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PRCDUCTI ON AND USE THEREOF Description 5 The invention concerns the
utili.sation of polysaccharides containing the sugar building bl ock
N-acyl gl ucosam ne for the preparation of henoconpatible surfaces of

medi cal devices, nmethods for the henoconpatible coating of surfaces with
said pol ysaccharides as well as nedical devices with these henoconpati bl e
- surfaces. 10 In the human body the bl ood gets only in cases of injuries in
contact with surfaces other than the inside of natural blood vessels.
Cbnsequenthéathe bl.ood coagul ation system gets alma¥s activated to reduce

t he bl eedi MFRIRAL BRADNEHS COMPRISING A 10§ QNMBATIHLE CRATING. bl ood

gets in contact with forplmjnggq’[@nqmn@nsgqmgﬁ@o% fact that an inplant
al so represents a foreign surface, all patients, who receive an inplant,

“which is in permanent contact w ﬁl&l@g pare treated for the duration of
the_bl ood contact with drugs, so ca antlcoagul ants, that suppress the
bl gdd coagul ation, so that considerable side effects have to be taken in

cccounTheZisfiion cd ieri 4P (HsHRRP B PR ANISOoSRGiTR ahebshar e

bl o0d AN 3)'79/&E\'e?@f@vﬁosa&a@@sfgaih%g%ramrr PE hemecORRALBE AN RSSaue 1t o
“‘e.g. aof machxsalldevmiasc ntaodefor tiee hemdiﬂompaﬂblié bnmtﬂgrdfrta{rﬁacf@stvﬁm i@@ldt he
stent e ¥ X | me
fragrreh?gglg(?\gl%e e&essegﬂggﬁﬁé(f%l ({Wicg ‘ﬁ@%ﬁfe&% %%é%‘?%ib!%FUﬁ(ées‘ZS bl ood
i il de the vessel as it smoothens the surface of the interior space of the

- vessel i fiddiirhaA "HddX( tﬁﬁe 3L pgé%%gﬁ\//frpcﬁﬁé§§f‘ !ﬁflﬁ‘i%%‘?n %aﬂqae bith! @5fdces

restorlwgforces of esse [&m rraerlal IS
nost | yotheatRamine bsideplaaiugl blgod vegsels CansegHeathbbs; @o%@gagulnaﬁoness t han

oneI pesm@h gbtd wgy@%t@éfe@aﬂy rbauéé]ethéobré%ﬂmy arat Rﬁtpﬁ‘éveﬁtaﬁorfétor y as
early

ol T EAERIELBsS of bl Bbbof iobls Biingt wih leipion aBbepsabuplof S L i es
dué tdachmatrarem[dant alsoacpresented foveiglserfade, tatiepatichts, ivio fexeiveand t he

ts,
Poo>! oot YR 8¢ il BeRRankit GRTAC AR piad, Mg RRRAP I Ing aiERBE Y Lot °
| ncr edbesblpnd C@Haﬁﬁ withofrups eedicafled Aantddguicots | thah dupmess dhe drood cur i ng
conpl | cagudtidre sbeiﬁ%l?%ﬁhﬁeré @sfo%gé?édté'?a?% (tao bBgak ﬁﬁ%ccoﬁhf hough stents

mnimse the ri'sk o renewed sealing o vesse
20 Whilst the usage of vessel supports, so-called stents, the described risk of
thrombosis also occurs as one of the risk faciors 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 utifised material is mostly medicinal stainless steel.

The stent thrombesis occurs in less than one percent of the cases already in the
30 cardio catheter laboratory as early thrombosis or in two to five percerit 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 pseudo-aneurysms by the expansion of vessels exists, too.
Addltlonally the contlnuous application of heparin as antlcoagulant increases the

35  risk of bleedlng '

An additicnal and very"oﬂen occuring complication is restenosis, the reséaling of -
the vessel. Although stents minimise the risk of a renewed sealing of the vessel




2 9 Novenber 2006 they are until now not totally capabb®oedmter 2aberi ng t he
restenosis. The rate of resealing (r%stenosis) after inplantation of a
stent is with up to 30 %one of the nmain reasons of a repeated hospital
visit for the patients. 5 An exact conceptual description of the restenosis

does not exist in the professional I iterature The rmstly used nor phol ogi c
definitjon of the restenosis,is lgl faL:' %r a cces§ful pe{cu aneous
transl UeNa reaHBfe BPYsHoY Tatally CarpligoQy Gin Fg'"ﬂ Pri&s ‘%@S?f %R of the

vessel miseatneg(rasteresis aftanniplartation ofia sientria witbng. toTB0 %i eneanf the
enpi ri call kﬂr%%%hg%q avr%&}ggp%fhqult%pwwﬁ%ngg%%“gm@ c relevance and 10 its

rel ation I'ni cal nmassive scientific basis. In
praxis the clinical aggravation of the patient is often viewed as a sign
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not onlhedoRA¥AY BBAtRf vddae| gagnt surface but to the sealing of the total
interior space of the stent. 25 It was tried vainly to solve the probl em of

restenosis by the coating of the stents wth heparin (J. Worle et al.
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Su pport I'S.'S | on of active’agents
interior space of the stent.

25 It was tried vainly to solve the problem of restenosis by the coating of the stents
with heparin (J. Whore et al., European Heart Journal (2001) 22, 1808-1816).
- Heparin addresses as anticoagulant only the first mentioned cause and is
moreover able o unfold its total effect only in solution. This first problem is
meanwhile almost totally avoidable medicamentously by application of
30 anticoagulants. 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 fead to the coagulaﬂdn 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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suppress the inflammation 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 elimnate totally. Herein different possibilities of realisation are
exam nehich s’rwﬂ&smm'e% thi glanTnation séacivnsoer whighsghalicdonm! thyd ealiitsi St s

- of a st i t aswtable matrix, usually a biostable
pol ymsr%%ﬁe Q%Pﬁ@@u % St i proliferative or antiphlogistic agent,

which is released I n tenporally controll ed steps and shall suppress the 10
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increased vessel sealings by thrombosis (Liistro F., Colombo A., Late acute
thrombosis after pacl‘ltaxel 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 phosphoryicholine, a component of the
erythroeytic 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 phosphorylchollne layer or adsorbed on the suiface.

Disclosed herein are 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.

Disclosed further are stents which permit a 7 ,
continuous conirolled ingrowth of the stent — on the one side by suppression of
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continuous controlled ingrowh of theqgstent - on the onensiet®elnoos
suppression of HEM Pol071WOSG01APP4i caGOn 4 9 Novenber 2006 the cellular
reactions in the prinmal days and weeks after inplantation by the. support
of the selected agents and agent conbi nations and on the other side by
provi di ng an at hronbogeneous resp. inert resp. bioconpatible surface, which
guar antleesellhlr rsiactionbendther pisel odayshanagenricks aftdr imgplastationr bpaheons to
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( 20VSHxpenditbee.used. Met hods for the production of these henoconpatible
surfaces are described herein. Preferred enbodi nents can be found in the

dependent clains, the exanples as well as the figures.
Disclosed are 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-
methyithiazolidine-2,4-dicarboxylic acid and the correspondent sodium salt ),
macrocyclic suboxide (MCS) and its derivatives, tyrphostines, D24851, thymosin
- a-1, interleucine-1R inhibitors, activated protein C (aPC), MSH, fumaric acid and
fumaric acid ester, PETN (pentaerythritol tetranitrate), PI88, dermicidin, baccatin
30 and its derivatives, docetaxel and further derivatives of paclitaxel, tacrolimus,
pimecrolimus, trapidil, a- and B-estradiol, sirolimus, colchicin, and melanocyte-
stimulating hormone (a-MSH) can be used. Methods for the production of these
hemocompatible surfaces are described herein. Preferred embodiments
can be found in the dependent claims, the examples as well as the figures.
35 . |
Disclosed further 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 Disclosed further are nedical devicgs the surface ofgwhicgibel So08t | east
partially covered. with a henoconpatible |ayer, wherein the,

henoconpati bl e | ayer conprises at |east one conpound of the formula 1:

HEM P01071 W O SQ01 Applicalion 5 9 Novenber 2006 fornmula 1Y 5 OOC NH O
HOOHOOO OHHOCH2 10 n wherein n is an integer between 4 and 1050 and
Y represents the residues -CHO -COCH3, -COC2H5, -COC3H7, 15 -COC4AH9,

- COC5Hi i, - COCH(CH3) 2, COCHZCH(CtE%Z CIK}KC}B)C2FE - COC( CH3) 3,

- CH2COO, - C2H4COO, - C3H5CCe is al so possible to use any
salts of the conpounds of formula 1. The 20 henoconpati bl e | ayer can be
added directlry onto the surface of a preferablyYnon henoconpatible nedica
device or deposited onto other biostable and/or \pi odegradabl e | ayers.

Fur Pher on a d|t|&H@(3b|ostable and/ or bi odegradabl and/ or | henoconpati bl e
Iayers can b fe henoc | ayer dition to this

' der [t he 25
espectiyely. The active
| ayef on or under
the henoconmpatible |ayer a@dor can HOC@HGorporated in at |east one of the
bi ost abl e, . bi odegradabl e and/ or henoconpati bl e | ayers. Preferably the
corBounds of {the general fornula 1 are used, wherein Y i's pne of the

foll owing groups: -CHO, 30 -COCH3, -COC2H5 or -COC3H7. Furth®r on preferred
are the groups -CHO  -COCH3, -COC2H5 and especially preferred. is the

- group - (I)Cﬁgierﬁlﬂ:ordl ngly, a first aspect provides a nedical device,

wherein at rigagti stiveeh 4 Brd JosbagRy of the nedical device is coated
directly Oly \ﬁ'agre%en ﬁ% rgglgulegt erjcﬁ_c[ant bb%éﬁgl?l © ?{‘86%5, ~COC;3H;y,

agent (pacli

15 ~COC4Ho, ~COCsH;4, —COCH(CH3),, —COCHCH(CH3)s,
—COCH(CH3)CoHs, —COC{CHz);, —CH,COO, —~C,H OO0, —CsHeCOO,
—C4HgCOO'. ‘

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 biodégradab.le and/or
hemocompatible layers can be localised on the hemocompatibie layer. In addition
to this the ‘active ag'ent paclitaxel is present on, in andfor under the

25 hemocompatible layer or the hemocompatible layers, respectively. The active
agent (paclitaxef) 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 —COCH;, ~COC;Hs or —~COCsH;. Further on preferred are the groups —CHO,
—COCHs;, —COC;Hs and especially preferred is the group —COCHa.

Accordingly, a first aspect prowdes a medical dewce wherein at least one part of the surface
- of the medical device is coated directly or via at least one interjacent biostable and/for

blodegradable Iayer with a hemocompatible layer comprising at least one '
compound of the formula 1




. anmount s

bi odegradabl e | ayer with a henpoconpati bl e | ayer conpri siRgveaibel a8t one
conpound of the formula I 9 Novenber 2006 5a Y OOC NH HO OHO O HO OO
OH HOCH2 in O wherein n represents aa i nteger between 4 and 1050, Y
represents a residue -CHO -COCH3, -COC2H5, -COC3H7, -COC4H9, -COC5H11,

- COCH(CH3) 2, -COCH2CH(CH3) 2, -COCH(CH3)C2H5, -COC(CH3)3, -CH2COO, -C2H4000
, -C3H6CO0, 5 -CAH5000 , as well as salts of these cgnpounds, and._on, in
and/ or under |t he henpconpati bl e | ayer the active agent\paclitaxel |[is

present. Accordi ngOE@ second aspect provides a stent ording td the
medi cal devi ¢e as__ def \ned aboye wherein the polyner i eposi ted Lﬂ#

I TayerH® . A Mo 1 ng
0.20 ng to Q0. . Accordingly, a
third aspect | pH®.d ' of
bi ol ogi cal amd/or ar | Ci s of onprising the
follow ng steps: a) providi ng(@ppurface yq(){3¢¢ I cal device and b)
deposition o at | east one conpound of the general formula 1 accorfding to
“the first aspect as henoconpatible |ayer on this surface and/or b'[)
deposition ot a biostable and/or biodegradable |ayer on the surfadeg, of the
nmedi cal device or the henoconpatible |ayer. Accordingly, a fourth aspect
provi des a 'nmethod as defi ned above conprising the further step c): c.
dePosi ti orwlndrepracl i t axel in and/ or on the henoconpatible layer or the
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' Y represents a residue —CHO, —COCH,, —COCsHs, ~COC;Hy,
~COC,4Hy, —~COCsHy4, ~COCH(CHs),, —COCH,CH(CHa)y,
—~COCH(CH3)CoHs, ~COC(CHs);, —CH,CO0", —C,H4COO , —CiHsCOO,
5 ~C4HCOQ, .
as well as salts of these com;;ounds,

and on, in and/or under the hemocompati'ble layer the active agent paclitaxel
is present.

and especi al |

Accordingly, a second aspect provides a stent according to the medical device as
defined above wherein the polymer is deposited in amounts between 0.01 mgto3
mg / layer, preferred between 0.20 mg to 1 mg and especially preferred between
0.20 mg to 0.5 mg / layer.

Accordingly, a third aspect provides a method for the hemocompatible coating
of biological and/or artificial surfaces of medical devices comprising the
following steps: a) providing a surface of a medical device and b) deposition of
at least one compound of the general formula 1 according to the first aspect as
hemocompatible layer on this surface and/or b') deposition of a biostable

and/or biodegradable layer on the surface of the medical device or the
hemocompatible layer.

Accordingly, a fourth aspect provides a method as defined above comprising the
further step c): c. deposition of paclitaxel in and/or on the hemocompatible layer or
the biostable and/or biodegradable layer.




Accordingly, a fifth aspect provides a nethod as defi nednaamees 2000npri si ng
the further step d) or d'): d. deposition of at |east one bi odegradabl e

| ayer and/or at |east one biostable and/or biodegradable |ayer on the
henoconpati bl e | ayer or the |ayer of paclitaxel respectively, or d')
deposition of at |east one conpound of the general formula 1 according to
claim 1A@§orbi?|@qp®ffﬁﬁia§;:le@t vitles Dmettiel bs defirddl sbaved comphisinddbe adabl e
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Because of the fact that with e ninhydrine reaction free amno 35 groups
could not be detected anynore, due to the sensitivity of this test it can
be i npl Aecbrtlimgty, laesigthtdspacrovides fsanethod| assdefinedrabbve acempsging thee | y

prefer rﬁﬁthef’@t%p %Pan 0.5%of all -NHY groups are present as free am no
groups, thi'n this |ow percentage of the -NHY %roups Y represents
hydr ogeé. dQD@ltmﬁérﬂ?@HtaZ@bB anBéIfé;lJf\sféeﬁgl|%&$é@Bﬁ&|QdPQ§adﬂ l¢ BRdi§Eneral fornul a
1 cont %lﬂs&%{é)ﬂﬁélléﬂﬁegfé?hﬂb%nﬁﬁlbléﬁyép groups, the general fornula covers
al kali as well as alkaline earth netal salts of the corresponding

pol ysaccharides. Al kali metal salts |like the sodiumsalt, 5 the potassium
salt, tAecdriinglw & ssvehthodspaick plavitieseamicdicabtavics avaitatile bp onkenethgdesi um
salt or tgf egin%g salt can be nmentioned. Further on w th amoni a,

pri rrary, & é{{; tertiary and quaternary amines, pyridine and pyridine
derivatives ammoniumsalts, preferably al kyl anmmoni um salts and pyridi ni um

salts e eempoundedof ﬂc@@gnbfm foasal 1Weothin® onip aadrhall wirhbunthef free

o o Siets” Bchips O fisitart 108, PEARRG FibRRie Ao ad it he | o
coaﬁg ;J psupd heulalohqitslae milgbectel@sargnmeddug to thé sensitivitylopthis dest lhoaled:mlaﬂ o
from 6 g Gat s, a2 & prlfdielf I%gp‘%%ﬁ%eéﬁ’? Spbyefig proRy gl

var i abltbam 0.5%a0f aht-ditrY gmwaaareang@e@t a$ free 2000 gredpBrirevithingh §n

i nt eger \{1;%%&?&19 Qhe nw,.ge_\pgﬁj sr‘?‘i'eﬁ’r%sbﬁfsqgan firo %é,gom 14 to 260 and

especi a an 1 nteg tvveen 19 The general formula 1
s_hovvs a di saccharl de whi ch has to be viewed as the basic




20 nodul e for the used pol ysaccharides and that fornes ¢ Reveaeyz@echari de
by the n- fold (nultiple) sequencing‘%f t he basi c nodul e. This basic nodul e
which is built of two sugar nol ecules shall not be interpreted in the
manner, that the general formula 1 only includes polysaccharides with an
even nunber of sugar nolecules. The formula inplenents of course al so

- pol'ysaccharides wth an odd nunber of 25 sugar building units. The end
groups of the polysaccharides are represented by hydroxyl groups.

