1 Preparation, nethod and use of henocoppatible coatings for the
prevention of restenosis Description 5 The invention concerns the
utilisation of polysaccharides containing the sugar building bl ock
N-acyl gl ucosanmi ne for the preparati on of henoconpati bl e surfaces of

medi cal devices, nethods for the henoconpatible coating of surfaces with

said pol Psepdratlﬁn,ﬁmh?;di lared useliofdhenroconmp at;bletd@éﬁngf@ﬂ@pmét i bl e
surfaces. 10 I n the human bo In cases of injuries in
contact with surfaces ot herﬂfﬁgﬁﬁgwﬁ%ﬁﬁ%&%ﬁ%é ural bl ood vessels.
Consequently the blood coagul ation systemgets always activated to reduce
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al so 5epresents a foreign surface, all patients, who receive an inplant,
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Addi tional Iy the continuous application o parl n as anti coagul ant _
i ncreases the 35 risk of bleeding. An additional and very often occuring

conpRicatWhiisti the esgaosf vestdle suppedd,i 58-cafied télént‘se&ﬁ@ dediribeauglk séent s
m ni m Setﬁl%?nl%s%( a?go %Caggegvgdonsee%p h ns‘( gac?ors in blood bearing vessels. In
cases of vessel strictures and sealings due to e.g. arteriosclerotic changes
especially of the coronary arteries the stent is used for the expansion of the vessel
walls. It fixes lime fragments in the vessels and improves the flow properties of the
25 blood inside the vessel as it smoothens the surface of the interior space of the
vessel. Additionally a stent leads to a resistance against elastic restoring forces of
the expanded vessel part. The utilised material is mostly medicinal stainless steel.

The stent thrombosis occurs in less than one percent of the cases already in the
30 cardio catheter laboratory as early thrombosis or in two fo five percent of the

cases during the hospital recreation. In about five percent of the cases vessel

injuries due to the intervention are caused because of the arterial lock and the

possibility of causing pseudc-aneurysms by the expansion of vessels exists, too.

Additionally the continuous application of heparin as anticoagulant increases the
35  risk of bleeding.

An additional and very often occuring complication is restenosis, the resealing of
the vessel. Although stents minimise the risk of a renewed sealing of the vessel
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HENS- PO9079 W O S@&9Application 2 they Are until now not totally capabl e of
hi ndering the restenosis. The rate of 'resealing (restenosis) after

i nplantation of a stent is with up to 30 % one of the nain reasons of a
repeated hospital visit for the patients. 5 An exact conceptual description
of the restenosis does not exist in the professional literature. The
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rel evance and 10 its relation to clinical synptonatics |acks of a nassive

scientific basis. In praxis the clinical aggravation of the patient is
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hyperpl astha)‘ornmrd/ﬂreaitedt\@saeitpm'hl y a coverage of the stent surface but to

the sealing of the total interior space of the stent. 25 It was tried

vainly to solve the probl em of resten05| S the coating of the stents

wi t h heparhenvgsse! inferi¢secauses) duringuthed étm ofy her stants(arzgripflammation
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as forelgn su&face and I n case Q cont act. does not activate

coagul at (SOPLPINERE arﬁ?“ﬁea@a’ﬂ@at'ﬁ@s @aaghﬁ ag distigetivenwegintiseg hypeiasidl ch an
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interior space of the stent.

25 It was tried vainly to solve the problem of restenosis by the coating of the stenis
with heparin (J. Whorle et al., European Heart Journal (2001) 22, 1808-1816).
Heparin addresses as anticoagulant only the first mentioned cause and is
moreover able to unfold its total effect only in solution. This first problem is
meanwhile almost totally avoidable medicamentously by application of

30 anticoaguiants. The further problem is intended to be solved now by inhibiting the
growth of the smooth muscle cells locally on the stent. This is carried out by e.g..
radioactive stents or stents, which contain pharmaceutical active agents.

Consequently there is a demand on non-thrombogeneous, hemocompatible
35 materials, which are not detected as foreign surface and in case of blood contact
does not activate the coagulation system and lead to the coagulation of the blood,
with which an important factor for the restenosis stimulating processes is
eliminated. Support is supposed to be guaranteed by addition of active agents
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el imnated. Support is supposed to be gyaranteed by addition of active
agents HEM POL0O71 W OSGOL Application 3 which shall suppress the

i nflammati on reactions or which shall control the healing process
acconpanyi ng cell division. The undertakings are enornmous on this area of
producing a stent which can 5 reduce the restenosis in this manner or

el i m nat gyfhiek ahhl suﬁﬁfﬁsqhé'lﬁﬂ%mﬁtloﬁ%ébi%r{é &t @hichl sHaRdrddl iR haAlfhg

exam ned in numerous stydi es, ,The nbst common construction type Consl st s
of a st eMrOCHRH %‘T’qu@p%’t’%Ger"l’?'% suitable matrix, usually a biostable

polymer. The matrix includes an antiproliferative or antiphiogistic agent,
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e
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only very del ayed cagabl e of enclosing the stent. As a consequence the
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t hronbosi's after paclitaxel ting stent i nplantation.
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met hods  qfre heo aAYRRIE Qbreoﬁ@abeﬂgdéra%ahéame%f eh@lﬁ@ﬁ@”ﬂﬁi ihdnt, Gaated

nmedi cal devi ces C L E to preve ﬂ (g(géj gndesl red
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i nvent i onndéreased prapset scatings sbw\llﬂnmh}bmﬂgn(t.uﬁro F., Colombo A., Late acute

thrombosis after paclitaxel eluting stent implantation. Heart (2001) 86 262-4).

25  One approach to this problem is represented by the phosphorylcholine coating of
Biocompatibles (WO 0101957), as here phosphorylcholine, a component of the
erythrocytic cell membrane, shall create a non thrombogeneous surface as
ingredient of the coated non biodegredable polymer layer on the stent. Dependent
of its molecular weight the active agent is absorbed by the polymer containing

30 phosphorylcholine layer or adsorbed on the surface.

Object of the present invention is to provide hemocompatibly coated medical

devices as well as methods of hemocompatible coating and the use of

hemocompatibly coated medical devices, especially stents, to prevent or reduce
35 undesired reactions as for example restenosis.

Especially object of the present invention is to provide stents which permit a
continuous controlled ingrowth of the stent — on the one side by suppression of
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continuous controlled ingrowh of the sjent - on the one side by
suppressi on of HEM P01071 W OS®1 Applica%on 4 the cellular reactions in
the primal days and weeks after inplantation by the support of the

sel ected agents and agent conbi nations and on the other side by providing
an at hronbogeneous resp. inert resp. bioconpatible surface, which
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col chpci rxpanditurel anocyte- stinulating hormone (a-MsH) can be used. Methods
for the productlon of these henoconpatible surfaces are given in the
claims 20 -- 31. Preferred enbodiments can be found in the dependent

clainms, flihe prosent isventionaldiveas tHdebfded bygsroviding medical devices that show
properties of a surface coating of determined polysaccharides and paclitaxel.
Instead of or together with paclitaxel determined other antiphlogistic as well as
25 anti-inflammatory drugs resp. agent combinations of simvastatine, 2-
methylthiazolidine-2,4-dicarboxylic acid and the correspondent sodium salt ),
macrocyclic suboxide (MCS) and its derivatives, tyrphostines, D24851, thymosin
a-1, interleucine-1B3 inhibitors, activated protein C (aPC), MSH, fumaric acid and
fumaric acid ester, PETN (pentaerythritol tetranitrate), P188, dermicidin, baccatin
30 and its derivatives, docetaxel and further derivatives of paclitaxel, tacrolimus,
pimecrolimus, trapidil, a- and R-estradiol, sirolimus, colchicin, and melanocyte-
stimulating hormone (a-MSH) can be used. Methods for the production of these
hemocompatible surfaces are given in the claims 20 — 31. Preferred embodiments

can be found in the dependent claims, the examples as well as the figures.

35
The subject matter of the present invention are medical devices the surface of
which is at least partially covered with a hemocompatible layer, wherein the
hemocompatible layer comprises at least one compound of the formula 1:
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35 The subject matter of the present invention are nmedi cal devices the
surface of which is at least partially covered wth a henoconpati bl e

| ayer, wherein the henoconpatible |ayer conprises at |east one conpound of
the formula 1: HEM POL071 WO 5CG0 Application 5 fornmula I 5 10 15 wherein
nis an integer between 4 and 1050 and Y represents the residues -CHO

- COCH3, -COC2H5, -COC3H7, -COC4H9, -COC5H11, -COCH(CH3)2, -COCH2CH(CH3) 2,

- COCH( CH3) C2H5, COC(CHS)S -CH2COO,, - C2H4000 , -C3H6COO, -C4H3000 . It is
al so possible to use any salts of ttf@rrBB'ﬁ‘pBunds of fornula 1. The 20
henoconpati bl e | ayer can be added directly onto the surface of a preferably
non henoconpat bl e nedi cal device or deposited onto other biostable and/or
bi odegradabl e | ayers. Further on additional biostaple and/or|biodegradable
and/ ob henocofpat i@¥C| ayers can be |ocalised on iNi¢ henocofpatible |ayer.
In addition t Dn, i n and/or
under the 25 1 'S,
respectively. an own active
agent | ayer on be

i ncorporated ip at |east one @H t he bIH@@H bi odegr adabl ¢ and/ or
henoconpati bl e| | ayers. Preferably the corrpOL?nds of the general fornula 1
are g@ed, wherein Y is one of the follow ng groups: -CHO 30|-COCH3,
-COC2H5 or -COC3H7. Further on preferred are the groups -CHO N - COCH3,
-COC2H5 and especially preferred is the group - COCH3. The conpounds of the
gener al for mwhergincontain only a small anount of free am no groups.

Because of tb?sfﬁpﬁtcgég%e%é@nh e W%ﬁane reaction free am no 35 groups

could not be detecte nynor e e sensitivity of this test it can

be inplied tthaePresssts Hlfhf@%’ll?ﬁ efeGHéa | e$sOChkn 1—Wsespe@m
pref gsred Ies&o@m@ 0. S%gthcaH],, - NH Y_qx@gpﬁcp,rsﬁ presenic@Es

groups, i.e. WAalp-LNS,, | OWCB%(E:‘?PSagecﬂ dds N 2H480‘%5”°SH% ﬁet%%se”ts

hydr ogen.
—-C4HsCOO".

It is also possible to use any salts of the compounds of formula 1. The

20 hemocompatible layer can be added directly onto the surface of a preferably non
hemocompatible medical device or deposited onto other biostable and/or
biodegradable layers. Further on additional biostable and/or biodegradable and/or
hemocompatible layers can be localised on the hemocompatible layer. In addition
to this the active agent paclitaxel is present on, in and/or under the

25 hemocompatible layer or the hemocompatible layers, respectively. The active
agent (paclitaxel) can form herein an own active agent layer on or under the
hemocompatible layer and/or can be incorporated in at least one of the biostable,
biodegradable and/or hemocompatible layers. Preferably the compounds of the
general formula 1 are used, wherein Y is one of the following groups: —CHO,

30 —-COCH3, —-COC;Hs or —COC3Hy. Further on preferred are the groups —CHO,
—COCH3;, —COC,Hs and especially preferred is the group —COCHs.

The compounds of the general formula 1 contain only a small amount of free
amino groups. Because of the fact that with the ninhydrine reaction free amino

35 groups could not be detected anymore, due to the sensitivity of this test it can be
implied that less than 2%, preferred less than 1% and especially preferred less
than 0.5% of all -NH-Y groups are present as free amino groups, i.e. within this
low percentage of the -NH-Y groups Y represents hydrogen.
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HEM P01071 WO S@1Application 6 Becausg pol ysaccharides of the general
formula 1 contain carboxylate groups and am no groups, the general fornula
covers alkali as well as alkaline earth nmetal salts of the correspondi ng
pol ysaccharides. Al kali metal salts |like the sodiumsalt, 5 the potassium
salt, the lithiumsalt or alkaline earth netal salts |like the nmagnesi um
salt or the calciumsalt can be nentioned. Further on with anmoni a,

rimary, _ secondary, tertjar nd quaternary am nes, pyridine and pyridine
der i vat | BECAUSRPOMSARFaAIIdes gfﬁﬁ@fg@rﬂ&mljoanulwbmﬁrm%r aKyI3tegreupsEnd ni um
sal ts cammigo group®dthePgemeral karmilas edverd alkalif & Weladd alkglihd ddith metal

I ' are 10 inorgapic and. por | ¢. bases as . .for, exanple OH,
ko “E e Sbhe Shfetaendift AR sae AR ARG s A8 a8 OER 8% m | ar
conpo@nddhe Phtassiiny sati ctharlithiom saltor dikaling eaftb methhsdltgpidesthesmaghesiuimar .
wei ght's f, sz,éﬁD f o] e rre
fro% 6 kg"a? g& %ﬁﬁafgﬁjﬁ 1 eg%@ctfgalwli%/rﬁ%ﬂ ng é?ruiit(!lj_lé P r(%)r% ké‘?{n&&?% \Rﬁhﬁﬁg
vari abl e SRCPRARYY, itREtEgerant quatenaRgeaamisrs4 RYBIdIES BndPiyTidinee denvativesn
LTheSrL (e 8, ey i mbar e pobm aalians | |
especi a r rre i pt ege
shgws a ﬁ'ﬁ%‘gh%w %i Bﬂs swﬁz’éfrb oy el a‘g'%? HBen ROIYSaceATIs S| @€ or
t he t8ed ipwrpyniecaithoigdeic basks mmﬁ@mgjmﬂeﬂz&)ﬁpk@ﬁdﬂ@ﬂ,gd?mb\% Eé(ﬁjl-mk,f gl dl

mul ti pl ' | . Thi i ul e ich is built
E)f tV\B ﬁ%@%ﬂ%@%@ﬁ@hﬁﬂ*ﬁg#@% #‘%‘i?@%@&%tﬁﬂgmnner, t hat the
general fornmula 1 only includes polysaccharides with an even nunber of
sugar nol i i Ehes
W Th an oo hargccRaidsQaEmIG RFLS | RosSBst RRICATA ROGKRRORES KEP
pol ysacchrlSdel. preferrash ftosad dd t8y13 ke mare prgfasask frormspdd? 40 12 P &nek r ed
ar g_ msfli ga@bedgujr pﬁﬁevmuqur?gagfit? 1i1”HBﬂTﬁéQﬂatYlaﬁlé hp@taRSer _Efh tHe Eég@e

medi ca Vi ce eqneco i bl e l.ayer consjsti o] e C ounds

nocor di g s 40 RS . & g bGEr FiBh o Mcnele Rt e ileder axe:
| ayer carromi fl#iie @60aartd especiallytprefdmechamintegpatietileen! yand @10get taken up
totally by the henpbconpatible layer. It is further preferred, if at |east
one biostable |ayer is present under the 35 henocongatible | ayer. In

addi ti on Tegenaraionputa bisbows pedissashasisles vdiehihas tabeyiewed os tharbaisia | y
i ayer.
w O scoL AgHI(multip'glseq g
two sugar molecules shall not be interpreted in the manner, that the general
formula 1 only includes polysaccharides with an even number of sugar molecules.
The formula implements of course also polysaccharides with an odd number of
25  sugar building units. The end groups of the polysaccharides are represented by
hydroxyl groups.

