:

Non-expanded stainless steel stents are weighed and spray-coated after their
cleaning. The stents are sprayed with the corresponding amount of the respective
spray solution with a) 0.5 ml; b.) 1.5 mi and c.) 0.85 ml in the indicated order.
Thereby, after each layer a time period of at least 6 hours passes until the next layer
is sprayed. After drying at room temperature overnight it is weighed again. The
average value of the active agent content on the stents is 153 + 9 Mg.




before after mass nass
sol uti oncoati ngcoati ngcoati %SI nmvastatin 12.0 m

a) 0. 02164 g0. 02171 gl.08 ng?

0 pg 22.0 nl a)0.02129

g0. 02253 gl1. 24 ng310 pg Exanple 7 15 Coati ng of stents

ith--pelvsul f one matri-x—which-is |l ogaded-i

ws«:m:'ur\urcogm'os

a%tqutaxelb@fﬁl’%y slol ut iB8EE: a.

bl uti on: of P 4
bi ghed | |$B§tn}§gf| I

| ed up

PS maéﬁcl it axel mass

acl taxm re
(o] Wltoﬁmg hIoro%§m 4

E

6@ 9 of0.FB2Pg 22 0/(0(:0189210g|t
42y of0 %&539axei 0£@Mghled R fd

axel.650mgPS
PS 1 R n

PV21 ug

of PVVP_and

Ileiﬁ%legto

f'\ﬁ 0.4

B30 2SN Yo | PO oni sp R BBt or

S aflgéc’J Fimss

psg sol @Wopmepgt | |ng o A900g 0d
0. 01725 a0 013

g0.45 ng11:

at I ngyachpt axel b4y

pg 21.0

10 0173

D. 3179

0 0gd1833 @glssopﬂj%@ QExaan 16.79 rogat i

ng ofoZsp@nt s

Cuy

M TG P Y S

Test PER TR oof ut) T’faﬁyﬁas 2

gt PSoamfy 2kbg 4 rrgocmsh}g 3-

est o 3 |y are wep

llioroform -

66 % of PS

dfilled uyp.to 41 g wth
0.22 %of 17-j 3- est r adi ol

Example 4
Determination of the elution kinetics of MCS from polyethersuifone with 4.5 % of PVP

5 Into each one of snap-on cap glasses, one stent is given, mixed with 2 m! of PBS
buffer, closed with parafilm and incubated for defined times in the drying closet at
37°C. After the chosen time period has passed, the supernatant is depipetted and its
UV absorption at 207 nm is measured. The respective stent is again mixed with 2 mi
of PBS and incubated again at 37°C. This operation is repeated several times.
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Example 5
Coating of stents polysulfone matrix which is loaded with simvastatin

Spray solutions:

15 a. PS/simvastatin solution:
26.4 mg of PS and 8.8 mg of simvastatin are weighed in and filled upto 4 g
with chloroform.

> 0.66 % of PS, 0.22 % of simvastatin

20 b. PS /simvastatin / PVP solution:
24.8 mg of PS, 8.8 mg of simvastatin und 1.6 mg of PVP are weighed in and
filled up to 4 g with chloroform.
- 0.62 % of PS, 0.22 % of Simvastatin, 0.04 % of PVP

Stent spray before after Mass mass
solution coating coating coating simvastatin

2.0 ml a) 0.02164 g 0.02171 g 1.08 mg 270 ug

2 2.0 mtb) 0.02129 g 0.02253 g 1.24 mg 310 ug
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b. PS 120 % 17- ( 3-estradi ol
and 7 ng of 17-i3-estradiol are weighed in and filled
up to 4 g with chloroform38 0.704 % of PS, 0.176 %
of 17-0-estradiol <c¢. PS 115 % 17-p-estradi ol
solution: 29.9 ng of PS and 5.3 ng of 17-0-estradi ol
are weighed in and filled up to 4 g 15 wth
E chlloegoform -3 0.748 % of PS, 0.132 % of
EXamBe. ostradi ol Stentspray - before after nass nass
Coatingl aft stentsowith mpdysalfong enatrixnghich is dsadeativith sidivastatin with high
DFOP&B'Q % g0. 02166 gl1.14 ng285 tag 22.2 nm a)0.02065
g ) gl.24 ng310 lag 32.2 m b)0.02080 g0.02206
gl.27 ng254 tag 42.2 m ¢)0.02064 g0.02213 gl.49 ng224
Spra@ggmgéﬁn'pl e 9 20 Coating of stents with a polysul fone
rr% contains triazol opyri mdine
a( rsa}pﬁm"la(sﬁtbn IBYRposdioni i on: . PS 1 trapidil (r)
saBig mgﬁof ES 83 Cfgbr ﬁh@@taﬂﬁﬁarﬁi@%@bf PyEpaid Weighed in and
an
g

a |led up to 3 g wth chloroform
-iﬁ%f.y\eeq‘% q’%pl dil(r) Stentspray before

af> &581iisof FTSs@ 22 % of simvastatin, 0.08 % of PVP
sol uti oncoati ngcoat i ngcoat| ngtrap| dil(r) 11.7
n

VW o W Ww AV, Ko TP A1 L i

solution: 10 28.2 ng of PS

Stent|  spray ° 1  beforé g e mass mass
solution coating coating coating simvastatin
2.0 ml a) 0.02164 g 0.02171 g 1.08 mg 270 ug
2 2.0 ml a) 0.02129 ¢ 0.02253 g 1.24 mg 310 pg
Example 7

Coating of stents with polysulfone matrix which is loaded with paclitaxel

Spray solutions:

a. PS/ paclitaxel solution:
13.2 mg of PS and 4.4 mg of paclitaxel are weighed in and filled up to 2 g with
chloroform.
-2 0.66 % of PS, 0.22 % of paclitaxel

b. PS/PVP / paclitaxel solution: 7
11.6 mg of PS, 1.6 mg of PVP and 4.4 mg of paclitaxel are weighed in and
filled up to 2 g with chloroform.
- 0.58 % of PS, 0.08 % of PVP, 0.22 % of paclitaxel

- | Stent spray before after Mass mass
solution - coating coating coating paclitaxei

1 1.0 ml a) 0.01725¢ 0.01770 g 0.45mg 113 pg

2 1.0 ml b) 0.01735g 0.01790 g 0.55 mg 138 ug
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Exanple 10 In vivo exam nation of stents wth

pol yet hersul fone as matrix with and w t hout

macrocyclic suboxide Into tB® coronary arteries of 13

donmestic pigs of different sex with a weight of 20- 25

kg were inplanted stents coated wi th pol yethersul fone.
Examplec® groups of stents were distinguished. One group

e RS P AR bRl e "o ot

group was the pure matrix stent w thout active agent

Spravedidtiods. After four weeks, the stents were renoved
a gpglyzed far inflammtion reactions
a.(Eg 2%%3%} 'Sﬁ'tﬁaél'elrﬁ:ﬂ't"i'% of neointi na.

