9 Novenber 2006 1 Conpounds and met hod for coating surfaces in a
henmpbconpat i bl e manner DESCRIPTION 5 The invention relates to the use of

ol i go- and/or pol ysaccharides containing the sugar bui | ANAPHHEWE

N-acyl gl ucosam ne and/ or N-acyl gal act osam ne for the preparation of
~henoconpati bl e surfaces, nethods for the henoconpatible coating of
surfaces with said oli go- and/or pol ysaccharides as well as the use of the

henobconpa Ln t he, human b ets in
cont act V\nbtog'l'é ﬁg%;%gnd(s) &é)%énﬁl FHERACES i @%%WOH%R?HO@% "8?888'"
vessels only in case of an |nJury. Consequently the bl ood coagul ation
systemis always activated to reduce the bleeding and to prevent a

life-threatening | oss of blood |thé Fg@%ln contact with foreign
surfaces. Due to 15 the fact that "an |n!p al so represents a foreign
surface all patients receiving an inplant which is permanently in contact

t h. bl t t t . wth
i th 2o ahelifiehfict 1ediclo Iyl AR Hoaidy Ra¥aRSehags 2evalhing, fern: &
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h di al 20 di.cat
ST aobtearhabh Bl thorhBUSHERMIS, SufRRML MaRBas CRRY RS, énAPaibrtig. "
from | os§084ing &f rSUffﬁaﬁ%Mhaﬁﬂid wlight apdisrymigsacehandes us epsfhas thé esergfhagi ¢
skin ”eC{I'F@ﬁém%Eg as cerﬁei%d]gllw#égagl c diathesis up to side effects with a

~fatal outcone suc enorrhages. 25 Thus there is a demand for
non-lfhronbogenl c, henoconpatible materials such as prot heses -or gan

spar epar IS thd ROREASSHy rmHéé‘éfet% IPE5ntalt QA SPALRS %glﬁer’btpg Rl jRtegaal

h do_not activate t coa on systemi and
do not cEﬁf@eOEaaguabbiood \(HSSEISeOmiydnok;asmoEEnBnﬁ:rﬁSBoﬁi@éqmmii’d@ebloadrret hod

for prepasadd b oration, adhesi on-
ey br Cheegualion oy SRARROMahis U vafutP 1S L84 B bR bRl Bl Rdie L
surface bf@r seiteningi laes pfBlooy if !Flwdl Mbnlmnwatmtmretghlmrmpem Due to
endofghel @l ¢ hat ol ogi cal or
SrEPTS] P e btsnea gL SehRRAIY ) SHEY Sl al BBl f
conpat i bineplant whichsigi permanently in keniast mithebloot | ave drezbed fmt theHduvation ofi t i s
di Sadvaﬂﬂﬂlsm Ebrithct " drtd ORNQ > A R iRbh Glafis UK ERPElp G288 1é
‘blood coagutlation. This is also true for patients applicated an extracorporeal
circulation such as hemodialysis patients. However thls coagulation suppressive -
20  medication is in some extent afflicted with conSIderabIe side effects which range
from loss of hair, nausea and vomitus beyond thrombocytopenla, hemorrhagrc
skin necroses and increased hemorrhagic diathesis up to side effects with a fatal
outcome such as cerebral hemorrhages. ‘

25 - Thus there is a demand for non-thrombogenic, nemocompatibie materials such as
- protheses, organ spareparts, membranes, cannulae, tubes, blood containers,.
stents etc. which do not activate the coagulétion system in case of blobd'contéct

and do not cause coagulation of the blood. | |

30 EP-B-0 333 730 describes a method for preparation of hemocompatible
~ substrates by incorporation, adhesion- and/or modification and attachment of non-

N thrombogemc endothelial cell surface polysacchande {HS-1). The immobitization of
this specrf‘ ic endothelial cell surface proteoheparan suiphate HS 1 on biologlcal or

artifi cial surfaces causes that suchlike coated surfaces become blood compatible

35 and suitable for the permanent blood contact. However, it is disadvantageous that
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said process for the generation of HS | requires the cultivation of
endothelial cells, so that the econom cal usability of said process is-
very linited because the cultivation of endothelial cePNevgeber 208
consunm ng, and relatively large amounts of cultivated endothelial cells
are only available at a considerably high cost. Disclosed herein are
subst ances f.or the henoconpatible coating of surfaces as well as nethods
for henoconpati bl e coating of the surfaces and their use on surfaces for

t he pr eventédjon or reduction of undersired reactions. Disclosed further are
medi cal Brocess i e ganasation ebHS hesuiresdbecubiivition of gndethielialf ceflise

medi cal rsboﬂmtthe eeoﬁ&ﬁ:c%'ﬂ%émﬁ tot §éﬁ8pgﬁﬁzﬂs}3 an?g?.lf‘ﬁm@%' Hé&{usreeﬂﬁ' o

dur|ngthef|{ gasan vveeksater neans  of
chosen a&Hftyaton ehendsthelial celle isatjmer COIlﬁHfb!ngaBnd I slaamdlydargmerrmuhtsr ohand

by provi dultigate eidRRBMIR8AS dfe bﬁgﬁ?vdﬂaﬁgéathe o ld%%ﬁgggﬁtdog ge surface,

whi ch guarantees, that wth decre ng o nfl uence no
reactions on the present alien surface occur anynore, which also can |ead
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evident fromthe dependent ar s escri ptl t he

exanpl ess Wel dsosethdds mrrhamecpmpsasnam:b@am@@f tiie sOFfaBes i tHepr g3k a | a
HO ~g~0 4 O HHOCH2 Z n as well as

Formula |la'Y %I;%-{ l\ipﬁ:
st ruct urPdl $Yrf ogt |P5$V%Hi%%r&€lyptlae@f@mden%regbminnsor milalb 9
Novenber 2006 Formula b Y OOC NH O HO HO O O OH HOCH2

- Disclosed further are medical products, which allow a continuous
controlled ingrowth of the medical product — on the one

il

hand by suppression of the cellular reactions during the first days and weeks after
the implantation by means of the chosen active agents and active agent
combinations and on the other hand by providing an atrombogeneous resp. inert
-resp. biocompatibie surface, which guarantees, that with decreasing of the active
-agent influence no reactions on the present alien surface occur anymore, which
also can lead to complications on the long-term.

" Further embodiments of the invention are evident from the dependent

claims, the d'escription, the figures and the examples.

Disclosed herein are polysaccharides of the general formula la

Formula {a

~—as well as structurally vely similar polysaccharides of the general formula b




n Accordingly, a first aspect provides conpounds of the general fornulas
la and Ib Formula laY HOCH2Z NH HOOHO OHO OO NHHOCH2 Z n Formula
b Y OOCNH HOOHOOHO OO OHHOCH2 n wherein n i $Naypibst 298¢ bet ween
4 and 1050, Y and Z, independently of egch other, represent the groups
-CHO, 3a 9 Novenber 2006 -COCH3, -COC2Hs, -COC3H7, -COCAH9, - COCSH11,
- COCH(CH3) 2, - COCH2CH( CH3) 2, -COCI—|(CI—I3)CZI—|5 - COC(CH3) 3, -CH2000-1
-C2HA000O, - C3HEOOO, - C4HBOOO 1 anS:s @s of said conpounds. A second
aspect pr:ovides a process for the p Bh of the conmpounds of the
general formula | a,f characterized in the heparan sul plyate and/ or _heparan
sul phate heparin ijs substantially entirely desul phat e‘q and subs%qluent |y
e
r

N-acyl ated via an hird aspect provides a procH$s for t
production of the _d 2rjized in
ated, or

b) chitosan is part ] or ¢©)
chitin is partially @ted. A.flourth
aspect provides a yse of the conp@idds of Heglgderal fornula lajand/or 1Ib
for the production]of henoconpatible surfaces of “nedical devices.y Afifth

aspect provides a Use of oligosaccharides and/or polysaccharidesjfor t he
' n

Accordingly, a first aspect provides compounds of the general formulas la and Ib

Formula la

I Y. .

Formula Ib

‘g Whel' ein
n is an integer between 4 and 1050, _
Y and Z, independently Qf each other, repreésent the groups - —CHO,




henoconpati bl e coati ng of surfaces, characterized in, that of the

ol'i gosacchari des and/ or pol ysaccharides contain the sugar unit

N-acyl gl ucosani ne ‘or N acyl gal act osa%d ne between 40% aﬁ&'o'ﬁ‘ﬂ“)%}e"é?p@

- substantially the remaining sugar units have one carboxyl group per sugar
unit. A sixth aspect provides a nethod for the henocopatible coating of

bi ol ogi cal t_ggg or artificial surfaces of nedical devices conprising the

follow ng s oHagy) p@@@zﬂisng—@@ﬂﬂiﬁce—cﬂ)%md@@%ﬂﬁxi cecd e(a—lef‘lz

deposi tion eCGCHLEHEEHIRE Ol L @aq@gr' and/ g |.ysdcchari i
defi ned ab_ogﬁ as%{}ggg%o% t blg Ioalé/ f 33#:”‘O¥t§i?1i s ﬁfi@%@ﬁa}ad/or*%*poO,
deposi ti on of?3 td 4CYer. 4hEQOT f and saltsidisanbebimpbufgyi ce or
t he henmbconpat.i bl e | ayer. A seventh aspect provides a nethod as defi ned

above doprosd agpéttepioviddaes o iti of at least_one active
agent in and/.or onﬁte?\e hemcg?n%ﬁ)ﬁsg%)yh%gﬁ@&gﬁmt%@&& GyrRpds alie 3b 9

Novenb&CNSHIE0MAa da (thavagiepized ipthevheteman susHine =p8/daidpaesh ahpKSte

I $ i d) . d i ti f at | t
o1 oo SaanT o° (SRS shfiei HoslibraRE"Sba sbbaBnuSny Bracitotaia an

hemoco@gitt i bl e | ayer or the active agent |layer, respectively, or d')
~deposition of at |east one oligosaccharide and/ or polysaccharide according
to one 0&1 the clains 1 - 3, 7 - 11, 14 - 20 as henoconpatible |ayer on the

" bi ost af Biageheds proislescai precage for tisy raspeck ivel v. A ninth, aspect
_provi dgsnéral'®; ‘&%‘ %Sgﬁgg?néad _ove,rcorrgr?glijéntgﬂt Ettﬁ{(gr(t%ﬂéqo pofea’.'e e)
at 1ea

deposition of iljdhalgent in and/or on the at |east one

bi od dah ' he .h tible | . Atenth
cpoct pr oy des. et aratioly NG lalkylaicod ARy hwe Nrsewbibdorde! | nod

aspect pro ?des medi cal vi“ce aval .
above. An &l evenPHIOEgIISPastialy Nescyatat andtioar NLBQrHonéIRﬁa@Piogal devi ce

as defi nedc) abovehitinhepaitially ¥R pat | ited in anpunts between 0.01
"ng to 3 ng / |ayer, prefer?ed bet))\{\ée%ﬁ %ﬁzﬁ%ﬁaﬁﬁr oxpltateds peci al |y

- pref errefi between 0.2 ng to 0.5 ng / |ayer. The pol ysacchari des according
‘to for AulNAIReE Pravides Barsened thetconpaundakd? the gél@%%rrﬂﬂﬁflgra?‘%l/ ; from
an

Sk Lo RRIRL iR Bh B HeAR bl Sl RS of LoonD: |

e surfaces of medical devices.

- A fifth aspect provides a use of oligo;accharides and/or polysaccharides for the
hemocompatible coating of surfaces, characterized in, that of the oligosaccharides and/or
polysaccharides contain the sugar  unit N-acylgllucosamine _or N-

acy!galactosamine between 40% and 60%, and substantially the remaining
sugar units have one carboxyl group per sugar unit.