Especially preferred are medical devices which contain immediately on the
surface of the medical device a hemocompatible layer consisting of the

30 compounds according to formula 1 and above it a layer of paclitaxel. The
paclitaxel layer can diffuse partially into the hemocompatible layer or get taken up
totally by the hemocompatible layer.

It is further preferred, if at least one biostable layer is present under the

35 hemocompatible layer. In addition the hemocompatible layer can be coated totally
and/or partially with at least one more, above lying biostable and/or bicdegradable
layer. Preferred is an external biodegradable or hemocompatible layer.
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7 A further preferred enbodi ment contaimns a layer of paclitaxel under the
henmoconpati bl e | ayer or between the biostable and the henoconpatibl e | ayer,
so that paclitaxel is released slowy through the henoconpati bl e |ayer.
Paclitaxel can be bound coval ently and/ or adhesively in and/or on the
henoconpati bl e ayer 5 and/or the biostable and/ or the bi odegradabl e | ayer,
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pol yet 0 - pr opyl eneoxi de, sQ ol yur et.hanes [ anes wi

amiho.  activBEs dndBLRIcR Hol R Ll 38opRoril SloaRERupBfnbdicis e

pol yet hyldigeditxdspnegiolepa bkbyetierasieesultipddgloptlyoess sush as e, IPES drftki r
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poly[p-carboxyphenoxy)propane], polyhydroxypentancic acid, polyanhydrides,

25 polyethyleneoxide-propyleneoxide, soft polyurethanes, polyurethanes with amino
acid residues in the backbone, polyether esters such as polyethyleneoxide,
polyalkeneoxalates, polyorthoesters as well as their copolymers, lipides,
carrageenans, fibrinogen, starch, collagen, protein based polymers, polyamino
acids, synthetic polyamino acids, zein, modified zein, polyhydroxyalkanoates,

30 pectic acid, actinic acid, modified and non modified fibrin and casein,
carboxymethylsulphate, albumin, moreover hyaluronic acid, chitosan and its
derivatives, heparansulphates and its derivatives, heparins, chondroitinsulphate,
dextran, b-cyclodextrins, copolymers with PEG and polypropyleneglycol, gummi
arabicum, guar, gelatine, collagen, coilagen-N-hydroxysuccinimide, lipids,

35 phospholipids, modifications and copolymers and/or mixtures of the afore
mentioned substances.
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mentioned substances. HEM P01071 WO SGglApplica ion 8 As biostable

subst ances for the biostable |ayer(s) can be used: polyacrylic acid and
pol yacryl ates as pol ynet hyl net hacryl ate, pol ybutyl nmet hacryl ate,

pol yacryl am de, polyacrylonitriles, polyam des, polyetheram des,

pol yet hyl enam ne, polyi m des, polycarbonates, polycarbourethanes, 5
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short- org{haribesgtey m E@Iﬂfl((?;éséﬂi]t\“étbg, bl eadic’babiiard, prﬁ?d%%(g%thﬁhlgﬁhlggé“ cal

devices are for exanple pr eses, organs, vessels, aor eart Val ves,
tubes, o H'°S§B'a\%ﬁ'1§gt s Celligpanealatepubaates, hopthyirylasetate scepelymensi | ow
needhss, m)}ys'ul]ﬂﬁﬂ'neszépﬁwfmks&@, ABS géﬁlma_mmsgdqrhé,@lﬁcﬁm@ﬁza@ ﬁtﬁyﬁbxangs,
titrinetrj . pacemakers,. orbi ng nedi a romat ogr.a i a,

chr onmt oGNSy R BRREREE, P VunuRERGERRS S Al pEondiingtns GruticpkelfiESs,

cent ri f ugsllulosetriaseigtes,e ahitosanes sand endpslyoees, ahdldremsixturesp of hitdzer s.
The preseppsidheention is especially related to stents. 30 The

pol ysaccharides of fornmula 1 can be forned from heparin anchor o
hepar ansui phates. These materials are in structurally view quite simlar

conpogndst iepaksamid| RNFLATSIOCENY HRIdHI t BESYs OWithelthe S HEFAS e iiodganmal s.
hemocompatible surfaces, especially those, which shall be suitable for the short-
or the longterm contact with blood or blood products. Such medical devices are for
example prostheses, organs, vessels, aortas, heart valves, tubes, organ
spareparts, implants, fibers, hollow fibers, stents, hollow needles, syringes,

25 membranes, tinned goods, blood containers, ftitrimetric plates, pacemakers,
adsorbing media, chromatography media, chromatography columns, dialyzers,
connexion parts, sensors, valves, centrifugal chambers, recuperators,
endoscopes, filters, pump chambers. The present invention is especially related to
stents.

30
The polysaccharides of formula 1 can be formed from heparin and/or
heparansulphates. These materials are in structurally view quite similar
compounds. Heparansulphates occur ubiquitously on cell surfaces of mammals.
In dependence from the cell type they differ strongly in molecular weight, degree

35 of acetylation and degree of sulphation. Heparansuiphate from liver shows for
example an acetylation coefficient of about 50%, whereas the heparansulphate of
the glycocalix from endothelic cells can exhibit an acetylation coefficient from
about 90% and higher. Heparin shows only a quite low degree of acetylation from
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I n dependence fromthe cell type they @ ffer strongly in nolecular weight,
degree 35 of acetylation and degree of sul phation. Heparansul phate from
liver shows for exanple an acetylation coefficient of about 50% whereas
t he heparansul phate of the glycocalix fromendothelic cells can exhibit an
acetylation coefficient from about 90% and hi gher. Heparin shows only a
qui te | owided upetoB%aTakydudshation csutricibi GAHHepAPaSipRMe fah IRRr Sngbout
up to 5% TFe sul phat i gn coef.ficient, of the hegar a(g_sHI Ehate L{]oml ver and
of heparidl NEPAMN JSyz, Z4ipek Wigapehatidgnupit. iR 6338 Yt NRBREANSHUNALR ™Y r om
endot hel iesidottedliat cellsoslese to 0 amdini epaepasdptsatep firahe stHear @il dy ey beteddent ypes
bet ween P)aﬁd\g r c%hﬁﬂ&%ﬁgfti de unit. 5 The conpounds of the general
formula 1 are Araeterze y" an anount of sul phate groups per

di sac@haride unit of less than 0.05. Further on the anount of free anino

The Tol | Qe mHERREs, o e SonBhd foRTHle, 1 [yt ERsreibriop bl an) anaitrsr 10
hepar ans lﬁ%@ 9&\5?‘%9? P%‘%@'@ﬁ?@"’lrgﬁ’t Wit Bﬁ{e@ﬁ thar 0. fnuther gndhgarapuntpf n a
sul phat i dreec agiifivo qireaps dfi (Repercompaanisals Resuthiah 4% bhséd dry RilCaNHLgT
hepari n: Qi?'éﬂl hepar ansul phat es have with heparin a common sequence in

bi osynt h . 'First of all the core protein with the xyl ose-contai ni ng
bondfl@g region is forned. It consists of the xylose and two gal act ose
resi dues_-[q%nnﬁg;)ﬁ,q}?t Oinlléaqe Tohdpe. 'aastiatrgga&%a}ips Wi 9 aft ﬂﬁeallﬁli“ E)f 3

gl ucuronic acid and a gdl actosam ne 1s connected al ternate unti’l the
adequat e "eRaransulphpte wih r @adeey origntatiany of dheesulphntes GepLPs mAgnutihc a

modi fi catgugtha@ibntdoleHicentT 2 W&%&ﬁf&ﬁﬁé%iﬂf&sﬁ@w@?ka rdebarin:

hepar ansul phat es and of heparin follows by means 0f sul photransferases and
epi nerases whi ch generate by their varying conpl eteness of transformation
the 25 broad spectra of different heparansul phates up to heparigg: Heparin
is alternately build of D glucosanine and D-glucuronic acid resp\ lo—

i duronic acid, in which the anmount cetyl-id ic aci dyi
D-gl ucosanine and D-gl ucuronic aciyd ab [
resp. L-iduromaoacid in an a-1,4x9

di saccharg ha s phe rin
connect edll.kp ac in

OH

g
Bege suburits areoagai n
cosi di ¢ way andl

OH
15

All heparansulphates have with heparin a common sequence in biosynthesis. First
of all the core protein with the xylose-containing bonding region is formed. It
consists of the xylose and two galactose residues connected to it. To the last of
20 the two galactose units a glucuronic acid and a galactosamine is connected
alternately until the adequate chain length is reached. Finally, a several step
enzymatic modification of this common polysaccharide precursor of all
heparansulphates and of heparin follows by means of sulphotransferases and
epimerases which generate by their varying completeness of transformation the
25 broad spectra of different heparansulphates up to heparin.

Heparin is alternately build of D-glucosamine and D-glucuronic acid resp. L-
iduronic acid, in which the amount of L-iduronic acid is up to 75%. D-glucosamine
and D-glucuronic acid are connected in a 3-1,4-glycosidic resp. L-iduronic acid in
30 an a-1,4-glycosidic bonding to the disaccharide, that forms the heparin subunits.
These subunits are again connected to each other in a B-1,4-glycosidic way and
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HEM- P01071 W O SQ1Application 10 | eadqo heparin. The position of the

sul phonyl groups is variable. In average one tetrasaccharide unit contains
4 to 5 sul phuric acid groups. Heparansul phate, also naned as

heparitinsul phate, contains with exception of the heparansul phate from
liver less N and O bound sul phonyl goups as heparin but in exchange nore N

I5 acetyl lg@dtﬂltt?heﬁbﬁgﬁmﬁé;ﬁosﬂfofn!-oﬂ m@rglmg't)ﬁorﬂnig«aowd V%t{kﬁ Ih%rh@tla lopeal Sf)
ower . i s, eviden rom figur e._conpounds e eral fornmula
(or i1 giplbsdgnalue it sining, AbL 5 SuphiFic 358 Gt Hans ensliniiter gls0
hepar ans ulgohed as dieparitinstiphaiel, continswith eixcaptiordof the hepdraasliphatenfromoned ]
di sadvant t e I al : a or the
alnt i thr orlriggﬁecsgé%lf ?‘59;@”%&’%5‘8535.1@_'}‘&@&[%% gg%gécig?. %’emg’ﬁﬁr?la)s(&hﬂh Frng)z%ol\rﬁ_si bl e,
whi chScarfosd/! Beuns. The amevst of htidwepio acid soamared fo/bepann istalse laweasry 3rd
nol ecul e. Heparin preparations of different antithronbotic activity can be
15 produced. by special separation techniques., In highly active, for exanple
by Pant i T4 birvevident frem ﬁﬁv&eyi ﬁ'ﬂ%ﬁ&ﬁ&@#&@ﬁﬁdb@ a%@geqagwaa(pfcfwre 1b
(, i Hi glh- afsf exarhple) alﬂ@rsaubﬂ%ral!yﬂfsﬁnimttb\tﬁe m?ymnnepamnfﬁmpndté of @M_@dsmleh@!par in
nol ecul e, [ in. . LNl ty" - pr ratlons no.characteristli
pent asaclr: A it ke bRy Pehard FEAEEN AR RY 54 AR SEPhbghgiflsaton can
be déOecthegharan aulphatasaction with this 20 pentasaccharide the activity of
antithronbin I'l1l, an inhibitor of the coagul ation key factor thronbin, is
essentially exponentiated (bonding affinity increase up to the factor
2x103) [ &drdhe matithrembotic gclivitne seeeirbpgntasacehasisle. uniy ismadz responsitiss) | . i
The amin t Bact idlosd A iQr c ied. The
25 oSt oy B A SO Sﬁﬁﬁ?{-ﬁg‘*ﬂyﬁiﬂ%ﬁ"iﬂ i d ac
wol | as {HECEHELHEpAEN CareRaaliens| oo uies .aﬁmm O%Et?qm’fty 8% e
pent d5ac ghadiicksl iyt spetibE sebasatiain techodquésatinohi iacale,y fdrhexambplEhaiye

roup on ' | IS pr t al . ther
Puncti ondnegiSuiERe R BRERSRT oM taardchy® Bhtafiech PR AhS BPIOVRTRISET 1 or
hepar ans Uiepaang shiarastiyadsequematnis dalipd dorevery dephtip meleoulenyetiiebine,Niy- t he
coating. afii"Rabaidtiohs ie°BHUAERMSAEA SerthldinbRd8 SGHoRIELahAGES fnof | C1 2
surface loses partially in a drastic asure Its antithronpbotic activity
whi ch i s 8ciVat BiRiion Pestaageiaion iGanebectdlpcigde Yie dnteractioni witheribs of
t he pent ipenesbarenbAdatisd activie ofahtihirittin 3R, aRinRibitedT the ldoaguRdieauas of
the i mmsl |tl s?t']'%l orh.of. t heset.%ﬁl yani oni ¢ s(lmét a@cesqu .tst ronz?q5 adsor pt i on of
pl asma proti8l MeYe S EPMIALY SXPONPRUaled (Bopdiog 7Bty nciedse URQsEhat
el i mi nat dacton2xh@’) §Btiekema JtG.d.; @amhlepbiotrgys2e Sumsi Mgl 33-68; (1986)].