HdétD my phieSednd €5.dvag udtli7ep-eatradiol Areveeighed in and filled up to 7
' i me Coati ngnunbert hi ckness of stenosi s

: ,
[ gi}ﬁgé@‘boﬁgg\& stentsintima [mminjury Matrix | high
condbl Paet B, 8:220%610f0 70p-e80ad®P0. 19 active agent

b.Mpid | %0 b, H@yg_ gpgcgﬁt{i]%t of 60. 230. 0732100. 460. 29

active agent trix wt active i ) i
48847 0ebBarNd; G Mg of ddnB-eairadioh arg wweiphadeim and filled up to 4 g

i pgisiefsrhy of the coating showed only m ni mal
i nf | al I O r tent .sfruts and on the
a%ghﬂWig/"a‘?gBTﬁe&ﬂ?é%P%E?é[?"ﬁﬁﬁa‘i"ﬁfckness of intim 15

c.oP3 ht5 % ¢nipsesirddioltdudutionw | oad of active agent coul d
b ri t ansi on,of the.
VRO RS Bheie8 i PR AP I po b {RRIORR T chddpenm o 4 o
swithchinrofaiat. i ceabl e problems in the vessel reactions

Wk ol 6, GPSL 4501 BRd 7l DokfGyBP! yTEr whi ch ar gues

in favor of its henoconpat y and suitability as
active agent substrate 20 Exanple 11 1n vivo

Stentelx anispEay ong of befosat s i t h aftsryet her sulmasse as| mat mhass
it Wi tthout aclipaxel 25 By analogy. to th )
pre&oilﬁg’nexanpl%oafﬁ'g st ent FAMMEn" had NGoat (337\7‘1)’19ﬁt"ad'°|

1 DTS RFLT U OfIB2863 § CP02T66 § S EUSI ™ A0 285 g

een coat ed
2 2.2ml a) 0.02065 g 0.02189 ¢ 1.24 mg 310 ug
3 2.2 ml b) 0.02080 ¢ 0.02206 g 1.27 mg 254 pg
4 2.2mlc) 0.02064 ¢ 0.02213 g 1.49 mg 224 ug
Example 9

Coating of stents with a polysulfone matrix which contains triazolopyrimidine
(trapidil®)

Spray solution:
PS / trapidil® solution:
19.8 mg of PS and 6.6 mg of trapidil® are weighed in and filled up to 3 g with
chloroform. : |
-> 0.66 % PS, 0.22 % trapidil®

Stent spray before after mass mass
solution coating coating coating trapidil®

1 1.7 mi 0.01742 g 0.01855 g 1.13 mg 283 pg
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pol yet her sul fone and | oaded with paclitaxel: 41

Hi st onor phonetric eval uation after 4 weeks of

i npl antation tine Coatingan®¥ntt hi ckness of stenosis

[A4 grade of of stentsintima [mminjury Matrix / active

60. 210. 1026120. 230. 20 agent Matri x40. 140. 061880. 100. 07
Example 1@sults of this study as well show the profit of

in vnw ee)géjm‘%ﬁéﬁ g@‘é gfégﬁ% aﬂit@z) @féfﬂ}a%uﬂfﬁp% 5&9%9&&0 With" ahliewithout

macrggycgjg;tﬁ iEle(11A) was prepared accordl ng to the
|nstruct|on of EE Avramet al. ) Macr onol SCI Pure

1997, A34, 1701. |
into (R caroRgRE Bietes pE 14 darPoti pigk %ﬂ%@@%' 5 Wiha Weight of 20-
25 kglemretiopddredd witedts coxded with polyetherguiforsd. éi‘ﬂreefgrbbﬁs of stents

werePSNTALARE, Ot Sl AHFHoRS P PREHEL o el Y socona
contaﬂ@%d:tau low gdesafie Of ipactibxeal aedl the last group dvas t#2 @ure matrix stent
wﬂhoﬁl‘aéﬁﬁv@ %gl ﬁg %H?gﬁ%;hqﬂ(ﬁéff fdlﬂ'e}m%%w ‘t}:wﬁ Cgiént%CWérr@' Fégndé\%d and

sul
analya@éct%ﬁnﬂ@rwnaattqweaﬁmm%mqrbﬁnm ami ma@mn\péme@untﬁna
. Brit. Polym L. 1990, 23, 29. 1 g of the obtained
HRRIVGBhORISE bUSLaHE RS FUldd S pRRIdon a0 eL !
acet whereas tol uene was_appli as solvent and
Codtingvol ati | e r eactirobepriodhickseseoke | semosisd %] brgtdus of
reaction equilibriumyvia digtillation. 40%of the , .
carboxyl ate grofs {ﬂ ® [waPmadmiml ted into ethyl injury
M ﬁfxqrhig'i oups. “Agcording|to exanplie 7, this pol yper was
eposited together withipaclitaxel onto a stent. The
caprcentratidrouk goog hefioconpatitiHiias alnd atxthor phdu32+0.19
cSol ysul Ione coating, which was suitjable for thpe
WHEA9EP ed rel ease of the paclitaxel| 25 Exanpleg 14 1
MErRY/ 16Re pol ysulTone pregpared according to exanple 12
Is adm xed with|200 ng ¢f the polysul fone accofding
coneentsation af (11 C] an@ deposPtZ&8t0dttor|di n§2¢d0 ex anl.4650.29

active agent

-

Matrix without active
4 0.17+0.06 2348 0.15+0.12
agent

All analyzed stents independently of the coating showed only minimal inflammations
around the stent struts and on the adventitia. The higher average thickness of intima
of the stents with the low load of active agent could be ascribed to the stronger
overexpansion of the vessel during the implantation. The pure matrix stent shows no
noticeable problems in the vessel reactions which are to be ascribed to the polymer,
which argues in favor of its hemocompatibility and suitability as active agent
substrate.

Example 11
In vivo examinations of stents with polyethersulfone as matrix with and without

paciitaxel

By analogy to the previous example 10, stents which had been coated with
polyethersulfone were compared to stents which had been coated with

polyethersulfone and loaded with paclitaxel:
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together with the active agent paclitaxel on a stent.