A sixth aspect provides a method for the hem.ocopatible coating of biological
and/or artificial surfag;es of medical devices comprising the following steps:
a) providing a surface of a medical device and
- b) .d.eposition of at least one oligosaccharide and/or polysaccharide

as defined above as hemocompatible Iayer on this surface |
andfor | o |

b’) depo_sition of a biostable layer on the surface of the medlcal ‘dévice or
the hemocompatible layer. e
| A seventh aspect provides a method as defined above comprising the further step ¢): -

C. deposition of at least one active agent in and/or on the hemocompatible
layer or the biostable layer.




particularly preferably from 30kD to 80kD. -The pol ysacchari des according to
formula | b have nol ecul ar wei ghts from 2kD to 15kD. preferably from 4kD
to 13kD, nore preferably from 6kD t8b12kD, and partlcu9§PWV“ﬁfé¥@rably
from8kD to 11kD. The variable n is an integer ranging from4 to 1050.
Preferably, nis an integer from9 to 400, nore preferably from 14 to 260,
and particularly preferably an integer between 19 and 210. The general
fornmulas la and Ib represent a disaccharide, which is to be seen as a
basi ¢ uni.t of the polysaccharide according to invention and fornms the
pol ysacchari de by strlnglng together said basic unit n. tinmes. Said basic
unit 3cAg eighinanect poevides agnetiosas defised above | wauprising dea Turtheristernd t o
suggest thaa .the general fornulas la and Ib only relate to pol ysacchari des
havi ng an éb numher of nol ecul es. OF course, the general fornmula

r

la and the depesition aﬂfsgygﬁﬁﬁtr one bindearadallar laves and/onalaleasidandiunber

of sugar uni t sbiokkubleXayegran ise HetnodBrmpaltledaydebniiglactive ungerflaydre

ol i gosaccharid | ysaccharides, . respectively. The groups Y and Z,
i ndependent |y %‘%pggg'f?qgt her, represent the followng chem cal aryl or

car boxyal kyor groups: - CHO, -COCH3, - COCZH5, - CO C3H7, -COCAH9, - COCSH',

| ) 20 S G Je A YR B B IR, e

_0OC2H5, - cocReeosding e enelithe sfaims | uBolipsT 1.4 020 as hemasoomatiblecsHe000

More prefer r:a?e:acsrethet BiBsBHRS Myerof tie QBMNONGe AN IaYRS r@é}fiedtneiycar boxymet hyl
and carboxyethyl groups. Particularly preferfed are the acetyl group and

t he carboxynmet hyl group. 9 Novenber 2006 4 In addition, it is preferred
that the group Y represents an ac ou and the gro ts a
car boxy & Mpih geRRAD P“P‘f'd‘?%ar%‘?tgoﬂr%? ‘e&t"!ﬁﬁp?l? 9”5”% %BEEE%?’

or -COC3H7 an tO%;EB n! rd.he red i f
Zis acarb y%%%ﬁ%%rogagrtg%? ?CM ?’ggﬁ atndf@oxﬁn@% Sri/l 5%%3%% bei ng

particularly plmeﬂemreeiablermdlar bms&a:ialel anemﬁhe hamcucommub gya¥efinul a | a
conpri ses each a substltuent Y and a further group Z. This is to nmake

r oups. AriaRb GeRec o gaes ¢ mealtabiprice el AGR W Aol BRRIEFRLES cRthedr or

for mul aghgyshoul d not only conprise polysaccharides containing the groups
Y and Zin a strictly alternating sequence, V\/nich woul d

An eleventh aspect provides stents according to the medlcal device as defmed
above, wherein the polymer is deposited in amounts between 0.01 mgio 3 mg/
layer, preferred between 0.20 mg to 1 mg and especially preferred between 0.2
mg to 0.5 mg / layer. ‘

The polysacchandes according to formula 1a have molecular weights from 2kD to
400kD, preferably from 5kD to 150kD, more preferably from 10kD to- 10”0kD and
particularly preferably from 30kD to 80kD. The polysacchandes according to
formula 1b have molecular weights from 2kD to 15kD,.preferably from 4kD to
13kD, more preferably from 6kD to 12kD, and particularly preferably from 8kD to
41kD. The variable n is an integer ranging from 4 to 1050. Preferably, n is an
integer from 9 to 400, more preferably from 14 to 260, and particularly preferably
an integer between 19 and 210.

The general formulas la and Ib represent a disaccharide, which is to be seenas a
basic unit of the polysaccharide according to invention and forms the
polysaccharide by stringing together said basic unit n times. Said basic unit




result fromstringing together the disaccharide basic units, but also

pol ysaccharides carrying the groups Y and Z in a conpletely random sequence
at 5 the amino groups. Further, the @eneral formula | a 8NewPeaP¥® conpri se
pol ysaccharides containing the groups Y and Z in different nunbers. The
ratios of the nunber of Y groups to the nunber of X groups can be between
70% : 30% preferably between 60%: 40% and particularly preferably

bet ween 45% : 55% Especially preferred are pol ysacchari des of the general
formula l.a carrying on O substantially half of the am no groups the Y

resi due and on the other half of the am' no groups the Z residue in a
nmerely randomdi stribution. The term "substantially half' neans exactly
50% i n t pemprisings twae ahigar camwkedmds sloes| nbtairﬁmd QO@U%Q“&t tthat the rfefrﬁm 45% .

to 55% 0 % 5 P d
cgrrpoungs o Fd g'léélg?g) mr??%‘éq%"i‘%ao\%ﬁ@?'\ﬁ Pﬂ‘é"g:a&'u%‘g"sn%ﬁbef ? ﬁ‘a\% t he
fol | owi nEolRGHeH (ST couese, dhe general formOl-daGMd the=foriuta dbdalso TON@Priz@00 O

Y = - O0Glysac: h%riaescﬂ’é'@lﬂgoa?{ 50 R, Suser ISRy, RS 2

corrpoundefe&P“E h@s gB?{HP'a? fQJPHﬂ$ aof atha/wcéngesaccthﬂﬂdegr @nds polysaccharides, t he
fol | ow nespeetivelgs: HEM - P01013 WO SGO | Application 9 Novenber 2006 5 Y
= -CHO and“Z = -C2H4000 Y = -000H3 and Z = -CH2000 Especially preferred
are the conmpounds of the general fornula Ib, wherein Y is- 5 one of the

f ol | owi nEhejrgropps YCaHA ZCOﬁﬁI@pendmlﬁf osactCQtheEr - re é'éédlefhé)rf@ﬂ@t&hgd are

the gro i al roup
U(Eh%e conp%yu%gﬁ? Vmgﬁoﬁ F Ia‘¢§%t éﬁééﬂ'ﬂ —(Efs ranount
of }‘ (r]I ee ~G0QCahtino-GOSishh1, ASCROH{CHa, m—ﬁ}@(de(DH((tlggg f-r-@é)C&mh_iOP%)GEzHngs
cou n ct rec.Hic e the sensitivit
of thi SO%%?'F(QF%E ﬁggsze han ZA;ZH péee?erreg% ess 1 %@%d especially y

preferred I ess than 0.5%of all of the -NH#Y groups are present as free

am no grrtaerehrred e i h&jiSgloRipisPer-GeNEREE Of _E0R,HL OUPSCORYIHY 508 he
re resen S
P anlkﬂ groups —CH,COQ, —C,H,CO0", ~C3HsCOO, More preferred are

the acetyl and propanoyl groups and the carboxymethyl and carboxyethyl groups
Particularly preferred are the acetyl group and the carboxymethyl group




15 As the polysaccharides of the general fornula la and I'b contain
carboxylate groups and am no groups, the general fornmulas la and I b al so
conprise alkali and alkaline earth nmetal salts of the P deyater g6

pol ysaccharides. Thus, alkali netal alts such as the sodiumsalt,
potassiumsalt, lithiumsalt or alkaline earth netal !0 salts such as the
magnesi um salt or calciumsalt can be nentioned. Further, with ammoni a,
primary, secondary, tertiary and quaternary am nes, pyridine and pyridine
derivatives, ammonium salts, preferably al kyl amoni um salts and :

pyri di ”Wﬁlj&%ﬁ Sit |§|§t‘ef r.f ﬂfdi'ﬁ?’e ?I:Ehl.@ ﬁ%s&ﬁfs’%ﬁ‘gcﬁfﬂré(ﬁzfﬂ%ﬁd‘hﬁoug

pol ysac harldes I ncl u |nor gan organi ¢ bases

Li OH, sestoa)carb 0"3@ 'NFIW@PP -t btsr'alequwe SReENT YnisH) gren de@%’ﬂs:m m | ar

corrpoundsowgar@m sutpj@sws &hﬂ iHpaHtibdiars -ODOTHY. M@He’t‘cﬁéﬁsitﬁé f:tmﬁeml S.
W ec

din ey ate ver |ffer t 0
ol ctul BrRBRHEZ e rabSBreni S citSriReth omh dBe siaipiRRE group, er
hepar anbemigmm'tsex,llaﬂy)prefga"ﬂﬂ] e, has a .0 degree of acetylation of
approxi mately 50% whereas the heparan sul phate from the glycocal yx of .
endot helial cells can show a degree of acetylation of eéﬁ to 90% and nore.

Hepar i nTbfIdisagebatidg basic usitwhpwadyr asmada ir eompgiseseagh ajpubstitgent Yhe
degree ghd Sé\”fhﬁhep@]rgu Iz Vehish AP 8 aﬂaﬁéﬂd@éé\i ﬁ)étnﬂ\eh%B%laacha%de %fplﬁb
di sacchari d unit, (ﬁ{fhel lal cell y 3;17—8 hat e near | ){ and of:
“hepat an"VEN %P@E‘W@%Mg tggqqpst,g;@&éi fn tisimporiutt taivoitc har i de
uln: t. Hok RedOURW B8GHbgal lf@miulang%ﬂmmmroraﬁ%m&sﬂﬁpo@Qb&:me ' oh |
illustr nasacchari de .u eparin or ul phat e
w the o FABRIRGE dtabt 0 BRTrl SRl RS Sk, JBE Houd
sul f ati masullf fromer stiingingc htogetieerunthe adisaggharide f basicepanits): 1803 alsd- COCH3
COO 00 ran
cul phat BOVFAVE 1§55 i Fecduplih 9 802 inPclliiol R edlleriena
5 the amino groups. Further, the general formula la ‘should also comprise
polysacchandes containing the groups Y and Z in different numbers. The ratios of |
the number of Y groups to the number of X groups can be between 70% : 30%,
preferably between 60% : 40%, and particutarly preferably between 45% : 55%.
_ Especially preferred are polysaccharides of the general formula la carmrying on
0 substantially half of the amino groups the Y residue and on the other half of the
amino groups the Z residue in a merely -random distribution. The term
“substantially half’ means exactly 50% in the most suitable case but should also
comprise the range from 45% to 55% and especially from 48% to 52% as well.

5 Preferred are the compounds of the general formula Ia, wherein the groups Y and
Z have the following meanings:

Y = —CHO and Z = ~CyH,CO0
Y = —CHO and Z = -CH,CO0

0 Y = —~COCH; and Z = —CHC00
Y = —COCH; and Z = ~CHCOO™
Y = —-COCHs - and Z = —CH 00
Y = —COC,Hs and’ ya

= _;'.‘CHzCOO_—

5 Especially preferred are the. compounds Of the generai formula la whereln the :
~ groups Y and Z have the fo!lowmg meanlngs A :
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In this case, first, the core protein with-the xyl ose-containing bond
region is built wup. It consists of the xylose and two gal act ose resi dues
connected therewith. To the last one of the two galact%§@“ﬁﬁ§rﬁﬁﬁs,

gl ucuronic acid and gal actosam ne are g hen alternately bonded to each
other until the respective chain length is achieved. Finally, a nultistage
enzymatic nodification of the comon precursor polysaccharide of all ‘
hepar an sul ph es an ‘the heparin by sulfotransferases and epinerases is
~effected, whic Ghs of theira®@acti ond & ~HCRP conpl et eness

generate the bYoaﬂI s(p@qmum of varjgys. hepapan siipabes up to 5 heparin.
Heparin is built up alternately from D gl ucosam ne and D-gl ucuronic acid

resp. L- iduronic acid, wherein D-glucosam ne and D-glucuronic acid are
| i nked i Espediatly éfefgfmd(medhe eBnpeunds Qﬁﬂhe?ér@#él%hﬁu%ltﬂ Wﬁer’%’!’h Y is

ubur e e KRRl ot A T (6o AErHot gk TRy |

subunits hese s
0-1, 4-gl Vuﬁb&rdptefmmgre 4hel greaplsto-@lﬁé) hep@OHs, TheCOOsHE izl efpedidlly

sul fonyl @f&%lé‘,@, giba ge_qu_S%Hetrasaccharl de unit contains an average of 4
to 5 su furic aC| groups p ran sul phate, also referred to as heparitin

sul phate, <contains, with the exception of |liver heparan sul phate, |ess N-

and O bo'ﬁﬁ@d:onfpcmauid&aomtheggémltfbﬁﬁulﬁenﬁbbﬁtan%hwarrﬁ.r‘&razfrﬁb ht 8f ﬁé@s 30

oo Y0 B it s Wi 56 iR fesh e Amine s cowd nsd bcrdejected o

Z)ri SgFL:?anmer% }ltrmirt be abhqlgded%dlﬁal o ther ?éli‘c‘allﬂli\)l? cggtglrikl’tébt hﬁ@ﬂg@g tﬁ?‘lli Ql%slt IenOf
usi ng etk ﬁ“%’fﬁ s, Hn 94 U5 o< BB, et B85 AR ST e,
Novenber-¥Jo¥ greupsare peesent as lireendmina genpisy i.eyatthispleui pércpatdgesaidbbar i de
unit is @dﬁs%ﬁﬂ"ﬁia@ﬁereﬁf@ééﬂ @ﬁgr&g@eﬁ ound in conmmercial heparin :

prqur atives in about every 3 ‘Heparin preparations of
diff'&rent antithronbotic activity can be 5 produced by special separation