The amino groups of the heparin are mostly N-sulphated or N-acetylated. The

25 most important O-sulphation positions are the C2 in the iduronic acid as well as
the C6 and the C3 in the glucosamine. For the activity of the pentasaccharide onto
the plasmatic coagulation basically the sulphate group on C6 is made responsible,
in smaller proportion also the other functional groups.

30 Surfaces of medicinal implants coated with heparin or heparansulphates are and
remain only conditionally hemocompatible by the coating. The heparin or
heparansulphate which is added onto the artificial surface loses partially in a
drastic measure its antithrombotic activity which is related to a restricted
interaction due to steric hindrence of the mentioned pentasaccharide units with

35 antithrombin lll. Because of the immobilisation of these polyanionic substances a
strong adsorption of plasma protein on the heparinated surface is observed in all
cases what eliminates on the one hand the coagulation suppressing effect of
heparin resp. of heparansulphates and initialises on the other hand specific
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heparin resp. of heparansul phates and §pitialises on the other hand

speci fic HEM PO1L071 WO SGOL Appficaton 11 coagul ation processes by adherent
and hereby tertiary structure changing plasma proteins (e.g. al bumn,
fibrinogen, thronmbin) and hereon adherent platelets. Thus a correlation

exi sts on the one hand between the limted interaction of the 5
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eb
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e P el 4 LS RISl RN v S T S Rl L
corrpoundih@boagldagermeaad:adeg raotlcabé obsanied. Jbedraxhecbfatiola preperties of3beor

hepar ansul, ﬁsggcéc ('iiﬁ tﬁup%ﬁfﬁ tllll ¥(ta|:ﬁ§m35%59a ?ls‘[f'leﬂhhfﬁhfiplhgafatlérp%

polysaccharl e an uently s y conple acyl a
term S@S@C@ltﬁuéﬂap?scorrpl etely desul phated" refers to a desul phation
degrgg of above 90% preferred above 95% and especially preferred above

230/% a;rlh:('fd%?‘ﬁ phat{n I§ @é@%&%&@ Hhap tthg asnulgﬁatgeél%rurgsng tﬁg Choerlr}dalr:rr]1 reEs% tt?]%
heparansulphates are necessary for the interaction with antithrombin il and impart
thereby the heparin resp. the heparansulphate the anticoagulatory effect. The
inventive compounds are not actively coagulation suppressive, i.e. anticoagulative,

25 due to an almost complete desulphation the sulphate groups of the compounds
are removed up to a low amount of below 0.2 sulphate groups per disaccharide
unit.

The inventive compounds of the general formula 1 can be generated from heparin
30 or heparansulphates by first substantially complete desulphation of the
polysaccharide and subsequently substantially complete N-acyiation. The term
“substantially completely desulphated” refers to a desulphation degree of above
90%, preferred above 95% und especially preferred above 98%. The desulphation
coefficient can be determined according to the so-called ninhydrin test which
35 indicates free amino groups. The desulphation takes place in the way as with
DMMB (dimethylmethylene blue) no colour reaction is obtained. This colour test is
suitable for the indication of sulphated polysaccharides but its detection limit is not
known in technical literature. The desulphation can be carried out for example by
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2-S, 3-S, 6-S: sulphate groups in position 2, 3, 6 respectively

15 NS:
N-Ac:
NH.:
S/D:
20

sulphate groups on the amino groups

acetyl groups on the amino groups
free amino groups
sulphate groups per disaccharide unit

A sulphate content of about 0.03 sulphate groups / disaccharide unit (S/D) in case

of Ac-heparin in comparison with about 2.5 sulphate groups / disaccharide unit in
case of heparin was reproducibly obtained.

As described above the difference in the sulphate contents of heparin resp.

25

heparansulphates has a considerable influence on the activity adverse to

antithrombin Ill and the coagulatory effects of these compounds. These
compounds have a content of sulphate groups per disaccharide unit of less than
0.2, preferred less than 0.07, more preferred less than 0.05 and especially
preferred less than 0.03 sulphate groups per disaccharide unit.

30

By the removal of the sulphate groups of heparin, to which the active coagulation
suppressive working mechanism is accredited to, one receives for a surface
refinement suitable hemocompatible, coagulation inert oligo- resp. polysaccharide
which on the one hand has no active role in the coagulation process and which on

35

the other hand is not detected by the coagulation system as foreign surface.

Accordingly this coating imitates successfully the nature given highest standard of
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0.2, preferred less than 0.07, nore prggerred | ess than 0.05 and especially
preferred | ess than 0. 03 sul phate groups per disaccharide unit. 30 By the
renoval of the sul phate groups of heparin, to which the active coagul ati on
suppressi ve wor ki ng mechanismis accredited to, one receives for a surface
refinement suitabl e henoconpatible, coagulation inert oligo- resp.
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W th18 cemblydddés ebiachlatisnadents.i n an anount from 10 to 30 vol une percent.
As cosolvents are suitable nmethanol, ethanol, DMSO, DM, 20 acetone,
di oxane, THF, ethyl acetate and other polar solvents. In case of the use
of car boXAd isolveni cedpeciadlg niiod esarboxflier atitl yapotdridesadeionisedewatdrvisntuiseduch as

DVBO The i ' f |
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The inventive compounds of the general formula comprise in the half of the sugar
25 molecules a carboxylate group and in the other half a N-acyl group.

The present invention describes the use of the compounds with the general
formula 1 as well as salts of these compounds for the coating, especially a
hemocompatible coating of natural and/or artificial surfaces. Under

30 “hemocompatible” the characteristic of the compounds according to invention is
meant, not to interact with the compounds of the blood coagulation system or the
platelets and so not to initiate the blood coagulation cascade.

In addition the invention reveals polysaccharides for the hemocompatible coating
35 of surfaces. Preferred are polysaccharides in the range of the above mentioned
molecular weight limits. The used polysaccharides are characterised in that they
contain the sugar building unit N-acylglucosamine in a great amount. This means
that 40 to 60 % of the sugar building units are N-acylglucosamine and
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henoconpati bl e coating of natural and/ gy artificial surfaces. Under 30
"henoconpati bl e" the characteristic of the conpounds according to invention
is neant, not to interact with the conpounds of the bl ood coagul ation
systemor the platelets and so not to initiate the blood coagul ati on
cascade. In addition the invention reveals polysaccharides for the
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according to I nvention especi al ed and su sta acyl at ed
heparin iaSYEEyRasaming a@duquethe @p@mraq:ay‘ldﬁp acetyl at ed heparl nis
suitaple for the hermcorrpatl bl e coating. 25 The term 'substantially" shall

make cl eaémphgt%lys t:tatm'lasst Is(‘hown {hla?t #o?'n%earaepp 11:&1%D ons accordmg to invention
especially desulphated and substantially N-acylated heparin is especiaily suitable.
Especially N-acetylated heparin is suitable for the hemocompatible coating.

25 The term ,substantially” shall make clear, that statistical variations are to be taken
into account. One substantially alternating sequence of the sugar building units
implies, that generally no two equal sugar building units are bound to each other
but does not exclude totally such a defect connection. In accordance “substantially
the half” means almost 50% but allows small variations, because especially in the

30 case of biosynthetically synthesised macromolecules the ideal case is never
reached and some variations are always fto be taken into account, because
enzymes do not work perfectly and in catalysis always some error rate has to be
anticipated. Whereas in case of natural heparin a strongly alternating sequence of
N-acetylglucosamine and the uronic acid units is existing.

35
Furthermore, methods for hemocompatible coating of surfaces are disclosed
which are especially destined for the direct blood contact. In case of these
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into account. One substantially alterngking sequence of the sugar building
units inplies, that generally no two equal sugar building units are bound
to each other but does not exclude totally such a defect connection. In
accordance "substantially the half' neans al nost 50% but al |l ows snal
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20

.Deposition” shall refer to at least partial coating of a surface with the adequate
compounds, wherein the compounds are positioned and/or immobilised or anyhow
anchored on and/or in the subjacent surface.

25 Under “substantially the remaining sugar building units® is to be understood that
93% of the remaining sugar building units, preferred 96% and especially preferred
98% of the remaining 60% - 40% of the sugar building units bear a carboxyl
group.

30  An uncoated and/or non hemocompatible surface is preferably provided. “Non
hemocompatible” surfaces shall refer to such surfaces that can activate the blood

coagulatory system, thus are more or less thrombogeneous.

An alternative embodiment comprises the steps:

35 a) providing surface of a medicat device and
b) deposition of at least one inventive polysaccharide according to formula
1,

b’) deposition of a biostable layer onto the surface of the medical device
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25 Under "substantially the remaining sggar building units" is to be
understood that 93% of the remaining sugar building units, preferred 96%
and especially preferred 98% of the remaining 60% - 40% of the sugar

bui l di ng units bear a carboxyl group. 30 An uncoated and/or non
henoconpati bl e surface is preferably provided. "Non henoconpati bl e"
surfaces shall refgr to such surfaces that can activate the bl ood

coagul atory syste t hus e re or less thro ou An alternative
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not | ose dohspdtibas.act eri stic of being bl ood conpatible. 10 Under

"bi ol ogical or artificial" surface is the conbination of an artificial
nmedi cal device with an artificial part to be understood, .e.g. pork heart
wi t hi@n ainddri ‘biclbgichkar tartifidiait suiface Sis rtgéecdralyiaaﬂomrcﬁ atepoifidialdnpdieher abl y

2l o sy AR RREAREE 1o, 0 WHOBRaRG P TE0 BRI ORI p ol 22

sur f ace, hgiarcralye then inplemented in the respective |layer covalently
and/ or adhesively bound. In this way it is possible at the sane time wth
t he deposi tlon g,?f a henoconpati ble |l ayer onto the nedical device to

deposit tIKEe &Nl Jaygenaretenasiied prefaeably oy shRikg t&r sprying deethinds, or
20 bilpdegytastaht @rcays slepbsit allécﬁﬁh@lﬁdx@l aitetaéysaaﬁ@\mae Q’thothb*'tﬂépdsilﬁcﬁi of
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dewce to deposit the active agent paclitaxel. The substances for the biostable or
20  biodegradabie layers were itemised already above.

Onto this first biostable and/or biodegradable or hemocompatible layer it is then
possible in an additional non compulsory step c¢) to deposit an agent layer of
paclitaxel. In a preferred embodiment paclitaxel is bound covalently on the

25 subjacent layer. Also paclitaxel is preferably deposited by dipping or spraying
methods on and/or in the hemocompatible layer or the biostable layer.

After the step b} or the step ¢) an additional step d) can follow which implements
the deposition of at least one biodegradable layer and/or at least one biostable
30 layer onto the hemocompatible layer resp. the layer of paclitaxel.

According to the alternative embodiments after step b’) or step ¢) a step d') can

follow which implements the deposition of at least one compound of the general

formula 1 as hemocompatible layer onto the biostable and/or biodegradable layer
35 resp. the layer of paclitaxel. Preferably after step b’) the step d’) follows.

After step d) resp. d’) the deposition of paclitaxel can take place into and/or onto
the at least one biodegradable and/or biostable layer or the hemocompatible layer.
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met hods on and/or in the henpconpatibl g7l ayer or the biostable [ayer. After
the step b) or the step ¢) an additional step d) can foll ow which
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t he neditbate debstaaeest Is preferably a matter of stents. The conventi onal
stents, which can be coated according to the inventive nethods, consist of
stalnless steel, nitinol or other nmetals and alloys or of synthetlc 25

pol yner s Subiectsok e invendion ate tadse rmedichbdexices cwhichdarg themocompatidy ng t o
the pgneicdhted AtBbYding! td 'dHeebf @e TRYBINSHdntioREYNHeHMOMRC MR | Rlse bawRS - A

second | aye
rXechal devices it is preferably a matter of stents.

The conventional stents, which can be coated according to the inventive methods,
consist of stainless steel, nitinol or other metals and alloys or of synthetic
25  polymers.