30 The coated stent has a good henpbconpatibility and

an anor phous pol ysul fone c#hting, which was suitable
for the control I ed rel ease of the paclitaxel. 42

orosidl fona Aarnnine fa¥al

%PQ@P?%@*r'OfV@T@t&“ @T&@%WPPE%@F iaplgnEEEN Jae | n 700
OdatiR CNl or of DERMNE CQﬁfcﬁﬁeésoo‘r‘ < Sﬁgaﬂs/ az deg“ﬁf&d@/of

23.3"m of chj orosul flonic acid
dropvvl se. As tdfestemtectctmtunal[mnhil th exot herm|c, fripary

£€ae Z”'ih vessiet—s—egoled—n—the-f-ce—bath—AHer
Maiti { Poive |
o 00l t epeP ALY rkier 31 Ing| P20

agéﬁied up to froomternp
] he polynmer js precipiftated in ethanol and

Malti)sequent ly frindled witB. 1008 zed wati@t8 For | 0.10+0.07

at.al v ney Hha 10 ~chl arinc il £ 1 1 1 1
bullpl et y bW IIH t-Re To— O oSth-+eR-c—act d, s

extracted again for 10 mnutes in deionized water.
o) anol
Tho oS IELANKT S0P a8 Wt heis B Bt BPieolvattoRs Xaafhd3"3
drops of .15 nethyl red in acetone. This solution |s
Exanfil on 5 g of fine grained chl orosul fonat ed
| fone. The solution is adm xed drop wise with 5N

Prepdf@tibniof tHe éél?s;ﬂf@&@cdﬁrdnﬁ@'t@ﬁoﬁﬁtﬂﬂﬂﬂ low to red

occurs. Subsequently, the vessel is closed and well

The poiyguifane CHad was prepased asedrdingte the ingtieetiamal Et Aveam et al. J.

Macr@rhaksei Pﬂ?é hpbheHdirNge99! Agel prgdoes no longer occur.
formed polysul'fone' ester 1S sucked of f, washed

3 motm @quwﬁeeis cfneenzyt elcohal arezdidgsblved ipdoluéne aindodeprotonated with

SOdIUﬁ’?(afTWI e qetjl\%ééﬁﬂ(%%edﬁﬂﬁ/ggﬁéﬁéqg%)o% a%?edl%ng Qbs@ﬁyjently, the

hano

reac“@ﬁlmltxtltfﬁ is Seatedkle beitirg temperagye: ng reactimn grqﬂuct isrebtained in
a yiel@eFggrd.zed chl orosul fonat ed pol ysul fone. Subsequently,

it is stirred under exclusion of noisture overnight

at room tenperature. Subsequently, the suspension is
Examipléf@d into ice water and acidified carefully with

concentrated hydrochloric acid. The washing is
Prepagation etitheupolysultoneqaceonding yo fargera i€honat e 30

t I

The p%;i}sﬁ fbﬁé‘é oy \gvt%z%l rééér%ﬂ éé%'&rdlfug?agﬁé{s ﬁ%g&WBFM?‘ GA0& et al.,
Brit. Ralymyk et %90 #3 ¢¥8ul f one and poI ysul f one according to

1 g of Qha%lﬁaﬁiebcbelygéifdfﬂa ?IﬁCF@va%“@st%nﬁeﬂ% fusPR BRHbTARA acetate,
wherea%CPolueIQeg was applmd as solv)en? andmﬁme vola le reacc%lon products were
removed from the reaction equilibrium via distillation. 40% of the carboxylate groups
were converted into ethyl ester groups.

I

- According to example 7, this polymer was deposited together with paclitaxel onto a

stent. .
The stent shows good hemocompatibility and an amorphous polysulfone coating,
which was suitable for the controlled release of the paclitaxel.

~ Example 14

1 g of the polysulfoné prepared according to example 12 is admixed with 200 mg of
the polysulfone according to formula (IIC) and deposited according to example 7
together with the active agent paclitaxel on a stent.

The coated stent has a good hemocompatibility and an amorphous polysuifone

coating, which was suitable for the controlled release of the paclitaxel.
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35 filled up to 3 g with chloroform -0.80%S, 0. 08%°VP

A stent is coated according to exanple 7 with this

m xture by the spraying net4dd. 5 43 dains 1.

Medi cal product, characterized in that its surface is

coated at least partially wth at |east one biostable

pol ysul fone layer. 2. Medical product according to

claim 1, characterized in that the polysulfone is
ﬁm&é&ed fromthe group which conprises the follow ng:

Introduetiye o enRvbfme groy bhthIf@ﬁbyet her sul f one,

2.4 ) YOREDNSY St b 51, oP ShUBRSRY. 88 L8B8c 10 —20 .

Subsequgrdlyl, f28 rhD dﬁlcdﬂckrosuﬁmhlynawd aree sioily eaddedt drbpwise. As the
react@ﬂl l\éSngﬁgﬁExgllh%ﬁqu 398 | ﬁérarEfl V%%Qé# i% EBSI% "o ﬁésw f BB After

oremnmen
additipa| gfinthes chlgrow@‘an@aacfgr (ﬂm(spltamrsdhagtedoun Itai repm tﬁmperature
under?; stiFfvag. 2 Ay %@dmﬂuféhatthéh%ogﬁ?ére%t echifii€d in ethanol and

bi ost po] ysul f one er c ains at |east one
Subsmnyﬁmﬂlwdpowyhe deionizd \watesal grommpa@&bra@rnevmg the

chlordsulfohit aeid, it Bhentetted hgsm fon10 MihuidEnRiormizéd eater.
containing the at |east one hydrophilic polymer is

present in a mxture ratio of 50% by wei ght : 50% by

_ %églst up to 99.999% by weight : 0.001 % by wei ght. 5.
i'C

al product according to claim3 or 4,
S- alk‘&’Waﬁ’%&k‘Eﬁi"?gem n that the hydrophilic polyner is
10 g of|athimol éweomstisegrmummmnbbf Qe aadSadrhsceﬂwvitl@\ﬂ -Bodrops of

methﬂ g‘eé drb %&P i’ d gé‘ﬁmoﬂ :d% féxe/\(rﬂ'rhnép lé)gﬁ ér%?n%ogci)ﬁorosulfonated

polys mryshydroxyet hyI nmet hacryl at es, poI yacryl am de, 25

The sBﬁJtnglqls e{dﬂl\ w@é‘\h}fh WF@JI %ﬁh%‘éscha%%bydf%ﬁ&rﬂcﬁn yellow

C acl

to rechgrgHyEy .,Sél)éﬁgagentbb gbe W@éﬁ@' isf C'Pﬁ%d gy walk shaken.aGaustic potash

soluti®® ié’ﬁdj%ér?dghhé ﬂﬁg ﬁgﬂgéd uﬁtlpthﬂrcgilaﬁhﬁ; Qﬂ’ebo!%r doersart}o longer ocour. The
X | u

formelopIRTE Sala R ke, 51, DiRahets i watel: and JegaBfatized for

purifigadibas, pol y(1, 4-di oxane- 2, 3- di ones),
pol y(1, 3-di oxane- 2-ones), poly- para-d ioxa nones,
pol yanhydri des 30 such as polymal ei c acid anhydri des,

Exanfg'l@rl' , pol ycyanoacryl at es,
S-alk oJ a t onedi net hyl acryl ates, poly-b-maleic acid,
%gl'é g\'ﬁ (5'1"5’ PBne butyl acryl ates, nultiblock pol yners

10 g ofudry ethaholaanecddryixed with ﬁetmierpyricﬁse.a'ﬁuis solution is added under
ice cc?g §?r"@éﬁ?@ggﬂ?gggg&gzgﬁgh%.%aﬁfon%ﬁc?bo%hﬁén%.%‘ﬂbsequenﬂy, it is
stirred under exclusion of moisture overnight at room temperature. Subsequently, the
suspension is poured into ice water and acidified carefully with concentrated
hydrochloric acid. The washing is carried out with agueous hydrogen carbonate

solution. After filtration, the esterified polysulfone can be recrystallized.