; ﬁ;:lh tmh (r:]m the npdilyﬁ‘ddlaﬁdéi \rﬁf tHeolg eﬁégélpf(ﬁnmral nlgdan(g elbatr:%rt\tla:)nn é:arboxylate _
., Hi gh 936%;‘&831.{?%% tﬁﬁlgse'%(fg' 'Jé\émk‘g@ﬁ &’Sa Eﬁﬁﬁmﬁﬂﬁwgﬁkaﬁ@parl n

rml ecul @lkalmel eaith metad-salthf ofthey remmaeapmlgsacdmﬂdbar Ihug,r eﬂ&ahcmbtal

be et Zﬁ%ré@ﬁﬁ e BT R, PofRsRm 35l HEyE Rl o FRalihe SR aiei'ﬁ”o? "

ant . Sipuchias the maanesiver salt of iselawagitacarhe kagntidrest cﬁurtmamwﬁh n,
essent i arhmoiOpsimiahAt SecdiRitg] RErtRkY | Sihd YoldtehRiy Caithd® bPfidine . and
pyridine derivatives, ammonium salts, preferably alkyl ammonium salts and
pyridinium salts, can be formed. The bases forming salts with the polysaccharides -
inc_;lude inorganic and organic bases such as NaOH, KOH, LIOH, CaCOs;, Fe(OH)s,
-5 NH4OH, tetraalkyl ammonium hydroxides and similar compounds.

. VHeparan sulphates are ubiquitous on cell surfaces of mammals. Depending on the
cell type, they are very different with respect to molecular weight, degree of -
acetylation and degree of sulfation. Liver he‘parén sulphate, for example, has a
0 :degreé of acetylation of approximately 50%, whereas the heparan sulphate from
the glycocalyx of endothelial cells can show a degree of acetylation of up to 90%
and more. Heparin only shows a very smali degree of acetylation of up to 5%. The
degree of sulfation of hver heparan sulphate and heparin is ~ 2 per disaccharide
unit, of endothelial cell heparan sulphate nearly 0, and of heparan sulphates from
5 other cell types between 0 and 2 per disaccharide unit.

{
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factor 2x103) [Stiekema J.C.J.; din Nephrology 26, Suppl. No. 1, S3- S8,
(1986)]. The am no groups of the heparin are nostly. N sul phat ed or
N-acetyl ated. The 15 nost inportant O sul phation positi8Ngvesther #HE C2 in
the iduronic acid as well as the C6 g\nd the C3 in the glucosam ne. For the
activity of the pentasaccharide onto “the plasmatic coagulation basically
the sul phate group on C6 is nmade responsible, in smaller proportion also
the other functional groups. 20 Surfaces of nedicinal inplants coated with

hepari rTiee fokgwing ridudtpitivneshews @netrasaeehbideninit Oﬁladhebamalereparan

henoco . ] . The .h ri ran ate which is
added %ﬁ%{ﬁ “@ﬁt% %&dgﬁ‘?%{ﬁtﬁggtéo+] OJ QV{E’P%E @rSﬁg arﬁfggpeg ef?eé)gure Its
ant i t hrauitaiohof 2opendisgcaliaridl Uit aeelyatoaﬂfardte@arlast ricted interaction due
to steric hindrence of the nmentioned pentasaccharide units with _-25 -
antithronbin Ill. Because of the inmmobilisation of these polya Oce,l C
substances a strong adsorption cg%ﬂ_j asmac(pmotel n on the hepari gated
surface is observed in all cases eI Nully ® o3

coagul ati on gygpressing effect of E'F]
g pI asma prdiins  (%.g. al bunin,

initialjses t he-ot herH spe
and herggvm‘\’g%ﬁws)
fibrino F onb\ and t hgreona@herent platelets. Thuspg correlation

exi sts on the one d betwen the limted interaction of the 35

pent asaccharide units with an g@hronbl n1ll by imobilisation on the -ot her
“hand depositions of plasm prote| ns on the heparin- resp. heparansul phate
| ayér on the ™edicinal inplant take place, which |eads to the | osses of

£he S AL DA AR 85, bl DL oS
---- INdh@nme dists the cpreapratejpr witkithe ayboseptardairiifiinbood cegendsrbuily a
coupl e \gf EF‘ESH&]Q@ diRESided Qﬁd't%ﬁsqalgétogg‘?eﬁﬂﬁég%ﬂ%@tehn@l m;éwitﬁ% and the

adher ent asma protein structure
t hr onb&Hed%%t@esefrmdér%sﬁlleefesesawgpegﬂ gtgwrontc a¢idiand %@laa@tsrs‘mlee a¢at the

conpourtHen ettetﬁmegmueu tb @t et @ntdisk t&pe@ﬁﬁ@ bhaurﬂéngttﬁs%cﬁtémt ur al
di ffer IftOthetéq? arin res he arﬁnsul } still show t

hem)coﬁﬁ Qb & U9 s SRy olf3F | FORUPPRg qrﬁgursor

i mobi |padygdccharidé of bl hepamru sulphafest dread thmhepdmri bymwlfatrahsfeaaﬁésl dnagho

" the NOUERES & BRecla, RAASRT B Hh8ahs IR bt GRIEHERS 0 Yablad! ° P

henocos@Mpieiensss wanerale e bmdcammmgf various heparan sulphates up to

> heparin.

Heparin is built up alternately from D-glucosamine and D-glucuronic acid resp. L-
iduronic acid, wherein D-glucosamine and D-glucuronic acid are linked in a -1,4-
glycosidic manner (resp. L-iduronic acid in an -a-1,4-glycosidic manner) to the
) disaccharide, which forms the heparin subunits. These subunits, in tum, are linked -
-to each other in a -1,4-glycosidic manner and lead to the heparin. The position of
the sulfenyl groups can change. A tetrasaccharide unit contains an average of 4 to
b sulfuric acid groups. Heparan sulphate, also referred to as heparitin sulphate,
contains, with the exception of liver heparan sulphate, less N~ and O-bonded
- sulfonyl groups than heparin, but more N-acetyl groups.

w1

As evident from fig. 3, the compounds of the general formula la (see fig. 3¢ as

example) and the compounds of the general formula Ib (see fig. 3b as example)

| are structurally very similar to the natural heparan sulphate of endothelial cells, but

) prevent the initially described disadvantages in using endothehal cell heparan
) ‘sulphates.
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according to invention still remain also after their imobilisation on
artificial surfaces. Further on it is supposed that the sul phate groups of
the heparin resp. the heparansul phates are necessary f8Noyamber 2308r act i on
with antithronbin Il and inpart 5 thgreby the heparin resp. the

hepar ansul phat e the anti coagul atory efflect. The inventive conpounds
according to formula Ib as well as the conpounds according to forrmula | a

are not actively coagul ati on suppressive, i.e. anticoagulative, due to an
al nost canpl ete desul phation the sul phate gr oups of the compounds of the
general f : w of bel o 0.2 su

groups Eg’% %Z‘(t:'t: a'?]rb g{:%ﬁ 'Rparﬁgeé%h@%%’éé umhq;e r{eﬁee'a?’gténg to

t he genemdlich giafulbg foundhin eomeegeciak mwanepamparaiwebemamnusm\mmtmi by
first subsdiasiical Hepgih! pRiparaRsi fG Idige@ne aﬁﬁﬁ{brﬁffﬁf’tﬁ} RURY | Lo ©1Y

N-acylatin the Z;,y gsacc he term "subst an Y
desul phaP sSpecial gepradions teghaiquest |[6nh'QhIYnﬂﬁBVQ,hBH SgR3Mpleprtnf er r ed

oo "’"m"’”'@"“"paﬁ’é’?t%‘t“rfgﬁiai%%ﬁp“?rr‘“ﬁami’e bRepardlittts. TOFGIeGy Ol

i oh oL EBR(AT S AIE [ UPied S Windith senRoedun faipeder $hUBdR die-ex: ent
that a ceffaity“-preparations ne ohardciegsticab ipeatasadchatide Bb§Eericlisnand thaehby! ene
bl ue) . Tﬁbﬁvecoi'nﬂfbltlérﬁséf 'cBaﬁHfarténl € [tuobed%lte?&{t&?h A r% Oﬁ‘k?@%ﬂg? with, iS¢ he

pol yfaccharl tec
it etQit uP@"@Sﬂpﬁ’éa%dQ them@lvetwﬁlar&thromhuam droinhibitosn of lthe cbagulatlond@yout by

- heating fhoPiHrbaibin umés%lehuauy éxpﬁﬂ{é{"ﬁﬂied’%ﬁ%dﬂl Wypi%{séai%lg Xt ure
f DMSO, dt t phat
o et A TR A L ncia Nepheology 26. ﬁya‘pbm s Srd pa&%%%;uenﬁ v
reacyl ated. Thereafter the nunber of sul phate groups per disaccharide unit

S/ D MR....The fol | owi t abj & 1
e )Po b Eidh Bishuiat i, Nebarin Bhe  Rosf NiSybhgleiipr geevitedeTbe
resul® s Bst irepetanhCesulphatigrepositionsl ade the Gi2aiethe idessrit Heid ad welpasi n
Ac- h t d
(Ac- hepafHege a-F@btheJC? I lﬂer% aréla?rﬂnQ dF(%luﬂ]I% é&ﬂ%oﬁfh%&?@?%%cg{@%CMS' €

unit on the n an
13C- NVR- &&B’ tcgagglaéoebSS@ﬂb fs wlnbamogpmn ©R pamadeorespo0s®ie,0. 05
0. 90 0. O $mélerdréportidh-disp e Sthr RihclioRalyrbupd, - 0. 03

20 - Surfaces of medicinatl 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

25 antithrombin IH.

Because of the immobilisation of these polyanionic substances a strong'

' adsorption of plasma protein on the heparinated surface is observed in all cases

what faliminates on the one hand the coagulation suppressing effect of heparin

30 resp. of heparansulphates and initialises on the other hand specific coagulation

processes by adherent and hereby tertiary structure changing plasma proteins
(e.g. albumin, fibrinogen, thrombin) and thereon adherent platelets.