The stents according to invention are coated with an according to the general
formula 1 preferred covalently bound hemocompatible layer. A second layer
covers this first hemocompatible layer completely or also incompletely. This
30 second layer conspires preferably paclitaxel. The hemocompatible coating of a
stent provides on the one hand the necessary blood compatibility and reduces so
the risk of thrombosis and also the containment of inflammation reactions due to
the intrusion and the absence of a non-endogenous surface, and paclitaxel, which
is preferred to be distributed homogeneously over the total surface of the stent
35 provides that the covering of the stent surface with cells, especially smooth
muscle and endothelial cells, takes place in a controlled way, so that the interplay
of thrombosis reactions and inflammation reactions, the release of growth factors,
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covers this first henoconpatibl e Iayer1?onpletely or also inconpletely.
This 30 second | ayer conspires preferably paclitaxel. The henoconpati bl e
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be cont alﬁj"l,?q_ Py | arzc%)n(ient atlgﬁ L tEe fame or,in tlﬁe heimconpatl bl e
Cayer. THGT aphits 09 Bt SIS SistasheAOgHonaLACHE BShis: Gtk S soptamed 15 3
ng, pref asimidar c@Tedirationn thee danmg cavird thess hemioabmpapibkef layeed bet ween 0.2 ny

to 0.5 ng. Suchlike coated stents release the active agent paclitaxel

controlled and continuously and hence are excellently suitable for the
pr event i diveaplicgRpoupls Aipalwseeatssper layerebeiwaen?.81ung to 8 menprebered i bl e

oval o R B iAo Detheoh 3 2 g O RS B Sehike T o1
mmsks t nGDElRY StRBNDfIpRES {1 PSHvePEePEPAUHERE GPrIlle BneheontaliBusl 9id | he
active agwnceand exoekdrithrsuitadlaiRe tiye pfevidmtioncindwedagto of fgztdniaige.

These stents with a hemocompatible coating are generated, as one provides

25 stents and deposits preferred covalently one hemocompatible layer according to
the general formula, which masks the surface of the implantate permanently after
the release of the active agent and so after the decay of the active agent
influence.

30 The preferred embodiment of the stents according to invention shows a coating,
which consists of at least two layers. Thereby named as second layer is that layer,
which is deposited on the first layer. According to the two-layer design the first
layer conspires the hemocompatible layer, which is substantially completely
covered by a second layer, which consists of paclitaxel, that is covalently andfor

35 adhesively bound to the first layer.

The paclitaxel layer is dissolved slowly, so that the active agent is released
according to the velocity of the solution process. The first hemocompatible layer
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30 The preferred enbodi nent of the ste n§s according to invention shows a

coating, which consists of at |east tmn | ayers. Thereby naned as second

| ayer is that layer, which is deposited on the first layer. According to
the two-layer design the first |ayer conspires the henpoconpatible |ayer,
which is substantially conpletely covered by a second | ayer, which
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adhesbon degramitéd iFSnalit rthmghqmoedmnpaﬂblen Ilayefroreraamer bai athn@nnbogenéoms me
and an ai d ' | had
been alre Sgﬁg vmé(]{cf %%ﬂ%etgr;ﬂeaﬁcﬁ%ggps Efi%h Wégom‘%ﬁ th?é'pﬁ @@mi ns
as at hr oFeREfiONeCAIs OCRTraTwEOrgnd rrasks the foreign surface in such a way,
that no life-threatening reaction can occur anynore. Suchlike stents can

be gener ?L?ﬂilf ?% s?erﬁ?tcgﬂdoé)é?é&%rt]%@ EP%O RSP OF tﬁé’gklﬂ&oﬁpa’c%& E{;Elg'if of 1O

whi ch _th W n rincl a. provi
depodfPt i SHENES, té?"ﬁ"r"@hé"r‘@ tllovdng peReiple |kﬂ@ﬂﬁﬂ'ﬂei’nem)corrpat ible | ayer c.

substanti al §y pf @.ﬂ’gingt(tﬁa(:?ﬁﬁfl ntg of |thfe hem)corrpatl bl e | ayer byI at di plm n%5

or sprayin od. Wi e.an r0| ve active aclitaxe

The’ ot ont o e dsPasighial a motTeb RORIPIE BowniT paGas BwebhlteVatut o

t hr f)nbosi s andubstaatipiy bbeplaté owenngIofethbyrp@hptmpattlaét!eyetabgztﬁd}plping -t ed
t at 1 1] cl we sui t ed,

pecause of t nét PRSI hERdT Sytnehé SBbieRrabE" BrBiCaSER T ot o

antlﬂﬁol | ferative, | nmuno-suppressive active 20 agents. Due to this

capabi | i tmeoéteh&ea&omaﬁ elel ﬁr’i\Jg%}Hi%Hsscﬁ\?é bt ﬂ%e&bbfe% %‘f‘%%ufé‘ﬂ‘ﬁ‘om‘b%g?é' ARf

anount the inventiv oa ed stents prevent nge rest enosl s

al nost cdnpIrseldien W@OHatnaﬁ AypgrRlaga fa‘ﬁ@r a.%eraﬂ lrgreiamféleg Wihiadditiosg thseen
coat ed amwmvegsfemé héﬁ'e gépahial w&s@,mtb@d beehhes of theip db@rﬁgomathél e

| ayer of resaid sacchar.i e especi aII as. |

e O DG foRakY SR o Biin e AV PGS AP B Soc

ci rcﬂﬁ)t agents. dek to it eraplability of the aimed continuous active agent release in a
required amount the inventively coated stents prevent the danger of restenosis

almost completely.

The natural and/or artificial surfaces which had been coated according to the
25 above described method with a hemocompatible layer of aforesaid
polysaccharides, are suitable especially as implants resp. organ replacement
parts, that are in direct contact with the blood circuit and blood, preferably in the
form of stents in combination with an antiproliferative active agent, preferably

paclitaxel, for the prevention of restenosis.
30

The inventively coated medical devices are suited especially but not only for the
direct and permanent blood contact, but show surprisingly also the characteristic
to reduce or even to prevent the adhesion of proteins onto suchlike coated
surfaces. The adhesion of plasma proteins on foreign surfaces which come in

35 contact with blood is an essential and initial step for the further events concerning
the recognition and the implementing action of the blood system.

This is for example important in the in vitro diagnostics from body fluids. Thus the
deposition of the inventive coating prevents or at least reduces for example the
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formof stents in combination with an gpti proliferative active agent,
preferably paclitaxel, for the prevention of restenosis. 30 The

i nventively coated nedi cal devices are suited especially but not only for
the direct and pernmanent bl ood contact, but show surprisingly also the
characteristic to reduce or even to prevent the adhesion of proteins onto

suchl i ke GppeRfic 88REAEEDF Prokins! ¥Rs hictoaftePHRIER d¥ &het ﬁﬁgﬁaﬂf RleBiifs

sur f aces iigﬁh cone i.n._35 cont act d 1s an essen and i ni h)l(al

th. Dbl
step for WHEN: 84 H@Pdef)%rnfj@gé@ﬁti%r(yfgtﬁ@t'oﬁ ﬁgeﬁhé’gﬁgﬁh@ﬁ Shstyrky thgegenera

I mpl ementsargitaettesireattivheahd cad lsath teeafaldificatiors of the analygs eeduport ant in
the in vitro diagnostics frombody fluids. Thus the deposition of the

i nventl ve,coating.prevents. or at |east reduces for exanple.the HEM P01071
VO SCOLATY | 5t A" U RS (3conTRGs 6 THETHPBL GreGRPTIcH omadar Of | a es
or ot her cuppategraphy unsdiavihecimspeeificsadhdsion af gyoteins & disbeptaventetebhods,
t hat di st e I k] St r i n I

fai si 11 carracbdrWiERH bpker SERRIEHHE coRphe! b1 A8 Beky SEERtaeRy o
i nvent i orPWity 888 de@snsiaieddi a or chronat ography nedi a the unspecific
adhesion of proteins is also prevented or reduced, whereby better
separations can,_be ? | eved and products of greater purity can be

gener eolseiﬁ"ﬂé?;'{!ﬂ ﬁé‘-ﬁﬁsof figures 15 20 25 30 35 Figure 1 shows a
tetrasaccharide unit of a heparin or heparansul phate with statistic

di stributg.on of the,sul ph r oups ,and.. ul phation .coefficient of. 2 per
i sacchart B h ¢ SLOME"E 3o FasitBRaBiniEh Al KR br £eBaraStige Witd
conpari son of the statisticudtributon aofi tthes stilphate dgrdupsh@ns e salphatibre of a
conpound accordi ng : : |l D o oL L j 2
shows the infl uencgb%ﬁctﬁ]t%ﬁﬁ%%%%%eee%ﬁ%%%%ﬁﬁ@ﬁé#_g%Heﬁ&%@ @é’gﬁ

stai lPess steel corléaF9r semparisen ohéheslueluea! siodgrilies figuneodls yshows an
uncoat ed stai nl ess exaAfiie G @NMpSIRDN laceBRIING 38 UinedgaSeral formula in the

description.

Figure 2 shows the influence of an into a PVC-tube expanded, surface
20 modified stainless steel coronary stent on the platelet loss (PLT-
loss). An uncoated stainiess steel coronary stent was measured as
reference. As zero value the level of the platelet loss in case of the
PVC-tube without stainless steel coronary stent was set.
Thereby SH1 is a with heparin covalently coated stent, SH2 is a with
25 chondroitinsulphate coated stent; SH3 is a stent coated with
polysaccharides gained from the erythrocytic glycocalix and SH4 is a
with Ac-heparin covalently coated stainless steel coronary stent.

Figure 3 shows a schematic presentation of the restenosis rate of with
30 completely desulphated and N-reacetylated heparin (Ac-heparin)
covalently coated stents and with oligo- and polysaccharides of the
erythrocytic glycocalix (polysacch. of erythro. glycoc.) coated stents
in comparison to the uncoated stent and with polyacrylic acid (PAS)
coated stents after 4 weeks of implantation time in pork.
35
Figure 4 quantitative coronary angiography:
Images of the cross sections through the stent containing vessel-
segment of one with Ac-heparin coated stent (a.) and as comparison
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reference. As zero value the level of bhe platelet loss in case of the
PVC-tube wi thout stainless steel coronary stent was set. Thereby SHl1 is a
wi th heparin covalently coated stent, SH2 is a with chondroitinsul phate
coated stent; SH3 is a stent coated with polysaccharides gained fromthe
erythrocytic glycocalix and SH4 is a wth Ac-heparin covalently coated

stainless steel corgIngHey uhk&dted (Ohesr 8r %a%}%nﬁ(&?hﬁﬁ@rt fcﬁ;rﬁh@él?é‘f@tthé’n of
the restenosis rate of gnth . CO Ietﬁléé des%lfgehated_ar?‘rdsa N-reacety ?ted
heparin (Ac- hepar i BNMabgXpesiient (BeHY A CleaERIferanee i ie Klidkgessap et the

pol ysacchari des of foheed aegintinesytarncbg@bbsasal] x (pol ysacch. of erythro.
glycoc.) coated stents in conparison to the uncoated stent and with
polyacrylic acid (PAS) coated stents after 4 weeks of inplantation tinme in
por k. SFi duigered5 quaretitian plototpaditaxe} framythegstephiwitHovhgapporft médiunyoss
sections through the stent containing vessel- segnent of one with

Ac- heparin coated stent (a.) and as conpari son HEM P01071 W O SGO
Application 21 of one uncoated (unco. or bare) stent (b.). After four weeks
in the dgbxambplexperinment (pork) a clear difference in the thicknesses of
the fornmed neointims can be observed. 5 Figure 5 elution plot of
paclitaxel fromthe stent (w thout support nedium. Exanples 10 Exanple 1
Synt HOsi sExdmglesul phat ed reacetyl ated heparin: 100 ml anberlite | R 122

- am Ha YRS o B R e BB it o ot 1] ea 15 water.

until the eluate was free of chloride and pH neutral. 1 g sodi um heparin

was  di ssio/Rfl anibeHkeTR- 189 @éﬁorﬂ@ggrfburg%te r‘ésfﬁ‘ﬁeﬁ;gég&%cri gms WG nfPhs R Nd

eluted with 400 mi gf ter. The was a vise Into a receiver
with 0.7 Yameiergwid 480 mlsMitdinithe i rfame camveregyanaringed yvith-distiiedy

fr ;aﬁzls- drwster, Uhtd tie SRR Was il 6l dhlaHteSahd prefcutad ded dodivmHapaginfwas k

W a ret.

ovscLL, 4P Re el AEforatEl, %ﬁc%& Gitg e Feulin RiEhand? fslinth Bhdsetec it 523
ng pyri di40uml ohivaterdd heeleateduesiadded Hepivise inkaldireceinat with (hdgr syridin®0C.
DO e el SRR S A YA BT oo e bRty ot e WL i ute
0.9 g heparin-pyridinium-salt were added in a round flask with a reflux condenser
20  with 90 ml of a 6/3/1 mixture of DMSO/1,4-dioxan/methanol (v/v/v) and heated for
24 hours to 90°C. Then 823 mg pyridinium chloride were added and heated
additional 70 hours to 90°C. Afterwards it was diluted with 100 ml of water and
titrated with dilute sodium hyrdoxide to pH 9. The desulphated heparin was
dialyzed contra water and freeze-dried.
25
100 mg of the desulphated heparin were solved in 10 ml of water, cooled to 0°C
and added with 1.5 ml methanol under stirring. To this solution were added 4 ml
dowex 1x4 anion exchange resin in the OH -form and afterwards 150 pl of acetic
anhydride and stirred for 2 hours at 4°C. Then the resin was removed by filtration
30 and the solution was dialyzed contra water and freeze-dried.