Example 18
Coating with a mixture of polysuifone and polysulfone according to formula (lIC).

24 mg of PS and 2.4 mg of polysulfone according to formula (lIC) are weighed in and
filled up to 3 g with chloroform.
- 0.80 % PS, 0.08 % PVP

A stent is coated according to example 7 with this mixture by the spraying method.
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pol ybut yl ene terephthal ate, pol ypi votol act ones,
pol yglycolic acid trinmethyl 35 carbonates, po |yca pro

"l actone-g lycol ides, poly-43ethylg luta nate,

pol y(DTH= i m nocarbonate), poly(DTE-co-DT-carbonate),

pol y(bi sphenol - A- i m nocar bonate), polyorthoesters,

pol ygl ycolic acid trinet t@lamnﬁonat es,

pol ytri net hyl car bonat es, pol yi mi nocar bonat es,

pol y(N-vinyl)-pyrroli done pol yvi nyl al cohol s,

p Megical pradticle shagcjeritedt enjtlpajl i{eesudace is coated at least partially
p t enes, poly[p-ca
rgjdtﬁy%igiﬁwpﬁgﬁgggopﬁg '1“ yhydr g %}Z/pent anoi ¢ 44 aci d,
polyanhydrldes polyethyleneOX|de propyl eneoxi de, sof t

pbisdigalinraded, accpalina tetaiaimed, ahanactarized indhat thespelysglfone is

| BelcbodoForPane. ﬂﬂ WH“&J{ OrhStises ﬂ#@"fol?eﬁmng pofyethersulfone
pol &g}t{hyl eneoxi d I keneoxal a oft hoesters

asu cop8i¥ %’% eof , &PE@"Y l8dFoNRyeenangtibstituted
f pblyphegﬁeulf(at@rpﬂlysm’mideabmk tﬁtipﬁlﬁh@ré peafasrinated olysulfone

BT A NS s SRS S 5By st
apolysuﬁcme nbbchcm@pohmh:rsl eahcdord mbduresodhff ithe fafbrementioned
ae ,lyﬁfgrgl n, carboxynethyl sul phate, al bumn,

h

uronic acid, chitosan and its derivatives,
chondroi tine sul phat e, dextran, b-cyclodextrins,

cM@@quMmfedwttamOEimgrtd dainy br op2| eharagtsrizsid, ingthat the at least
i I
CONF Lt e olyFEiohs M Sanfihe PR8stone bycioshile saiyper

m)dl fications and copolyners and/or nixtures of the
aMedicakenoddeicaceandivgaloc sloime3, sharacterizeddauthat the polysulfone
aé@ﬁtbﬁtl tﬁé’a?le%‘sﬁbﬁe R RAREPLK fr@r i é’@nttn'ﬂ% mixture ratio of
h% 0'5) 8 He sel ect ed ! rou(g}1

abcwsioht ; BB by weightiin foceshod tosbspwpgpt?hh 2oy weight.
gl ycol , polypropyl ene glycol and/or glycerin. 7.
W@dﬁﬁil ﬂidlﬂ:'#%bc@‘dﬁgﬂi Aeirh @ e HarhdiBrized ﬁ‘ﬂﬂia‘?%e hydrophlllc

i N8, char dl that t'he re size of tt
DA o SEBLE G dBEe GrPwed WJEH heomPRERS o e flowing
opolypialyipyrrofidoree, V\ngty'a;et'lhe apolyethyienenghuodr q:mﬂyﬁropyiene glycol,
PROMTR, Bl 67! S, aigpviamice,
owlvmiem actenes, poly- aaﬁiemla@ipeeg,opgb'tactmne acig.e polyghysolic acid,
olWaEﬂ&ég aﬁd"ﬁgly&iﬂd%@""éﬁp&ﬂﬁewg m@nﬂdlylécﬁ%s\’é‘ﬁd poffglycolides,

St one proliferatlve antil

VW%P?PF‘E’%M/WVWI@(‘P’EWW% c agidi Vdacag@fqroxbbutyrates
ppcﬁ?l@ﬁrox@faléh@b@ qiolwy@%wbtmﬁf&-d@%lérate@,n pow Uhfioxane-2,3-

e
R N A L SO

| osﬁua?he asredpalgmaeioduatid anhydrides, fibrin, polycyanoacrylates,

polycaprolactonedimethylacrylates, poly-b-maleic acid, polycaprolactone
butylacrylates, multiblock polymers such as from oligocaprolactonedioles and
oligodioxanonedioles, polyether ester multiblock polymers such as PEG and
polybutylene terephthalate, polypivotolactones, polyglycolic acid trimethyl-
carbonates, polycaprolactone-glycolides, poly-g-ethylglutamate, poly(DTH-
iminocarbonate), poly(DTE-co-DT-carbonate), poly(bisphenol-A-
iminocarbonate), polyorthoesters, polyglycolic acid trimethylcarbonates,
polytrimethylcarbonates,  polyiminocarbonates,  poly(N-vinyl)-pyrrolidone,
polyvinylalcohols, polyesteramides, glycolated polyesters, polyphosphoesters,
polyphosphazenes, poly[p-carboxyphenoxy)propane], polyhydroxypentanoic
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11.