Especi Béqaqseq:fcéysa:dhan@esmtﬁheegemm foasiulshl conedmtaiboxylate diaipsl ahdon t he

 compoursime ABUES, U oG A IRRRTRM o il 8L AREIRG Cardl sitpl "The
pacl i t ads qfatberCOU@ﬁp@lndlngwl)@accln@mde;s iAkali metalteatte dibehe isodim sal or get

takgn yRe pro@a@.um s@f[ fm.t%wgemahlk%hﬁe ) rmeﬂﬁ]‘i sélgs ﬁ@gfﬁé% ngﬁeé Efrf | f
at | east one bi os d ayer 1S present un enoconpat | e Iayer
In addiS&ifr { qeiﬁwowapﬂml@ magrationesh Iﬁﬁﬂtﬁsa%dvmbemmgmaarmmﬁw

parti alsley:omaul‘y aﬂerﬁmsén@mdt@ﬂ%ry aheuRs, YpyHlite Qéﬁ(ﬁ yﬁdiﬁw/dyrlvatives

bi odegr IS an .exter eqr adabl

nemooo g S e m@blﬁgﬁm%ﬁﬁﬁaﬁr@n IS lserar % A

: furtheﬁomedemm@nﬂ)edbaem mmlfosrnasahs'euwtlmftmqablysamelhamdeiaerartehe

he co e 0 | e |ayer,
n@ hat E‘)] ?Hggé |n26$)§ easeg)rt%}%\ﬂ%lgﬂ&ghgﬁ: E{Ih’i pﬁﬁocorr%é{?%( rti)Jfgayer

Pacl i té\U‘é‘i yirome NN Bydiedde and stmilagdiesspousidg. i n and/ or on the

henoconpat i bI e Iayer 5 and/or the biostable and/or the bi odegradabl e | ayer,

P R BRI P LSt U o
poI y- smlacsaklappmfesed fiiny l4akiD @0i 13 RD| moreq%mmrmﬁmm aqitlni éoe Smng and
0 S .0 e c
pol Yot ebF Ealy PRI 1D 46 DR KB ThB RlrabBy B et RGBT 1R Fange
oI yhy@rf ki 1050 aPesferreg ol ishynlinfegenfremadete, 400, more preferred an integer
poI YNy Gy BYb Wer a?ncPQ?ﬁ/étdiaﬁ{yjir@i%rr&PeH (ri'te@eldbém%@ 1 3 nes)

pol y(1, 3- di oxane- 2- one ar a- di oxanones yan ydr| es such as
pol ymal ei ¢ anhydri des, pol yhydroxynet hacryl ates, fibrin,

pol ycyamagénéralt ﬁﬁsmum eﬁbm@a:@h@mm&d wméWg!laéfff( Bhaidhed Bl bagRl ei c
2ol PR ol SR en SN 81 Toal oSS bep TR B R o
mJI t i bfaldKmudiipieksequeancingst thedhadREGaiule. Tis pabictrpbéunletvehiehhs buit &fs) |
POl yPi Wb Ob RfdroReRac Ry XALY ¢k ke fi‘l‘fljeppr%{ém WL “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 confain 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 biodegradable
layer. Preferred is an external biodegradable or hemocompatible Iayer.:

4
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car bonat es, pol ycaprol actone-gl ycol i d?s, pol y( g- et hyl gl atavanibe) 200p0l y( DTH
20 i m nocar bonate), pol y(DTE-co-DT-cafbonate),

pol y(bi sphenol - A-i m nocarbonate), polyorthoesters, polyglycolic.acid
trimet hyl -carbonates, polytrinethyl carbonates, polyim nocarbonates,

pol y(N-vi nyl).-pyrrolidone, polyvi nyI al cohol es, pol yesteram des, glycol ated

I t | yphesphpest h .
ol Y1 p- o MRS R e BRBm e o DRI BHELB! PaRIEE! pWIYRinar i des,
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zein, goﬁq%‘drox Ika oates, 30 pectic acid, actinic acid, nodified and non

modi f i e iR P sei n, carboxymet hyl sul phate, al bumin, noreover
hyal uroni ¢ aci d, Chl tosan and its der| vatives, heparansul phat es and its

- d t ' t t cl qdext
N T e T T e
gel ati neoly@aler@lgetnnee,omdgerdmamms pobylavtoride acid, plpoygiyiﬁﬁhc ac;d
h h f
Pt onpyatiidos Bolbhg %1&5}’3&%@%“1‘@ J?J’?‘éﬁ‘r daég Shd Eomyabois 2C°
bi ost abPelYsuisaRralfetans. or  talymidsopdmitancicy er @6id, can sy ybpléﬂ@@@ryllc
acid apélyhpd mwaaémt@ apo@ﬁw:rmymwrmé&@waré@t& peb pum:mdéa@syl ate,

ol yor il 2\%‘3531 el RN ongh el dReaiest \RAVaTS I BO RS eish as

pgl yv: prlyetaimes anpgdilydesqylﬂwmggwyﬂ@hamlaj/% n)fiblnflenbalycwmaﬂﬁﬁateser .
hol i n?}{)%wﬁ'r°fa°é%nes'ﬁ"bﬁ§”¢*ff%‘%§%e eI T BeRola R

pol yet hﬁwilﬁes p BTIUf erSpaum aer &g. uﬁ'ﬂﬁéﬂﬂgbeawpla@mwtdeﬁamﬂs

pol yet héfgﬁd?éihﬁ‘%%dzo‘?éé Imane.peété?mﬂﬁ:]sabem ggwﬁ%rs%ddhcg@% @W@raﬁdﬁan%

" silicone- Et))’amécar bonat e- ur et hane I'ne el ast

pol yi soB% Yigacteritiia ) W%?lﬁpf@é‘ﬁés polygiysolio neddi | cmedbdnes,
pol yar ytatbbenisher ﬂx@y@m‘elacmielgwmkﬁsher Bsty @:hylgiutamate) poly(DTH-

o LS R, BB KR RS BN AL B it ¥
hydr oxypelygitbetstersogmlyglyediicubcide iimgthykearbonatesy | ppddrmetialedrbopateses,
ethyl ;' aauymfﬁﬁ@?écrggggﬁel ygerssmhg&mlrbs{,ﬁwmaﬁe epoxy g fiNifvialcoiekes! NS
polyesteramides, glyco ated poiyesters, polyphosphoesters, polyphosphazenes,
polylp-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,
| carboxymethyisulphate, 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, collagen-N-hydroxysuccinimide, lipids,
35 phospholipids, modifications and copolymers and/or mixtures of the afore
! mentloned substances.
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pol ydi met hyl si | oxanes, pol yvi nyl hal ogenes and copol yner s No@@itetibopseet her s,
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unit.
substances

20 It is possible to furnish any medical devices with the herein disclosed
hemocompatible surfaces, especially those, which shall be suitabie for the short-
or the longterm contact with blood or blood products. Such medical devices are for
example prostheses, organs, vessels, aortas, heart valves, tfubes, organ
spareparts, implants, fibers, hollow fibers, stents, hollow needles, syringes,

25 membranes, tinned goods, blood containers, titrimetric 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 andfor
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 molecutar weight, degree

35 of acetylation and degree of sulphation. Heparansulphate 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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hepar ansul phate with random orientati gn of the sul phat es gowuaiper 2068 W th a
sul phation coefficient of 2 per disactharide unit as it is typical for
heparin: so3 COCH COOO03S HN O OCOOHNHOO 0 OOCSG IHOO OH OH
15 OS03 Al l heparansul phates have with heparin a comon sequence in

bi osynthesis. First of all the core protein with the xyl ose-contai ning

bondi ' | So d. . f I
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adequat én&&ﬂbf;?l'c%r}gkiwestor(féﬁﬁ“ﬁgheEélh%?-nlsh ha%eéﬁxﬁ{&heﬁ{;ap ypRRERELS

nmodi fi cation common_pol ysatc e precursor
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epi merases whi ch generate by their varying corrpl et eness of transformation

t he road s f di fferept hepayansul phates up . to heparin, Heparln
is al thﬁ%tfém Biids o6 e, GANGEas AR oh 370> BiclaReY b P §@§>an t jof
i dur oni sulphaie, gronpaipet liddoehande onitalf 1éss thanoDs. Baiber 6n tive Genotbftoof

D- gl uc a gl n naf3-14- sidic

D91 oR88. i Bl ST S BELASHE S0 IREH S ] i

d| sacciﬁmuﬂé t hat forms the heparin subunits. These subunits are again
gected to each other in a {3-1,4-glycosidic way and HEM POLO71

V\DSGO li c Qn 10 9 Novenber 2006 |ead to heparin. The position of the

sul phonﬁg glfQi ng s iIpage ashews| @ alptrasgechaide ¢ vt agécéhdﬁnfé'mr@ft &ont ai ns

4t05 ﬁeﬂweﬂhnsuipha@ it ﬁéﬁtﬁ)m"l@ﬂ@ﬁt@ﬂé#'cﬂﬂﬁ@ suipiffle GYelBY 88d with a

hepari tj H hat e c.on{]afjoé1 an o t he . hﬁ ar ansulrghate from

li ver %'QB OLGRPTEEIRRLG Bﬁfﬂ'ﬁaﬁ bcg% ER 'tH baical If ReRF e x change nore N
5 acetyl goups. The anount of L- |duron| c acid corrpared to heparin is also

lower. As it is evident fromfigure 1 the conpounds of the general fornula
(cf. figure 1 b as exanple) are structurally simlar to the n bal

hepar ansui phat e of endot hel i al COCH co S
- 0 o]
coo o H HN HO
O 0
]Ho N 4
OH
0so,
15 3

All heparansulphates have with heparin a common sequence in biosynthesis. First

of ali 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 giucuronic acid and a galactosamine is connected

alternately until the adequate chain fength 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. |-

~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 p-1,4-glycosidic way and
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cells, but avoid the initially nentloﬂed di sadvant ages 9potdimetzo6 of
endothellal cell 10 heparan sul phates. For the antithronmbotic activity a
- special pentasaccharide unit is nmade responsible, which can be found in
commerci al heparin preparatives in about every Td nolecule. Heparin
preparations of different antithronbotic activity can be 15 produced by

speci al (o8 %rtf’él' e, i, BREMGHES of ltlf?e thﬁlo}‘ngg@lohﬁg s fv%aﬁléaiwleﬁe%e one
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ant 5t hracdtylrgddpls, Tha anmduritiof dr-idatonib ackbagnparedas Hepyrin iggkenowdr. onbin, is
essentially exponenti at ed (bonding affinity increase up to the factor :
2x103) [Stiekema J.C J.; Cdin Nephrol ogy26, Suppl. N 1, S3-S8, (1986)].
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gr agp dregepan sulphdéed.esponsi ble, in smaller proportion also the other
functional groups. 30 Surfaces of nedicinal inplants coated with heparin or

~hepar ansul phates are and remain only conditionally henoconpatible by the
coat i ngrortthe andiffaombotic actieibyaapecigh pehinsabiltdridesunit bedadatrespdisitglef i fi ci al
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o th¢5| m"ﬁ?@tibcbé:ﬁtﬂwfé 8tiat |S%®%rélﬂir¥‘%€éi%ﬂ?@essuplsth Sacffivesrféloré?aﬁ'%?é;etg} i on of

pl asmaa,:{) @h rl{ 2' H ﬁarl nated surface Is observed In al what
el i m natidhrgmbinll-gHinitycheprastogtaptyu 8 W%UW@§"W@S ef(fHtigh-adfinity hepari n
resp. dfepasipithissadtivhaseucnicd llsnﬁoﬁmahhscﬂﬁer?m AfinahbRIculRanthirPRciNeCc HEM

adher ety AR aRBohE Mot Arbbierish i isdrang S Rechaites ariRGs 2 g
~al bumi ractive bmhliwtg@m ot maagmlat)orartmrhdweeodetacﬂedr eYiia phigradtions WIﬂ:hLﬂSllsa
~coppel %érﬁékd%’éhéﬁée 'ﬂ'ﬂe %Eﬁ‘wﬁf'@f Qﬁﬂ“{ﬂhd?ﬁl?rﬁﬁﬁ”?ﬁ %lbi'tép (thle égagltu?aqitohq{eym the

-5 pent sacc al’l e unit
ot her g iSoﬁ%SQﬂ*laHY 2xpenghtiated r(boawngmff inépnarease eppto the

- hepar arfactbplzm@) [Stisitensa Jiha.; ORFiNebAdIogy ™8, Blippl A4e1PE3EB, (T8BEf | eads to
. the loss(es) of the anti t hronboti c
~ . 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 lil. 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 coaguiation' suppressing effect of
h_eparin resp. of heparansulphates and initialises on the other hand specific
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properties of the coating and which cap even turn into bhevéanpesicse,

because the plasma protein adsorption, that occurs during a couple of
seconds leads to the 10 | oss of the anticoagul ati onal surface and the
adhesive plasma proteins change their tertiary structure, whereby the
antithronbogenity of the surface turns vice versa and a thronbogenous
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of the geerzerarﬁgﬁ)g?ﬁﬂﬁgr% @Q%r%ff gﬁéﬁg{h&%@?@ﬁﬂﬂ’eﬁ’gﬁ‘% %#38? tliFns’ UG
hepar an¥&iSgraid3 thipmbegenalismsurfang arises. Surphisinglydbsolg et detectsid, tthat
pol ysactentosipoands sineaRi TR 4N 4eabh &Q%'sﬁ?&%la&i%f%ic%% toT €

term "substantiall £Q etel[g desul phated’ refers to a desul phation
degr ee @}e EBB%" 894 ﬁﬁg&a@ﬁv ga%o’iﬁ@ shoy dhe harpecarapatiple mspperties efbove
9805 lTPbemuj apﬁaddmﬁnnaa|y@°f¢érﬁh§mhnm_ b iéé?oﬁ&?j&h@cﬁﬂjbo@ﬁﬁ@rd@ ﬁﬁteﬁf\ﬁ)rﬂﬂe
so-ca e |C .i,ndi cates free.gm no. groups. e

desul ph(g .%ﬁ@ié@ﬁﬁgﬁi@%%emv@w LPrepen abeBaé}(Séﬁ%}g fﬁﬂ ?}@fﬂ‘fﬂ}ﬁoér%f bl ue)

no col oite ¢aagtation casasseaicneld. babbservetoThetreshodapatiblel prabeetidsost thee
i cat | N e pavaLe SoesX ¢
nown 1 SomStinds dECpidity 19 MARERESYE R, plob ot FElr Elpob gyt off,

exanpl AHiCial gifaeR®71 W 0SGO Appl i caUOn 12 9 Novenber 2006 pyrol ysis of
theopyridiniumsalt in a solvent mxture. Especially a m xture of DVMSO
and net hanol h roven of val ue. Heparansul phates as well as

ﬁ’eéa?i @@?e%f BBsm'ﬁha%‘EP%ﬁadgt 3t e spihatg greupsof the heparin resp. the
o heparansulphates are necessary for the interaction with antithrombin 1l and impart
thereby the heparin resp. the heparansulphate the anticoagulatory effect. The
inventive compoundsaare 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 compouhds 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-acylation. 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 éxample by
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5 subsequently reacyl ated. Thereafter the nunber of sul ph@aiéniaFeongs per
di saccharide unit (S/D) was determ ndd@ by 13CG-NVR. The followng table 1
these results on the exanple of heparin and desul phat ed,

shows

reacetyl ated heparin

(Ac- heparin).

groups per disaccharide unit on the exanple of

determ

0.63 0

unit

In

BE9y8%:0r3h
lph

di f f e.r eq{%%&i?\%rﬁ%e“hfgﬁ@hg

has a dbase desaltd enithél

NIVR-,neasur

YA 558 1B asplv

S/ D sul

ne

N- Ac:

nts

acetyl

1

ory effects of these conpounds.