Thus a correlation exists on the one hand between the limited interaction of the

35  pentasaccharide units with antithrombin H by immobilisation on the .other hand

o debositiOns of plasma proteins on the heparin- resp. heparansulphate layer on the
~medicinal implant take place, which leads to the losses of the antithrombotic -
Aproperties of the coating and which can even tum into the opposite, because the
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2-S, 3-S, 6-S: sulphate groups in position 2, 3, 6 respectively NS

sul phate groups on the am no groups 10 N-Ac: acetyl groups on the am no
groups,.. NH2: free amino groups S/ D:. sul phate groups pbevenbead®Bari de
unit A sul phate content of about 0.03 sul phate groups / disaccharide unit
(S/D) in case 15 of Ac-heparin in cor%ari son with about 2.5 sul phate
groups / disaccharide unit in case of heparin was reproduci bly obtained.
As descri bed above the difference in the sul phate 'contents of heparin
resp. bEsmapsiéipradsesptiondthiah eccorgpdwrindsa ebuplbofgenends Idadstolthe Ibas a

i def ' i yi ithrombin | d
fﬁS‘sLoigﬁﬁ‘foﬁféf&g%ﬁé“gﬁﬁﬁS%r%fe%ﬁd?@%%‘ﬁhége%?ﬁéssrﬁahérgﬁﬁhét 0 heine ol
f or nul ateriidryasiuatren whereby arthemmbenegagystsurtace ajisespsSyrpristtighait coald de
uni t of pbaffeétBannst the chlﬁb@ﬁﬁ@Qofﬁi?‘ée éhé%l 90(%7%%% ?Bﬂgtﬁ’e Qe b the ess

than. 0. 05 and .especially preferred | eSs than groups pe
di sa%chﬁvpaé‘rq}nld fergfces, doy Z%vaﬁpwnt@%uh%ﬁésﬂpbﬁ& shill helyaw i the to
\tNhi ch thenmphmti?tmpwp@dig of Maffaoﬁﬂs?rhd/%qu?hhﬂsg Fﬁﬁﬁ@&ﬁbﬁmmébiﬁfé}%ﬁﬂi ted
0, one ej. .a.surface refinenent, sul e henpconpat i :
coagul a?f ﬁf\e | n@ﬁ?uﬁﬁj? 86%‘? gefier) ?%@%Eﬁ?ﬂaébvﬂﬂ E‘T?\I%B‘f?r{}%@?ﬁfgs}')wfﬁas no
active plasma pratéias sdugurepriesenpandritial steg intthe aciivationhef iheheragudatibri s not
detecte VAgr s agul atd y ] ' : ' '
i bt eS L BoiRPY) echlod ThE hERobObAE SHiboES. of BE ooRfBURR
henotonPeAreing {9 iaventipns stilli xemaiganlset aftae theiigimmeobibiaation iare artifigiainent s
of the s@faddspod. HEM - P01013 W O SGO i Apphcation 9 Novenber 2006 10 The
exanples 5 and 6 clarify, that surfaces, which are coated wi'th the
conpounds according to invention according to the general fornmulas |la
and/ or Forthess pecitais! guppdsezh tlaaitetlwm.eﬂév%'bﬁﬂ&wﬂ thee Hdgarinnrésp. the

- i vag | ' i.bl Atior ol i f ] d/
bt | i R Sophas e TR Roaly OF FRERRRGClCH Bpn PRy Nompn T Ab iR he
Ac- Repalhefebyritee theparinstgspt dhei béparasauiphatey the anficoagulatoref effectt Than

N-acyl api 88t rﬂ;ﬂfb 0 I r 79 |

particu] ay | I\%%@E?gﬁ?? gen%?gi t ani%ﬁég‘&%) | %@gﬁg at!{lB o%ﬁ@%c%g%/%%%aﬁﬁ such a

conpl et® %’E’%‘H Ia ggg ne activehn garguiation supprassiyeoi.ef aplicoagultives suesodoes no

| onger amaimasy compltite rdtiptiition/the sulphate groups of the compounds of the '
general formulas Ib are removed up to a low amount of below 0.2 sulphate groups

}  perdisaccharide unit.

The compounds of the invention according to the general formula Ib can be made
from heparinor heparan sulphates by first substantially entirely desulfating and
then substantialty entirely N-acylating the polysaccharide. The term “substantially

3> entirely desulphated” refers 'to a degree of desulfation of more than 90%,
preferred more than 95%, and particularly preferred more than 98%. The degree

of desulfation can be determined according the so-called ninhydrine test, which
“detects free amino groups. Desulfation is effected to such an extent that a color

_ reaction is no longer obtained with -DMMB (diméthylmethylene blue). This color
) testis suitable for detecting sulphated polysaccharides; however, the detection
limit thereof is not known in the literature of the art. The desulfation can, for
example, be carried out by heating the pyridinium salt in a solvent mixture. In
particular, a mixture of DMSO, 1,4-dioxane and methanol proved to be suitable.

~ Heparansulphates as well as heparin were'desuiphated via total hydrolysis and
subsequently reacylated. Thereafter the number of sulphate groups  per
disaccharide unit (S/D) was determined by 13C-NMR. The following table 1 shows

C ok
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acyl ation. agents, carboxylic acid chlorides, bronmides or anhydrides are
used preferably. Acetic acid anhydride, propionic acid anhydride, butyric
aci d anhydride, acetic acid chloride, propionic acid chNevamber f06put yric
-acid chloride, for exanple, i are SUIt%P|e for preparing the conpounds
according to the invention. Carboxylic™ acid anhydrides are particularly
suitabl e as acyl ation agents. As the solvent, in particular for the
carboxylic acid anhydrides, deionized water is used, preferably together
with a céwse maultsvin dhe iexamide dfi epatinaand desuiphided JOreagétyiated eepeeincent .
As cosol ygathgpafgy hanol , ethanol, DVMBO, DM, acetone, dioxane, THF, acetic
acid ethyl ester and other pol ar solvents are suitable. If carboxylic aci d
hal i des are used, polar water-free solvents such as DMSO or DVF are
pref er abﬂ'}abU$emlstnblA‘l$ort bﬁfmimﬂat gHRIpR (';jbéreuﬂﬁsﬁ@ét%ndesuh‘ﬁ%ﬂ th%fé‘{a%@g'

toget@er W t vol une

I h
per cent . co@%ﬁ%ﬁ?\égr}’fﬁ? n; Id%fera{m'fb‘l’d h%@%%»ﬁ megstrmmentsdi oxane,

THF, acetlc acid ethyl ester and ot her pol ar solvents are suitable. The

conmpounds of ‘the i E‘ilél on ag%}ru n% éo he nef M%or I Ma ragfma

car bOXyl ate yrouputi Ilal f e psugar— gt ti-S r N uv‘,? I tH DN the
ot her  hal Hepaiph coﬂrﬁi’uncs @88 dl s6.0% d@.gl)ro t;e8po ymh;ridﬁ's

hyal urorﬁlgc_ﬁgbgm ggygratjan ézul Fhat B ' C!Ilondboi tﬂ F0F phat e. D flfgbgn,l es

a¥al nf +

to- hepal’l n andad nmepar dllbUI pIIdLC resurt—i+ 1ot hc Cone SaN
nonosacchari des, which are here not present in a 1,4- g|yCOSIdIC but

1, 3-gl ycosi di c zenmest & nnected t.o each
ot her 1, 4-¢l ycolﬁéc'll cal IIS] sulo I;réh}g gggégg‘f:wg(ﬁbqé%g% plication 9
Novenber 2006 t he aI sosq Ph"i‘ ROBYRD AN L gniae st i t hr ombot i cal |y

act ifde der mat anNsAd:phat es ade@rl@?beﬁs od tﬁ@%mﬁdﬁr&ﬁ% (1993)] and the
chrondoitin suI,Qp'a.t es N- é?ﬁ ucosam ne i s substituted by

N-acet yl gal act osafi ne, @HUPSt he - steric position of the hydroxyl
group at the C-afbm 4. Djeswmatb@roupsabenmda&hatmmthe pol ysacchari des
are assigned according to the present differencies as follows: Type 1)
Uronic agid - gal actosam ne t (HexA-Gl N n: 10 Hereto accounted are
chondr oi RiskiRhaA® saptent g aB@Phé{Oé‘}rﬁlémﬁiﬁaﬁf@Upﬂ' j gisagcharide unit §S/MYriocasest t he
a- 11%- gl qfcmahépgnhw@bﬁq)a@.fsoh hﬁtwésamcz g%tﬂpﬁé’cet ?(%?éd&%ﬁﬁh&'@ unit in

Sg: SCt Ost?é“e(?fhepan%uwngs reproducaBﬁ‘( obtamed glycositdic y to the next ‘uronic

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

heparansulphates and the compounds of the general formulas has a considerable
20 influence on'the activity adverse to antithrombin 1l and the coagulatory effects of

these compounds. | |

The compounds of the general formulas 1a and Ib have a content of sulphate
groups per disaccharide unit of less than 0.2, preferred less than 0.07, more

""25 preferred less than 0.05 and especially preferred less than 0.03 su!phate groups
per disaccharide unit.

By the removal of the sulphate groups of heparin, to which the active coégulat'ion
suppressive working mechanism is accredited to, one receives for a surface
30 refinement suitable hemocompatible, ‘coagulation inert oligo- resp. polysaccharide
which on the one hand has no active role in the coagulation process and which on
the other hand is not detected by the coagulation system as forelgn surface. This
coattng imitates  successfully the nature given highest standard of
. hemocompatibility and passivity against the coagulation active components of the
- 35 blood. |
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Der mat an sul phate differs fromchondroitin sul phate by a high anount of
another also in heparin and heparan sul phate occurring uronic acid, the
L-iduronic acid. 15 The sul phati on degree of chondroitiANSYAHEE¥Si s at 0.1
to 1.3 sul phate groups per disacchan{ e. Dermatan sul phate has with 1.0 to
3.0 sul phate groups per disaccharide an averagely hi gher sul phation degree
as chondroitin sul phate and thereby reaches heparin |ike val ues. The am no
groups are N-acetylated. ?0 The desul phation and N-reacetyl ation | eads here
as in the case of heparin and heparan sul phate to conpounds, which are

al so- ' . OERE C | WA Ic acid
2 o ucothe BRafelals il 8 RrRR A YRS RRG St R B BB erlndbeR 2 20
sul phataccandingytal invention ace@rging taithe desesaldersulashiat andipe lis,oeepacially -
a 1,4 DoHRh. Al | abd REGhIBRARATesHlt! G I BhSGvatler OultihioyehBbas! vPe. -
t he nonosacchari ds, D gl ucyroni € acid and _D- gl ucosam ne_ are a-1, 3-bound
nmonds ackaerepPatibies aatpilErralive iaqwl/ernantisflammatany geatingathisds arayul phat e
gr oups pradeh Hythaesiaympié of theTAe-hpagiew| ar wei ght reaches in 10 conparison
to heparin and heparan sul phate nmaxi nrum val ues up to 8000 kD. The
_reduction of the chain Iength and the nmaintaining of the acetyl groups
resp. tHee Nermesabstandiaily entisdy Niavylatedt vefers do amhiNslacylatidg sdegrgei afhabl e

f t bb - | j ki '

onosadTpie 1B 8442 RBtatabiPinbREHRI 0Py0 AL EAMLEIGMERISED dord

“chi tosdB%cihe acylgtien i taf@@éera) dvrughna mpmpplete asymer that the dinkidsiner uni ts
o1 eteomn Ur fios ks drousd UEDRRTIGHYer AW dy chiol RctionaAs

about A '%@gﬁrr%n ¢arbg %am%gﬂ "Q%Mﬁfﬂ‘ﬁﬁ?%ﬁ/@’s@%%ﬁ%sc are gised

------- preferably: Acetic Qcidoashyligide? Rspiodie auid anbididevbutiric adid 2mbiydrid®0, 000

nator | gk el 23k HRanfigRA herR iRt o g el lRMe. F Boclidip
st r ong atei sigtabiader prepayidgothystempabede docgiding darthednentionc &karboxdicd  are
pr oducettio BiRyAAGS! SRIbaittbhBy5 SABBIPAS BEyiafiGNBKERs, | cads Lo ofitosan and

5 acetate. tosan can easi be produce e saponification of chitin.
Chitosan consists of R 1,4-glycosidically linked gl ucosam ne

(2- am nRs theleekent-illparisitar for Ché lasBoxlie 40i®Wnh{fidéd, ddionired Wans
properties," an% |@ fturther ?]?d as @ bgmﬁ. ﬁ.mat gir |dal for |onte¥q6atngers
and as YFdh prgierelly toagher P@ ALOSAYLOL WhIGH if @dded;if an amount of 10t0”

) 30 volume percent. As cosolvents, methanol, ethanol, DMSQO, DMF, acetone,
dioxane, THF, acetic acid ethyl ester and other polar solvents are suitable. l_f
carboxylic acid halides are used, polar water-free solvents such as DMSO or DMF
are preferably used.