Example 2
Synthesis of desulphated N-propionylated heparin:

35
100 ml amberlite IR-122 cation exchange resin were added into a column of 2 cm
diameter, with 400 ml 3M HCI in the H'-form converted and rinsed with distilled
water, until the eluate was free of chioride and pH neutral. 1 g sodium-heparin was
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di al yzed contra water and freeze-driedy,25 100 ng of the desul phated
heparin were solved in 10 m of water, cooled to OC and added with 1.5 n
met hanol under stirring. To this solution were added 4 mM  dowex 1x4 anion
exchange resin in the OH -form and afterwards 150 pl of acetic anhydride
and stirred for 2 hours at 4C. Then the resin was renoved by filtration 30

and the sAsdBNADINGS rili BAILE SSHARNEAD t%&%ﬁgﬁ%gﬁéﬁ@%@g@%ﬁﬁgng %gplvgter?
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Wi th 400 and aMéii@rds titrbtel with pyriding @O pRY 6 efddrsbzeidread with distilled
water, until the eluate was free of chloride and pH neutral. 1 g

sodi um heparin was HEM P01071 WOS@)1Application 22 dissolved in 10 nm
wat er p add8dy baparin-pyridiniunosak vedreragieleddhanmowmdflasiuwitid avaflux cthlemsenf

R T e
hepar i n- B ingURs denr 981G. bee dngi pyridinigmedlandes weke t added emdukeatatienser

‘é"‘é;?egof rdddMioral G03hdurd 6t 90 OAREMRIAIA idwaE QiR RARTY nlIVAVivleradith

r_.24 hour o 90C. Then 823 ridipi unchl oride were added and
heat ed gﬁfﬂt‘?‘i’ o‘ﬁ'gi' (g'@i%ﬁﬂdéumo W@"dﬁf&gar%r%s#ﬂ? Q\%%"'&i‘qtﬁ cReRaih Wap n
of wdOer dialgzed coninh edchter afd flebpé-drieddi um hydroxide to pH 9. The
desul phated heparin was 10 dialyzed contra water and freeze-dried. 100 ng
of the desul phated heparin were solved in 10 ml of water, cooled to OC and
added wi t100Lg of theedesuiphated d@pagini wetengplvad in ADsnkof watesncoeled tadif&l 4 ni
dowex 1x ' Prap = £ or |, of 15
pr opl oni ' ap )§@e@§‘“ he D] Aifladd) Ut ol D B BB added HP

renoved EPWEX TXAanioR gxehange 4esint InbiheeQHdfemy and @erwardsat’'Se2 naf

fr eeag- driregionfammldride aHY Slaras fRiehdls|dt WY CITASH HISERIYIS wils (@PrBRRIANsp
according,to.the (ﬂfhnerall fornul 1%&% | SO 1?933-4 gl n vi.tro measurenents):
For the rEERHANLAR eo?"FH%“H"@ﬁtfﬁ%'Hﬁ B3 Waterrand Eeegirpiefds according to
formula 1 cellul ose nenbranes, silicon tubes and stainless steel stents
were 25 covalently coated with a conpound according to formula 1 and tested

contra
Example 3

20  Hemocompatibility measurements of compounds according to the general formula
1 by ISO 10933-4 (in vitro measurements):

For the measurement of the hemocompatibility of the compounds according to
formula 1 cellulose membranes, silicon tubes and stainless steel stents were

25 covalently coated with a compound according to formula 1 and tested contra
heparin as well as contra the corresponding, in the single tests utilised uncoated
material surfaces,

3.1. Cellulose membranes (cuprophan) coated with desulphated, reacetylated
30 heparin (Ac-heparin)

For the examination of the coagulatory physiologic interactions between citrated
whole blood and the Ac-heparin- resp. heparin-coated cuprophan membranes the
open perfusion system of the Sakariassen-modified Baumgartner-chamber is
35 used [Sakariassen K.S. et al.; J. Lab. Clin. Med. 102 : 522-535 (1983)]. The
chamber is composed of four building parts plus conical nipples and threaded
joints and is manufactured of polymethylmethacrylate and allows the parallel
investigation of two modified membranes, so that in every run a statistic coverage
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heparin as well as contra the corresponlng, in the single tests utilised
uncoated material surfaces. 3.1. Cellulose nenbranes (cuprophan) coated
wi t h desul phated, reacetylated 30 heparin (Ac-heparin) For the exam nation
of the coagul atory physiologic interactions between citrated whole bl ood
and the Ac-heparin- resp. heparin-coated cuprophan nenbranes the open

per fusi ong %ahagaOfmeh%o%k@éﬂoﬁsaﬁﬁhgo&aérgs@ ggﬂﬁﬁg chdbgggn?ﬂgpgﬁﬁu%ﬁ?ﬁ used
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pl at el et cupancy presents because 0 escri Phteractions an
accepted quantum for the thronbogenity of surfaces in case of the foreign
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1 ti ou

the cont (EEURRheY s bR Ehe PERGALBA L RAck 1o Biariclis VS BeMcBtitfity bk

pl at el et exemipedsyfass ito bB Jw@gedaparl n-coated surfaces show values fromo -
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show clearly the improvement of the hemocompatibility of the foreign surface
through the coating with Ac-heparin. Heparin-coated membranes show a 45 - 65%
platelet occupancy, whilst Ac-heparin-coated surfaces show values from 0 - 5%
(reference to subendothelial matrix with 100% platelet occupancy).

25
The adhesion of the platelets on the Ac-heparinated surface is extremely
aggravated due to the absent, for the activation of platelets essential plasma
proteins. Unlike to this the heparin-coated surface with the immediately incipient
plasma protein adsorption offers optimal preconditions for activation, deposition

30 and aggregation of platelets, and uitimately the blood reacts with the
corresponding defense mechanisms to the inserted foreign surface. Ac-heparin
fulfills by far superior than heparin the requirements to the hemocompatibility of
the foreign surface.

35 The interaction of plasma protein adsorption and platelet occupancy as direct
quantum for the thrombogenity of a surface, in dependence of the to the blood
offered coating, is made clear especially well by this in-vitro test. Thus the
utilisation of covalently bound heparin as antithrombotic operant surface is only
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25 The adhesion of the platelets on thegAc-heparinated surface is extrenely
aggravated due to the absent, for the activation of platelets essenti al
plasma proteins. Unlike to this the heparin-coated surface with the

i mmedi ately incipient plasm protein adsorption offers optimal
preconditions for activation, deposition 30 and aggregation of platelets,
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of the i niffihig} toWRIr@SUbSagitiorRCiRitiatiRg b%de%%éénaﬁﬂs?érﬂgﬂ Veftter covalent
at hrorrbo%tenr}q(fﬁjs propertles that are “denonstrably founded In the passivity

versus a $nbin 111 and the missing affinity towards coagul ation
I nitMéting processes and remain after coval ent bondi ng. 15 Ther eby

Ac- hepar i are
opt i mai 1y EPPu A erath, GBI GorbBind el G oulirpkisaiie, T dbeEL ey ¢ n
t he coagmtmalb'nssmleniorztbleBcamouﬂagbl ofi Mtgm sarfasés iic ocuntddlr evithhtlee 1 m
| ong sili ? ; 3 mminside dianmeter 100 ml of a mxture of

et hanol / &)%gr 1 1é(l>\‘S was punped in a circular notion for 30 m nutes at

40C.
20 3.2. Immobilisation on silicone

Through a 1 m long silicon tube with 3 mm inside diameter 100 ml of a mixture of
ethanol/water 1/1 (v/v) was pumped in a circular motion for 30 minutes at 40°C.
Then 2 mi 3-(triethoxysilyl)-propylamine were added and pumped in a circular

25 motion for additional 15 hours at 40°C. Afterwards it was rinsed in each case for 2
hours with 100 ml ethanol/water and 100 ml water.

3 mg of the deacetylated and reacetylated heparin (Ac-heparin) were dissolved at
4°C in 30 ml 0.1 M MES-buffer pH 4.75 and mixed with 30 mg CME-CDI

30  (N-cyclohexyl-N-(2-morpholinoethylcarbodiimidemethyl-p-toluenesulphonate).
This solution was pumped in a circular motion for 15 hours at 4°C through the
tube. Afterwards it was rinsed with water, 4 M NaCl solution and water in each
case for 2 hours.

35 3.3 Determination of the platelet number (EN30993-4)

In a 1 m long silicone tube with 3 mm inside diameter two 2 cm long formfitting
glass tubes were placed. Then the tube was closed with a shrinkable tubing to a
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Then 2 m 3-(triethoxysilyl)-propyl am pg were added and punped in a
circular 25 notion for additional 15 hours at 40C. Afterwards it was rinsed
in each case for 2 hours with 100 ml ethanol/water and 100 m water. 3 ny
of the deacetylated and reacetyl ated heparin (Ac-heparin) were dissolved at
4Cin 30 M 0.1 M MES-buffer pH 4.75 and m xed with 30 ng CME-CDI 30 (N

cycl ohexydirdh GRd ﬁmé@%ﬂhgne%lnyb%wapqﬂa i it é%.e\m 'ay(i 4%@%%@@@@0% e).

Thi s sol ution was In a clircu for ours at fough
the tubedOingSey %? cﬁr'f‘ge\)&é%s peed da fill lnhthﬁa%'ldt'c'll WI\H\'@ other §yriBge AP wat er

I(EN§8833 wesetof Wm@u&ﬁiérﬁr B Soldtibe Wigexiiangad Aindeh @xplugiod &1t aif @seB!

I 2
L ong 1 or 5k Pify e e SAnGes agaPet sitfed'wiie pRad:6F el TErCRetsR ¢ n o
shr i nbabl Ehernu e getessaholEb FF0the 74yringds SEeteAploised diy posi@ibgcthecglesaidbés | | ed
under ex%\}é?'tﬂerrPEné"tB%‘pre %Vziﬁs% B&ﬁﬁ%&ei&t%@ é%a%‘@a;%mgoﬂb' BBod 'Was dO! N9

SO one syringe was use sol ut1on a t her syrln € was

used to rRuypRed fere@ninutesawvitfopfloveratad 1S0cmimirdl e atatelek sontenbof d1e ai r

(bl eb- frggdpd Wrdd n’iéﬁ%u‘i‘é@ bRYSreNGRS ABRIAS Ip eﬁfdsfcﬁ't @\ﬁ’chV‘@QJo‘ﬁthlL esdntt. For
r|n S were osed by

heal t hy test en th cess hole e

puohi ny 1ogG STERR bGP RIAETRLdase WHS OF J006JBSoR AR 10 I0SS S o

di ?l M9 s mwmnlonThlmebl wmbrv\m@re nuatwih augmftrrdicl;@ 1o QxﬁrﬁpleV\bg_’h lu)mfafvbm@d gt e;’/pf 150
m/mn. T t nt _gf the ood was neasured before and after

t he perfngﬁgﬁ)e\?ﬁoﬁﬁgée@g‘%hfsep_%unter. For uncoated silicone tubes the
platelet | oss was of 10% In contrast to it the loss was 10 in silicon

tubes, WhAicH iMBhig r@ﬁ%ﬁﬁ@ t@%%%rﬂgt |%%Wh§t ﬁlezact tht@‘H %?Z»@ﬁe%E 8K an

(nurrber of exper.l nam ¢ 'S shown
that the Aehepatn gaatsd wr&lc‘@l Iétrgdwchrsmmtaﬁe@wlm %hb@de@med,c@at the

reduggd. |§|mbtb|h§d1ﬁmléﬂ Mepéruméﬁe@ﬁeé%pﬁégﬁﬂne Efédt 6rhﬁ1elﬁehmeh1danamw gp of
heparin u%{esda n atlA/e ef %H% g emocqnpati bility of the
LT sed e pRd st Gt E AeRRPATS RIRS, (R SROHAGE (18 PRSRassi ve
-nat ure, nuatafd, eotaefaats ocdrdact with the platgletat el ets. 3. 4 Whol e bl ood
experinments on 316 LVM stainless steel coronary stents 20 In line wth the
bi oconpatibility experinments 31 mmlong 316 LVM stainless steel stents
wer e covas-ént |Wholsablead wixparimentiepnSil6.LVM stzibleseisieel corenarg stdndse of 2 cn?
and agoccupancy coefficient of about 20 pmicn stent surface the charging

of
In line with the biocompatibility experiments 31 mm long 316 LVM stainless steel

stents were covalently coated with Ac-heparin. In case of a fotal surface of 2 cm?
and a occupancy coefficient of about 20 pm/cm?® stent surface the charging of
such a stent is about 0.35 pug Ac-heparin. As comparison: in case of thrombosis

25  prophylaxis the usual daily application rate of heparin is in contrast 20-30 mg and
thus would correspond to the at least 60.000 times the value.

These experiments were carried out with the established hemodynamic Chandler

loop-system [A. Henseler, B. Oedekoven, C. Andersson, K. Mottaghy;
30 KARDIOTECHNIK 3 (1999)]. Coated and uncoated stents were expanded and

tested in PVC tubes (medical grade PVC) with 600 mm length and 4 mm inside

diameter. The results of these experiments confirm the according to the silicone

tubes discussed experiments. The initially to the stent attributed platelet loss in the

perfusate of 50% is reduced by the refinement of the stent surface with Ac-heparin
35 by more than 80%.