2. i

e e

10 Tab. 1: Distribution of functional

heparin and Ac-heparin as

These

groups on the am no groups
hate groups per disaccharide unit 20 A sul phate
ates03s vglbaathepgrioupere ddswpbatiedr vid dotahityd(@y4s damd case

SRR drodhe Beove « ne

obt ai ned.

Y hEpHMR: Thestellowirg teblead showsphat es

2-S 6-S 3-S NS NAc NH2 S/D  Heparin
R TRiXpHE; Rskegialyea mixule g6DMIO03  2- S,
3-S, 6-B4-dakgprmard greibasolihasgoeven ofivalue3, 6 respectively 15 NS
groups on the am no groups
free am no grou
cont entHeparagsy
of 4c- hamdelglehtly CRERIEHIEPN ThdrBa
was, repro
hasdinieaningdq
eseimsic0st hdisarme bindl! desuishated erda@etyhitb it RERIFR!

sul phat e

NH2:

n il

conpounds have a

and th t
contentetA%f ur;@\l)rate groups per disaccharide unit of |less than 0.2,

preferred less than 0.07, nore preferred | ess than 0.05 and especially
prﬁ)err@b.'ﬁ%isﬁrlb@ﬂoﬂ-dﬁuﬁéﬁcﬂmgffo @EB?d%%EcﬁémﬁfbcﬁnﬁUndﬁleu&ém ROy the
removal of t\t)\gﬁs@ul. hat e ghou S rin, tgswhich the active P:oagul ation
suppr essi ve @HB RIAGRERAIR &s selermined Yt &-NIMR-medwirementsr a surface
ref i ndient sui'tapl e_hemno g, coggutatton—tnert—epH-go—tesp:
hi by as act iNAa ol e Nz t heS8da
process #aghaniii ch ans35 t hg.gst Her ghend iso‘rg@)t det@_gged by)_@fe coagu ation
system gs forelgn 'sqtiégace. Acqordingty this coatTtng Tpitatessuccepsful |y
the n tup-é’]etﬁaygn hi-ghest! st Qnr’l rd HEM BO1071 SA) 1 App| a®L8n| 13 9
Novenber 2006 henoconpatibility and passivity agai nst the coagul ation
active conmpon@nds3®, Grhesulbhatedgrotipe irpasitibe 2, 3, nespeotivelyi fy, t hat
sugfaces, whi .are coat ] ding to invention,
_ e_sg')féci ally ar %%oat ed Cogﬁa’ipgﬁﬁt\;fbﬂﬁ%g&ﬁﬁ@%‘éﬁ\gé g%&lgg
_ -Ac: acetyl groups on the amino groups

- free amino groups
sulphate groups per disaccharide unit

onpatiot
pol ysdccharide onl_t 8eS onle jul ati on

] NHQ:
S/D:

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.
heparansulphates has a considerable influence on the activity adverse to
antithrombin Il 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 suiphate 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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passi vative, athronbogeneous and henoggnpati bl e coati ngg NdfHnbet odefinitely
‘5 proven by the exanple of Ac-heparins. Substantially conpletely N-acyl ated
refers to a degree of N-acylation of above 94% preferred above 97% and
especially preferred above 98% The acylation runs in such a way
conpletely that with the ninhydrin reaction for detection of free 10 am no

ar O]ICJIOS h\fmocd)mg@tibiﬁgpaﬂul@pah§iv@)gbg'ﬁm%@| _t}a?élw@gtgaticﬁ@amd @éﬁ)@ﬁﬂégl%rﬁﬁhéri .
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Ui 1 bl o e, et amble R LRI haroRbmpatblel AL T i SRERIEY
espéci dPeyen by thaexarple ef Asihepadiingdr i des dei oni sed water is used,
especially together wwth a cosolvent which is added in an anmount from 10 to

30 I g t. I t I tab t |, . eth |, DVBO,

ovr, 20 QeI bowelkEl Wiaes e Teferd cload dicords s nuracyitin SpiabeNes. | n
Caise 0f24%e pusferredf abewer 0% iandaespedialyo pasfedes avo@‘gega?l. YThwlaaylatiaher free
sol vent J %6) r : n .

f or mul a‘agg%#ggén@ral sé Fﬂmtgyﬁatﬁ% FS’ﬁ'ﬁﬂS @ﬂﬁ'gfﬁﬁgwgﬁﬂe@%&ﬁfﬁfﬁ%y| ate
gr d8p @vdinongratsone eolaul reagtivh ds ydbtgined panynBirec |Ass adylatioriageands e use of

the corpeerdslyVus8d t EALENIRY dcid erffi?\lié’es} BBroalits a5 i%hhgdﬁéeé.h%%gtic
corrpound& E?i;rl@-tg[eo ¢oat 1 ng, .especia a henoconpati bl e Coating of natural
' i

.

. : Ty a' h . .
and/ or nigiie Ebydridpdartyrignhyeiideonprlia peid chipddenBropanis i sti c
of t he acimphieride dranayet Beid dHofide e ifeNexampRaifitablOlortthel Yrfigns opi th the

conpo of the bl ood coagul ati.on tem or the ) gt.el ets "an o,.nhot to
inirrFi gtt gtFiB"mOHB S84 H&uo Icfﬁ%%’iﬁ!- I pﬁﬂ@nl’iﬁﬁ‘t%?lgcl%éeﬁa 3 i are

poly s aanhydiides a$ acyklien agentsonpat i bl e coating 35 of surfaces. Preferred
are pol ysaccharides in the range of the above nentioned nolecul ar wei ght
linmts. The used pol ysaccharides are characterised in that they contain

t he sud¥r sblyentiespecially fiw sxaybokylicoseidi aphydridesgdeignissadowater Thiusedeans,

that 4 ; L1 di i ' d
HEM po%sf%’f"vei%‘é‘?%%“%f‘?gﬂ%ﬁbiﬁ”shﬁo%‘@%‘eyr SqBL IOt EBRETOE J - i ng
sugar NGIURE RETGRNE SAppsoligats areaswitable methapol, Telbangh) QM%QhaPMﬁes

Copgi stace®me, didxane) THF, &thylaitebitioarlt] 6fHRr pRfhri SbIVENE Thh@ibed8 the @de ONl Yy

two SUBfta lf)'xly ic ggid%&lé&éniﬁgg E)(raeafgraolo)(/a p(s)ié%%\rfatgy rlec(a:I Isg el#l?sl tsu e%rssDﬁIS(bar boxyl

or DMF are used. .

The compounds of the general formula can comprise in the half of the sugar
25  molecules a carboxylate group and in the other half a N-acy! group.

Disclosed herein is 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 andfor attificial 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 disclosed herein are polysaccharides for the hemocompatible coating
35 of surfaces. Preferred are polysaccharides in the range of the above mentioned
mblecu_lar 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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group and the other one a N-acyl groulp. 5 One sugar bui bdiotgnbgnzdosof t he
pol ysaccharides is N-acyl gl ucosam ne p‘d‘r eferred NN acetyl glucosam ne and in
case of the other one it is the uronic acids glucuronic acid and iduronic
acid. Preferred are pol ysaccharides, which conspire substantially the
-sugar gl ucosam ne, whereas substantially the half of the sugar buil ding

it . ferred.a N-acetyl d t th
hal f of %Zgﬁfgj'@ct%i%ﬂnaeﬂbﬁi“ﬁ@aﬁé%aﬁ%biurg Sedicgach atathSm i Theen i s
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th LD Core ACH ) g o
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Fur t her MR ansbihptbenane add-agylaresppr ef erred which substantially conspire
in ene half of N-acyl glucosam ne, preferred of N-acetyl glucosam ne and

bst i.al | [ R h th l.f of th [ .acid I [
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subst arflPaiugar glugasamiee, wepeaasnsubstatiadyithe Ihalfsofl thebsugar HEdding ahity
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term "sybst ant.i al(%{\g| hal| pake cl ear hat statistical variations are to

.S AR ,
be t akedUCoSAYNg QUIdING unifsebeans anenearapxyl aipue whieh isgoenchdisesily oy thene sugar
bui | gi ragnim:)i dreupionblyi @te of h?fr% mﬁvlétxylygrﬂjgp%yﬁttﬂ?l!%lse%fﬂﬁ%s@b%ﬂb?&?l?: units
“are bo 0 r ut does not excl ude tota uc ef e
connecﬁb gdn.é)rpﬁsgzbc%l;'ggﬁ%e esﬁﬂg?%r@ﬁogplé IS FENgRIPRd ?v‘?ei’ﬁs p&%ﬁﬁ@ﬁ g’@% but
al | ows capdxymethylat iconsartimyetind gspes. alFuythermbhe 3disasehaddes are
bi ggynthetd RNV | ; | > | | S.hever
Feaghod et MHichoRERERY EREOPTR B¢ bSE r M elBlicoS A, IRV B, ause
enzym@fgﬁfaﬁswl%$%%€mﬁe%@d gubstantiailyceensnjrsi i tieveifrer dalfefdheouronist e has
- to be zidd chRrlfshic VeRfEaanin igaoicl abat U'@gebﬁﬂﬁr ifeRrel OAY Yihe
~alternat | ns%gs'g_%u(fncentgf Nhacet I%I gcosa ne and the uronic acid units is
exi st i MY YSPECRANeR . JBPL, ShRWhdHs SHBStaRERY: oaflaineling  SeaHEREE oofsd¥ T aces

are di scylghaubsantine andraneesiitheiboih yratdsacided for the direct bl ood contact.
I n,gase of these, HEM P01071WOSGA Appl i cann 15 9 Novenber 2006

Surprisingly it was shown, that for the applications according to invention

especially desulphated and substantially N-acylated heparin is especially suitable.

Especially N-acetylated heparin is suitable for the hemocompatible coating.

25 The term ,substantially” shalt 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 espedially in the

30 case of biosynthetically synthesised macromolecules the ideal case is never

- reached and some variations are always to 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 'c'ontéct. In 'cas.e of these,
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nmet hods a natural and/or artificial syface is providedggpnieeacbove
descri bed polysaccharides are imobilised on this surface. The

i obi | i sation of the pol ysaccharides on these surfaces can be achieved via
5 hydrophobic interactions, van der Waals forces, electrostatic

I nteractions, hydrogen bonds, ionic interactions, cross Iinking of the

pol ySaQﬁéﬁfohdeé r@ﬂ@#deaniaYor ﬁﬁ‘f‘éﬂa?%hrf‘é%% gﬁoﬁ? dérﬁﬁt %é?srcﬁBS&red s

t he coval ent ysacchar e- on |ng
pref er rpé’éiystaf?g é‘aﬁg@Fﬁ "’%mﬁgi"ég%@ﬂﬁ"s $urfacsye (SI de- on bond| ng) and

especially preferred the coval ent end- point Iinkage 10 (end- on bondi ng) .
In the net hods, are described. Biol dor
artifi (;Ifrﬁﬁ' e sur Eg‘cégg%f?’?ﬁiédﬁ%ﬁa Ardes %&Eﬁ'@ ?)‘1‘ eﬁ?r\/\ﬁ?‘tgﬁc ieved Via
hen®cohydrephabic oiteragtiops.maeans dér t\Waalsl fommsug efattiostaticl Sntragtions, di ng a

sur f aC%yﬁFogférﬂBQhE@' loﬁﬁz‘*h é’ﬁ%sb)c gﬁoﬂﬁ{zﬁ I‘P%]B%g%@aﬁ{nd%%e rfc93P8§’nd of

t he gener a formul a accor al m éel’ onto

thi s s§PVaEst HRNUERG beﬂtodb’}ﬂ)ﬁwf%ﬁ d?reéerbﬁecbgsatbneecamlﬁat lipksgegetdbe| e
| ayer polygacbBasdes a@Riebn b@%lﬁ?ﬂ' ﬁrﬁiredﬁl"éfé?reﬁr tﬁé‘%d%’afg?ﬁogf?@‘ié Ebﬁut' ayer.

he acdfbae CldeihnutRof hat Geferkll unlsiim e roaen ancbrgint dnkags

i mdbi (érddndroratiygjow anchored on and/or in the subjacent surface. ?5
Under "substantially the remaining sugar building units" is to be
understood that 93% of the remaining sugar building units, preferred 96%
‘and esheibedoigipadhe cpating methads ateedesambiedi ng 60% - 40% of the sugar

bui | di Bibiggichs ah@ﬁfr artffisfab ceQr Upredital ﬁﬂéa}i%%oééﬁq%@%gé\ﬂae&%

henocoppat i bl e sg}ﬁ ace . is preferab é provi
9

sur f ac BEMOSeMPatitle coatingby. meansrof dbe Telipwing srethedi vat e t he bI ood
cokgul at or g) sy pteaiding RUsurfice ¢f ghedlicdl e@evickdRmbogeneous. An alternative

enmbodi nent , . comprises th e a r ovi sur f ce of nmedi cal device
oraCe) "aonBE T BERS ol 87 AP B8P g o Rindirlel bErraE ol T abEiEiTy | o
fornula 1, b'io daposias bemotomphtibkt labbeohteythis sunfagetdrel/sur f ace of the

medi cal deB")Cedeb'@(hgrq 50 A TGN F Ba%gg}ada%lé\lpa\ﬂf%n%%{o #88urface of

the medical device or the hemocompatible layer.
20 |
«Deposition” shall refer to at least partial coating of a surface with the adequate
compounds, wherein the compounds are positioned and/er immobilised or anyhow
anchored on and/or in the subjacent surface.