30 10. Medical product according to one of the

foregoing clains, characterized in that the coating

of the surface of the medi c44 product consists of one,

two, three or nore layers. 11. Medical product

according to one of the foregoing clains,

c maih qpadyardedridest patyett3fensuiéde-propyiencoxide)esaft poBasdéthanes,

. ool yeulf ; |
T
c6Hph caeIppliptylepeexidel palyalkeneexalstos, aalyprituesters, as well as
d%@gbﬁh@rﬂhé\’@ﬁfﬂﬁi@sﬂ% bﬁgnf‘,le@’cﬁmogen s}arcré, dcollagen, protein

Ne
c%r oxymft hél ated and/or partia cetylate - .
c RAEBY P YREMSe POSYaMMING: 25ids, s¥nthelie pelyaHRe Aidss Zein, modified

?E@Bﬁnpo]yﬁ)'&jrbiy?lk@ﬁtbﬂéé,h@fe@ﬂ?cégidpmiﬁictnﬁlc:c@ AiRIifRId and non
e 1.or 1.N alns, C racterl ze n In . .
wﬂ?‘%‘f‘@?‘gﬁgﬁv %“%s%ﬁe&mcqrﬁgwe{hé@&pbﬂ?- ﬁﬁ‘b‘é’l“ﬁb|"‘é{a'“r°"'c acid,

| ahitosandahfdts deridativest ctiohésiting sulpheteyrdgdran, dacydlodextrins,
H En e > . \ _

RSB P PETE oty il B Sy B0 Bt oot
ngPlagsare qodggen-dN-bydivxysuecirimide alipidanpheriihpdipidsomeodifications

! awarcoﬁrprymé?éfaﬁaﬂbr%&hﬁeg of ﬁfH‘iaPé?éLh?erg{on@H élu%é ncese

hydr ophi I'i ¢ pol ynmer covers the biostabl e polysultone
| ayer at least partially with at | east one | ayer of at

| paslical nwrobucdagesdiiy e cldimps! YhgractdifzedViflitisatl the hydrophilic

PR 58614 o R, o k] S8 BBy

ppolyethalerts glgcolapolyprdgylareagiycyl, araiioi gipcerin.st i ¢
and/or antithronbotic active agent is selected from
the group which conprises: 15 sirolinmus (rapanycin),

eMadital prrduct geaewingita ene phtheoioregring claimshehanpetenized in that
dieabHcCsiBe AIRE PO IMfoR8TddaBRY Gé '&Ie_teﬁ*ﬂﬁ%kg r%?%’tﬁb%ixture ratio of

m dec cin,. j.osamcin, oncahanycin, ¢ ronycin,

tPB\yé'z]%?ﬁm’ﬂ’Ehjme f ﬁaﬁye'ﬂ%f'y@@ﬁwgﬁoéxmﬁr- si nvastatin,

| ovastatin, fluvastatin, rosuvastatin, atorvastatin,

p ' ' atin i nbiastine, .vincristine, ..

PIRERE Rlddlst aBRIRRITONE o1 e RLStosts BraihoidrBtieiEed in that

nindsntandior emthriat least ohe biostable potystlfopa tesyen avithder, without the
- n L ur e ti P) ¢ 4- r cy : ;

gﬁ%ég@??ta?n&gée, ﬁ%dsrtspgﬁgst'?ﬁg&gwqe%hgpé%, %)oésf %hﬂl%rg,llferatwe,

t potiipdaramatery. antirfilagistie and/os antitwombptie active agent is present.

dacar bazi ne, busul fan, procarbazine, treosulfan,

t zolom de, thiotepa, daypnorubicin, doxorubicin,, .

o gicgh PEadict agearaicbicrone,pt BedRreaoing clias eharpsterized in that

biheobipstable tayerniichoundl adhesiostycom covalbhidy oexthee surface of the

f ' fl udar abi ne-5' - di hydr ogenphosphat e,
c+§§?%gphgﬁmﬁercaptopurine, t hi oguani ne, cytarabi ne,

fluorouracil, gentitabine, capecitabine, docetaxel,

CRIcBRR Bidduct SESERIY 1 one of the foregoing claims, characterized in that
the coating of the surface of the medical product consists of one, two, three or
more layers.

Medical product according to one of the foregoing claims, characterized in that
under and/or on the at least one biostable polysulfone layer with or without the
at least one hydrophilic polymer at least one layer of completely desulphated
and N-reacetylated heparin, desulphated and N-reacetylated heparin, N-
carboxymethylated and/or partially N-acetylated chitosan and/or of mixtures of
these substances is present. '
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12.

13.

14.

crypt ophyci ne, angi nex, oxaliplatin, anmsacrine,

i ri notecan, topotecan, hydroxycarbanide, niltefosine,
pentostatin, aldesleukin, t#2tinoin, 30 asparagi nase,
pegaspar gase, anastrozol e, exenestane, |etrozole,
formestane, am noglutethimde, adrianycin,

azi thromycin, spiramycin, cepharantin, snt

pmmwrmdoa ada:brdjng td oAw,of emfdre%@mg ohaif¥ cBaracterized in that

" R A sy S B UEBBLGE FLAFL B co ot
camﬁmpﬁmaorﬂun diapatchpihilic polyamachone, podophyl | ot oxi n,
betulin, 35 podophyllic acid 2-ethyl hydrazi de,

m(%él?%g llo'dﬁt:{ a@@ﬁ)@ ’tpg efgkgé rﬁin%fqijg\gr %&é acterized in that in

amailfielg, layer sysieins thpeait leask pnel podysudfenadayer with orfand without

g%tﬁghiétﬂésr?#’at I%ﬁi orfe! gg@ogﬁﬁlggﬂﬂgg%ﬂpﬁ&ﬁ@b@% biostable polysulfone

ratnlsgs 99ft@ﬂ4y mnth ahieastiones layetyef zat leant pne diodegradable
A@o%ﬂer( Neovastat (r)) NFkB, angi opepti n,
ci profl oxaci n, 40 canptothecin, fluroblastin,

TR 55 B B s s

ptiest aglleasti Itnt$|e @htih%ﬁ%rﬁMfe ahtlihﬂammatory, antiphlogistic and/or
an

- HTRASIACTAvE. Ba8RC s Sslied (8. Bt revmewnigty comprises:

dsinolireus uchpamygaht eeerplimust domatostating rtacmliens, roxﬁhromycm

SRR ESoonfi LGS SR BE Sy, osamycir
e SORGRNAMYGIN, n)q[@'ghr.ogwm,, tr@ﬁa@gipmcm fohmycm cenvastatln
mmﬁw&ﬁr@gwa%mme ﬂu@ﬁtéﬁw“ %Slﬁlé%télﬂ\at ﬁﬁ)rvé‘é‘téﬁﬁd'd?évastatm

zoates, tra kamebakauri n, and
Hﬁ\?ﬁ"&?% Wﬁg%ﬁ ag.c WHENFES. | r%’”f"l’f‘es“f'?rer)i'ﬁ?r%k"“e etoposide,
C&ﬂﬂ;ﬁtﬁsnd@ferrﬂmmlhe toarmeisthee, Homasting,nlbytidphbsphamide, C-type