As the solvent deionized water is used, preferably together with a cosolvent, which
~ is added in an amount of 10 to 30 volume percent. As cosolvents, methanol,
ethanol, DMSQ, DMF, acetone, dioxane, THF, acetic acid ethyl ester and other
: polar solvents are suitable.

o

}  The compounds of the invention according to the general formula la have a
carboxylate group on half of the sugar molecules, and a N-acyl group on the other |
half. ‘ : :

Such compounds can also be made from the polysaccharides hyaluronic acid,”
> dermatan suiphate, chondroitin  sulphate. Differencies to heparin and
hepéransuiphate result from the connection of the monosaccharides,'wmbh are.‘- _
here not present in a 1,4-glycosidic but 1,3-glycosidic connection. The-_' S
disaccharides are again connected to each other 1,4—glycosidica!|y; lh the case of
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t he bl ood. serum and for weight reduction. The substances according to the
I nvention of the general forrmula Ia can be made fromchitin by Joartially
deacetyl ating chitin by means of strong bases and then 9 Bovember 2006

monocar boxyal kyl ating the free'am no guqups (see fig. 1). The deacetyl ation
degree, i.e. the anmobunt of demasked primary am no groups, can be determ ned
volunetrically. The quantitative detection of the free am no groups is

ef f ect edﬁtﬂ)g nmeans, of the ninhydrine reaction. Depending on the way the
exper i meif€ &S 4n thedbl ogdt coaguiaiary |astithyambegicaliy wtwaaietrmamr%sumhabm

obt ai ned [Bidehent. y|.at g9, degBeEsD @1993)1104:\@ 6@@ aél%oﬂﬂsit rre ON20%

are partl referred t esl s, sac arl des can
be obt ai nég ){@ch’% Peul ?Eb@/t“f)aﬁ* i’N\Aﬁ %!9% aétqsﬁﬁ?'"%-n“ﬂl%é‘! flar r they o
an N-car steticapasitiorgobilne hydraxyterely at #wdGratodi 41 ri buti on. 5 Chitosan, vvhi ch

is eagily accessible by the basic hydrolysis of the N-acetyl groups of the

chitin (seefl 1) guall serves as a starting material for the
synt hesi Yus to 8!%' [hatedastruiuraithe polysaathayides drer asdignédhaccor@inig s tie onl y

has very presknidarabiitied 's_34BRowdNUS, the conpounds according to the
I nvention can, on the one hand, be obtai ned by carboxyal kyati ng

substantially the half-of the free amno groups in a first step, and then
acyl atl n@'yphd)ltlmmcramtg dalactosamire gipe! Pf‘axAOGa Pynfirst carryi ng OUt t he

| )

e 1 ) PieBE A ptsEiel cHbrdin' L#"Ehall' et Spiohele Somia) dan tis: he
haIL of lepalﬁtrtbe -dupglyicesiiy lbandihg ol th@mmmmﬂdﬂg thal Qaiggtgsamme
C?’;r ?g?@éﬂé&%at 5% Bﬁh? 0S a\r?{ Qlei ers f éﬁlg&ﬁi@ggw\g‘f %g(% n§ r'“'é%n'Bfa%
70% Bﬁétﬂws'dipha@ d'ﬁsl}‘/JTGHhthl’pﬂu‘u‘ﬁdphateﬁmead‘nglb lagaxint 45 anofts
Part i cul akbyin IREITRY B8 MR SURSIRfte ARG Br %béi I IRidiroRR RS O

b h t f th
o 8 or HipSUEtoR ?L%gra%@f choaditissdbholesiss - r$§ul?lih@te sipagn °

?]ublséI andnsat:d:l}artdma ltarrhbtamamspmtachbs ﬁi&g@/nroT htbh@ (gmgm ﬁallleti\\fé d

ou 9 e c t’ion n

chl atio atljégedg\jf?:grledsé ggnap v%ré erfe%“%@ ? &e ?L%é t"? S‘i/’ a

(devi at | hyerely maghes f@wﬂﬂﬂilﬁembletsa Thesarhinotgrobps arm!\bad’:etylated eact ion step
a certain nunber of the free amno groups are acyl ated or

car hax Kk hISI V|tabl results in a conpletel
t}?) ya‘l’hé’ d%suﬂaha%lon an -reacety ation leads here as lrrmhe casé of heparin and
heparan sulphate to compounds, which are also- suitable for the use as
athrombogeneous coating. '

Type 2) Uronic acid — glucosamine type (HexA-GIicN)n: .
¥5  Hereto accounted are heparin, heparan sulphate and hyaluronan. Heparin and
heparan sulphate are solely B-1,4-bound, whilst in hyaluronan, which is also
- accounted to this type, the monosaccharids D-glucuronic acid and D-glucosamine'
- are -1 ,S-bound monosaccharids. This polysaccharide has as only polysaccharide
no sulphate groups and is N-acetylated. The molecular weight reaches in
0 comparison to heparin and heparan sulphate maximum values up to 8000 kD. The
reduction of the chain length and the maintaining of the acetyl groups resp. the N-
reacetylation leads fo a structure, which is distinguishable from the formula 1b only
by the -1,3-glycosidic connection of the monosaccharids.

5 Further compounds can be prepared also from chitin or chitosan. o
Chitin is a nitrogen-containing polysaccharide, the monomer units of which oons:st__':_".f‘“_ T
of N-acetyl-D-glucosamine, which are linked in a p-1,4-glycosidic manner. Thls}f-- -‘i-{. T
results in linear polymers consisting of about 2 000 sugar units and havmg a ‘. B
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random di stri bution of the acyl groups resp. carboxyal kyl groups in the
pol ysaccharide of the general formula la. The fornula la thus is only
intended to show a disaccharide unit of the pol ysacchaPiNgeamhes@6di ng t o
the invention, but not 15 determ ne an alternating sequence of the acyl
groups and car boxyal kyl groups. The 121 1 owi ng illustration shows a typical
tetrasaccharide unit of an N carboxynet hyl ated, N-acetylated chitosan: coo
coo HO. OHN.OHOH O HHNHOOOOONH IHONH O COCH3 OH OH COCH3

o Ul 2 B, B o e o S ng.

o "parts et Shuble Fhiien Gebk saSus wd oiNS FRopr diple Pafes.

sur f ag_éMixinQ hieithosteonep acidk dééadselosinygdrblysish erhpre Degligosdmirdecarsd Bipetic ﬁsid .
accor di I N Yl npt. .t e -

- subst an%ges bg?&"[k%gz ﬁﬁh&ﬁgg‘i‘i%ﬁmwﬁ? F’gﬂng'j%%%ﬁ‘\ ﬁ%’“@ﬁ%ﬁ B%%%%?é) Fﬁtég%rﬁ éngnd t hus

not 3o ace@@r the blood coagul ation cascade. In addition, the invention

di scl oses ol i gosacchari des and/ or pol ysaccharides for 30 the

henoconpat.i bl'e coating,of surfaces. Preferred are polysaccharides w thin

the HEMWePaN sap@asitpbsiyriuced by the Rapenifieatiorpobehilip. Ghitesan gensisisght

! : mts. gent qu%lﬁi@g}&cal@faliﬂke& Eegﬁﬁﬂﬁéd - mde_(fzeaﬁmt ' @aﬁléoxsrr[ﬁgt;uqose}.

ol i gosaggharides and/ or polysaccharides used is, .tha ey contain large

rount < Crpsends KHBYR Yor 18 HFCHTIRG pESRatice 2 i¢ BRnasaRed R PR Th s

mear® t hedterid(for idiDexclargfees mad aHan dgfeitt fodreeiuieing thd ghalesteesirledeldii - 52%

of the @@@POB'%%T‘]%FH‘%I‘% |rng&%am ne or N-acyl gal act osanmi.ne, and

Tally™t )

subst an e renalning’sugar uni'ts each have a carboxyl group. Thus,
usual ly nore than 95% :

The substances according to the invention of the general formula la can be made

from chitin by partially deacetylating chitin by means of strong bases and then
5 monocarboxyalkylating the free amino groups (see fig. 1). The deacetyiation

degree, i.e. the amount of demasked primary amino groups, can be determined

'vol'umetrically The quantitative detection of the free amino groups is effected by

means of the ninhydrine reaction. Depending on the way the experiment is carried

out, deacetylation degrees of 20 to 80% can be obtained. Deacetylation degrees
0  of 40 to 60% are preferred, 45 to 55% are particularly preferred.

By this way of synthesis, polysaccharides can be obtained the sugar units of which
contain either an N—acetyl group or an N—carboxyalkyl group in a merely random
distribution.

Chitosan, which is easily accessible by the basic hydrolysis of the N-acetyl groups
~of the chitin (see fig. 1), equally serves as a starting material for the synthesis of
the polysaccharides according to formula la.

0 Chitosan only has very few N-acetyl groups. Thus, the compounds according to
the invention can, on the one hand, be obtained by carboxyalkyating substantially IR
the half of the free amino groups in a first step, and then acylating the remaining
free amino groups, or by first carrying out the acylation-'and then reacting the ' -
remaining free amino groups with a suitable carboxyalkylation agent. It is preferred -

5 if substantially the half of the amino groups is acylated and the remaining half is
carboxyalkylated. C T :
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preferably nmore than 98% of the oligosaccharides and/or pol ysaccharides
consist . of only two sugar units, one sugar unit carrying a carboxyl group
and the other one an N-acyl group. One sugar unit of t%goﬁﬁﬂﬁbgﬁﬁchar|des
and/ or polysaccharides > is N acylgluggsam ne resp. N-acyl gal actosam ne,
preferably N-acetyl gl ucosam ne resp. Nacetyl gal-actosam ne, and the ot her
one is uronic acid, preferably glucuronic acid and iduronic acid. 5
Preferred_are ollgosaccharldes and/ or pol ysacchari des substantially

consi sti ngagfally Nracdalgdr chitasens aefers tesp. Nyatylatios ategnes ofudBt-ariti%) | y
L8 hal I prbtoriisly Sei0aD —UBO%e ol pHHRGIAHY, DrétBrdnip!dtiis Distber Bl il

N- acet yl and t he ot Fucosam ne units carry d’ a

car boxyl F 3‘?‘%6’%‘1@@&!‘{' a %%@rrmg he Yoresidyedqp substaatialydthe l'&ilbﬂfe or
S‘r’ E, ﬁprrgr Ity eamyiho grroups, aﬂ'dn eﬁetheaith@grblf%fa{ﬁedaer?m@u@%upﬁQHQ@' %«%}g&@% ga[ﬂeno
pr ef Ky egn‘%{ ﬁé&“@@bﬁgﬁ?ﬂﬁ@éﬁﬁﬁ?ﬁ‘e ?@?ﬁ! 'iycigé ha%W@Pﬁ exagihy ﬁﬁﬁﬁ My

t he hal f the reostmmab@%ase,r bt[lteﬂnmddfalse iddldertte aapnge |csil45%rlb&65%r thhe 49.5

- 50. 5%
pref er a% Ic5 Iag'%? I\hﬁ(ﬁ)t?g géﬂg%ﬁﬁ%@%i’eﬁﬁl_ (éaggltﬂ 3? I %@ hegséﬁﬁhggﬁ%
subst ant Ofteﬁ@"!ﬁ‘ﬁé‘g eviatiqn toflprapee 180msi st s of an uronic acid,

preferabl y gI ucuronic acid and iduronic acid. Particularly preferred are
showi ng a substantially

ol | / oly charr des
alte at r'l'& Loeg?f‘e?ﬁfg 'f'ﬁ't ﬁ‘ ad@?ﬁf?%c 9 sigp arcarialn jnumsy oft theniree amigo; n t he
case of ghaupd bes meyiabed ooremboxyeiRylated; hRist mmatgwremtg sn aTBanpi’étéQ 0

the d
Surpr i & ng'ﬁ%rﬁ??’%?ﬁé“@}in&?hﬁ%n b, H0ks ' fsel, Saboyalsvlicibues imetne
i nvent i oROlysAccharide efither gengset tonriuta 13, s dompinda da thulissohlytinteridad| tp

N- acyl at | at ed
chi tpsan a2 el a3 et ohg e Ehndbs SEAMIKY (e hREnDRA, Dbl

sul p de giRg 8nd ﬁﬂﬁhﬂgrﬁ&rﬁ@eaﬁe o theyacyigowps @n@parboguakkvmmyasur oni ¢
acid are especially suitable. In particular, N- acetylated heparin as, well
as parti y [ROX | at d and ace ted .chjtosan are swtabl e
for the Eé%oéwpab ér”ﬁrgﬁ O‘MEMaP egr Q(Hlﬂqd@at‘-l% of Ny ever
2006 15catbexpeetiyiaiedi ﬂﬁaaetdimglbhitchsan:degr ees defined by "substanti aI ly"

were already defined nore above. The term "substantially" is intended to
make clear, that statistic deviations have to be taken into conserJ@ratlon

A substantially alternati ng - OH
' COO .
HN HO w
HO ./
COCH,

COCH

20
The present invention describes the use of the compounds of the .general
formulas la andfor b as well as salts of said compounds for the coating, in
particular a hemocompatible coating of natural and/or artificial surfaces.
“Hemocompatible” refers to the preperty of the compounds according to the

25 invention, which means not fo Jinteract with the substahces of the blood
coagulation system or the b!ood platelets and thus not to tngger the blood
coagulatron cascade. - o

~In addit_ion, the invention discloses oligosaccharides and/or polysaccharides for
30 . the hemocompatible coating of surfaces. Preferred are polysaccharides within the
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5 sequence of the sugar units neans, that as a rule two equal sugar units
are not bonded to each other, but does not conpletely exclude such an
~erroneous |inkage. Correspondingly, "substantially the9Naramberd¥fs nearly
50% but permts slight variations, because especially with

bi osynthetically produced nmacronolecules, the nost suitable case is never
achi eved, and certain deviations 10 have always to be taken into
consideration as enzynes do not work perfectly and catalysis usually

i nvol vemaleadat wieightdintitsomentioned .ablovet @necatheofernarkable! felaapmsiof,the