5 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 medical device and
'b)  deposition of at least one inventive polysacchande accordlng fo formula _
' 1 ,

b’} deposition of a biostable layer onto the surface of the medical device
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and d') deposition of a further hermgigrrpati bl e | ayer of oalbovdne@stooene
I nventive polysaccharide according t'0 fornula 1. 5 The | ast-nentioned
enbodi ment makes sure, even in the case of e.g. nmechanical damage of the
- polyneric layer and therewith al so of the exterior henoconpatible "|ayer,
that the surface coati ng does not lose its characteristic of being bl ood
conpatible. 10 der "biological or artificial" surface is the conbination
of an artifici gl medical device with an artificial part to be understood,
.e.g. pork eadepasitinnaf afyithéerchamochmaatibledayer. offhe lezishohe ihageative ar e

dep05| ted pref %%Laléclli’:?’rld%Bﬁ&&n@te%ﬁﬁﬁlé“ﬂ met hods, 15 whereas one can
a e

deposit al so paclitaxe w'th the dep05|t|on of one | ayer
onto the medi cal device surface, which is then inplenented in the

r especiiiheciabBiRintiony@ leeibddim@Rt hikeadhRs) é\@rylnﬁﬂé%selcﬁ d.§ mebh nlbéﬂ
ayer

Dot ¢ Brfian O almsuTiaarad Mo bR sudd of: %@ﬁenggﬁpmpgé‘%ipanm

subst ateyes, thoat thee shifase alatingr do@9 rivit ddegritd ehhexctaisticsofveeihg bRisdsed

al r eady, ﬁ%? Onto this first biostable and/ or biodegradabl e or
hemoconpat’i bl'e”l ayer it is then possible in an additional non conpul sory
step c) to deposit an agent |ayer of paclitaxel. In a preferred enbodi nent

- pagh i t aRleriBidiaesl GIoééﬁiﬁ%fﬁI" ¥u@cé (€ the MiiRsRIY ot%\‘]eért:fﬁa?(?ngﬁﬁél' taxel

I's- preferabl osi.ted I ppi ng or spraying nd/or In
henocofF¥EPL Eh I%&/@F“ﬁ&la’ta%ﬂ i st &Bﬂ%rSF%r e. QAfR(Ek haast %tépa'b)al‘ﬁﬁwl@'he st ep
c) an hedritvabyeal step d) can follow which inplenments the deposition of at
| east one bi odegradabl e | ayer and/or at |east one biostable 30 |ayer onto
t he henoconpati bl e | ayer resp. the |layer of paclitaxel. According to the

- al t er ndhieveinglbdalyerenae afepesited gurefiérablyr byt dippijg @rssem@yity) nesthod$,ol | ow

whi<h | th |
form ‘é"”%riés? ph ceiadiitaeaisp Knchad) ot B8 SaRRC R BRs e lerbRfio it oa! o
| ayer ©B§ layemn ont(héhqa dypedicgk dﬁw@ﬁl sartate, Wwhisheisalilen nplemested ib’ fhet he step
d') foldspartivéidrsr (ﬁi\:@lérﬁll/ AIRH6r a@hbs&r@ﬁ 'lﬁ'tﬂ% @%éﬁlafsl ?6@@ &an take
e bl od a |

pl ace |ntao: andﬁor ont st o and ost abl e

Payer B Sal% b Slbde ldrasting of 3 pampoampavEledaTPmAP the rastien o
Novenbdeviz@d6 depositthagictivé agent pasiitarell Tae fustaricaselor dhé biystiiea! v

?ﬁ?ﬁsiE@g‘gﬁﬁ%ddﬂ%ld@%@g@&%h% éﬁ'ré)é)dyn e sprayi ng nmet hods onto and/or
Onto this first biostable and/or biodegradable or hemocompatible layer it is then
possible in an additional non compulsbry 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 c¢) an additional step d) can follow which implements
the deposition of at least one biodegradable layer andfor 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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According to a preferred enbodi nent tHe bi ostabl e | ayer gingvékg@RPadosed on t he
5 surface of the nedical device and conpletely or inconpletely covered with
a henoconpatible |ayer which (preferably covalently) is bound to the
biostable |ayer. Preferably the henpconpatible |ayer conprises heparin of
native qin of , 10 regiosel ectivel y synthesise r|v tlves of fferent
sul pha’Er?)| é'@}%’?f i1l %'b pAat ip@ﬁﬁ@éépe%@) Pirlerakly) sepgsitedeph )(E’irent s
(acyl atmplenmmgeééy)dlppmgrw spralieguhathodsi ogitd ahammtofthta Babperhakgechari de,
which is .responsible for the antithrombotic activity, up to the standard
mol.ecul ar wei ght of the purchasable heparin of 13 kD, heparansul phate and
its defceaidingdo alpiglerres rpbpdimeninthd disstaise dayehés elepokited yari dhe

gl Y ocalifice dﬂswepheécﬁéalaaéwbbrmeé&h g%@%&bﬂ, etb'rfeé@a@”ﬁﬁﬁyé at ed

and/ or artlal ce d chitosan a x ures ese

aUbs: abgecomratible daver whidly Drifarably cralentl) v kA 4o HEROBIGSHRNG bl y 20
coat edlarec.ordl ng to one of the herein nentioned nethods. In the case of the
nmedi cal devices it is preferably a nmatter of stents. The conventi onal
stents, which can be coated according to the nethods disclosed, consist of
st ai nl Beefegabdy| thenilemadoropaiitlaelayest abmpases ahémarin of obtisy nofigini of 25

p e, t I cqat d e
gé‘%aje@“ EICUR SyotloRl Anafvalless ©BY Sefns ATpREfa] ChdrbRnte

layer (SUERNGlIEN: (flegrees)s tantknaedation @p@ﬁ" icignts (wﬁbﬂl@ﬂelqw&e@l sr@ the
i nconpineleduiar Waiight ?éhg%e‘b‘i’rme' ﬁ:léﬁfas‘a%ﬁ@rhd&swﬁfcﬁf o 3abyoaslki taxHe The
hem)co | bl e coat ﬂ’ ga bent r? t he onﬁ@h nd the necessary

bl ood FaEmERt Aetdfe bt ded TIIRIEE WeHGE B0 G16s PHHINSFGES ¢ he
cont allmpmm oﬂ:ﬁm mmmmlpmtamss@eavamest b d)ﬂén@lfﬁio%aaﬁldarﬁd& absence

second

f d b
Gigtri L't@ F VM TR POEC T R ifovi des
t hat tiie éﬂgyl@fted had&rqrartislly Naaeetylatdd chitdsan as pedliad mxdtarasooth

muscl qh@ggsg?g@ht}ggl al cells, takes place in a controlled way, so that the
I nt er pl ay thronbosi s reactions and inflammtion reactions, the rel ease
of growth factors, HEM POL07I WOSQ1Application 18 9 Novenber 2006

pr ol i fIBTS@IbB@@ a@@dlsﬂi‘rﬂé@ibhl%\ﬁlfes%lbﬁ a?é'héﬁ*@»cbh@afuﬁl?wery process provides
d" | ayer, which is referredto as .

@ t i on é) 3 novel F'l
ndBi i rdlpg do Qe gf tesc ?Eed&éﬂem&ﬂ% Brthgdsr Inathe sare<9fvi&ey bound
tot henedlbab@@ridtes it is preferably a matter of stents.

The conventional stents, which can be coated according to the methods disclosed,

_ consist of stainless steel, nitinol or other metals and alloys or of synthe’tic',
25  polymers. :

The stents as disclosed 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, takés place in a controlled way, so that the interplay
 of thrombosis reactions and inflammation reactions, the release of growth factors,
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5 layer or/and coval ently or/and adhesively i npl enent edgiNavatiber 8@8t One

| ayer, ensures, that this active ag Is set free continuously and in
smal | doses, so that the population of the stent surface by cells is not

i nhi bited, however an excessive population and the ingrowh of cells into
the vessel lumen is prevented. This conbination of both effects awards the

ability to.t stent according tg invention, 10 to grow rapidly into the
vessel %ﬁﬁeréﬁ% %ﬁté@gf 9o eells; QNriol thes rsRuens PERRPSEhBrovidas tog

t hr ombaggreratidre of alneask repaipad’| delldxgdr, apitsisablitteddoRsy mésinfimam 1 to 12
nonths, preferably 1 to 3 nonths after inplantation. Paclitaxel is
preferred contained in a pharmaceutical active concentration from 15

0. 001- 1thysy therusenef paelitexelucovalently oebiadrathedively bobndrio dhel sebprenal | y

e : "
e Sontayer gribnd Sobaitp 8o aBhef ImdEmerfed!in & Rafond TafdirLs bre
|'ayer . eﬂ?é“%ﬁ)ﬁﬂ?%@“%ﬁ%% agent issel free candingeusly aperinismalbdoses, G thgtto 3
L o O R T e IR FORE e o SO ™
. . i s I . .
cont roﬂ@é"é;ﬁ) @Hﬁtﬁhﬁulﬂ%‘f’whaﬂg Ceiﬁﬁrf@lé’ gﬁ% ‘@?@@Fﬁﬁﬂ?m ys PYaied. NS ¢ he
pr eventdoprbination eflboth effects aveartisrthei ability Thahe stdrtricsonding t@ iMasie ﬂmf)a'éi bl e
. ! " '
ot oo HrBwIEPE IS e e Rl wRll AR BRANIFE Ao ERREAS RAF I L°
whi ch mgkkef W@“@Qﬁ'ﬁag}é?leo'fei%ﬁ@ phpheliiaselespansrabeutt & yegibteiromt hdortd ease of

the acthothagsriferabs 5% sfrh@ﬁthb%et#%gbén?éti&m? active agent influence. 30
The preferred enbodi'nent of the stents according to invention shows a

coating, which consists of at |east two layers. Thereby named as second
| ayer iRaditexel lisypesferredhtertaineddepasph@tharedtibal hbtved chRYSHtratdFCRbA NY to

h - ' ' | | h I bl ,
wnien OG0 HERBR ) o ae, PREGER S by ot eenearb Praras
consi sOs? of 1.fai pene, stamhtsurface.ohdtitionbl aetivil agentd Taadie sorelinedpund to
the fi gihildrase cenﬁ?ﬁor?ﬁfpmetﬁfﬁé gk%ﬁ{eoﬁ%rﬁgbéﬁﬁgﬁﬁl ig)lééfw y, so that the

active agent is released accor e velocity the solution
process. The first henoconpatible layer' HEM P01071 WO SG1Applicaton 19 9

Novenb@he%lﬂﬂied&lﬁb@ﬂbfiﬂ%olﬁh@eﬁ%%ﬂé%rbéét%eﬁWquio'3h¥g,cbfre RStent in
th de@;@fﬁ the active a earsﬂt s, re ed. By the release of the active
agent 1 To M And gFSpeciadly @?F%ngf&eaﬁ%‘ﬂ{@d? &4 0 Oor mg.cerellike peri od
of ti meoated sientd reehsmotite attivedagerthesilitaxdl Soatraldd dnd Woatinubhisly @xider nal
layer Rafcdsrs eRbLIRARY siitdbfeYor the prevention and reduction of restenosis.

These stents with a hemocompatible coating are generated, as one provides
25 stents and deposits pref_erred 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 and/or

36 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 |éyer’
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5 degradated. Finally the henoconpatibl e |ayer remains g adiy-podpgogeneous
surface and nmasks the foreign surface in such a way, that no '
|ife-threatening reaction can occur anynore. Suchlike stents can be -
generated by a nethod of the henoconpatible coating of 10 stents, to which
the followng principle underlies: a. providing of a stent b. deposition of
a pr efguaradtessy tiice netgsdzoy rtrlobd nemropatibilityl ef thay stent .insthiestegrieieads yheonpl et e
cover i g af : ' olell r.ayi d with
the art o gl FERETN, MBS obhealhPraddn e BRI Il oceq
sol ve SBNYlY Hedyeewh| @My oforagucertain pepedi of dime tard pambrigadicontielied i na
hyper pidisdsioraf iseler@ibddNwhdi! anbalex@inal Nag&diHdPNbEES afrb8aY Swilely
especi Ilg \/\@II gl ectF1 because of mglkcoatl ng for the continuous rel ease
of 2 ondlagraglgied. an'f‘IaB\‘o i PRMPAIRIGN FYET 85 v8S aBHrmbOgENEht s. Due
t o t hisurtamgabndimgpsks thd doreigndsuitate mcushas twang teg o Migd-gasatdning
requi rrsgcﬁtm)ﬂﬁﬁ okpﬁrér%rﬁ@é vely coated stents prevent the danger of

nos 0

restenosi's a C etély. The natural and/or artificial surfaces which
had been coated according to the ?5 above described nmethod with a

henoc &ysitdike | stemtayan bé gaherated by apokifsatohtid bemocanpatibld absingspeci al | y
-agpi S i Ip}ﬁﬁ[ﬁ- t {s, that are in direct contact with
'tﬁoe g}g(lt)%g cﬂ@ﬁﬁ] tﬁ%g&&vgﬁg, prI grue'{lod%?/m:‘ltsh the formof stents in

conbi nat RoTQ¥IHRIRf aasenprol i ferative active agent, preferably paclitaxel,

for the br elepokiion ofa 1251969 tovaloHly BRmetRrfdodtglatinle tdgu ces are sui ted

. especial |y _but nat onl or the direCt and pernmanent bl ood contact, but

show surfr ?EHW@P a'é)f 8 ec‘F%Y%TEIQePfg!‘? bemogompatthle 8"{'3’%’ at‘épﬁ’tn@vent t he
adhesi on obr ppadyiigmetitddwithcthlel destiprolifbrftiveaotive egent paelitastsesi on of pl asma
PPt eins on foreign surfaces which come in 35 contact with blood is an
essential and initial step for the further events concerning the

r ecoghe sianta g dissiosedsiobieebrinige aretlem dfacutethrombasisyadem This is for -
Scponks HOMPHERL vkl el I OLHAR RPN, 1 o R ("
exanpPEnts e eﬁﬁﬁ@'ﬁb}’ well suiipddesgausp i theinsensting for thevenber 2006  unspecific
adhesientiioldy RHBASS ?biE OF Ambtd &IntiPralERivE, FhiRinSRRYEssVBAMTE |
20 agents. Due to this capability 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
26 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

0 paclitaxel, for the prevention of restenosis.