(RHRRaR, L 5sbhecY EERBR" WPl EBha i, etramustine

tmabpl'aalan,andlfosfasnd;e syhfoimsfamldbly mlqzratrﬂhuucé,d abengdihustine,
a§a g gi‘fﬂéc' b@s Lﬂfa'ngogﬁiwgéé-@é%@é ghﬁéﬂ\/”?&h‘é‘ioféﬂ%éeﬁhnotepa

on su oxi d
nBferRURIhe! oa@relmracaﬁarubjclm &F@”ﬁ@@m,l sHitoxantrene, idarubicin,
dBReaRIN, Qmﬁﬂn?é]ﬁf@é{ét PloemRy, dhethbfrefied fluliAlPHad, MRdarabine-5'-
nam,cCc

kﬁ%&ﬁ%%ﬁg%méﬁh&&l%dn na%nIn@ér&gé{nggnen%hoguanme cytarabine,

hhaloroxyadiil ogeqmitabsneaucansmﬁmmn@odbue‘naater otcarisopati, e cisplatin,

ngp@f&jagﬁgfé%l ) o@'@g‘g > a)ril (f&anﬁwjf Zaﬁ%éeé?rnl gﬁﬁ%tpﬁgwetopotecan

Yﬁif@tsmafbarru@m nmllmftb$lp64 ci pentodtatitgs51 aldesleukin,  tretinoin,
fgl:&%@ %@g&%ﬂrgas&yt Oéﬁ‘é’étﬁb?ﬁo'ib A Eexérﬂé’élﬁﬂ&' netetrozole

b@
nég e aC|traC|n vitronect

Bneant @@mﬂgiutgth"ahd@ asf@q!rmmy@nama;yhrorawnas @piramycin,

St:de;mdrahmﬁ smc%’i@lﬁeufdﬁbhbhﬁ@&oﬁﬁwﬁéb@{hllﬁh@tﬁlaﬁ@% dhit8Réhtrone,
ree nucl eic ?r%‘igt s,. nucl el c acids incor

i ﬂTEQ}F‘VP( NE:  r TWERP » anfrMXgzantisense, omyc-a(r]lmtlsense

betulinic acid, camptothecin, lapachol, B-lapachone, podophyliotoxin, betulin,
podophyllic acid 2-ethylhydrazide, molgramostim (rhuGM-CSF), peginterferon
a-2b, lenograstim (r-HuG-CSF), filgrastim, macrogol, anginex, Na-Uretic
peptides, dacarbazine, basiliximab, daclizumab, selectin (cytokine antagonist),
chryptophycines, CETP inhibitor, cadherines, cytokinin inhibitors, COX-2
inhibitor, AE-941 (Neovastat®) NFkB, angiopeptin, ciprofloxacin,
camptothecin, fluroblastin, monoclonal antibodies, which inhibit the muscie cell
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fragnents, plasm nogen activator inhibitor-1,

pl asm nogen activator inhibitor-2, antisense

ol i gonucl eoti des, VEGF inhi#ftors, IG-1, active

agents fromthe group of antibiotics such as

cefadroxil, cefazolin, cefaclor, cefotaxim

t gisoliferation, bfEGFaaptsigonistenipeobudons psestaglasdins, Ac-YVAD-CMK,

dich P?ﬁ‘géfﬂo}\(pcarﬁﬁﬁ ilohbn 25 sul g )gﬁi smethoxycanthin-6-one,

met'r o azo ronbotics such as
a$erpeletin, @@&‘rwnﬁb NG ydaness | sudhest ne@mnﬁhntoi tetranitrate and

b's\j/ﬂbhééiﬁilﬁes C@#f%ﬁd&len@@ﬁ\)@%ﬂnﬁxrfer@%ﬂﬁb@% bﬂﬁb 2P@stradiol, a-

tyl h
eég'ﬁ‘fjef%-gég ”Och? SHor ﬁ'@%lqogﬁd'qr’]' fé f’g{sgpletmﬁgmygmesterone
L estptivl cypriats ds @tgglinlmérmoaaéﬁ | thereidast, R&ﬂ'ﬁ@lﬁk akaurin and other
i i r-hi.cudin 0 r our oki nase
ot PRl YHEH B, andietrn BieP Tt &' BB P3G, tyrosine
s ikdrrasssindtibplor & fiydehastines), a:zyolosp;annmkh paclitaxel and its derivatives

étssﬁt@ﬁ: éa% lﬁf-&)fgydr&)} L b ORKARS) Hgécat%x%@%ﬁf éﬂféoé Ughthetically

i ne and seram
s Epdused: afét"hﬁ’” s, magosyelisr pligomersi ellginad fremunalive sources of

| @%ﬁidrﬁ%uﬂd&id@%ﬂﬂ@@ﬁ%rid“hisb'de%étwéﬁ OffoAefthkdhe, acemetacin,

ost, interfer
a?’?%%nﬁgt donazolag o ﬁﬁ%eoc%&ﬁg)ayrawaia%wapﬁvﬁ [Acidhy lidocaine,
apetspreien, Ihcfeegriatanid; sicwticam, pislokiEamB ohlorBglingLphosphate,

[ h f f edi
BERAFnE | SRR STor, AL S S Plofomalete
eplxaaewohl nembki@t ep-sépstgan| cadansetioningalmyrtexaine, polidocanol,
anatﬁ)ﬂ'rﬁlﬂe aC'iQ\?oﬁ’\Qﬁtth'o S b fLh Qhéve%eécﬁ'fl uB@gﬁ&ﬁe D-24851

ra, etanerce asa
dicalbiaghien), rpolwmdacqvmhaéasm rﬁ\:ﬁmmdan@ﬁee mocadgele, S 100

Ppestair) aBhéitratR, | Vidlofiedlin drecéf)td}u'dﬁ't \dHists, azelastlne guanidyl
di saggrlmd flecain

fatohy Groteh P B Sl Sreipagh o and 2, free nudieic
saem dsucleichaeisisbincopivrbtedn ifto vinos ogarmmitters, DNA and RNA

YR o 95 S et B o 2

nentmr@eo oligonunkeaticese ééEGRISAhwpr& uk3F-ds agtive agents from the
FHRH'I ohe rhntiblﬁﬂf&%o‘cs%he'agd%ﬁd}éﬁﬂ N.cefeddl |er6bfﬁclor cefotaxim,

p nyl but azone and antiviral agents
REBVYEIN, geRiaBYSR. r ReRICHINgoy SHEMe, a%ntd’ﬁ'%@@'l"@s oxacillin,

S sgﬁomnmle@t rmeranidazolf | Mﬂﬁh@?ﬁﬁtﬁlcsg sLigg ks é{ﬁg’atroban aspzrln
0COoN

t er bi naf
EhRPRSEC) SRS bl Bhbks ek Paadin o enoxaparin
qdesilpbatedo and Ve acdtyiatdd ﬂmpaanocr@mmarim@a)s tissue plasmmogen