The influence of in the tube expanded, surface modified coronary stents to the
platelet loss is evaluated in further Chandler tests during a 45 minute whole blood
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such a stent is about 0.35 fag Ac-hepapgn. As conparison: in case of _
t hronbosi s 25 prophylaxis the usual daily application rate of heparin is in
contrast 20-30 ng and thus would .correspond to the at |east 60.000 tines

t he val ue. These experiments were carried out with the established
henmodynam ¢ Chandl er | oop-system [A. Henseler, B. OCedekoven, C. Andersson,

K. Nbt t agherfusin KAGDIHE Bkl thel $@ARIke H0B!1tEBea8GnuRGea! Bb sLRBhe VBT €
ded d ted in PVC tube di cal grade PVO) th 600 | engt h
e o bRl e T PR S v e Verbe el 5 o7 A7, B
accor di ngegardihg tsithé doner bladuest distandare cabexpztionnefrdalely e %n I“Fhisﬁbias% t 8
th t ent ' - rfus 0 r y
the refi niiun rBPHER BBl SurtapS bbbl SoRR A BpBntea I the PVCHEES 00
The i & | iRitareanalisedundenznalsgeuricenditons o therbytheracavsed platglet fasst s t o
the platiglogbulsOsiBolin thisaddsal ashtl tHefé{éﬁthé‘(fve(FB&@?}r%be,t %ﬁ@ugggw%@mﬁ” ]

. 1 o
or ey 11y ol Bdrerdpvetal el purtashr

I cation 26 per
GRUSES 3 Rigndisapbaadoreprediicable ¢ he

zero \éal ueffecthen Etﬁetwlateliétecghl@r\ﬁ Aﬁgmmga@@ tgbaéﬁ?itpgi tblﬁ?s(béfse |2\73h4e);/fth/e Thi s
' . . . andar d aberrat,iqn , e b0 [

baga | arandlin s 8 Fothed riimiBaltt BRESHTAG Fat: dRoChiskB &) adiuded ' he

PVC flfbesaveragel platelehivab o 2. 1 d€herevdlhoguse s dbisdionimared do thé PGy etripgyn .

d pl I I . 10/ : ere

cased Dbl sl s o4 OSSR ol A gkl SUEphif e

causes a Riptigtiloea difrat respitdethatihe medicivel stainless sisiehBdPdiVMasmeshas

Accor di ngsteft fnbterRiMidudedba GBage10akiHRs §t%gé3§é%ﬁt%ﬁ?ﬁﬂ%@§3%ﬁh§f‘&¢’

chem cally no urfac ated stent vyields an additiona age

bl at el ot 38U rads RV Rultans. athodGhel's 1958 sEApR.CB peraumes RO 8 y

t ube 16es oftthanothbsumasaur abl e forei gn surface an approxi mately conparabl e
platelet loss. A direct result is that the nmedicinal stainless steel 316
LVM used as stent material induces an about 100 tines stronger platelet
damage coHjsapedlysed sarfasedicoatings anethP\ataimladsastee! abronangbtents showsto saur f ace
only accoiyié o rédudk 3?&’ cléarPind BRokRGGS dRHEASSR cﬁ-ﬁ?@ s?é}‘gl iﬁaﬁtgt?oe B[afté‘éle
coatings on the stalnléss steel coronary stents show to be "able to reduce
very cl edAMageSesiig-ruds mom mifeshve praved with 81-5% the Ag-hspariel (H4)danage
(see2big. 2). As nost effective proved with 81.5%the Ac-heparin (SH4). 20

lc](c)n; ,hg e(ragfj,ﬁ% %ﬁgétstot}ethécﬂchﬁggér'ir?-bgg e%esclerslttsegr% ?he(;) r|]3Iat’tarall(taat %s%t grlee(tzorlls?éesreg,r ©
then good congruent values result. The correlation of the platelet loss in the
perfusate resp. the adhesion of the platelets to the offered surfaces show the
reliability of the measurements.
25

3.4.1 Covalent hemocompatible coating of stents

Not expanded stents of medicinal stainless steel LVM 316 were degreased in the
ultrasonic bath for 15 minutes with acetone and ethano! and dried at 100°C in the

30 drying closet. Then they were dipped for 5 minutes into a 2% solution of
3-aminopropyltriethoxysilane in a mixture of ethanoliwater (50/50 : (v/v)) and then
dried for 5 minutes at 100°C. Afterwards the stents were washed with
demineralised water over night.

35 3 mg desulphated and reacetylated heparin were dissolved at 4°C in 30 ml 0.1 M
MES-buffer (2-(N-morpholino)ethanesulphonic acid) pH 4.75 and mixed with 30
mg N-cyclohexyl-N"-(2-morpholinoethyl)carbodiimide-methyl-p-toluenesulphonate.
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t hen good congruent values result. The gorrel ation of the platelet loss in
the perfusate resp. the adhesion of t%e platelets to the offered surfaces
show the reliability of the measurenents. 25 3.4.1 Coval ent henoconpati bl e
coating of stents Not expanded stents of nedicinal stainless steel LVM 316
were degreased in the wultrasonic bath for 15 mnutes wth acetone and

et hanol rd g ck: | : ' .0 Thﬂﬁ fﬁ%& e i pped
for 5 m ﬁﬂ? 2% slfoﬁ'%f)&{a1§%)9@g# %%%"ﬁ%dq@ggﬁqg‘r?yé%g% tCr'i e r{)xy i\)log':?em?én&g

m xt ure ofittewataioft Mdta&y spbdies@nd water jn gaeh caepfordt hedrsf or 5 ni nutes at
100C. Afterwards the stents were washed with dem neralised water over

ni ght. 33 2 NDe@eildtRAlddhe oilidotanfiy bakert BeRR ddatd@ st pyplPas at 4C in
30 Mg0.1 M N%S—@m%{er (2-?@mrpﬁ@?%n§§etkanesu dEihoni C ac?g) pH 4. 75 and
mxed with 30 ng ) ) )

N- cycl ohdXydrolysis{ sthgocpatad méentay RIS GivRi innsmallnbydralysis ttybgenasdl afonat e.

o1 T2 abEREp Rt bt et ik n plhcon Shre e mig 111
and wat erMeidl pIRles A rempves > tupeg @ede?@%?ﬁ%fﬁ%}%eaﬁns i 1 BoYSani ne

content dh théelrgingt ddsett 160 BE. ARt fHegrarkysilosved te cooladi@sin stemboratade

cact Py A bt o 4P S 4Pk B in £ 4R (88 et A o wieAnd o
t he t ubedgnaasuredooniiaan albo dydudydatad standatd imther BPLCh t he drying cl oset at
100 C. Then they are allowed to cool down, evaporated 10 three times until

dryness and tgkemup i nmde-gasgdand fiittered water —and—meqsur ed
contra an al sp hydrol ysatledlestighatiard in the Heubhatsanpl desnbal phat. + area
desul phat. + desul phghpie | Bi@t RESANGACEEa NERRE! oAl GALEL neddRRAr i N
reacet. heparjin [,/ sanpllel | cnnol / gnP
stent area [gisample] [cm?] fgfcm?] [pmol/cm?]

1 129.021 2.70647E-07 0.74 3.65739E-07 41.92

2 125,615 | 2.63502E-07 0.74 3.56084E-07 40.82

3 98.244 1.93072E-07 0.74 2.60908E-07 29.91

4 105.455 | 2.07243E-07 0.74 2.80058E-07 32.10

5 119.061 2.33982E-07 0.74 3.16192E-07 36.24

6 129.202 | 2.53811E-07 0.74 3.43124E-07 39.33

7 125766 | 2.53957E-07 0.74 3.43185E-07 39.34

15 Example 4
In vivo examination of coated coronary stents (fig. 5)

4.1. In vivo examinations of coronary stents coated with Ac-heparin

20 Due to the data on hemocompatibility, which Ac-heparin vielded in the in-vitro
experiments, the suitability of the Ac-heparin surface as athrombogeneous coating
of metal stents was discussed in vivo (animal experiment).

The target of the experiments was primarily to evaluate the influence of the Ac-
25 heparin coating on the stent induced vessel reaction. Besides the registration of
possible thrombotic events the relevant parameters for restenotic processes like
neointima area, vessel lumen and stenosis degree were recorded. For the
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4 In vivo exam nati on of coated coronary stents 4, 1. In vivo

exami nat (SPRISIPT 8 f7h W%’e‘#@#tsgeé@ade%pmpvw ABIM@IBPHRl- 20 Due to the data
on henoconpatibility, which Ac-heparin yielded in the in-vitro

experinments, the,suitability of .the Ac-hgparin surface as athronbogepeous
conting. A SRS, ibn e oofenbleE i ofulhrr Haculs S AR, Pt e

t ar ged ofthiambeticp eventsnvereasegistereaat, | What onay deuatssesser iasf lpumofc forothd he
Ac- 25 h ' | b d ed vessel reaction. Besides the
registra?#@ﬁ’o t%osgp ﬁge?%ﬁgﬁgg??%héven's the rel evant paraneters for
restenoti c processes like neointim area, vessel |umen and stenosis degree

ot h ol g nour esk holeiaiéro opichedBLlan e, e QARG 2 -
long ti meT LY 0Ny Sxtclsh ABYaIstamarRhomsialy analysad dedicationnda @
expef0menossibde tibete arcstbehronib dexitity, Iaﬁerdiﬁtbn?efat;l@oneﬁort mtei?ﬂh%nﬂgﬂi(ﬁwﬁ S

0 I e, atnro eneous
or oper £ SDNSpalendi 8 MM RAREY 39 AEReBERD confid it A R SASR
(‘eut hani zistiing theecanpleteeaxpeninaata) phase cespesialyanttbe distolagiceexamination.
hi st omor W@(ﬂiecéﬂehi’i ?%hi’a‘i%‘i‘r ad %'Il%t{h‘énl%llé;&-n?pullc?ro?ﬁg;fbﬁéi‘ﬁp ! i€ d9fa

subchronic toxicity, allergisation reactions or . eri I oNsS as
consequerf€és yreremsqengingst avhish rarmilc andptarpretalinn withskegard tarthenassel
obsenged redthidri thessteBiRAagaRer | nental phase, especially in the

hi st ol ogi ¢ exam nati on. ring the stent inplantation as well as the

foll owup coronary-angi ographic data sets were ascertained, which permt
an i nt er prhet diffevanee thetwegarttiet unddated esnfiol sidntr &t thed-hepdrin soatdd

act hopar SLctis [BGnitigldIEe ictiich bA ARERERSANERR %k 817 thef Bt
neoi nt i mancagatad jeontiel csignt ofery hwell upbsrivablec oNready saftent fausr wesks| the

obsepgablelifatdtRAI¥rothdtRin Sffect'Beife UREoated stent surface on the surrounding
tissue occurs in such a degree, that ultimately the danger of the vessel occlusion
in the stent area is given.
Contrary in case of the Ac-heparin coated stents a clearly thinner neointima layer
is observed, which argues for a well moduiated ingrowth of the stent under
25 maintenance of a wide, free vessel lumen.

The detailed histomorphometric and coronary angiographic data substantiate this
conclusion, as it can be observed congruently, that via the Ac-heparin coating
(SH4) the neointima hyperplasia {,restenosis“) was repressed by about 17-20% in
30 comparison to the uncoated control stent. This result is unexpected and
remarkably at the same time. Surely it is not demanded of an athrombogeneous
surface to have an influence also on processes that lead to a neointima
hyperplasia, i.e. to prevent restenoses, in addition to the preposition of
hemocompatible characteristics.
35
On the one hand with a dense, permanent occupancy of the stent surface with Ac-
heparin a direct cell contact to the metal surface is prevented. As in technical
literature the emission of certain metal ions into the implant close tissue is
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20 proliferation pronotional effect of oghe uncoated stent surface on the
surrounding tissue occurs in such a degree, that ultimately the danger of
the vessel occlusion in the stent area is given. Contrary in case of the
Ac- heparin coated stents a clearly thinner neointima |ayer is observed,
whi ch argues for a well nodul ated ingromh of the stent under 25

mai nt enangigciiised 34 BRe ProBSbIEERa8HN 01 TB&enER Qﬁteﬁfltil-r%@féﬁcﬁé PRI UHRAA | C
and coronary angi rargl)hlg data substantiate this c&nc usion, as"it can be
obser vedrlleoﬁ’é#"’ﬁgﬁt ng phthe goatingcaysed dsayentionsdia '@90’[("%?4@51 CeMaCheoi nti ma
hyperpl asia (" restenoss") was repressed by about 17-20%in 30 conparison
to the u 0 ol .stent. This .result is_pnexpected and remarkably at
the same Dn e SR 50T pqsiile siE it S pHISIE TGRS & BN Rce < o
have an iathiambegerdrousosiept sudace withithe dlestceofaa pltélet aggredatiperaléasi a,
i.e. to : v fl P d h itd :
hemconpart i oher e eAEaE of Mefifiety icdted Groditachls 3% & be missed. non
occupancy! His @Re ingparani jstedtg fiorm the- lumgarside.astimplitst of dhe Beeintizwl t o

t he net alpreliferatich isorpittedented. As in technical literature the em ssion of
certain netal ions into the inplant close tissue is HEM P01071

WO SGA Application 29 di scussed as one probable reason of restenosis, an
ant i 410estemmpled®t ency could be founded by one of the coating caused

preventi ' . e r hand such a positive
si de effCe@?ﬂ“ﬁ%ﬂbé%ﬁ%?@'&?%%gé?%e 3%5@&'37%?%%5 at hr onbogenenous st ent
surface with the absence of a platelet aggregation also the proliferative

effects Ofnd D LREMBRY 1" ShERIBMII PDRUACY Hot Apanlisd et SHBthalaftets an

important, startin rom-t 2 stinu > neol ntima

or ol i f er dANchROTZOANY hEBY ofo i raeisl ban(d 0@ MMMl Whichis SWOKHOR 4@l by
tre ?Br a)fbfﬂéioliﬁieékigabfﬁh@dwﬁﬁi(ﬁ%éﬁﬂ'fléleél éﬁlﬁplﬂéﬁ?ﬁhﬂ rfa;}a_&égnﬁtrelcisg%irﬁm@é\d geg
stents ar al an .an ori nl i Vo onun n I Nn a r = .
™ oy ieR B TEEd iR Wtk At Biel e aRS sterils tPEE LB bty el At

equi pnenta feediingaatpitude ¢fh2.2&m /amdra feBding séleoitys obd end/s end a distdrate oy,
that the | i r.. i

bl i £ nasThEeSRsth SR AE oty 8RRk SOHCR, Se)EyeR it ¥ne Batdthd Wray
cm bet we&®lwiom Aftendhe gnang (abawt Tohainttesitatireorpiempaiatvire Andipsoxmate dul ar
Spragg  the fume hood over night it is balanced again.