. The 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 conceming
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 f
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whi ch are used for diagnostic detecti2zon nmet hods, that dpsbwntbet Fmwsgeneral |y
sensitive test reactions and can lead to a falsification of the analysis
result. 5 By use of the coating disclosed on adsorption nedia or

chr omat ogr aphy nedi a the unspecific adhesion of proteins is also prevented
or reduced, whereby better separations can be achi eved and products of

gr eat etnspeeific yadbwsidre of rreteinedn fricetiter ipltes rorobthier guppertFimpadieng shows
a tetr aaparnas! El§%é!“f6r B%gﬁogﬁcpadétact%n hﬁ@ﬂo@@s%Qf‘%ﬁum ttPe g&ﬁ%ﬂaﬁy' ¢
di stributign of the sul phate groups and a sul phation coeftficrent of 2 per
di saccﬁsF'?'ﬁ}ée ipitreastions ard £gh i!%’iﬂ) tor 3 falpiigatiomo( theganalysis resull..  For

conpari son of the structural simlarities figure 1 b shows an exanple of a
conpouBy useanithé ngating tiselogedienaldsbrptionl raedia drhe  description. Figure 2

shows the influence of an into a PVCtube expanded, surface 20 npdified
Srorn 1 COOnRborIE aiedis Tak SROBRTCIRANSRE CEPTOBYS FhalD PENGPICRAT

uncoat eztluted, Wiesebgt psttercosaratiyns toat beagchi@aslbAd poductf of ¢pester As zero
val ue énﬁt))(fa\ﬁ ‘3@{3 %E%g( | atelet 1 oss in case of the PVC-tube wthout
stai nl ESs“stee 4 ‘P@- stent was set. Thereby SH1 is a with heparin
covalently coated stent, SH2 is a with 25 chondroitinsul phate coated

stgnt ; pebBribtion of §HlrsLated with pol ysaccharides gained fromthe
eryt hrocyt {(k:) g ycocgf'fx and $H4 is a w th Ac-heparin covalently coated

stainl ess steel ‘coronary stent. Figure 3 shows a schematic presentation of
the refigar®di s réicwola Wikdtac8Raidhiel ¥ HipHEinPORheparMs U@ty | at ed

heparin (Ac-heparip),. cavalently cogted stents and with oligo- d

pol ysacchari des %ﬁ{}%tffé &éﬁbPﬁPBc??i QI ?/@BE%ﬁel OTPPBS y 8R€c 13 %’f'p@&ﬁ’hro.

gl ?/coc. ) I coat ed m%ﬁd:iant of 2 tperrﬂaaraicebarid? uhh\@ium@qapiedl folrdipagindfiguteh _
acrylic aci stents_.after 4. weeks | antation time in

patk 58 Fi gar e Wt Sk GRS Bl SiPERIGs Yool ShoMaM: oos

sections througtexanaplet ehe compauningcamdingl fo dlegrgereral fameutai inhthe

Ac- heparin coat %Sﬁ.@%n_(a.) and as conpari son HEM Pol071 W OSGQO
Application 21 9 Nov er 2006 of one uncoated (unco. or bare) stent (b.).

After four weeks in the
Figure 2 shows the influence of an into a PVC-ube expanded, surface

20 '~ modified stainless steel coronary stent on the platelet loss (PLT-
loss). An uncoated stainless 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 onerwith Ac-heparin coated stent (a.) and as comparison
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ani mal experinent (pork) a clear difference in the thiclnessesrzfost he
formed neointimas can be observed. 52fi gure 5 elution plot of paclitaxel
fromthe stent (w thout support nedium). Exanples 10 Exanple 1 Synthesis
of desul phated reacetyl ated heparin: 100 mM anberlite IR 122 cation
exchange resin were added into a colum of 2 cm dianeter, with 400 mM 3M

HCl in the H--form converted and rinsed with distil]led 15 ter, ,until the
eluate was free cﬂrpciﬂﬂ HP?%%EQ?(H”B% ﬂ'é@?ﬂ steqt g’-iéﬁ%‘%ﬁ’r{%p‘ﬁ?? {mthe
di ssol ved in 10 rdnimal expermdetsdporik)a tleer diffsrenceirctrenickaelssas ofititk el ut ﬁd
with 400 m of . dropvise into a receiver wt
0.7 g pyridine \gﬁ%rﬁa Pé?@&ﬁ@?a‘{aﬁfégﬁggg&ﬁﬁh pyridine to pH 6 and
freeze-dried. 0.9 g heparin-pyridiniumsalt were added in a round fl ask
with a piglitdls Congamiebiot 8 éﬁ‘;l'tt%ke?ﬂ' i e withbuf's nfdium).
DVsQ/ 1,4-Qdi oxan/ met han%l (e‘l)v/lv ang heatsé%nfgr 5'4 E%‘géf to'%%'&. Then 823
nmg pyridiniumchloride were added and heated additional 70 hours to 90C.
Afterwards it was diluted with 100 ml of water and titrated with dilute
sodi umﬁar dggi de to pH 9. The desul phated heparin was dialyzed contra _
wat er P& e-dried. 25 100 ng of the desul phated heparin were solved in
10 mM of water, cooled to OC and added with 1.5 m net hanol under
stipri -y ethi_s solution were added 4 ml  dowex 1x4 anion exchange resin
inth Tm and afterwards 150 gl of acetic anhydride and stirred for
2 hour s>¥tthesis of Hepulphatedaepeetylated bepedd by filtration 30 and the
solution was dialyzed contra water and freeze-dried. Exanple 2 Synthesis of
desul phated N-propi quyl.at ed. heparin: 35 100 mi erlite IR-122 cation
exchang@q'@%?Hpqﬁéﬁsqﬁa{j??dcwﬂfbg@mgﬁrﬁe%WQrecaﬁig%}) e eroIm o 260 i 3™
HC i n didveetér; Wthrd@D 3N adChindthe RSddmmidonveitsd idndeinsedinith, distildd  t he
! Sw S8 AL Rl veS Bt sBIorB oyl o ROUE R os, e
ont o t sissdvécbin T ol avajer, colderhordndhe catien excidangato@umin and wiited withhe
el uate & PRYI } i 1 : i, Chi d
af t er war sm'?igffwgt ed wgteﬁ%tgp? C i%%dﬁ&l‘é}}ﬁ%%se‘éﬂr}y? ?%_ge%g‘?w:&lggf 7§ py"f‘lﬂfhe
: and afterwards titrated with pyridine to pH 6 and freeze-dried.

0.9 g heparin-pyridinium-salt were added in a round flask with a reflux condenser

20 with 0 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 chioride were added and heated

additional 70 hours to 90°C. Afterwards it was diluted with 100 m! 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 mi of water, cooled to 0°C
and added with 1.5 m! methano! under stirring. To this solution were added 4 ml
dowex 1x4 anion exchange resin in the OH -form and afterwards 150 l 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 mi amberlite IR-122 cation exchange resin were added into a column of 2 cm
diameter, with 400 m!. 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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5 0.9 g heparin-pyridiniumsalt were_added in a round fba&sknmbettooa refl ux
condenser with 90 ml of a 6/3/1 nixfére of DVBQ 1, 4- di oxan/ met hanol
(v/vlv) and heated for 24 hours to 90C. Then 823 ng pyridi ni unchl ori de
were added and heated additional 70 hours to 90C. Afterwards it was
diluted with 100 m of water and titrated with dilute sodi um hydroxide to

H 9. The desyl ted heparin was 0 di.al yzed contra water and, .
P Fease dited Iﬁﬂ?ﬁﬁ V@%Br?edd(}é’s%tsﬁéﬁ&aﬂﬂ@%épwgﬁep@uw ged efifed it of
wat er, 4foinkdf watedCThamtuatd deat addédd drdpvide inet Hascivemdith Oﬂggjyﬁggi;e ]:l'O this

luti : 4 ' n resin in the -form
ngua:‘ %&rd"m%f'ri S g@%mﬁé&e@m&r@%\?%g%g{%P%%ﬁg%&%@‘%ﬁg'sti rred for 2 hours at
4C. Then the resin was renoved by filtration and the solution was dialyzed
consr a 0\ Lhepdtin-pyRAEABNIELR Yer®dRHEN S @nﬁﬂ%éﬁ%%nﬁ@ eff ement s

f Qyn ccor to the neral fornmula 1 N - n tro
measor MDA aigh OEAE miges PERBMSOM HheamaU R Y Pog hsaletior
c;)npoluI‘MS haacotdi 90rC.0ThéRT 828 ang p}ﬁ’lidiml%lf?ﬁ:ﬁldmt@bﬁv@wd ¢Sadded ia@aqnhégt@as ang_
stain . st en o coVv n oat ed. a.c oun ccordin
to for %ﬁ%’g%ﬁgm @%%%38%%‘ r@%&? ﬁ ‘ﬁ@g\ﬂ‘é'r’%dag"tiémom H"t‘ﬁerwﬁt@F raé’gpondi ng,g
i n t he tiblateyl evitresiilsteusolivse dhydroxideetd pihiGerTid dasulphmted BephrinCeldsul ose
_nep@ram}é%w&;,g@ﬁ@)e%ﬁg?ﬂ_ane lesul phated, reacetylated 30 heparin

n € exam na

(Ac- hepar For t Ion of the coagul atory physiol ogic
I nteractions between citrated whole blood and the Ac-heparin- resp.

hepar i Rogoapest tﬁum@,@ugﬂfbt@@mbaﬂﬁﬁuéraesolmm PO ThIUS \Dhte? Y S I8 & obBe

Sakari as en-d'%jlfhed a]urg%ggtn r-chanmher i1s 35 use _%Sakarlassen K S et
al .; Jandgrded WD g gl Axgthanad sindes stiyrings Ip) thisrrelutien aveferaddedcd miosed of
four bdokeixngxpaanion péxchargei cedin ninp thee O Rfbrirh medd atteniaidst $921d ofs

mapuf a : f . t hyl.net hacryl at e | o t he. paral | el

bt ProliBlls oy BRNE B SR RE R ke PG he TraroSUERGS refoued bt st o
cover a@gratiaawmmemmrs@@mmyzemmmm @3ted aNdViesdrerd®806 s incl uded.
The construction of this chanber perm ts quasi-|am nar perfusion
~conditions. After 5 mnutes of perfusion at 37C the nenbranes are extracted
and after 5 fixation of the adherent platelets the platelet occupancy is

 nmeasur Egampke3 respective results are set into relation to the highly

h I
o ﬁ(? nb?%%‘&c%“n?pahbmty 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 parallei. .
investigation of two modified membranes, so that in every run a statistic coverage
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subendot helial matrix as negative standard with a 100% piNatedtet 2am6cupancy.
The adhesion of the platelets takes2|§”| ace secondary before the formation
of the plasnma protein layer on the foreign material. The plasnma .protein
fibrinogen acts 10 as cofactor of the platelet aggregation. The such

I nduced activation of the platelets results in the bonding of several
coagul ati.on associ.at ed aspma proteins, .as e.g. vitronectin, fibronectin
and voHSW‘FIIugﬁaa AIG gep@{fueﬁm RE tbqsap@@@pegmqr 8. quasylamiBar Reffysitihce

fi nal | ycanidétiarst ever si bl e aggregation of the platelets occurs. 15 The

pl at el et occupancy presents because of the described interactions an
accepted quantum for the thronbogenity of surfaces in case of the foreign
sur f acéAfteyofit minutes ofi pedusipnoal BRIG thecmenttwranes srgueseetad isnes aftehe | ower
t hegpl ; p ' f f t j [ e
herrgcog‘f)xgnigﬁi Pf)tqﬁ Bo? Bf‘ %reérﬁe@gtrﬁ!%%dm%r@g%i&t ?Hﬁ%ﬁfﬁé{ Eﬁrﬂ%%ﬂ%ﬁcel ?](-aljisé]ul ts of

the exdRPREHVFeptaSUts cAeededndntac- Idafian nia othee dhighivhr thieaboganepus ear | y
t he i nuuberdatielial mdigx bermaprRatdtihdatywith at To0% st oiz%baﬁ%. TtHy ough

th tjng: Wi th Ac-heparin. Heparin-coat 45 - 65%

ol at o ccrsSict, o 6 RREts 1ok plct SBEuR S Eripit B SRERAUh s e om o -

_SFE{O ((rj gflasrea quotain daysmalv the for@igrmatatesialwiThe p_ilﬁﬂ%an:br&t@? fibrinogemw ity ) - I ?5

: a I e S C § . XLI ene
M g e B G R e
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ce.
precondjtjons for aclivat|on, deposition 30 and aggregation o pla?elets,
and ul %Vrﬁé‘@é’ﬂ g'?%%&'?ﬁ‘ig’ the dizeerspla,aggregation Péﬁ}ﬁi%ai S@SEEkse mechani sis
to the inserted foreign surface. Ac-heparin fulfills by far superior than
hepari it h iregents to the hepoconpatibjlity of he, f orei gn surface.
| 35W$heq-ihr?t Z}Jét%fel oﬁgglfp%fcé's%e%%? P FCaPEL Bt h’?n déﬁﬁ"[befé\t'meé?c fhcy as
di r ect acqeptedugardum foe therthootnbggrhity obéudaces ihamse df thel épeimenaéacef the to
t he bl f C LN@ o e I.aLl I this in-vitro
test. ‘(I?'%ﬂtsa('? hcge(_glﬁtgﬁl ?2%@?%?\3 g%tcr}gga?@rﬁ %’eﬁgﬁﬁaﬁs%'p?rerﬁ"% t%‘ﬁt IiQIfa Eer%gbot iC
oper antOCEUPARBEIS; @n g perfipiedeudace Virs bahesip the hemegompatbilityehther 2006
st r onglexahiimeéd edrface [@bemgg;g‘édgl e at all. The interactions of imobilised
[ revert thense|ves h o t he undesired osite -

t hEBhe T tebus, el Siained ORI a8t b Audoparin-Coatsd memblancs

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).

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 ultimately the blood reacts with the
corresponding defense mechanisms to the inserted foreign surface. Ac-heparin
fuffilis 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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5 Qovi ously t he out standi ng i nportance of heparin as angfwtdniter gotboti c i s
not transferable to covalently i o4 i sed heparin. In the systemc
application in dissolved formit can fully unfold its properties. But if
heparin is not covalently inmmbilised, its antithronbotic properties, if
at all, is only short-lived. Different is the Ac-heparin

(,, No- I it ¥ =hepar sul phation.and N 10

r eacet ;ﬁ%‘{ﬂ%“’i”ﬂesé’&"qt&oéﬂb?ﬁ f’g"é’@sh??]énqﬁac&)%s QEfm?WrbﬂﬁBgthetPaﬁ'P(%@?t i es of
t he i nihlbad reveit dbemsel\feat hereginto dse iundesirad roppicsite ne the dheplafinasadgeneous
propert rably founded in the passivity versus

antit hréo N gﬁﬁ% erﬁ%BEél ng affinity towards coagulation initiating
processes and renal n after coval ent bondi ng. 15 Thereby Ac-heparin and.

thug t f@bﬁ@ﬂiiuﬂi@ onstéMnQeiﬂﬁjtﬁ{aﬁc@r B¥lRe Ip]anh”aé Oér?larﬁi‘ﬂ‘?ronﬂﬁtl'c”%' h&t

sui t abl.e anmou e foreign surfaces in contact w.t
coagul Jf"’f ?n C%'%%B’ "PWIQ@SQPPBW o dhe | ystemith agaliga ttﬁ’"l M | ong
si | i cordissdhesdiifoim 3t oam ifoly dmf{ddamébetﬁpérﬁés nBuPff Weplral i&f ﬁopf:ovalently

soc Trbfordlsgd, 3 dottheat iRy Bherlce, by A G Snots L b n o

ci rcul ahGZB«Cﬂiﬁnaﬁm KMO-aﬁmiM‘-baaarlﬂB thatir duat to4Qle déswphatiats and Wwds ri nsed

of "8hceaeeidkiBh i faBOkiay osBs 108 e RIS brthe kel 2 "D

of the deacety ate wer e ssol ved at
4C i n d00igeulg, UMaSE@T%%ffT Eﬁftumadlﬁtmstl\eﬁwafhwm@gamwsmmﬁyr@& tal are30