1?%@?@%‘?@% B téi'e %&ﬂﬁ%ﬂgsﬁe%eﬁ?d'r agros?ﬁgq{]h'bﬁor antibody,

1hepwy@r oiryeigs d'slmru_dlacmeAC v drokansni dgeourokinase, streptokinase,
4wZ1rFé¥MCYIS~i-bRﬁ\%§§O%Esb&lla?téisd sucﬁaﬁg héfpgﬂ'ﬁ'hg%lel3ﬂ'|az§%pyrimld|ne

t ubei br uceanol

&m :h“ hiEQRgds e§,alalgﬁ;f gstagonists syghpas triazolopyrimidine and
|semmnye¢.(eﬁh&mnmmr§ sudH e [apid )] rtllézémﬂ ﬁsmopnl enalapnl

%Pt%h' {hlé‘proFéase mP\%ltors uprrcSJs la'cgcfclﬁlc Ivgplpr<¥§ mter?er%%' a, pand vy,
histamine antagonists, serotonin blockers, apoptosis inhibitors, apoptosis
regulators such as p65 NF-kB or Bcl-xL antisense oligonucleotides,
‘halofuginone, nifedipine, tocopherol, tranilast, molsidomine, tea polyphenols,
epicatechin gallate, epigallocatechin gallate, Boswellic acids and its
derivatives, leflunomide, anakinra, etanercept, sulfasalazine, etoposide,

dicloxacillin, tetracycline, triamcinolone, mutamycin, procainamid, retinoic acid,
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15.

15 A, zeorin, iso-iridogermanal, nmaytenfoliol,
effusantin A, excisanin A and B, |ongikaurin B,
scul poneatin C, kanebaunin, 47 eukamenin A and B, 13, 18-
dehydr o- 6- a- seneci oyl oxychaparr| n, taxamairin A and B,
regenilol, triptolide, furtherrmre cymarin,
apuiydieei disoaytimidd, diddainidej gropaiemadre,i sotalol, amidorone, natural
h ni ot e [ rige,

CHER? SyRRREENY. Poroffie " serolls” SRS BryoBRUAiR" A notodiol,
le?&Ué’Qﬁlﬁ'ﬁ nAA Qh@lahmém aire@igoninthe sirebiasider Mydrocortisone,

dbété%é‘tﬂbééﬁ’é rtféxaﬂ#éthﬂéé]%4ﬂji‘igoétlbgﬁﬁéafssubstanges (NSAIDS) such as

R R e e oS itadeng aad other

i apfiiviran &ag&rmalsnheh a:k aslyolairpigaaciciovit afd Cﬁldcl)\ﬂldrwsalﬁtﬁnycotlcs

ngl]?(f!}) %? Ocﬁgt%glaﬂ ﬂH?%tﬁnglgf' g(;jl"lsréo'?‘uh?ind kﬁltocon""a'rzIr ?e m:ConazoIe
i systatinr yénbmafmeotﬂlﬂmmmﬂl agéntsasuth e dblofoquine, mefloquine,

A ncFﬁf@?zﬁyg%?f@&ﬁg’?ﬁen&&%[Jbﬁ'a%' hBRH?;!&S‘:%UIHebamngtogenol—

eni ne

o%eg=Anaekatai nd4- céﬁhyglm@r@sﬁsfamm, apreskerioneasrasiistashin, 17-
pﬁadr@k nossgﬁaéhmbgsp?vtg@@ﬁdsg' ne. 432%‘3%%9%9% acid,
O edlierions Bt o2 B3 & 317, nipelBoS A Geial AciBy and C,
n’Bﬂ@baﬁm&Bnﬂ@l 10, $abahhiekideehr Nmeand30Pst Ilgoﬁﬁwb/éiephantopln

gﬁlﬂ@%&%@?@élfg%be%d&fﬁ%ﬁ%%gw IReursohc acid, hyptatic acid

sAr yehriop &ao-iidogermanaly chaydehfplibl, reffusastimb®r exeisanin A and B,
UBR hﬁHSBneschﬁin%%hh”eh lfdrﬁéﬁﬁrﬁh”% KRR 'RS&H S 13,18
o)

dap nor et [ariciresino
%.mgﬁegﬁe@ecwmphawnen ta)ﬁﬁm@ﬁﬂsbrﬂnd B, regenilol, triptolide,

aRetheb T Oflﬁn%nrﬁesaé;ﬁi hYArfY Onﬁ'ls‘foloﬁhﬁm OBEIdA arghopterin,
roduct gqcordl n

B}p;égff%y@?q %‘Eﬂ“u ﬂﬂ?!ﬁ'lg{llr},h@'o aq%@?lg bgrberme cjheliburm chloride,
acitiopimg| sihecaduline, banibrestatianfedrad B, @udraisbflagirss IA; curcumin,

S0l oot RS G T2 RO .20
adiane; tbiodel; i ginkgale ginkpolist acidi dielersiliny ardisinen indicinggN-oxide,
(Igéi%%ﬁfblhé‘dﬂ)oto%l” §/¥8§|’d% 43 %ﬁf(ﬁ&%ﬂyﬁd’@?%' desticid=Sh and B,
aa(rgﬁlpr?,ld{ néneélq\&gljlrlj Ell ’J;nallotochromanol isobutyrylmaliotochromanol,
(maqbirwlaéenm| ) miRsheintia- v 14, - gh'hé‘?lﬁﬂsﬂfiﬁ dencbriditib 1) margetine,

USSR R, el Bt Histolggtam-AlL
&l&ﬁartmmalldﬁe prpnhprbcbccmotm)r G, ngbispartimenaditiirieh e penplocotSide A,
fAahBacs) ot RIAC! SRR BRSoRnbRRticn .
aﬁﬁﬂ%ﬁﬂ&f@‘!%t inganwid/ gvheadntacichr dnetbwiwrlaélnnve spbatneliaghromen,

Cﬁﬁbﬁhglﬁﬁ ' mﬁsﬁhﬁfém%‘%#éﬂlé\s%éy él@égéf'ﬁxe C%%@gbﬁ%r?‘nﬁﬁrensme

sur ace.
3?»61& Sé‘@%t?ﬁrmemg %Ev@wp@n tqrige; or%@ﬂ}hﬁ’@p yilingg  usambarine,

afxnatsdrensineg | Berblefihe, liriodenine, oxoushinsunine, daphnoretin,
lariciresinol, methoxylariciresinol, syringaresinol, umbelliferon, afromoson,
acetylvismione B, desacetylvismione A, vismione A and B.

Medical product according to claim 11, characterized in that the at least one
antiproliferative, antiinflammatory, antiphlogistic and/or antithrombotic active
agent is selected from the group which comprises the following: paclitaxel and
its derivatives, [-estradiol, simvastatin, PI-88 (Progen Ind.), macrocyclic
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16.

17.

18.

19.