Fabrication of the spray solution: 44 mg taxol are dissolved in 6g chloroform.

stent no. before coating after coating coating mass

1 0.0194 g 0.0197 g 0.30 mg

25

Example 6
Determination of the elution behaviour in PBS-buffer

Per stent in a sufficient small flask 2 mi PBS-buffer is added, sealed with para-film

30 and incubated in the drying closet at 37°C. After expiry of the chosen time
intervals in each case the excess solution is depipetted and its UV absorption at
306 nm is measured.
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solution. After the drying (about 15 nbﬁutes) at room tenperature and
proximate in 20 the funme hood over night it is balanced again. Fabrication
of the spray solution: 44 ng taxol are dissolved in 6g chloroform stent n
before coatisafter coatingcoating mass o. 10.01940.01970.30 m 25 Exanple 6
Determ nation of the elution behaviour in PBS-buffer Per stent in a
sufficient small flask 2 m PBS-buffel gadded, sealed with para-film 30
and incubated in the drying closet at %y@ After expiry of the chosen tine
intervals in each case the excess solution is depipetted and its W/

:absorpt anwgté\/lecﬁlgﬁdﬂé%bé Wéiheét Ie’;‘éﬁ’b’*cﬁ%l W%?%a%@pbf Qﬁ%'rﬂ@d%f@lth
ai s i cal devicge n a ne part o rface e
medi cal - devedites i bard Heel iy e of ot b ditegRcert biodfaig andlor

bi ost @bl e andictedgradialsid dgyadalitheal lrgraocomphtibichiagyec copgirisiiige at doast one
conprising a 0 d of the fornula 1 HO 10 wherein n
represents atr? hﬁ@@&&ﬁ%‘?ﬁ@‘ﬂ%%nd 1050, Y represents a residue -CHO

- COCH3, -COC2H5, -COC3H7, -COC4H9, -COC5H11, _COCH(CH3)2, -COCH2CH(CH3) 2,
- COCH( CH3) C2H5, - - COC( CH3) 3, - GH2COO, - C2H4000 , - C3H606P , 15 - CAHBOOO
as well as salt|s of these conpounds, and on, in and/or der the

henmoconpati bl e |l ayer-Q active agent paclitaxel is pre ﬁg_tl 20 2. Medi cal
devi ce according to 1, wherein Y represents the regitdue )
O OMedical

- COCH3, -COC2HH as salts co
devi ce accoH@r i wherekn Y is =

OH HOCH/

10 wherein
n represents an integer between 4 and 1050,
Y represents a residue —CHO, —~COCH;, —COC4Hs, —COGC;3H;5,

~COC4H, —COCsH11, —COCH(CHa),, —~COCH,CH(CH3)»,
~COCH(CH3)CoHs, —COC(CHa)s, —CH.COO", —C,HsCOO , —C3HsCOO,
15 ~C4HsCOO,

as well as salts of these compounds,
and on, in and/or under the hemocompatible layer the active agent paclitaxel
is present.

20 2. Medical device according to claim 1, wherein Y represents the residue
—CHO, ~COCHgs, —COC,Hs, —~C0OC3H;, as well as salfs of these

compounds.

3. Medical device according to claim 2, wherein Y is —COCH:s.

25
4. Medical device according to one of the previous claims, wherein the
hemocompatible layer is directly placed on the surface of the medical device
and onto said hemocompatible layer paclitaxel as well as mixtures of these
active agents are deposited.
30
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25 4. Medical device according to one gﬁ the previous clains, wherein the
henmoconpatible layer is directly placed on the surface of the nedi cal
device and onto said henoconpatible |ayer paclitaxel as well as m xtures
of these active agents are deposited. 30 HEM P01071 W O SGOL Application
31 5. Medical device according to one of the previous clains, wherein under
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pol yqgpr ol aCté?ﬁ#&‘ﬂﬁé'b}@ﬁéMieaérﬁﬁermé' KibBteSKaBR! MyEFS as e.g. from .
ol i gocaprol act onedi ol es and ol i godi oxanonedi ol es; pol yet herester multi bl ock

polymers as e.g. PEG and pol y(butyl enet erepht al ates), pol ypi vot ol act ones,
pol ygl ycd.i c Medidak ddvied bwctordﬁrgbtbrtmeeef theqirgeiaup folaimas thactdrisedl indesit

Rt ey, pol yirehaRBRBl RS Ton BE BRSBTS bl et Al RS

aci d poly-e-decalactones, polylactonic acid, polyglycolic acid, polylactides,
20 polyglycolides, copolymers of the polylactides and polyglycolides,
poly-e-caprolactone, polyhydroxybutanoic acid, polyhydroxybutyrates,
polyhydroxyvalerates, polyhydroxybutyrate-co-valerates, poly(1,4-dioxane-
2,3-diones), poly(1,3-dioxane-2-one), poly-para-dioxanones, polyanhydrides

as polymaleic anhydrides, polyhydroxymethacrylates, fibrin,

25 polycyanoacrylates, polycaprolactonedimethylacrylates, poly-b-maleic acid,
polycaprolactonebutyl-acrylates, multiblock polymers as e.g. from
oligocaprolactonediocles and oligodioxanonedioles, polyetherester multiblock

polymers as e.g. PEG and poly(butyleneterephtalates), polypivotolactones,
polyglycolic acid trimethyl-carbonates, polycaprolactone-glycolides, poly(g-

30 ethylglutamate), poly(DTH-iminocarbonate), poly(DTE-co-DT-carbonate),
poly(bisphenol-A-iminocarbonate),  polyorthoesters, polyglycolic  acid
trimethyi-carbonates, polytrimethylcarbonates, polyiminocarbonates, poly(N-
vinyl)-pyrrolidone, polyvinylalcoholes, polyesteramides, glycolated polyesters,
polyphosphoesters, polyphosphazenes, poly[p-carboxyphenoxy)propanel],

35 polyhydroxypentane acid, polyanhydrides, polyethyleneoxide-
propyleneoxide, soft polyurethanes, polyurethanes with amino acid rests in

the backbone, polyetheresters as polyethyleneoxide, polyalkeneoxalates,
polyorthoesters as well as their copolymers, lipids, carrageenans, fibrinogen,
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trimet hyl - car bonat es, polytrlnethylcarggnates pol yi m nocar bonat es, pol y(N
vi nyl ) -pyrrolidone, polyvinylalcoholes, polyesteram des, glycol ated

pol yesters, pol yphosphoesters, pol yphosphazenes,

pol yp- car boxyphenoxy) propane] , 35 pol yhydr oxypent ane aci d, pol yanhydri des,
pol yet hyl eneoxi de- propyl eneoxi de, soft polyurethanes, polyurethanes with

d te I I e,
Dol yal keheoxaren colledns NORANS boBeH) Poliifes, ChaAmiRg US| I?.é”b‘?ds
carr ageenans POIMQW'PHO@@HS ?EIOI popditied VV@S@WWQ&W@&@D@%@Q Racliecacid,

col Llagen pr @Cﬂgﬂf baggtl p%dﬂlﬁé@ Qﬁdi yaﬁ})ﬂo asodified SYﬂ?mt ' §n%p0b¥§?hn0
aci ds, zein, i fi ein r oxyal kan ect.i,c .aci actin
S e Rl e e PRSP R Weritoyiasehy A0 Bhat e,
al bunbn, nor eevigativesal ur beparamsut;bhatés t osamk arnits i t sdérivddives,at i \neparin,

h | ph 0 ' r e

dextr Zﬂs”bpc%ﬁﬁ%mﬁ ) HRLHD bl idltIng, EBBORARS AN RS Bnd
gunmi  ar abi CMVI@@WIGTI%V%QII gemngiofnalinsm, guan, egyéaim Mﬁﬂ@%y@@ll&geﬂr% de,

l'i pi ds, phospheirdBistiecinifdief | IGAdd, OBEO%I%IISJW' Mf&!“fﬁ:at:@ﬂgl 8hd "EotperLf
af ore nentione subs nceiéfre used ?I-‘]b di cal device accord| ng to one
i

of the previ &/NQ ofeaentianged spbstanges 1€ Yseskst abl e subst ances for

t he boostabl e | ayer polyacryllc aC|d and polyacryl ates as
I th | at e th | at |
Dol yacr y1 hi Ve e AR TRy i tious BRINETHNABRAER ip ot
pol yi m des, @sl )bixmtbblaatse!bstqmngcéarbdhe eblostalde lgyary polypcriiet agigs , and
| yvi nyi hal ly, I I
ol sobuts ARt ., NG e 2, Ao
pol yvi nyl pyr@wa@aﬂ@@l Dol yBOYRAW 9nlérrlI@§. popwé\w@m%t hy| Rleetkierrmides,

pol yeshyl ene poBRitMAERRNIR)E, ﬁmmﬁ@ésr af'p&%@@bbﬁéﬁge %I%’éﬂ%d’t@ﬂ%eszo

polyetherureth i |icone ur et hanes,

si | i cone- pol ¥ EP’HM@% Ne% et harkd %%Qﬁ?@bgh el azltpb'ﬁgﬁ?n denkzlogemdes
pol yi sobut yl mgaunylﬁﬁé)‘d gurmmlylédhlmyleaaastl c grugvingardroxipspt hpblyhiriym&ﬂeﬁ
bol yval er at 2o ARhetI ool PHFBELHELEREREc., "PRYEELEBPIbEr ot co.
25 cel | ul ose@olye&méene,cel pelypropxtenseat e poligidaituoreethylans, | ulppdwrethasies] u
| osepfut yr at gRyctifdrubdtAsRES et 3iRBHE HoRlctferurdth%h¥s NY IsiicBhalfo R RBMHER! S
silicone-polycarbonate-urethanes, polyolefine elastomeres, polyisobutylenes,
EPDM gums, fluorosilicones, carboxymethylchitosanes,
polyaryletheretherketones, polyetheretherketones, polyethylenterephthalate,
polyvalerates, carboxymethylcellulose, cellulose, rayon, rayontriacetates,
25 cellulosenitrates, celluloseacetates, hydroxyethylcellulose,
cellulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers,
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones as
polysiloxanes, polydimethylsiloxanes, polyvinylhalogenes and copolymers,
celluloseethers, cellulosetriacetates, chitosanes and copolymers and/or
30 mixtures of these substances are used.

11. Medical device according to one of the previous claims, whereas instead of
the active agent paclitaxel one of the following active agents is used:
simvastatin, 2-methylthiazolidine-2,4-dicarboxylic acid and the correspondent

35 sodium salt, macrocyclic suboxide (MCS), derivatives of MCS, activated
protein C (aPC), PETN, trapidil, B-estradiol as well as mixtures of these
active agents or mixtures of one of these active agents with paclitaxel.
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pol ysul phones, epoxy resins, ABS resingg EPDM guns, silicones as

pol ysi | oxanes, pol ydi nethyl sil oxanes, pol yvi nyl hal ogenes and copol yners,

cel l ul oseethers, cellul osetriacetates, chitosanes and copol yners and/or 30
m xtures of these substances are used. 11. Medical device according to one
of the previous clains, whereas instead of the active agent paclitaxel one

of the foj2 owegicardévice égéiﬂﬂﬁwgt% oHfeesk the?rﬁv éﬁé%ldlms characteélse{.‘l in, 5that g
he corresponden sodi um

2-met hyl t hi azpl i di ipﬁi dlcarbox%llc ac

Sal T, mmcr ooyBe; Mediah deyiee FRRPISES ROSINEsES. SOAISs VasSEIsy RS tHEATD] n- G
(aPC% , PETN, vahegs, dubes, brgars spadipatts aisnplehts, fisers| kblgwe sibefs, Tsﬁt@ﬂe haﬁ.’mr \Iggl
agents or cty a

9T "W cacor s, hyifids  ndRReR: ihfigg PSS Mbad %ﬁ%}%ﬁ% finfdrie

previ Sus cl alpieteSchapacemake@d i @dsothing t mediadi cdiromatmgr@phyrrprmeé@,

pr ost heses, erﬁ}éﬁr"atogf'ﬁ?ﬁ)ﬁl €olu st aé:al;{i%ﬁs:a . coHﬁék’Sﬁ ph Qesser%rogé‘” Jelves,

spareparts, inpl ?{1 ers, I’ | ow stent s | ow née
syri nges, merfisimygal ¢h arm'é%rsgmemp%@neeﬁ@%n%f Bers pvmmamee@ pl at es,
pacemekers, adsorbing nmedia, chromatography nmedia, chromatography colunns

di al yzers,.,, cqnnexi arts, senso val centrifugal

recuper at1o3f-s,c}‘98ﬁ'88§@88@§, achqr&é\psgo S iﬁaﬁB@FasCte risgd h@éatngemeggal
accorl@i ng t o devidemskPsteahar acteri sed in, that the nedi caI 10 device is a
stent. 14. Stents according to claim 13, wherein the polyner is deposited
in amounts between 0.01 ng to 3 ng 1 layer, preferred between 0.20 ng to 1
my and ekbeddignts ageastingr lodclaion ide whereinniet polpmer i) deposited in amaLsis St ent

according to Bét@b@h@o?rm&‘io LY PRABF] SRfbrtdd bbﬂ@éert gezmﬁ&qlgm%gnénd S

used in a pharnmace tlca ctive concentratlon
stent surfacéSHF§ EPr?Q{%’F’ aiyeen 04819 t9r0.pHBY 4 fw according to one of

t he dbai ns 13 - 15 for the prevention or reduction of restenosis. 17. Use
of the st 0 f laims 13 - .1 ont i.nuous .rel ease
of pact 1 ¢ Brer SEEF ROLORG 08 14 07 o8, Ahblefiserano Lt 468 ol atnt 1€
sodi um sal t, usscr mcqcnhammaucbmmﬂg a{dﬂ%)qomtentmﬁmm 069001 MCED ragtperad:raﬁl

protein C (a r{da;Pé nd/ or -estradiol. 18. Use of the nedi cal
devi ces accoréjéng to one hgergl ai s 1 - 15 for the

20 16. Use of the stent according to one of the claims 13 — 15 for the prevention or
reduction of restenosis.