A .
o SIRASEFe: L6 ool 1 TR0 Ge oo iy ShigiCTL S
for theOhdh®cBigaatymi él—@gwglu@samr@wrrafdwyl agtesarised Thlwm%anSamat

i nt endeqof_orﬁo@g rﬁfé&e@é@‘l@ -CQEFS%Cénd &8 éélhli&( Bretefes 14@—@%&% th@“éﬁgfé{r
artificial surf igﬁrow ded, angtaa osacgchari

pol ySac Ui a?s $RIRMNE, OF 4 ﬁ? SING n ABY; SEttaf‘Hﬁly the The
i mobi | rerakinimg eﬂgﬁrhmtsl aegﬂshaaélamaibe Imlsymoallyammleshm%%;se

surface h [ n
For cos. PRIty g T Bath, DTS A0S ?88% o B0heal o A ST,
. cross- |oﬁinygwofsugaeun6$,|mal¢garamltjmnam@amarwyyngd thesothedooe by
. coval eng tp@_rg%)pgog@t_o the surface. Preferred is the coval ent |inkage of
- the oligosaccha s and/or ?5 polysaccharides (side-on bonding), nore -
pref%rred t he coval ent single-point |inkage (side-on bonding) and
especi aUn\e pé@éaﬁ* it t 68 #RY abRidsaRBRan@edt ahﬁl&ka%I saeBRafdesPordi Ng) . Any

Stch' 16005 EheRine, 'GPy, BinAESSTAE C%@E@&q%‘CRé—ap%&go?uw”sedaé‘er )
val ves, rean)ebl-amtggalactcaamgenmnd pihet Sthempinentis , udonieracid,hgirbfenalily ber s,

stents i nges, nenbranes, ¢onserves, bl ood
cont ai ng P‘ﬁ’ﬂé @g?&d%g?rgakers adsor ber medi a, chr omat ogr aphy
medi, chr orrat ogr aphy colums, dialyzers, connection parts, sensors,

venti| ePre@%HrarteL& oshaERSides Aedbr gﬁg,eagﬂﬁrﬁes s‘i.b%gé}ﬁ%ﬂp%%s;shh 'S,

punp chanbers as.well as other surfa shoul her hoCTonpati bl e

pr oper t Fi& SUgAG GUSORRMIRR) Fesh- %@6@@@?5"“¢rSSQQ§t%'q}MdBPSIB@ f e &U4darand
refers gapecaaying droNtaey m&m%&f@éb@wpéwwgraupmmth@mm halfof

contac ot bl AL PR kot GRS AT L BORER) o By SpBe™
- coatll nggratpherdsorstecbvidiong aranoreymethydenydigeoufess dihebe darbdiytit agidogrioupad/ or
artifichghdd'td 4% anfiho GRoliFate BF‘éféFa%ﬁr EADORGMBIRY of edrtih/BttRi groups.

Further are preferred oligosaccharides andfor polysaccharides, wherein
substantially the half, i.e. 48 — 52%, preferred 49 — 51% and especially preferred
49.5 — 50.5%, consists of N-acyl glucosamine resp. N-acyl galactosamine,

5 preferably of N-acetyl glucosamine or N-acetyl galactosamine, and substantially
the other half thereof consists of an uronic acid, preferably glucuronic acid and
iduronic acid. Particularly preferred are oligosaccharides and/or polysaccharides
showing a substantially alternating sequence (i.e. despite of the statistic deviation
ratio in the case of the alternating connection) of the two sugar units. The ratio of

0 the deviated connections should be under 1%, preferred under 0.1%.

Surprisingly, it has been- shown that, for the uses according to the invention, in

particular substantially desulphated and substantially N-acylated heparin as well

as partially N—carboxyalkylated and N-acylated chitosan as well as desulphated

5 and substantlally N—acylated dermatan sulphate, chondroitin sulphate and also

chain length reduced hyaluronlc acid are especially suitable. In particular, N—

. acetylated hepann as well as partially N—carboxymethy[ated and Naacetylated
chitosan are swtable for the hemocompatible coatlng
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henoconpati bl e coati ng by neans of the followi ng nethod: a) providing a
surface of a nedical device and b) deposition of at |east one

ol i gosaccharide and/or pol ysaccharide according to forNogember 8061 b,
and/or at |east one oligosaccharide ajgl/or polysaccharide, which contains
bet ween 40% and 60% t he sugar unit N-acyl glucosam ne, or N-acyl _ '
gal act osam ne and the remaining sugar units substantially contain one
carboxyl group per sugar unit. i "Deposition" shall refer to at |east
partial coating of a surface with the corresponding conpounds, wherein the

oundTher desgigpigidrednd jon dédrady g i il af w-
;ggﬁolrjed 3 d/ or idret ﬂerwyﬁt‘%;‘eht‘d %@H% nd%?ﬁg}gﬁ%s aﬁ’?‘?’%l?@é‘%’%
renai ni ng 5’&%@(“% ?EW% u?#\els s “subsiantiallye is infsaded Hatmabgoglear, ithat
r enai ni ngtatishadeliatibos tgvertbtis: takeafiato e%hgﬁ@aad. Aﬁ.&gﬂtﬁﬁlym&%ﬁg‘g& 98%
of t r I, S % = 9% ugar bui ng units bear a.
gr ougﬁ.e 5@%%1%}#(%%?@1&8 3‘#\@%0@"“%0%}3%8%0 ?6}-"& @ff’r pgual PGS its, ag Hot
- provi dedbondesh-toneask opther.i buk'dossr hat esnylieliely reatkidet sushicin tferrdmms t hat

can acti : émgi, i r o SS .

t hr onbc')gg?{agueté rI%A'Jf\é al t g r"fga}??\%gﬁé%%a@ynﬁlf H}gg’fnﬁnﬁgé&sﬁ?@ §9 é;js :lﬁ_ p(,srmﬁs

provi di na’éﬁﬁrfé{eeamn% C8Hpe depprecialiy bwith de binsyntheticafly a pragucaldl e
o f R e o, e copedeHeder adfieRdd kY LKA RUAARIE 2| °
medi Gl | position,of .at |eas :
ol v iEs BvARde e Lk RiRt bomindtandh g SRmigriioolmaropeoesly and
' 0- SGO Appatalysis usudliyNovelvbera eaidin rafe of ehea&tlnoﬂhe(yﬁates!egcﬁ pakirar -h_é'?arﬁ_ﬂd/ Olr
pol ysacCchawbws, | (oJara=Y! e % an )% sugar _uni acy
oo Ysacchaubas el s So8hep SRR RAAAY By AT GHERSaH aha™
substant‘i’@l"!%ta‘ﬂéh{"&ﬁr{"ﬁg@d efgleepnicdr oup per sugar unit. 5 b') deposition
of a biostable |ayer onto the surface of the medi cal™ devi ce and

15 Furthermore, a process for the hemocompatible coating of surfaces is disclosed,

which are intende_d for direct blood contact. In said process, a natural and/or
artificial surface is provided, and the oligosaccharides and/or polysaccharides
“described above are immobifized on said surface.

20 The immobilisation of the oligosaccharides and/or polysaccharides on these
surfaces can be achieved_via hydrophobic interactions, van der Waals forces,
electrostatic interactions, hydrogen bonds, ionic interactions, cross-linking of the
oligosaccharides and/or polysaccharides and/or by covalent bonding -onto the
surface. Preferred is the covalent linkage of the oligdsaccharides and/or

!5 polysaccharides (side-on bending), more preferred the covalent single-point

' linkage (side-on bonding) and especially preferred the covalent end-point linkage
(end-on bonding).

Any natural and/or artificial surfaces of medical products can be used here such

50_ - as surfaces of prostheses, organs, vessels, aortas, cardiac valves, tubes, organ

© - replacement parts, implants, fibers, hollow fibers, stents, hypodermic needies,

. syringes, membranes, conserves, blood containers, titer plates, pacemakers,

B _j_‘ﬂ adsorber medié,,chrdmatography media, chromatography columns, dialyzers,

~ connection parts, ' sensoi's, ventiles, centrifuge chambers, heat exchangers,
i5 .. endoscopes, filters, pump chambers as well as other surfaces, which should have

. --'3"':‘:-:herhocompatible p'rqperﬁ'és; The term "medical products” is to be understood

... widely and refers especially to the surfaces of such products, which come into

. contact with blood shortly (e.g. endoscopes) or permanently (e.g. stents).
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d') deposition of a further henoconpatible |ayer of at |east one inventive
ol i gosacchari de and/ or pol ysaccharide according to fornula la or |b, and/or
10 at | east one oligosaccharide and/or polysaccharide, WhPEMRepAO&i ns

bet ween 40% and 60% t he sugar unit N-acyl glucosam ne or N acyl

gal act osam ne and the remai ni ng sugarmuni ts substantially contain one
carboxyl group per sugar unit. 5 The | ast-nentioned enbodi nent nmakes sure,
even in the case of nechanical damage of the polyneric |ayer and therewith
al so of t.he exterior henoconpatible |layer, e.g. due to inappropriate
transpqrt or conplicated conditiqgps,during the,  inplantation, that the

surf acancthg ifﬂg‘;@'ﬁgsﬂ?ﬁ)tc’qa&gg Wénf?ﬁﬁrﬁﬁ(fcgﬂngt fQ '5?’9'3‘5?'}193"%9888"%8‘}-

conpat iBiblogidd dimtler attifiotal ogirfadesaot] medicall devicés suanf be epriowviddae withnhi nat i on
of an |1 GlLaks | ' | | figial. part to be understood,
e.qg. aﬂéﬁééﬁté%i'%%toﬁﬂéﬂ b&%??ﬁ%%f% %@8@'@/ \%@'15 The single | ayers are

deposited preferably by di pping or sprayi ng nethods, whereas one can

deposi tgyat the & SUfBcdot B cERoREd by of one layer also another or
nor e acat)i ve da?{g\e,nt onto (t;%we) marﬁ?&al deval;cel surface, whi ﬁh I.s then

i npl eneht ed daposkion dspideast ene Qligesacenardriand/anpplysa BRAISPHBENd. | n
this way ong fefrmdaara orth, ve agents can be deposited at the same tinme with
the +0 deposition of a henoconpatible |ayer onto the nedical device. The
active agent' & wel| as the substances,. which can be used for a biostable
or )bi-odegr atalidast] ayer oligosacthanideedambioe pelysaccharidet owhichs dantains

bi ost abl e Ort{éi‘%%oﬂ@%t '44€ 60% She! tsugér LD l\P—?é@' QI&PEMEW' -hgpal - non
compul sory step €) to deposit "an actlrve agent [ayel of one Or npre active
agents. | n H3lacpsamine erdothensamainiag asugareuaile riubstantiglyiteoripid BBENd

coval ently QubbelgHilPs&SudaXmit. Al so the active agent is preferably
deposited by dipping or spraying nethods. HEM PO 101 3WO S GO '

| Appfication 9 Novenber 2006 18 After the step b) or the step c) an
addist i QDdposition” dghalfrefar towat Welash panmiplh | setingt vd  deposfiaceowithf the | east

hemcorpa et <forFRagRs, e, 3k aeiEh 48  deBSSfied "EBeldle
al t er ndnfredueath atidfenimradbitized tarpamyhove mnchered priaard/ep inl'the caubjacent
surface. : .

} - Under “substantially the refnaining 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.

3 An uncoated and/or non hemocompatible surface is preferably provided. “non-
hemocompatible” surfaces shall refer to such surfaces that can activate the blood
: .c'oagulatory systém, thus are more or less thrombogeneous.