(N- cycldammltrdw;( FourIRh o ithe gidusiviavaeds afﬁﬂi'l%ﬁ’idw ljIPah@ I tHENBR¢iRIONat e) .
Thi s S(L)?#.l rlp c]‘érg)edll n a.cj r@ul ar notion fo hours at 4C t hrough

t he ibyadoWAldT aquigies intialino wprtcenseer and WED: s uePEeEng vt er
in eaclbondage for 2 hours. 35 3.3 Deternination of the platel et nunber
(E§\§0993 4) Ina l mlong silicone tube wwith 3 mMminside dianeter two 2 cm

long fornfittin gl ass tubes were placed. Then the tube was closed with a
shri nkdbiesebybirh pedinzand-vsHbeoIMBseTisrpithiecgerieval f2EMalaND e tdtal a2006

i rcl e ophthdllyl S@fasiader BXCLaRbAflagh & forkigh SUILARET Wditad Rith>the! Nadl

sol ution 0l hg SO one Ssyringe was use e so ion and the
ot her §9?9H%@°G§@S ed to renove the air. The solution was exchanged under
exclusion of air (bleb- free) with the two syringes against citrated whole

_ bl ?(S)d %f.2.a ﬂ%motbrﬁ}{saiigﬁtonp Sficone

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 ml 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 mi 0.1 M MES-buffer pH 4.75 and mixed with 30 mg CME-CDI
30 (N-cyclohexyl-N-(2-morpholinoethyl)carbodiimidemethyl-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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5 Then the recess holes of the syrin were cl osed by pustdnigr 2doe gl ass
tubes over themand the tube was cl ed taut into a dialysis punp. The
bl ood was punped for 10 mnutes with a flowrate of 150 m/mn. The

pl atel et content of the blood was neasured before and after the perfusion
with a coulter counter. For uncoated silicone tubes the platelet Ioss was

f 10% L kot ke |9 10 i i t whi ch
coat ed’ At AR yridBe rpbSn o i 8 Supges withen 6184 MR oRtERe 7 e s-
nI 3% | Algiagise ohe sydngenvas west teyfilt anrthie sblutioh com tn@athdrhg/rmgélwaﬁtl ont of
ate . I (S} |
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- threbaai slicdn ﬂ@l‘b@QhWhﬁiﬁ \%/eh@%oﬁ éc&ﬂ'ﬂi ﬁ)ogkérﬁ?f?eg@ u"i‘ta‘?/efc{gghogggé' nisin

contrast 2%% rrg hus vvou correspond to | eas ti nmes
the vallfl¥mberofe W@?F%ﬁr@\/\ere carried out with the established

henmodynam ¢ Chandl er | oop-system[A Henseler, B. OGedekoven, C. Andersson,
K. Mott + 41030, KARDI CHN K 3 .(1999)] .. Coat ed and un ted stents were
expandé@ggmtm%&ygam'%%éy%@ﬁ '%rém@ﬂh@tr@'&eawamw rﬁ’%@'@ H%hgt h and
4 mm i risi-teparih eoatedrsurfive is esdiides. Simuitaneo@stp trdarené seenoéd rtmatﬂ%

acggr di; | d eripen The |

238" difndiidshBn i SRR kRS I AEUARE‘S ARSI IR Mol lbibibt Lo o,
the refthadfdined oemriaﬁ:@ Agamstsit Acabepaiin rshAmhe:paaocmdameb;o itorpasshen 80%

The i nifaugac Ro @fffekcts @ ritaRvit PR ggﬂe@urface modi fied coronary stents to
"~ the,. pl atelet loss is evaluated i'n rther Chandler tests during a 45

m nut e whol e bl ood HEM P01071 WOSGOVpp ication 26 9 Novenber 2006

per f usidoh. Méholetblsog exp@vimblitstdre3$6 €NMM kifgleBYGtdelBBrdrarpBRinysed, the
. oupgome of this is the zero value. The enpty tube shows an average

platelet loss of 27.4 % regarding to the donor blood at a standard
aber r aii dne o¥iths theebipcampatibilishexparisents 31 mm long 316 LVM stainless steei

stents were covalently coated with Ac-heparin. In case of a total 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 ug 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 initiaily to the stent attributed platelet loss in the
perfusate of 50% is reduced by the refinement of the stent surface with Ac-hepatin

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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val ue underlied different surface nodified stents are ey Nansaer 2006t he PVC
tubes 5 and are anal ysed under anal o Sus conditions on the by them caused
platelet loss. It occurs also in this case, that the stent covered
surface, which solely accounts for about 0.84%of the total test surface,
causes a significant and reproducabl e effect on the platelet content.

A d . | th | d,
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only a s f,or 4% he total surface. surtace
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t he offeb sur acef show th relta nmeasur ement s 3.4.1
Coval eftPhdaeR JARa: 1% B’E‘@@&fﬂ% MElsﬂew@a%taneﬁpama@dsemognmﬂrahm| ci nal

st ai ?I Me?t fsds. IAVM&:’EGSS\@IE % tﬂ\%ﬂlﬂ%idﬁ%(}jlélﬁgt &talnlééostcétéép?’i@ LW rl‘,isfaﬁﬂas15

m nut e and et.hano ried a in e yi ng

cl oset it%éﬁa@ﬁgﬁﬁ@?% S & ?)té(HJf1c90a @mﬁ?rﬁiﬁ%@emit elgt é%r?&elﬁqraﬁatﬁd to

3- am nephedigal grastehB) s slidae, iatthaugh>thisr tesbSurtadwmonly/ aebants fd/R84% (Vv/ V) )
anﬁgr]t hgf‘théjfdtﬁcl‘.tfrfér e5 m nutes at 100C. Afterwards the stents were washed

em neral1sed water over night. 35 3 ng desul phated and reacetyl at ed
heparin were dissolved at 4Cin 30 nl 0.1 M MES-buffer

(2- (N- maepdl ;K’s‘é@ Q@Hﬂ@é@ééﬂaﬂﬁ@%ﬁbﬁ tRE 's@érglé?sdstgg Hin & Xsﬁgnfg'

- N-cycl | - - p-t % I honat
HEM - PO FeRHER S AATDaS P e m@ogé?&%%‘iexpﬁ”a -

st ent sdemagegsee figd2).0ks Mosheffectivet préved withesn bietheRé-Bephis @gH4W th wat er,
4 i\éNaCI solution and water in each case for 2 hours.

If the effects of the Ac-heparin-coated stents on the platelet loss are considered,

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 ethanol 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 ethanol/water (50/50 : (v/v)) and then

dried for 5minutes at 100°C. Afterwards the stents were washed with
demineralised water over night.

| 35 3 mg desuiphated 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-morphoIinoethy!)carbodiimide—methyl-p-toluenesulphonate. ,
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3.4.2 Determ nation of the glucosam g content of the codibethbst®mo6s by
HPLC. 5 Hydrolysis: the coated sten are given in small hydrol ysis tubes
and are abandoned with 3 mM 3 MHC for exactly one mnute at room -
tenperature. The netal probes are renoved and the tubes are incubated
after sealing for 16 hours in the drying closet at 100 C. Then they are

al | owe por at 10, t e t| ryness and taken up
in 1 qnéglsgéa%)g%too \f\@ S#‘?E'Ptgéﬁleéﬁ 'ieéjrfoéﬁé eﬂﬂlct'?ﬁ ﬁ%YnWSTes aneéi

hydr ol ywith watert 4idiiallisolutioa aﬂm_ﬂatatasebphabse fordeholighat . + desul phat. +
sanpl e reacet. heparin area reacet. heparin reacet. heparin stent area

5o SRl ind kg g oL B by MR 32

2. 60908E- 07 29.91 4 105.455 2.07243E-07 0.74 2.80058E-07 32.10 5 119.061
2. 3398 Hydyglysis7 4he. toaleREsiants6am! giteri2n. 36&1I2h56ﬂ)1ﬂ$|£-@15e@ aﬁdBafkﬁlME-O?

39. 33

oxan né‘ﬁai“ﬁ'%%@?%ﬁ‘ 34nE s oy dexadty gl ritdyed st oark TolriBRALER T on or
cor onafjetd prRbescyg remamedrand the: Bhesrarednoukated afftes aﬁaisag dimr 16 hours
hermcormne tarymgyososyml 4 w°be%6hﬁhé¥%rg%lo%dt Oﬁgar H('J\%Oev%‘%fédmn

swtabl e Ac-heparin surface as athr ogeneous coatin

o 0B, gt o e G, frinl Gacgapeqed itared walegeant ¢ he
experl mmﬂmmdsoptrarmra?lkghydrcﬁywte@t%faddbﬁﬂ imheuePLe: of the Ac- 25 heparin
coating on the stent induced vessel reaction. Besides the registration of
possi bl e t hronbott+e—events—the—r¢l C"°“* paranetersfor--restengtic
processes lli ke |neoi nt| meesulpbat. +vessel | umestupR4l. st enasduphdegr e were
recorded. Hor tHe WOS(0 1 | fcati.on 28 B Novepber. 2006
exami natiors 6 -| 5 TN n?%%PZ%pann $tiC Ag)ap kefcﬁg}egarﬂ% atﬁ‘?ac%géoplaﬂ? t he
val i dat i on {ofentdt egtea for[gfaaﬂndﬁb,m a s ablio'sh@®d anhd [ampreewed [ani mal

model . As expectlegoiyp 1hes@ERer | MRS helshese grule, sybacuty nor late

acute 5 thronbgiic events Were regrstered, wiat may be assessed as proof

for the atthrdncgefdays26308E07| s U4 Ap-heG9atE-H7 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. | 074 3.16192E-07 36.24
6 | 129202 | 2.53911E-07 0.74 3.43124E-07 39.33
7 1125766 | 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 yielded 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-

!5 heparin coating on the stent induced vessel reaction. Besides the registratidn,of
: pqssibie thrombotic events the relevant parameters for restenotic processes like
neointima area, vessel lumen and stenosis degree were recorded. For. the
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After four weeks the aninmals were di %tched (‘eut hani zedNpvdntrer 2doent ed
- coronary artery segnments extracted hi st onor phonetri cal |y anal ysed.
Indications to a 10 possible acute or subchronic toxicity, allergisation
~reactions or ulterior irritations as consequence of the inplantation of

Ac- heparin coated stents are not observed during the conplete experinental
phase, iLally. i n.the histologic. exam nation. . During. the stent

i mpl ant%t%aﬁﬁﬁaﬁgn%\gﬂ QJEOFEEOIFAQ"@W&WQ{??W?ﬁs&’ﬁgpﬁﬁrfa thecvalidation @6t s wer e
ascer t astests fonkilahg ferarestablishied anpapp@viedmnvbhmodelr d to the vessel 15
reaction to the stent inplantation. The difference between the uncoated
control stent and the Ac-heparin coated stent is unanbi guous. The

gener atfene¥redied gt ithese nexnefments| agigheri acute, c avbaaidtet her late catubel
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prolife%rfﬁtiog 5rormtional effect of the untoat stent surtace on 't
sur r ourd RYNPPGAUSFIPRPHIES PTReRaMbgree, that ultimately the danger of
t he vessel occlusion in the stent area is given. Contrary in case of the
Ac- hepak t.ents. . | ear | y. thi nner, neoi nt i | ayer . | s observed,
b ci e SRS BB Aifhali Bl kgl Sen LRarieed i Sinted Sompany
mai nt e sgfgmemb dextraated andskistorhenpbomeTtieallyehaallyset. hingloztionphoret ri ¢
andqpcor ' ' 1S - ' ' i 1. can be
dOCOraible ABMIOSH ﬁiﬂlﬂrﬁoﬁfé&a f@ﬁ@%}@@%&ﬁfoﬁ felicfions 8Pﬁk«%@f‘j§}n?tﬁo§1sn%so

. observed congr uently, that vi arin coattng intim

hyper pl G¥1§4 W%P@ﬁb@iimwa%@ﬂ &brasbepany captard stenteGye inot3tbsepvashr i son
to the durterthedsmpibiobxsé@nbntal hisé Sdidcidlly HNRXAESDRAICBRamifBAKaD! v at

the sar tingp. Surely it is not demande ronbogeneous . surface to

have aﬁ'fMQ"ﬁ@n@snﬁlfﬁwaeﬁﬁtw%@@st &l&tfo @WtHR OWNABLARYICREAPIS falanl asi a,

i . e. togls svratascestadrens eshich rpexdiit &h dnterpretdtivrP Wihofddar® o Ghe vessel

he@co%ﬁétﬁrﬁ@tﬁg%ﬁé’rﬁtiﬁ{sﬂlé t.hﬁén 35 On the one hand with a dense, pernmanent
l .

occupancy o he “st ent rface with Ac- heparin a direct cell contact to
the netal surface is prevented. As in technical literature the em ssion of

V0 SO ¢ erbRns %%%%Gﬁ%@@%é%da%ﬁﬁgt SI find the Ahopdilf boated | o
r est enci§d S BRamibiguquss 1 Bsgenestiashela distingt nerinfiardayer ijn ease of thehe

coat i nginceateeld controE rgtean ey awel r sisdervaiial  APSUAL taftePidure wllehST tand such
N S ) e MR N
al so tissue occurs in such a degree, that uitimately the danger of the vesse! 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 modulated 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

3_0 comparison to the uncoated confrol 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. fo '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 iin technical
literature the emission' of certain metal ions into the implant close tissue is
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the proliferative effects of the thereby rel eased grow éiINbaaiverzoare to be
m ssed. Thus an inportant, starting 4% omthe lunen si de, stinmulus of the
neointimal proliferation is omtted. 10 Exanple 5 Coating of the stents
wi th taxol by the spraying nethod The via exanple 1 and exanple 2 prepared
not expanded stents are bal anced and horizontally hung onto a thin netal
bar (d 3.0.2 which is stuck on th 15 rotation,axi.s of the rotation
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anplitude of 2.2 cmand a feeding velocity of 4 cnis and a distance of 6
cm bet ween stent and spray valve the stent is sprayed with the particul ar
spray 98itheicdher handsucha pesitiveysidebefiect is plusihleshecausecomat pagsiveat ur e
and spr oxthf®hBogén HONRYS ald bty i

Fabri cation ?E;_t ﬁ%@é?"@gpﬁ?ﬁﬂﬁt 44 n%%%l 6f§fr‘ g?a &?%g%pggeg;@%ﬁ(%so

chl or of GerRroiigrafiye gRecplothe bemnreleasad gewthfasioss iare fade misseshos

0. 0197 Thi®) an idpoHanatypsiartind dtoph nihealiren odidé hetigiulis of thehavbiptimdn

PBS- bUfBr%Ei e'? forifse%irﬁe% a sufficient small flask 2 ml PBS-buffer is added,
seal ed ‘W B % Fa-fi 30 and incubated in the drying closet at 37C. After
expiry of the chosen tine intervals in each case the excess solution is
depppetgednadsits UV absorption at 306 nmis measured.

0 \ 1Application 30 9 Novenber 2006 Cains 1. Medical device,
wher ei reegtingakihestanisavith ol by theisprayingomethiesl nedi cal  device i s coat ed
directly or via at |east one interjacent biostable and/or 5 biodegradable
For mul a1 MBSRARPRG D AP g Bageced ineturoanded stets are bhianced ' ' °

and horizontally hung onto a thin metal bar (d = 0.2 mm), which is stuck on the

15 rotation axis of the rotation and feed equipment and rotates with 28 r/min. The
stents are fixed in that way, that the inside of the stents does not touch the bar. At
~ a feeding amplitude of 2.2 cm and a feeding velocity of 4 cm/s and a distance of 6
¢m between stent and spray valve the stent is sprayed with the particular spray
solution. After the drying (about 15 minutes) at room temperature and proximate in

20  the fume hood over night it is balanced again.