20.

in multiple ayer systens, the at |east two | ayers

wWith or/and wi thout adm xture of at |east one

hydr ophi | i ¢ pol ymer contai n4dt | east one active agent

in the same or in a different concentration of active
agent which is covalently or/and adhesively bound. 15
1@arharusdhoxigesMES) ancoiheirmerivatives, todpidife N-(mwigtinerg-yi)-[1-4-

)s@'cﬁﬁ)roﬁé}‘?igﬁ%ﬁa-? ?? edrl%)y‘é%tdé ~QH§?$1\)DIaEtlvsﬁ¥8 rproteln C (aPQC),
 HbTVRD- CUEG dingine (oPenaa). NS soaD, Crsaa/cinBY: tasrolimus.

product according to one of the foregoing clains,

cteri in t t he ast one hi ost
oOTSAEA sndSelare il i, oBS of ey ErE0oma gt ehatactgized in that
agwtabrlémtd ong @m\\hpr(ﬂnlemht/é &Hntiiremeamyacztnﬂphlcﬁjﬁm and/or
'%pﬁf?]YSﬁ]ﬁgg}@Ea [ ta%éérﬁt{ E%%qd;nﬁ oy Od aadcaekfjltf%ally active
a@hﬂ@@ﬂtmt_@n@ﬂ(}n@m ﬁCQ(hn‘lglme‘ surfacat Ieast one
active agent in the same or a 25 different

concentratl on. 20. Method of bioconpatible coating of
diea! PEPdR @csording i ene of theifasegeing claims, sharaglerized in that

sireftitiple idve@%?;meﬁ% Qhétaﬂéast g 138 withepPshd Wtaoai admixture

Ie S bi o 0 ulfone Iayer h or t ho
3 1685 aned Budrpions® ighst BnSiadyer g in the
aedmeron incpdifferati ctg‘loehtl‘aﬂars fof enﬁv@agepr whicheis ajoveiently orfand

ry, antiphlogistic and/or antithronbotic
%%L‘ggmh hto and/or into the biostable |ayer, or

depositing at | east one biostable polysul fone

| Mcé@" LR a‘é’b&%td Bﬁ? ?f thel %@éémﬂg SIaiHdr EHé‘r‘aJc:%énzed in that

pol yrer to et her prolifera
afit qufnl%#ﬁwoﬁyﬁteraﬁt thﬁrﬂaétglay@r is amr@rac&wﬁ.qgﬂr&d@mn ig bound

ac@wa;gntqg@ﬂénd é@hé’gwe;ybt hod according to clai m 20,
conprising the step b and the further step: c'.

depositing at |east one anti pro life rative, anti
i Meldinalptaduct aaodidiid tugosé of theeforégoing olditisy ohdmaictarized in that

< 4088 B ST G AT VMR e BUFL ot o acive
f agemeer/and is Q@Vetﬁﬁp@ﬂﬂ‘t Bhdeast ¢r1m§ctlm1@g§é¢oaobovered at least
bp ik ‘vﬁthpé”b‘f&d&qr%&b!b&\ycﬁﬁm& H;/e? rwh;&‘h %ﬁ}#lnf cBQQkﬁﬂ& and/or

of h i C ner s equal er ent
adhé/swe(w elti\er ng aclive agent or at least one active agent in the same ora

different concentration.

Method of biocompatible coating of medical products, characterized by the
following steps:

a. Providing a stent, and

b. depositing at least one biostable polysulfone layer with or without at
o least one hydrophilic polymer, and

C. depositing and/or incorporating at least one antiproliferative,

antiinflammatory, antiphlogistic and/or antithrombotic active agent onto
and/or into the biostable layer,
or

b'. depositing at least one biostable polysuifone layer with or without the at
least one hydrophilic polymer together with at least one antiproliferative,
antiinflammatory, antiphlogistic and/or antithrombotic active agent.
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21.

- 22.

23.

24.

25.

26.

27.

28.

ti
the clains 1" - 15 or 20, characterized in

the first layer without or with incorporating or/and
depositing at |east one active agent in the sane or a
different concentration. .18923. Method according to
one of the foregoing clains, conprising the further
step d'. depositing at |east one further |ayer of at

| ddgthod @@cmcgms@ elatn RO, pemprisingithe stap b'andidhetfurther step:

| BCOr PRIepbkififlg ft/I8ast di%g?fﬁ’ﬂ;jﬁrbﬁﬁréﬂve', %ﬁﬁhf!@ﬁﬁg&éﬁﬂi Léfgifhlogistic

h t trat .

et hod SREHES ARTOMbad Ecye AENEoRp ige bipsiabl olymer layer.
characterized in that onto and/or under thg at :east

' I I i.s. deposi te t | east
o Metib BR80T afath P 210 K inarinhe huhedeny at e
hdpar i depositing atbbeasin ae\decand dbiasthble pudydulfehkylayer with or
N- t . ' e I . .
Subst ol AALEC G NS WRBOMICTHEIHICE Wich 39 B diffprent to
accor digfirsblayenwithedt ercwith incegparsting agand depesitingiatieast one
16 - 18ctiveoadént iVBfl saheRs bR EBALSIARGY One Of

[ at the at
| east one antiproliferative, antiinflammatory,

~ aMstpdd ageatling rsheof tharfbiddoimibiaims, ceiprigng efMurin®r step

Bat ngerdsidy SRRt oFe, REHTE: vt 2ireh Japst S Sifegradable
the clpolyget withBjt @Owith Ritprparbtim@airiemidz dépositindpadt least one
the T CaRRR!ddeht AHPLADL (G eAlHY Rt BBRLAAIERITRL OF Y.

ant i phl ogi st and/of “ant1 thrombotic ‘act1ve agent is
contained in a pharmaceutically active concentration

ofethét hecortthdTo Rife 6Mhefoidis! fE < 9B, chQFad@‘?'ié?ﬁir} that onto

roduct gnd, per, ] ayer which carries the active agent.

S5R9lF Unde el apieaklions biesiahiarRl s onRdagRr et least
lone lfayer 20 co@pleteyhateatipatéddahd Npdaddigateedi Kabarin, N-
p&é’r%g%t/mbﬁmy?ataa ezmd/or partially N-acetylated chitosan and/or mixtures of

these substances.

Medical products which can be obtained according to a method according to
one of the claims 16 — 19,

Medical products according to one of the claims 1 — 15 or 20, characterized in
that the at least one antiproliferative, antiinflammatory, antiphlogistic and/or

- antithrombotic active agent is released in a controlled manner through the

surface coating.

Medical products according to one of the claims 1 - 15, 20 or 21,
characterized in that the respective antiproliferative, antiinflammatory,
antiphlogistic andfor antithrombotic active agent is contained in a
pharmaceutically active concentration of 0.001 — 10 mg per cm? of surface of
the medical product and per layer which carries the active agent.

Medical products according to one of the claims 1 — 15 or 20 — 22,
“characterized in that the medical product is a stent. '