17. Use of the stent according to one of the claims 13 — 16 for continuous

release of paclitaxel, simvastatin, , 2-methylthiazolidine-2,4-dicarboxylic

25 sodium salt, macrocyclic suboxide (MCS), derivatives of MCS, activated
protein C {(aPC), PETN, trapidil and/or R-estradiol.

18. Use of the medical devices according to one of the claims 1 — 15 for the
direct contact with blood.
30
19. Use of the medical devices according to one of the claims 1 — 15 for
prevention or reduction of the unspecific adhesion and/or deposition of
proteins on the coated surfaces of the medical devices.

35 20. Use according to claim 18 or 19, characterised in, that the hemocompatibly

coated surface of the medical device is a surface of micro-titer plates or
other carrier media for detection processes.
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direct contact with blood. 30 19. Use §f t he nedi cal devices according to
one of the clains 1 - 15 for preventi ﬁ or reduction of the unspecific
adhesi on and/ or deposition of proteins on the coated surfaces of the

medi cal devices. 35 20. Use according to claim18 or 19, characterised in,
that the henoconpatibly coated surface of the nmedical device is a surface

AT _ . e medd .
P PoL07A vy B O L g Bt G 10 EndRElchiebin Gif fho MopBIRRARIRY
char act er i sedcaated hfaceref thenwedisphdenice iscibat eWfacs phadserbarhaediadptal

devi ce is therrrfadsstaphy ptbdpsber media or  chromat ography nedia. 5 22.
Met hod for the henoconpatible coating of biological and/or artificial

surfaces of nedical devices conprising the followi ng steps: a) providing a
surfaée d2.a Methodafor ey hemoaothphlibledapetingiof bislbgiatl aredist anifieiat eurfacesl of

th | f ' - ' tible | t hi

surface. 10 arBrael dieR mdsibg e Rlnd BB AT O bl odegr adabl e | ayer

on the surfac® ofproviding@dudate dbainedical davicehambeonpati bl e | ayer. 23.

Met hod ' i , i i e 15
thod accor g:})gg cLeifbogktRﬂanJﬁll% Hrie! &ﬁﬁ'@uﬁlﬁﬁﬁﬁ‘n\%{@'ﬁ(ﬁr@l‘ ormat aRboldi

bi ostabl e an odegra ayer 1 s coated ppi ng or sprayl
method with at | daslaight agihemapospaiine layer en thissiiasel e | ayer which
consfigres paclit asglfo€coval ently and/ or adhesively bound. 24. Method

according to gl aim?22.0or 2 onprising, the further step c):.20 c.
opos t 1 on ofb baclaREsB ot Hmtabie At HE Birgiatasibis e iy sracnef

bi ost abl e and/ or theodedjcaldivice diatherher@dconyeatitde laa@eor di ng to cl ai m 24,
wherein paclitaxel is inplenmented and/or deposited via dipping or spraying

met hods on and/or in the henoconpatible 25 layer or the biostable and/or
bi odegr edibl dMethpdr ageeiding e daitnd2y whereipy tiee hemmeompatiblih dayereorc gl i ng
Lo the henoC UIBathblY Grdebidtieghatfabl®! BILANS Codtlfd Olia BRI a6 3pPayiy ' -
26. Met hod accordi n%v_to one'ofegt e C gﬂ 25 22 - 25, clgm) I Si thgﬁeptr her
step d) 30 dpegpod. with at least one biodegradable and/or biostabile Tayer which

conspires paclitaxel covalently and/or adhesively bound.

24. Method according to claim 22 or 23 comprising the further step c):
20 c. deposition of paclitaxel in and/or on the hemocompatible layer or the
biostable and/or biodegradable layer.

25. Method according to claim 24, wherein paclitaxel is implemented and/or
deposited via dipping or spraying methods on and/or in the hemocompatible
25 layer or the biostable and/or biodegredable layer andfor is bound via
covalent and/or adhesive coupling to the hemocompatible layer or the

biostable and/or biodegradable layer.

26. Method according to one of the claims 22 — 25, comprising the further step d)
30 ord’):

d. deposition of at least one biodegradable layer and/or at least one
biostable and/or biodegradabie layer on the hemocompatible layer or the
layer of paclitaxel respectively,
or

35 d’} deposition of at least one compound of the general formula 1 according
to claim 1 as hemocompatible layer on the biostable and/or
biodegradable layer or the layer of paclitaxel.
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d. deposition of at |east one biodegraggble | ayer and/or at |east one

bi ost abl e and/ or bi odegradabl e | ayer on~t he henoconpati bl e | ayer or the

| ayer of paclitaxel respectively, or 35 d') deposition of at |east one
conpound of the general formula 1 according to claim1l as henoconpati bl e
| ayer on the biostable and/or biodegradable |ayer or the |ayer of

paclitax | ' 2 : rli ne of
Phe. cl ar 22 mog adchrtii 35 breP Rt bRt 22,250, ESTBREECE fitiR e
paclitaxel i e-%nd/ or on the at |east one bi odegradabl e and/or biostable

L\;tyer_ o ggfi?:xel i sﬁigiab{r GpiaJ ed gln ir/5 %%/?MPQ% ?t:g@e%iag?tp%?ﬁs@gyaggﬁ ayi ng
erein .
met hods (F;n and/ Gnd/ef nggt%ﬁfe ﬂtaggrsg)r &W}erﬂ?%ag&gﬁ ¥erand/ or bi ostabl e | ayer
or thé& henoconpatible |layer and/or is bound via coval ent and/ or adhesive
i t I . i r e o] e, | or
CouPLund 48 BBl EBakiRTg0 Ml e GAA SRILRN & ShaBlR A0t
28, wherein tinplénestesbyie dippingror spiraegrmethiods aragod/or3n doe at deastyorend/ or
adhesi vel y b%wie;zadhbr% &/6AERRlble IR BME N RBafIE 108 apdior is
nd tot | ost abl

henoconpati bl e [ ayer 1s cova entlfy 0 ] he 15 e” and/ or
bi odegr adabl quierviangoralest sang/og ogghesivey corplingclhpihe: ety least ona hod

accondi ng to mogeghdabe aldibnbiogtabte Rer 6hticAsdrRbcGRgatitile laywt the _
henoconpati bl e | ayer conprises heparin of native origin of regioselectively

20 synt hesi sed derivatives of different sul phation coefficients and
acyl at i or29.cddéthod astosding {0 lneeraflthe WlaimsvEd g8, mdrgeindhetbiestable and/or

Dot he ot andarddedtBlBlel Bvef SRRAR arldor SR LOLATRN e Sitdce by P
hepar ansul phdhe raaféical_t@evi@reandghe Wesrocompatiblealayepis geealently bolend tg thehe
erytRsocyti ¢ ighstaBRal hrdiofd bilfedrahasied 1apst 'y\!?ﬁ@agag%ﬂsat itd cBRRAStely or

N- car boxynet hﬁl at e nd/or partilally N acetylate itosan as well as
m xtures of t'REYOPE¥t ances. 31. Method according to one of the clains 22

- 30, characterised in, that as biodegradabl e substances for the
bi odegr ad(?(?' q\’lcle%%ra (90'1'5%%' ' 8}13 Cotfqngsclaims 22 — 29, characterised in, that the
hemocompatible layer comprises heparin of native origin of regioselectively
20 synthesised derivatives of different sulphation coefficients and acylation
coefficients in the molecular weight range of the pentasaccharide, which is
responsible for the antithrombotic activity, up to the standard molecular
weight of the purchasable heparin of 13 kD, heparansulphate and its
derivatives, oligo- and polysaccharides of the erythrocytic glycocalix,
25 desulphated and N-reacetylated heparin, N-carboxymethylated and/or
partially N-acetylated chitosan as well as mixtures of these substances.

31. Method according to one of the claims 22 — 30, characterised in, that as
biodegradable substances for the biodegradable layer polyvalerolactones,

30 poly-s-decalactones, polylactonic acid, polyglycolic acid, polylactides,
polyglycolides, copolymers of the polylactides and polyglycolides,
poly-e-caprolactone, polyhydroxybutanoic acid, polyhydroxybutyrates,
polyhydroxyvalerates, polyhydroxybutyrate-co-valerates, poly(1,4-dioxane-
2,3-diones), poly(1,3-dioxane-2-one), poly-para-dioxanones, polyanhydrides

35 as polymaleic anhydrides, polyhydroxymethacrylates, fibrin,
polycyanoacrylates, polycaprolactonedimethylacrylates, poly-b-maleic acid,
polycaprolactonebutyl-acrylates, multiblock polymers as e.g.. from
oligocaprolactonedioles and oligodioxanonedioles, polyetherester multiblock
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30 pol y-s-decal actones, polylactonic aggd, polyglycolic acid, polylactides,
pol ygl ycol i des, copolyners of the polylactides and pol ygl ycoli des,

pol y-s- caprol act one, pol yhydroxybutanoi c aci d, pol yhydroxybutyrates,

pol yhydr oxyval erates, pol yhydroxybutyrate-co-val erates, poly(', 4-di oxane-
2, 3-diones), poly(1,3-dioxane-2-one), poly-para-dioxanones, polyanhydrides
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ol yesters oest hos ze
ol YT o car bR BRUBBSA BPonth 'vﬁﬁﬁaﬁﬁﬁdﬁeﬁyﬁ‘g%m%i MO RGiRFE IMies
pol ydohyl Snedhedbackbmwylhmlﬁahemtersofas pollysemrymrfm;n'eﬁe myalkened»&ﬂ@lesi/(v: 52
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pol yal keneoxjﬁlfm{%ejs?erF %rst ?\‘g‘ggt %gsﬂgeq'l ﬁédﬁ%{ﬁaishe??% %}n@yen%l“ggi des,
carr ageenanesflbﬂnpgbm rﬁig@h cal@agen, w@telagba$errmlnﬁnﬁrmapel:yapmngrrec@s,
pol yam no acigsthetdstifsihing R4y ai@id'?‘?n@@lf €4 zefflp glyhgggi ;r n6§i 8ect|c

polyhydroxyalkanoates pecfic aci actinic ac
modi fied fi bradaneitiiseprid, 14nedifiedx ane: hW%uI"ﬂfPf%if%d eﬁ'PBUmEH"d n6aeRIRer

hyal ygoni ¢ aCtiadbo;@)hhétﬁ?l@t]EJh@t@ albﬁrntrﬂﬁﬁ¢ré@VeNI¢y%luﬂ®@|Rﬁé@ﬂSwlm@héfar@‘iﬁh its

d t d t hat e, ,dextra cIodetrlns

opol yrer s Wi BRSng DRRRRIUT e gl yet - ot SRV o

gel ati ne, coldi‘na)gldrpltlmmjlpiaajen déxtrlay;drlb)cysludextnnm atepolynmrelswttbhﬁﬁﬁcﬂncpl ds,
dificati fan n

subst anes aRSNIeERASYIREF ounitnf fSkitudl B Heiind” IBGER LOIRAEE-N-

char act er i sedIydioxysugcinimideyi mydab|p@0§nlb@tmdﬁ;equdicamnés bhadt eepalymeyser

pol yagryli c agidlorcmktureglofafend MbRBorRsd BbtaRdYArERiderer vl at e, _
pol ybut yl met hacryl ate, 25 pol yacryl am de, polyacrylonitriles, polyam des,

pol yet her am des,
32. Method according to one the claims 22 — 31, characterised in, that as

biostable substances for the biostable layer polyacrylic acid and
polyacrylates as polymethylmethacrylate, polybutylmethacrylate,
25 polyacrylamide, polyacrylonitriles, polyamides, polyetheramides,
polyethylenamine, polyimides, polycarbonates, polycarbourethanes,
polyvinylketones, polyvinylhalogenides, polyvinylidenhalogenides,
polyvinylethers,  polyisobutylenes, polyvinylaromates, polyvinylesters,
polyvinylpyrollidones, polyoxymethylenes, polytetramethyleneoxide,
30 polyethylene,  polypropylene, polytetrafluoroethylene,  polyurethanes,
polyetherurethanes, silicone-polyetherurethanes, silicone-polyurethanes,
silicone-polycarbonate-urethanes, polyolefine elastomeres, polyisobutylenes,
EPDM gums, fluorosilicones, carboxymethylchifosanes,
polyaryletheretherketones, polyetheretherketones, polyethylenterephthalate,
35 polyvalerates, carboxymethylceliulose, cellulose, rayon, rayontriacetates,
cellulosenitrates, celluloseacetates, hydroxyethyiceliulose,
cellulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers,
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones as

l'")

HEM-P01071WC-SG01Application



pol yet hyl enam ne, polyi m des, polycarbg?ates, pol ycar bour et hanes,

pol yvi nyl ket ones, polyvinyl hal ogen ides, polyvinylidenhal ogenides,

pol yvi nyl et hers, polyi sobutyl enes, polyvinyl aromates, polyvinylesters,
pol yvi nyl pyrol | i dones, pol yoxynet hyl enes, pol ytetranet hyl eneoxi de, 30
pol yet hyl ene, pol ypropyl ene, pol ytetrafl uoroethyl ene, pol yurethanes,
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35 pol yval erates, ca rboxynethyl cellul ose, cellul ose, rayon

rayontri acetates, cellulosenitrates, cellul oseacetates,
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m xtures of these s nces are used. Met hod according to one of the
clains 22 - 3ONdMhracterised in, that the deposition of the

pol yggcchari des of the forrmula | according to claim1 is achieved via
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