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

sient no. before coating after coating coating mass
1 0.0194 g 0.0197 g 0.30 mg

Exampie 6
‘Determination of the elution behaviour in PBS-buffer

Per stent in a sufficient small flask 2 ml 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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0O wherein n represents an integer be}#Fen 4 and 1050, Y9Nepn@&®eruos a

resi due - CHO, -COCH3, -COC2H5, -COC3 COC4H9, - COC5H11, - COCH(CHB) 2,

- COCH2CH( CH3) 2, COCH(CH3) C2H5, -COC(CH3) 3, -CH2000 , -C2H4000 , - C3H6CO ,
5 C4H8000, as well as salts of these conpounds, and on, in and/or under the
henoconpati bl e | ayer the active agent paclitaxel is present. !0 2. Medical
device according to claiml1, whereg]a ‘i("{§presents the residue -CHO
©. - COCH3, -COC2H5, -COC3H7, as well as ts of these conpounds. 3. Medi cal

device according to claim?2, wherein Y is -COCH3. 15 4- Medical device

accor difng thMedical deviche WHERSINO WS léésﬁt' dfe Mﬁb‘?'tﬂetﬁﬁfad'ée@qggp%ma? | ayer
is directl )ﬂbﬁ%:'%lc C@g gp%i urface of me%épadl cal device onto said
henoconpat i %i‘/j lrfag $10T ¥4, 81 earl gng dniegacent biastable .2d/0e agent s

ar ed deposi tbé@riegradatw inge0 WithOSAEmppbinpatiblenlagér SoMprisie at 2988 Sne Medi cal
deV| ce accofHiindrans f tgﬁnﬁlgel previous clains, wherein under the

henoconpati bl e | ayer or tween two hennconpatlble | ayers at | east one
bi ost abl e and/ or bi odegradabl e | ayer is present. 5 6. Medical device
according to,one of the previous clainms, wherein theyhenoconpatible |ayer

is coated corpletely or/and inconpletely with at |easty one addi ti pnal ,

above |ying hiost ab@ and/ or bi odegradabl e |ayer. 7. al device
according tojone o ha [ e clainms, in whi ch at one 10 ?_fl:tive
agent Y/ 8l i esent bet e~
hermcorrprﬁc%l . 8. devi ce Iﬁﬁor thetjp])r PVi OUS

hesi vel y|in

clains, in whi
| e and/orithe

and/ or on the

bi odegradabl ¢ | ayer. 9. Medic evice a to one Of the preyious
claims, charqcterised in, thagjkgs blodeﬁﬁgggtﬂk substances for the
bi odegr adabl ¢ | ayer pol yval erol act ones,
“n
0 wherein

n represents an integer between 4 and 1050,

Y represents a residue —CHO, ~COCHjs, ~COC,yHs, —COCsHy,

—COC4H,, ~COCsHy4, ~COCH(CHa),, —COCHCH(CHz),,

~COCH(CH3)CoHs, ~COC(CHs)s,- —CH2000 —~C;H4,CO0°, ~C3HsCOO,
5 ~-C4HsCOO,

as well as salts of these compounds,

and on, in and/or under the hemocompatible layer the active agent paclltaxel

is present

0 2. Medical device according to claim 1, wherein Y represehts the residue
—CHO, —~COCH,;,  ~COC,Hs, f—COC3H7, as well as salts of these

compounds.

37 Medical device according to claim 2, wherein Y is —COCHa.

5
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 paclltaxel as well as mlxtures of these -
_ active agents are deposited.
0
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pol y-s-decal act ones, polyl actonic acid, polyglycolic acétpvepkyloasti des, 20
pol ygl ycol i des, copolyners of the pol¥yl actides and pol ygl ycol i des,

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

pol yhydr oxyval erates, pol yhydroxybutyrate-co-val erates, poly(1, 4-di oxane-

2, 3-diones), poly(1, 3-di oxane-2-one), poly-para-di oxanones, polyanhydrides

o o Y AU ol A RO BBl R P e i o

pIOI ycapr ol fimmo@bnpyllbladayelaoebet\mén tvied cbxelmq:xmmpmrtgtla a?{eﬁz ?éslfzfimrrr:ﬁt bl ock
r %d%%ll Ry elols Eﬁ)é 351‘%

80: 3%?2 gst%ét%ﬂ P ’EEB poPP%CLuty' e[é reg%ﬁal at eg) ypoI ypi vot ol act ones,

pol ygl ycolic aC|d trimethyl -carbonates, polycaprolactone gl ycol i des, poly(g

30I esEBde gLuMaaﬁge)dem %da&antm t?oOQﬁfebQﬂ'afr?e ) rgggmé Dli&irks- %e?%hggs%ﬂ e),

0 i sphenol - A-im r bonat e) | |

o s P o B aE Sy oty o plstaly Sl amsaingb PN B it st pol y (-
vinyl ) - pyr rane additiongdphlyovenlyiral biobibies andfok phsiceyradalse tayegl ycol at ed

pol yesters, polyphosphoesters, pol yphosphazenes,

pol y[ p- car boxyphenoxy) propane], 35 pol yhydroxypentane acid, polyanhydri des,
pol yet hi eri‘é@dlpabde\p@@gpc@ﬁmiodme gbthe previpusatldiars in \Mhml'yatrleas;tam&s Wi th
amigpo aci d dcivb Saddht 1bYE bRpdARel RO " st | de,
pol yal keneaoxal at egs g l;/ort hoestefrs g)‘é‘éef}ﬁ as Fﬁeﬁ% Q%gﬁ%@ﬁ?@(pl ds,

~ carrageena MPGURPHBYR FAYETHEM PO107 1O S@7Appl i cation 32 9 Novenber 2006
starch, collagen, protein based pol yrrers pol yam no acids, synthetic

0LV S AR 45 B W S RO Sl
car boxynet rydusdl ghealentlyabibdior mdhesivelyvier afy/ak wmmechembdonpbtnb!esiaper and its
5 darivativgs, oﬂﬁ?élﬁ@sgﬁﬂﬂepé}ﬂ}/&sth%rkﬂ?di%@'agg:f)fﬁ By o hepari n,

chondroi ti nsu pha extran opol ynmers with PEG and
pol ypropyl enegl ycol , gumm arabi cum guar, gelatine, collagen, collagen-N

Hydr oxyguc Cl\ylétﬂlﬂél%w&é BécbTdinghe %Wé%f‘ tRE ?ﬁewa’ﬂg lcldim@t b?}%ﬁ@ﬁ%@& %Qéﬁm rs

and/.or m xt.ures  of %BE@ ntlone substances are use

“devi ce accaSdiRgedrd Sﬁ‘féceﬁr Qﬁmﬁj@")gﬁaﬁ%ab%f?dﬁé@?%ﬁ@é@aﬁﬁneﬁhat as
bi ost abl e gehst-decalactores) h@obiiagsmib! %d:@yepolgglymw yhtig, a?bﬂda"tﬂi@es

pol %Hacr yl atp%@gi?co'ﬂ%g rreEQﬁfol”%ersa ¢ r(%l a{he clf:d)élsmc"garrn]él ¢ raloi)?gth?dohdes
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
oligocaprolactonedioles and oligodioxanonediolés, 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
trimethyl-carbonates, polytrimethylcarbonates, polyiminocarbonates, poly(N-
vinyl)-pyrrolidone, polyvinylalcoholes, polyesteramides, glycolated polyesters,
polyphosphoesters, polyphosphazenes, poly[p-carboxyphenoxy)propane],

35 ~ polyhydroxypentane acid, polyanhydrides, polyethyleneoxide-

© propyleneoxide, soft polyurethanes, polyurethanes with amino acid rests in

't'he backbone, polyetheresters as polyethyleneoxide, polyalke_neoxaiates,
polyorthoesters as well as their copolymers, lipids, carrageenans, fibrinogen,

- HEM-PO1071WO-SGOH Application




pol yacryl am de, polyacrylonitriles, Bglyanides, pol yet hemnauasies 20085
pol yet hyl enam ne, polyi m des, polycarbonates, polycarbourethanes,

pol yvi nyl ket ones, pol yvi nyl hal ogeni des, pol yvi nyl i denhal ogeni des,.

pol yvi nyl ethers, polyisobutylenes, polyvinylaromates, polyvinylesters,
ponvinyIpyroIIidones pol yoxynet hyl enes, polytetranethyleneOX|de
polyethylen | ene ol,yt et raf | uor oet hy| ene, poI ur et
polyetheruri?ﬁﬁ éﬁk&f  cBFde % ﬂ%ﬁ?ﬂeﬂﬁ#ﬂpﬁﬁhe %h?PF?%oﬁﬁ BOI?H%E?W%neS

si I'i cone- pcﬂohtamimonacﬂsurzeirhamnedmepotgml gidlytededgslicmentss, pect:c acid,

pol yi sobut y DM 05|I|co rb tg | nes,
polyarylethe?ggﬁefﬁggonéggago ?ﬁére erkgﬁgﬁgéa ﬂ Hﬁ?h ¥é 8%§%ﬁthalate,

pol yval er atc@sboxyametbyls Urpine $RQreeEet hyaig@naq aqdmhlm?oatanda&et at es,
25 gel | ul ospakiiddELs, @ab laHir%’El gt esan@ydr@(yet&?/ﬂ\}éﬁb{eé” 0S §yeparin,
vi nyl acet at

|1 ul b el l.ul ose cet rates eth
ggpory?r:(rasuﬁ%ﬁa g’@ﬁ"ﬁ &é‘%@ﬂy%”&g? extfRs (CopP @erEP@M‘gBEE; and i cones
opol ymur ""“"W’”y'e“e“"yd“’w‘hm?*a”"‘ﬁ"ﬁf 9uBe eI, llsganceoaagin -
S
cogolzrrersl_f%ﬁﬁ chg%‘? %r '?pég th’ﬁ% ’pé%s[’}%@@h%% ﬂg dc° Mym%%ll cal
devi ce acc@fﬂngnv@r@ﬁ@f@fomheepwmﬂd)mﬂ)stameﬁsara/wmdeas i nstead of the

actpve agent paclitaxel one of the followi ng active agents is used:
simvastatin, 2-nmethylthiazaolidine-2,4-dicarboxylic acid and the

cor r esg&nadiedieal deyipe asetding tewnesfibrinseWaus wlaims dEsactedsed imtthaks of
MCS, act.i vaikebiostableeisubStdrBE) forPEid! bids?ébl@' hayefr3p6§/ ERMlE Obcids Ml | as

- m xtures of hes active agen res one t hese active agents
with paclif Qib’é‘lcry P01%971V\08@5(%BY H lade. nov R U 393"
Madl cal depotyacegdamudh ng tmolyagylohitilbe, pL epol@um:@éee,.l s, pot)bwthaml tfesed in,

t he e C I pr es r.gans el s, aortas,
heart val v?a ﬂ)eﬁ% g%t%rga%@iisart OIY?’%E%H?@S’ fi 88 ygasq%ﬂr tg\?/n??ber S,
stents, holPpbwimdedoees, yrmig‘éeylhabgbnmﬁes t i mobointideshalbgenides,
cont ai ner 5polW¥rf3}léfﬁéF§ ¢ &fbu IQﬁ@@mﬁ l%nﬁgﬁﬁ‘ﬁ%{bzer gﬁagﬁnxlester

chromat ogr ra hy exi on parts

sensors, Qp%ﬂ"n?%ﬂqffd?'ﬁ%r"gal cHﬁWﬁé‘f@ethW%}ﬁ%er at Qﬁ'ktetréﬁlﬂﬁﬂéﬁwﬁ% lters,
punp chanbpb@etﬁﬁené/edlmyp:@wlee@ acmrﬂemmcﬁoéﬂh@leﬁlell pellarambaessed in,

th% the n?)g|y%?herugeetﬁanes s?‘cone—polyetherurethanes silicone-polyurethanes,
- silicone-polycarbonate-urethanes, polyolefine elastomeres, polyisobutylenes,
"EPDM gums, fluorosilicones, carboxymethylichitosanes,
polyaryletheretherketones, polyetheretherketones, polyethylenterephthaiate,
polyvalerates, carboxymethyicellulose, cellulose, rayon, rayontriacetates,
25 - cellulosenitrates, celluloseacetates, hydroxyethylcellulose,
' cellulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers,
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones as
_polysiloxanes, poiydimethylsiloxanes, p_olyvinylhalogenes 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

3 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 paclitaxei.
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14. Stents according to claim 13, wherein the polyner i 9Ndepdsr2@d i n
ampunts between 0.01 ng to 3 ng / layer, preferred between 0.20 ng to 1 ngy
and especially preferred between 0.2 ng to 0.5 ng / layer. 15. Stent
according to claim13 or 14, characterised in, that the active agent is
used in a pharmaceutically active comgentration of 0.001 - 10 ng per cn®
stent surface and per layer. 16. The stent according to one of the clains
13-15, characterised in, that the nedical device conprises paclitaxel,

si mvastat i niViedicakdayqa ageasding & are of the previans elayms.ccheoatiteninegdn; that the

macr ocycl i cnedigabrediee (ddBf)risedepiostiidsess otfan¥ Tesssle! b¥ahe Ihes@haivesC

(aPO) . PETNubbe Aot lspaRdhets. ripi8fis! ABLA nofdy ABBR, TheHS oG hE&es,
accordi ng t%jﬂ?’n@% of %rp@ cl al e 1-(%6 o aF@c grlse Jin, that theé
hemoconpat i DY 9E8atBE O IF15%: V1] HEPqMsd; RIgPdqsontaingrs, Jitdmetricc dlafes,

i cro-titerP3sieatakersr asispeting amedia, nelttomategraplyt eotddim pehvomsigsapty
Novigber hZOﬂ:ﬂumﬂgﬂ diglyzdiise corakéxion d@bii't@,%er%éﬁ@_,[)\féiim, t@nﬁﬂ@g&icﬂdﬁ%?k,aihm 1
to , Char te fﬂﬁm’) y coated surface of the
medi cal dev@ggﬁrgﬁﬁgnga??éggg’ ]?)lg}g’ sorgfe?érmgrrée'lgi a or chromat ography nedi a.
19. Method for the henoconpati bl e coating of biological and/or artificial
surf acs ofMediedl daVicdescamsling tprdlainnd 2 hehakatteaseddns tiemsthedmddiea di ng a
surface of deviteds aaterflevi ce and b) deposition of at |east one conmpound of
the general formula 1 according to claim21 as henoconpatible layer on this
surface and/or b') deposition of a biostable and/or bi odegradable | ayer on
t he suf acStestts tassordinglite atlaite vide aviwmreinhtheh palyonenmiat ddpositedyiar amadntsMet hod

ac‘:g;)r di B_g Eetwﬁ&? m0119r19W&ﬁ‘B?:in@ I iy chepRISBddvEeh YEH Ry téhﬁmg?iﬁiﬂ ta.b![ﬁ
and/ or bio [ Y/ i ppi ng or spraying nmethod wi
at | east ong&*(bl o@?&%ﬁég%ﬁ%“%‘%@%?w Osq'gﬁ'?%ﬂgg er which conspires
paclitaxel covalently and/or- adhesively bound. 21. Method according to

cl ai m1%9 orStent acogudingi tegelaine fauot Hep chtrtansedcin, defobict Activeohgdacki t axel

in and/or qrelNA AYFRFRBBALGIRIG QKR cHicdnitioR! €. 3dmgr 2
bi odegr adal&keeh ls@?f o r§]2 g%téholg accorgﬁcg totlgﬁa‘?fné%?!‘l \Aﬁgr@%np%ﬁgm t axel
is inplenmented an o? %% S'ted via di ppi ng or spraying nethods on and/ or

in the henpconpati bl e
16. The stent according to one of the claims 13-15, characterised in, that the
medical device comprises paclitaxel, simvastatin, 2-methylthiazolidine-2,4-
dicarboxylic sodium salt, macrocyclic, suboxide (MCS), derivatives of MCS,
activated protein C (aPC), PETN, trapidil and/or B-estradiol.