An altemative embodiment comprises the steps:

)
~ a} - providing surface of a medical device and
- b’) - deposition of a biostable layer onto the surface of the medical device
o or o
" a)  providing surface of a medical device and
| deposition of at least one oligosaccharide and/or polysaccharide according

Wi
S

" to formula la or Ib, -
- andfor
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foll ow, which conprises the deposition or inmobilisation of at |east one -
ol i gosacchari de and/ or pol ysaccharide according to invention according to
formula la or Ib and/or at |east one oligosacchari de aRdoggmber 2006

pol ysacchari de, which contains betweep,40% and 60% t he sugar unit N acyl

gl ucosam ne or N-acyl | gal act osam ne d the remaining sugar units
substantially contain one carboxyl group per sugar unit, as henoconpatible
| ayer. Preferably after step P°) the step d') follows. After step d) resp.
d') the deposéatileasioforenotligosaschanide agadior| pyisacthMide,0rwHiBh € coRtafed | Ve

‘agents can ta canbnt r t bj nt bl odeqgr adabl e angd/ or

bi ost abl e | ayE%r&t %gﬁe%ocgoﬁgﬁﬁt |ﬂ.b€1t rﬁg%;ﬁfiﬁﬁcﬂ @g ‘gﬁ?"?'ﬂet ﬂér}g‘@&’gi t ed
active agent 9agetosamiee Ansk the | remainingesugalabhiés sutibtantidlymoontairatore e

| ayers can coeémbgyﬁg,lbg@g@rggééﬁ/@,iggents, whi ch were deposited together
Wi thdthe ﬂi ostabl e.andéo . bi gdegr adabl e subst ances or the henpconpatible
olig sacRRar i dRROSHRN § aE?lﬂ € iUHQ the surface:ptitheamedisal devicgrandar e

contained in the respective layers. According to a preferred enbodi nent the

bi ost abl gy! a) [ Sy I d/or 5 esi vely bound on the surface of
the nedi 94 ﬁéﬁ%%'@ﬁé’?c%%hé?ﬁﬁ?r@?mﬂ‘ﬁ% |lavey i‘li’fc%‘vé? Qe Hnyentive
hermoconpat i bl digogpeeharide and/pppelysaatharidecacionding t) forrsuladarmg Ibo t he

bi ost abl e "aygid/ofr ef erably the henoconpatible | ayer conprises heparin of
natiye origin_of regioselectively synthesized derivatives of different

sul plation codf feastene qliggsaecharisle deangee spolssacchayide; i whidoetdntainsnt s

acyl ati on ddgteesh 40% bBad b, a j ; ent N ride
\(/vhi zzlh S res;E)m éblhe for t emaﬁ?i“?h%g%%%t g\gtafe@i ?&J&Eﬁnﬁﬁgtﬂzﬁégﬂdard
nol ecul ar WEI%#% Bpampe A0HC e Apmaining ssigan wiits, substanialyr cerfainopaee and

its derivati wssboxyl gyaup pedsyiprysdtcchari des 5 of the erythrocytic
gl ycocal i x, desul phated and N-reacetyl ated heparin;”N- carboxynet hyl at ed

and/:gr p_@;éi ally N-acetylated chitosan as well as m xtures of these
subsPancHie lagtvpentigned embpdipeomakgspbieatéven  toe ecdser o GAGcharficaiubj ect

of the idumagE Rt BoRhRRicTBIEC leBRH aldbiof fheétt | %, coat ed
accordi g% tggone ,Of 9tﬁe hecr e??] ﬁﬁe%?ﬁ‘é(()'ﬁg@ﬁn% 83?1@E§F%}Wééh§ %t%l? of
the i nver¥orf-dr dURei BaPPIRIAte dranior s complisatechceneitions dudngrdbiecal
devi ces iinplaniatiorgdthat itee tdurfaee woAtiR) doeashoorRBel M6 THAS8R s it @é}hg
and/ or *H'I&S’&E&%%Hb@ | ayer and/or active agent layer wth a henoconpati bl e
| ayex, )

Under “biolqgical and artificial* surface ié the combination of an artificial medicaf

device with an artificial part to be understood, e.g. a pork heart with an artificiat

heart valve. . '

5. The single layers are depqsited preferably by dipping or spraying methods,
whereas one can deposit at the same time with the deposition of one layer also
another or more active agents onto the medical device surface, which is then'

- implemented in the respective layer covalently andfor adhesively bound. In this
way one or more active agents can be deposited at the same time with- the

0 deppsition of a hemocompatible layer onto the medicél device.

The active agents as well as the substances, which can be used for a biostable or
~ biodegradable layer, are itemized more below. '

5 Onto this first biostable or hemocompatible layer it is then possible in an additional |
nor3 compuilsory step c) to deposit an-active agent layer of one or more active
‘agents. In a preferred embodiment the active agent or agents are bound
covalently on the subjacent layer. Also the active agent is preferably deposited by .
~ dipping or spraying methods. - o ' o '
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whi ch consists of at |east one oligosaccharide and/or pol ysaccharide, which
contai ns between 40% and 60% t he sugar unit N-acyl glucosam ne or N-acyl
gal act osanmi ne and the remaining sugar units substanti al P{lovesearbone
carboxyl 10 group per sugar unit. Acgprding to a preferred enbodi nent
under the henoconpatible | ayer of the ™ afore-nentioned oligosacchari des
and/ or polysaccharides is at |east one biostable |ayer present, which is
additionally preferred covalently bound to the surface of the 15 nedi cal
devi ce. After the stapt eor theestepr&dan atiditionahstepedipcanrieliow | whith wempriseseast
one bio r r I ch
one bi trrr]eaagﬁom% O atal{aaéte?ﬁé b%éﬁpﬁ?&?@ |§9éubéﬁcrr]{9g>%ﬁ IS WEE%%%?'%{H v

pr ef er r Byer ente lbredwg@em"aaa e resrzdharﬂc&lne@geet layehe henoconpati bl e

| ayer. A further preferred enbodi nent cont ai ns between the bi ostabl e | ower

| ext oRgeordiia Tt e AliRtnali caibamant st Py Tonar Sl Al B APBBRCRE act | ve
iagent fmlomh whichb dmmwbeso\taeedebyszﬁm/ or miineblllsail%ntofl tdte léa’sn’omﬁﬁgti bl e’
nct 1 ve QAR Mnbfy ollBaftidnds G ihy it RicortBf ool 'S, o
can conta®nlbf amdlneat least vee adigasacchaniderand/er polypacihagdepwbioky einitginsoget her
Wi th thgeRiRResi 40R" Shd [ BBY CRRECE L 'uiﬁi?rﬁl -yl gﬁr&ehhrné«‘very N-g¥@ar . |

a biostabl e layer, a biodegradable Tayer rrioatr ble | aye can
conthi ngdget 06?”H'@ﬁ @nainthepremmgaww unity F‘Phﬂaﬂf geytain RReoFarboxyl

ant i t hr groupt per AGgdrimin B hemadsmpatisievayed FrapsablietaNes bpmc stepd

-l ayers ,S?tl ve agent |ayers. of one or nore active agents cain be present
Prefer r'e "coating systens of two | ayers, a biostable and a

henmpbconpati bl e | ayer, 35 whereas the henoconpatible layer is the ext ernal

| ayer a S e er it
S pref}gﬁ?lgg{epf&)%%é dﬁqﬁe O%p ﬁ&ﬁbﬂedéorb?lg?ﬁe@%tﬁeaﬁgéﬁf%g% ac‘:?‘ll%/g?g'{ c;egt | ayer
of one a¢tiveppgealst cae takelace dntopee oein thw jae eblﬂé@lgr@debtehaeglqrayer _
syst e“bso%b‘l‘é‘la?@ﬂér tHe ﬁém@c@r’nﬁ%’éuﬁl@lﬁyer HEM: P01013V\0 SO Appl cation 9
Novenber 2006 20 bi odegradabl e and henmpconpatible |ayer. Thereby
preferably the | owest layer is a biostable layer. Additionally one or t wo

active Additinally & sther eep@wdbgeuvd Tagief:t aiagrrs]ers mbﬁdﬁt@réﬁ mtﬁima?amrmd
active t . 0 Ln.a. further referre
ebod naikgon MePAEEGmBRTINE (ol B48 Eotdiny x(Hfher. sl ARG Wik e °g
| ayey . deposited together with the brostable and/or biodegradable substances or the
: - hemocompatible oligosaccharides and/or polysaccharides on the medical device
and are contained in the respective layers.

According to a preferred embodiment the biostable layer is covalently and/or
adhesively bound on the surface of the medical device and completely or
incompletely covered with a hemocompatible fayer, which (preferably covalently) -
is bound to the biostable layer.

1

Preferably the hemocompatible layer comprises heparin of native origin of

) regioselectively synthesized - derivatives of different sulphation coefficients |
(sulphation degrees) and acylation coefficients (acylation degrees) in the =
molecular weight range of the pentasaccharide which is responsible for the '-
antithrombotic activity, up to the standard molecular weight of the purchasable
~heparin of 13 kD, heparansulphate and its derivatives, oligo- and polysaccharides o '

5 of the erythrocytic glycocalix, desulphated and N-reacetylated heparin, N-._'}."._'.'j :
carboxymethylated and/or partially’ N-acetylated chitosan as well as mixtures of =~ "
these substances. "
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~-only, for the direct and pernan

Preferably used in the methods of coating and on the nedical devi ces as
active agents are tacrolinus, pinecrolinus, P188, thynosin a-1, PETN
 (pentaerythritol tetranitrat e) baccatin and its deri v%NP\’%@bera@@et axel ,
colchicin, paclitaxel and its 3 deri vahgv trapidil, a- and 13-estradi ol :
dermcidin, tialin (2-nethylthiazolidi 2, 4- dicar boxyl ic acid), :
tialin-sodium (sodiumsalt of tialin), si m/astatl ne, macrocyclic suboxide
(MCS) and its derivatives, sirolimus, tyrphostines, D24851, col chicin,
fumaric Swihjectnof thevimventiani dreesiser snedicali deiess, pnlmtblare(]mémaé.‘c)mpat:bly

| nter | eugionRad.Adeoringl1Bldr S thaHbrRl ABARYIGE Apirddsal | ng hormone (a-MBH) as

well as mxtures o se active agen g natural and/or artificial
surfaces of the medical devices, which are coated according to the herei n

gle;sg ri be@W& vubje cﬁgrﬁgﬁ}géﬁﬁéﬂl %hf éﬁse%ﬂ(% d%@lcbgewgg%‘?%gpe‘éﬁrface KL S
pol yscc GF |rﬁ 0%88\40%%#& épﬁer |y49‘5/"<%8 &ﬁﬁ} gtRfiacephbiostghiey |

gl gc?satmanellm"rblwmﬂaglal lay&ma:lfor nlacmiﬁagérﬁ lawsravith @@eﬁ‘ltﬂn@fnpﬂtubléﬁlayerl I.
subst an s s

sui t abl e@séqrrp ant 3 angpq%égaﬁﬂé gf &S%hgﬁ%eaﬂr@% bﬁé?‘fe}?@(@ p‘O(ﬁ'FEh )altre
i n di r eccoptamsidhetueen 4086 andEH% cﬂ”lﬁcsmgaramit fNracyl| gludosarhieerediNzatyl

devi ces ggm@ls,aaﬁm@rw%é PeBIY |PRaP RIS s%geﬁhgi iy Yol BRbCearBk anot

1 conta Ow sur pri si
“al sofQ he 9EHR BB BYGAUNL t 0 reduce or even to. prevent the. adhesion of
proteins onto.suchli ke coated surfaces. The adhesi on of plasne.proteins on

f [ ¢ i ch t h ., 0 bl ood t d
o e or YEBRART B R SBuRitRel aliden g Harmocoatile dRs #hdhe o

i npl enenafarg- meniumed)tbl|gd$acdhamtb$a|$wenpolyhaecha$|déejs atdeast ené l’mﬁtatﬂet in
th e i tign of

ivent i viEVED pReSHIABhich Ts 20GORAAY it coldldin] Bbund IR ittt th°
unsplti f MedigM &lgvisie. of proteins-on nmicro-titer plates or ot her support,

medi uns whi ch are used for diagnostic detection nethods, that disturb t he.

general | nS|t| cfions and, can IeadtoafaIS|f|cat|on of the
anal ysi sKr'%glﬂ%?er prﬁ ‘%1'336@ EpPatible; lgyver at.least one biostable\godieser

2006 2laByeasteorss bidttegtmﬁbl@gayo@cw Praz@nt, Owhiak eftviepd td HEEdhp @ﬁbzéredl a

or evont oaay SoPIMeES: el EspeGafll pidtefia b A bt %@a?am

pr okt swhichgeagre the hemocgmpatibledagener at ed.