17.  The medical devices according to one of the claims 1-16, 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.




layer or the biostable and/or biodegradabl e | ayer and/ 08 NogntbertzodsVvi a

coval ent and/or adhesive coupling to the henpbconpatible |ayer or the

bi ost abl e and/ or bi odegradabl e | ayer. 23. Method according to one of the
clainms 19-22, conprising the further step d) or d'): d. deposition of at

| east one bi odegradabl e | ayer and/ or ilt | east one biostable and/or

bi odegradabl e | ayer on the hem)corrpat?’l ble | ayer or the |I|ayer of paclitaxel
respectively, or d') deposition of at |east one conpound of the general
fornul -1 adwomgidingl devices siceotings thene aftpatidiine 1 &y 46, omarabieribed i abl e

and/ or  bi adegthadamhecdnipy&ibhPtoitse sufes of theAedidah ¥Blice 31He dnppehgr 2006
24. Met hod é%%ﬁﬁj’é}ll ié%r%ﬂ%n?gtoét%ﬁhgh@dﬁ 19 - 23, conprising the further
e. deposi pacti el

step e.): ron o a and/or on the at |east one
bi odegradabl e and/or biostable [ayer or the henoconpatible layer. 5 25.
Met hodlSacc dviethog forothe! lremobdspatitbis ebatingast pibdyrRhl hed/6E BARCE Jurfas0st

I npl enent e b Metel : | .on and/or in the at |east one
bi odegr adab ée(dlgarﬁf/?g?bgigzgg{ gﬁipgq?{%mfngés'gemconpat i ble layer and/or is
bound via BvaPERfding a/ifagaR §i"\‘/%j'%%96}”9ﬁ&" o the at |east one 10

bi odegr adalfle &dgapsitioniobst igastonagemponnd bé theegenarapiatiblael bagarding26.

Met hod accor di birhd gy erpbedrigatleialyer ddthis Srfacther ei n the bi ostabl e and/ or
bi odegr adabl e Layer is covalently and/or adhesively bound on the surface of

t he nedi cal _,deyice.and fhe h conpatible |layer is covalently bound to the
15 bi ost ablP@ a‘x%‘?‘&‘“% %'Id%gi%geﬂﬁ@NHZ%ré%'O%ﬁﬂia@@Werlgyefrtortw ageyofdhe

i nconpl et el y. Pediggbderdee actherhtirmopompatible lafert he clains 19 - 26,
characterised in, that the henoconpatible |ayer conprises heparin of

nati ve,ori gj reqgi osel ect i vel 2Q synt hesi sed derivatives of djfferent

sul ph?Pi on%%@%i%‘fcg’ﬁ 085 [P ST 19 Hﬁ‘%%@f & herasarmpathie favercar dhe i ght

range of t RioSiahleagndiarabiasiegrapable jayerrisspoatsidovia fdippinpeomsprayingmboti c

activity, upethod wita staledst ol isicibgiadabhl HHd/6Ff HibStapW aBpsaifcheparin
of 13 kD, RER&HIRRPHRBIL AR Snd/or adhesively bound.

21.  Method according to claim 19 or 20 comprising the further step c):
c. - deposition of paclitaxel in and/or on the hemocompatible layer or the
biostable and/or biodegradable layer.

22.  Method according to claim 21, wherein paclitaxel is implemented and/or

deposited via dipping or spraying methods on and/or in the hemocompatible

~ layer or the biostable and/or biodegradable layer and/or is bound via

covalent and/or adhesive coupling to the hemocompatible layer or the
biostable and/or biodegradable layer.

23.  Method according to one of the claims 19-22, comprising the further step d) or

d'): -

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

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. ‘




derivatives, oligo- and polysacchari dgg of the erythrocyNbwempbymoeal i X, 25
- desul phated and N-reacetyl ated heparin, N-carboxynethyl ated and/ or
partially N-acetylated chitosan as well as m xtures of these substances.
28 Met hod according to one of the claims 19 - 27, characterised in, that

" biZddegMethbl eceorairigiacste dfithe ichimbi1edezs, Qﬁﬁtﬁrﬁldgﬁhé Further step

polyvalerolactones 30 pol y--decal actones, polylactonic acid, polyglycolic
aci d, pol yleal:t i des, pol yglycolides, copolyners of the polylactides and

pol ygl ycal IGJESjepOI@ﬁiQh @fqm@mxtmn@ndml Yhyeeoxy danehé tHetegradable
pol yhydr oxybut

pol yhydr oxybut ?%'88t£)2?é%f m‘ﬁg':efe){%tolei'%éﬁt%lﬁé(erz 3-di ones),

pol¥(1, 3-di oxane-2-one), poly-para-di oxanones, polyanhydrides 35 as

pol yneb ei CM@ﬂ*@LK’éddéﬂﬁn? RO Qﬂow}ﬁﬁ%ﬁﬁ%ﬁ’tbﬁél% deﬁésﬁlreti Mand/or
pol ycyanoacryl ates ycapr ol act onedi net a aerylates, poly-b-maleic acid,
0

pol ycapr ol &&plae | vigcdippiageer, spiRying mstRogm oprandlorin theyat leassrane

ol i gocapr 0|bﬁ5‘d dhBleSand/Bf bR JtSPE éﬂaﬁwé ﬂbﬁﬁ)coﬁ%é{ﬂé‘%ﬁﬁt&ﬁdlﬂﬂ kg i bl ock
HEM ' 01071, WOS pr at 0@ ;:’6 9 }\Ioveq%‘e%’ ngg yIers, as %.a PEG and

pol y(but yI EREPLr &f t spygle , apdiafpi Vect GRiding” g Jﬁ?y@él igasfcjoqe

t rioret hy| - badegnadalsle Jral/ychipstibde 1aee of e herdesmpztible @yeet hyl gl ut amate) ,

pol y(DTHi mi nocar bonate), pol y(DTE-co-DT-carbonate),
-~ pol y(bi sphenol - A-i m nocar bonat e oI yort hoesters olyglycolic acid 5

tri me2Byl - w&tmgmdmdpmemfé%w H&lezfasvhqyalnytﬁmhm@blbcamﬂes pol y(N-
vinyl)- pyrbféhbgfétfah bIB Phyar! it ﬂo%ié?ﬂ@'é‘:ﬁd/oPﬁhM&ﬁ&&p%&%%nQhél%‘aﬂrﬁafce%f

polyesters osp oes ers ospha

pol y[ p- car Hx emm@@iﬂwaﬁ@oweaﬂy boupdrieyibei des,

palsyet hyl emgtaml@ a@fcp&yl Bi&@%k&tﬁabléOfléY&O|é{hﬂ elchgaas. lth!de;BI%ié]?”%% W!th
am no aci d, re?‘};’j P 10 the backbone yet heresters as pol yet hyl eneoxi de,

pol yal kene'H%g pol yort hoegters as well as their copolyners, |ipides,
carrageenanes, flbrlnogen; starch, collagen, protein based polyners,

ol yiTar o JahDa asepdlihd (B oe BANEARIAG AF 56 crfadlondiRin el they " on

Lmd: L |r gﬁl f hémibonoapatibles Eyer cﬁmmmésobxl epaairhpf aalnp@aﬂr@n of Slnelglnselew'mg\d/elr s
G20 Vot v cutthistlt HRACS Mt difterdnfy SUBhAUST cdaRAGARCUNET AL FRAaR
copol yner scq;affq:len@emﬂw medésudan pgighterginge odf, tmupmtaaaatﬁ]arm whigh ,is

gel oLl ne. 1EShoAGRR: 60 hadaRthon i SRy, b’ the ' diBhdiard RREREGEK! P! ds.

nodi fication

weight of the purchasable hepann of 13 kD, heparansulphate and its
, derivatives, ollgo- 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.

- 28.  Method according to one of the claiﬁws 19 - 27, 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
3 as polymaleic  anhydrides,  polyhydroxymethacrylates,  fibrin,
' polycyanoacnylates polycaprotactonedimethylacrylates, poly—b-male:c acid,
polycaprolactonebutyl-acrylates multiblock polymers as e.g. from
oligocaprolactonedioles and oligodioxanonedioles, polyetherester multit;lock

+
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20 and/or mixtures of afore mentioned3Substances are usettovédher Mabhod
according to one of the clains 19 - 28, characterised in, that as
bi ost abl e substances for the biostable |ayer polyacrylic acid and
pol yacryl btes ' as pol ynet hyl net hacryl ate, pol ybutyl nethacryl ate, 25

I | am I | gpit il | 1.d th m ,
Dol yot hyl oriamerS s8eld B Bog o iR Er AR, Aeheinactones.
pol yvi nyl -kekArghycolsoagid rigmethdgenborates ppblycapydladenkaitpeidede poly(g-
pol yvi Ny etethglglnaats DUBL AR infids oithMarRs, OMBbRED TR TN B3 &)
~pol yvi nyl pyrg ‘ng.d nes, .pol.yoxynet hyl enes, pol'yt etramethyl eneoxi de, 30

pol yet hyl erf®Y Eﬁ%ﬂ?bf‘l’ oK ?C%@W@ ) af PabodBPRSieshe, polyglycelinanasid

pQ: et her urtél‘!‘fmlmd&arbd)rhéteen%Mﬁmtﬁ}%wF@?él@QPBPIWPIHOQ;QH?OMI;Q’,%SB/Wes’

si licone- pQq) - ur, s, pal yol efi ne el ast ongr es,

pol yi sobuIto ;II'IIIIIEEI?'%@IP&% 8@@%?5868%%1 ?@Xﬁggfamﬁﬁaﬁog@ﬁ@%%’ PRIYESIE s,

pol yaryl et iRi¥hespheesiess, polyphobehatdnesk e polyfis-capsoxyphbibryibesame hal at e,
35 I I Peydret h | 1 ul I , .

rayont 11 acet o ReT Tl s ent PED oo BEVRARAMEED, L B¥BRhyencoxide-

hydr oxyet hy¥eRY'eieede, selbinalywethnnes: aobsiretbanealwitle aminatatidirgsist ies,

tHyl vi nyl dioet backbonpo| puTRs ! R Sl Lns,
EPOM guns, i e H‘E‘I’*f{%%?%‘y?vﬁo@%@@ﬁ@é%t AR e

pol ysi | oxaﬁé Pr@%gfﬂ"ﬁe?ﬁy% oRAn&EI pEIRAIYRPIhallipllases caHageBpaNSser s,
“cel I ul oseefibdnagerelstarchs atoliagen a;megein gbh@ﬁ?ﬁayma GNP HTFRY Sacﬂ:lﬁ?]{ 0[ ]
m xtures o . re.used...30. ccording to one. o e
Gl ai o 10 YHERE pORARIAG RIS Bin Hibgingl zetty ppfiw ARG Al rDRLSs, Pectc
~ pol ysacchaffides astinicheadidy nmadifiedic aoddi man t enadifiedn ¥ibrin  asdhi ewedinyi a

h hobi g ; _ : . Py !

ey BeL T o R ADhatts Ailibin A Bol el (o RIS B Rl aefe 2t 9 or
- coval ent ‘E%YﬂtI’/Y&S- 10 hepargesuiphatescor dindy t disone dsrivaives) ai remgin, 30,
wher ei n i neligaitoitihst: t hiaxe t f | active
agentls [ Is ed:.osi rsrvIaﬁmtagé)’i g\éﬂtzraﬁgéfi%)ﬁ%)g@gﬁ E?ﬁgg’??éi?d?@% ?c?g%@@sodi IJ\r/n
sal t, mcr@@%ﬁpé( %@S&ﬁo YY) arabitim, guary gglagineyosllagen; galagerpNot ein C
(aPC), PETHydioxgpictihimida; Q?igs;ldbﬁbs;ﬂfqiibﬁis\!\ﬁhbd#ﬁzaﬁbﬁé UaRE BbpdipRees active
agpnts or b Fidulls 8SoPl mdlinedSubifances are used.

29.  Method according to one of the claims 19 - 28, characterised in, that as
biostable subs_tances 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,
pO[yv_ipylpyrolIidones, polyoxymethylenes, polytetramethyleneoxide,

30 polyethylene, polypropylene, polytetrafluoroethylene,  polyurethanes,

' polyetherurethanes, silioone-po!yetheruréthanes, silicone-polyurethanes,
silicone-polycarbonate-urethanes, polyolefine elastomeres, polyisobutylenes,

EPDM gums, - fluorosilicones, carboxymethylchitosanes,
p_o__lyaryletherethewetones, polyetheretherketones, polyethylenterephthalate,

3B . polyvalerates, carboxymethylcellulose, cellulose, rayon, rayontriacefates,
{fellulosenitrates; celluloseacetates, hydroxygthylcelluloée.
cellulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers, -
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones- as
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agents with paclitaxel. 32. Medi cal dg’\?i ce avail abl e bygeReMRE t0d
according to one of the clains 19 - 31. HEM P01071W0OSGA Applieation 38 9
Novenber 2006 Abstract 5 The invention relates to the use of

pol ysaccharides, that conprise the sugar building unit N acyl gl ucosam ne,

f th ' f ' th
herocompat | B¢ ol ARURRRTRAICHRGR nA0RRvnRa¥es 8y (oM iR’ ) 0°
cl assi fi ed $9ulesaatbeonfsitlpseltigaetates.c ohitesanesrand upepeliewss ogntiepar i n

and hepar angidtphat ethebe stbkke’ed/feiRdlycal devices 10 coated according to
I nvention, especially stents, which conprise paclitaxel as

antiproliferative active agent as well as the use of these stents for the
pr evend®.on Msthadeancending to ohiENF PELOFIMSND- SEEhakpetefised inpthat the

deposition of the polysaccharides of the formula 1 according to claim 1 is
achieved via hydrophobic interactions, van der Waals forces, electrostatic
interactions, hydrogen bonds, ionic interactions, cross-finking and/or covalent
bonding.

10

31.  Method according to one of the claims 19 - 30, wherein instead of the active

agent paclitaxel one of the following active agents is used: simvastatin, 2-
methylthiazolidine-2,4-dicarboxylic sodium salt, macrocyclic suboxide (MCS),
derivatives of MCS, activated protein C (aPC), PETN, trapidil, R-estradiol as

16 well as mixtures of these active agents or mixtures of one of these active
agents with paclitaxel. B

- 32 Medical device available by one method aCcording to one of the claims 19 - 31
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