A further preferred embodiment contains between the biostable lower layer and
the subjacent hemocompatible layer an active agent layer of at least one
antiproliferative, antiinflammatory andfor antithrombotic active agent, which is
25 bound covalently and/or adhesively to the hemocompatible layer. Alternatively to
the active agent layer or additionally to the active agent layer the lower biostable'.
and/or upper hemocompatible layer can contain further active agents, which are
- deposited preferably together with the deposition of the respective layer. |

30 Basicélly every layer, i.e. a biostable layer, a biodegradable !ayer and a
‘hemocompatible layer can contain one or more antiproliferativé,' antiinflammatory
~and/or antithrombotic active agents and moreover between the'afore-mentioned e
-layers active agent layers of one or more active agents can be present. Prefered -
_ are coating systems of two layers, a biostable and a hemocompatible Iaye'r__-j:"-
- 35 whereas the hemocompatible layer is the external layer and both-layers can -
- contain one or more active agents.. Further it is preferred if on or under the"" ‘5
hemocompatible layer an active agent layer of one or more active agents is .
present. Also preferred are three-layer systems, which COnsiet of a bioStable,
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5 Especially stents are coated according to the inventive nethods. The

I npl antation of stents using balloon dilatation of occluded vessels
increasingly established in the |ast years. Al though s?bAtenigediféase t he
risk of a renewed vessel occlusion they are until now not capabl e of
preventing such restenoses conpletely.” 10 An exact conceptual description
of restenosis cannot be found in the technical Iliterature. The nost
comonl y used norphol ogic definition of the restenosis is the one which
def i nesbibldegraiabdnand &eaﬁamnmtm{mmfmeréﬁﬁp(qjerablu theclowest tayanid aini nal
angi opl r t e ' | ; % 15. of
thg P %F@blé‘?a)%ﬁ ﬁgﬂﬁ’[}hgﬂf 8f1e J?'Elw}S 5&@ E eﬁmﬁfs Gfe P‘S mﬁbf%ﬁ{‘ﬁsﬁso/
hem)dy nﬂ%&!blerfel tiemsdetmnactmesag@ltdawﬁ dl@ctjy ﬁhpweasbtqtb%dv q ftberof a

nassi Ve?ﬁ#éﬁ@ | drhBodifing -at 1bAsPHAE tdctidl ag@m% iRaRE é&\%@myﬂbﬁaﬂr in a
aggrava lon of a patient I1s often viewed as a sign for a restenosis of the

for rlkayPFeat ed vessel segnent. 20 There are three different reasons for
the restenosis caused by the stent: a.) During the first period after the

| t t.h ! t f t d
! BB BBl e Rl bl S o R BRbolL A i 20,
presentagmtslgle tamrdlmm [hm')ec]]’tbﬁmmerlﬂ& athymosmfa—t’lhé’%’ﬂérﬂpegmmythmm v;ass;al
ol o t cltraidl), BabiEEn A B! AT EO A6 EAGKPRBICHITH, PaditaiEl Hhd B0 &1

“condur r@%@il"@@eﬁ@@@“aﬂe andr%ﬁ@"@@'ﬁbr@’ﬁl!ﬁméci@m {(4-methy ’@@"@‘H@ezdf gr owt h
fact or Sdlc%(ﬁ@'hd: @dd)a‘tlﬁlln-%Bdidﬁ‘i r(@@(ﬁ@ﬁ] Ba®lof frlin}, | sivastatine, pigepbdyciyscl e

o PSR 6 R ot U e hanisls, 15T - Supngre y ¢ ©f
gr ow i nfumnadie atidsané folfnahb%uﬁdi cesﬂersyasﬁvﬂted 'ﬁnomlmﬁa(aP@mahtetrMCBteem 13 isood
Thi o RS pi P RERb AR HfinbEe THMBRD 8 v e Bichfeg BT 4 Ty
| eadh t othese antivg ageotsser age of ‘the stent surface but to the occl usion of

the total interior space of the stent. 35 1t was tried vainly to. solve-

the probl em of restenosis by the coatlng of the stents w th heparin (J.
Wior | e Ehedhaturat grstien artifici surtages ot Yisomedical dayiges; aligh arﬁe&ﬂl

- addr essgéscagingnto tl@h@k&:ﬁrdes@ﬁbad trh@tn‘ouss\tntﬁranhemaedrrmusl@ Ryer io$ theor eover
P por B aURy el esisrhatiad Bngft itsceRady fhdn” e Siddsddchafiadd BRYR ' °
0 polysacchandes which contain between 40% and 60% the sugar unit N-acyl
glucosamine or N-acyl galactosamine and the remaining sugar units substantially'
contain one carboxyl group per sugar unit, are especially suitable as implants and
organ replacémént parts, respectively, which are in direct contact with the blood.
circuit and the blood. The medical devices coated according to invention are
5 especially suitable, 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 suifaces.

_ The adhesion of plasma proteins on foreign surfaces which come in contact with
0 Dblood is an essential and initial step for the  further events concerning the
recognition and the implementing action of the blood system - '

This is for example important in the in -vitrq diagnostics from body ﬂ'uids- Thus the -
deposition of the inventive coating prevents or at least reduces for exémblé‘the -
5 'unspecn‘” ic adhes:on of proteins on micro-titer plates or other support mediums N
| which are used for diagnostic detection methods, that disturb the general!yf SR
sens:twe test reactions and can lead to a falsification of the analysis result
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22 meanwhil e al nost totally avoi dabl e nedi canent ously by application of
anti- coagul ants. The second and third problemis intended now to be sol ved
by inhibiting the growth of the snooth nuscle cells | oBbPygmben29de stent.
This is carried out by e.g. radi oactlgf stents or ‘stents which contain ,
pharmaceutically active 5 agents -5 891 108 discloses for exanple a
hol | ow nmoul ded stent, which can contain pharnaceutical active, agents in
its interior, that can be released throughout a various nunber of outlets
in the sEntusasnef cthe mRating ERTOBH dés cirniveation sheradsofgtian shedim dbit ches

of 0.1 %h%ﬁ%ﬁ'ﬁbiﬂﬂ%eﬁaa the é@iﬁatéhr%.dm %t@ﬁ'&els"‘@% mre%rﬁeau abl e

for- the m@f ntatl nof an actlve agent reservoirs
rel ease &F Whers Vr@%ﬁ%ﬂ'?ﬂ% ﬁénr'kﬂflaﬂhl%@én@n@ godunis ofngegater

phar nacelpunb,ed:érybecg‘emeat@gent in a punctually high concentration and over ‘a
rel atgvely Iong perlod of time which however |eads to the fact that the
snooth 5 s are not, an re.or. only very delayed capabl e of

encl osi n&rsrr)ﬁ‘é'a&’ éfﬁnts A C‘aa@gr@‘é%’g‘gﬂﬂéotm@’@{eé\we imethods Thmisaplasigliesed t o
the bl oodf sidmis dsiragballagaiditatation rufrawmbd/eéeﬁéls méyehgpeé@ybst%an‘hos es
(Lllstro o) a thr safter ita el uting

st ent nélﬂn gs)le%ﬂp }?\—Q‘aor"ldhz%)%ins gé& e?éﬁ Eﬂer eoppRe aYﬂ?S?EOP‘F’P?OBr obl em
is repre g Wit npw mﬂ@@pﬁbecﬂreVeme:mh re;;terioselmmmiemﬂy bles (WD
0101¥57), as here phosphoryl choline, a corrponent of the erythrocyte cell-

e e e e R ARSI IBSATLD KA Y RO

mol ecul aliterRtuEnT etm&bs«)mmw v used mergbalogicdefinitomofitheyrestmosiisyther

cont ai ni Bge PhcH CaMfirsol thae rééﬁéﬁésnef a?t‘é?%bes%egséf{] |51"Af @&u@?\%oﬁ%e”t S
aCCOI'dI Eﬁﬁgqal DV ntion are. coated

one or |m‘?pl?%&’}e?§ WQH‘?“@E‘ qfé%%t"%%‘f‘—‘kﬁ'ﬂ@@t%modﬁﬁ thast £ éﬁat i ve
and/1§ aof iherrhdnmmwmr Thiznid arf emmymraawamé)amhacﬁ tﬁétHeYﬁo ¢ The

h d. bl bilit
hna i o’ BT TEeCaR 185 Biod 15| Ghlcaf bAfcliRiatks i masris ﬁ%‘ierwﬁgtr%s‘i%ﬂ et
honogenelihﬁf%ﬁtléﬂleexmef@rtcetfhle @mdahwgndvatha st angatigno s dftentviewed s a

coveri nasigh b réstBhBES of thd Airnelly thodisd | #&%%ggﬂh?édty smoot h nuscl e and

endot hel i al s takes place I'n co Thus no rapid
popul ation and overgromh with cells takes place on the stent surface
whi 29 colihere argdhres differentsaasons fontheestenesis causedby the stente st ent sur f ace

with celdg ispalisg tﬁ@tfrﬁoﬁ&ﬁcf‘d ‘éh&r lﬂﬁt—ﬁ\ﬁﬁplﬁ‘?ﬂa%ﬁwe‘%@ht JFRCE T8 A direct

concent rati on i ch 1 I VEes ris
ntact w: e blood and an acute thrombosis can occur which again

occludes the vessel due to the now present foreign surface.
b.) The implantation of the stent generates vessel injuries, which induce -

25 inflammation reactions, which play an important role for the recovery
process during the first seven days. The herein concurrent processes are
ameng others connected with the release of growth factors, which initiate -
an increased proliferation of the smooth muscle cells which rapidly leads to
a renewed occlusion of the vessel, because of uncontrolled growth.

30 ¢) _After a couple of weeks the stent starts to grow into the tissue of the blood
vessel. This means that the stent is surrounded totally by smooth' muscle
cells and has no contact to the blood. This -cicatrization can be too
distinctive (neomtlma hyperplasia) and may lead to not only a coverage of

5 the stent Surfa_ce but to the occlusion of the total interior space of the stent..

it was tried vainly to. solve the problem of _l"es't'er"xos'is by the coating of the stents

with heparin (J. Whore et al., European Heart Joumal 2001, 22, 1808-1816).

Heparin addresses as ‘anti coagulant only the f rst mentloned cause and is
~moreover able to unfo!d |ts tota! effect only in solutlon ThlS first problem |s

HEM-PO1013WO-5G01Application




HEM PO O 3WO- SOO Apphcation 9 Novenber 2006 23 Thus the incorporation of
active agents guarantees that the active agent or the active agent

conbi nati on which is bound coval ently and/or adhesi vel y9Novanier 2&Gbj acent
| ayer and/or inplenented coval ently /or adhesively into the |ayer is
rel eased continuously. and in snmall es so that the population of the
stent 5 surface by cells is not inhibited however an overgrowh is
prevented. This conbination of both effects awards the ability to the

i nvEnt } meaatvhiie almcg;tOtMttz?]Iﬁfplairb)dabI@t metd*@moﬁoaélyv\ayl alpﬂd:at@duoﬁsarﬂpt h the
risk o an ri QS re one,or nore
active ?fﬁ@%ﬂg‘p;{ﬁ? 8%%9"@ aﬁ'éflﬁo'gé f‘?rSHef" 'Fomiefq‘?@npﬂy ??)St?eq SR bY 1o 3

mont hs iahibiting thel growdh pbthe Srdodiit musold ¢allsdocally aruthet steab Shhisig eantiedgi sti c
as Wel |odiShpnd bt RamBRetvd SFABO Slentd! inith CorftSinPhiitiadllfitely ddikber ab!y

cytqgstatics, cro e antl Iotrcs and/ or ns-are
ant |’pr(ﬁ9€¥r€$at I ve active agent s. Applyable antiproliferative active agents
are sirolinus (rapanycin), everolinus, pinmecrolinmus, somatostatin, 15

tacrol stsz\-srsm 05 ¥R dbs B RRhMER: B hARMPRbTIdEd é@ﬁt 'vﬂmfﬁ 'can contain

eryt hronyci n, eca cin, josamycin,. concananycin, c¢larjt ng0|n
trol ea CﬁUt'C@ oR¢tHe: Agentscin; \;‘és’f‘ﬁﬂ%’ that rgags bat rqlﬁaqetgl\,gypag put a

fl uv?st\mnolms mﬁﬁbme@ﬂt(aitlelts in ﬂn?%téaﬁt\ﬂhemaﬁaﬁastm ?82 de@%ﬁt@é@at tsfdritn, g
vingl a rjsti ndesi n in osi de, teni ppside,.
i mdss et Showh BEtEL6NF 1 o ARG anfl P 5B EinoliL SR ' stitacaSTneA
' 4 hydr mcyuﬁaﬁdao&mhm aieplememtahuntoﬁean rm:lupaaa@nt Tietse! iactiee aagaht
canpt ot a p I et ufi
t r of osf argnglya rspg% yﬁll cQﬂa:'(':fl %Pﬁutfﬁg ﬁa??%eﬁgﬂBWos%\te'R Ht% %t%lpg?rbum I
bendamm"tarm@ceuh@@l@ba@tl\rﬂe adend dnf anpum&{oﬂy Haigh reoncentreionfamd over a
t efmzo'r@lﬁti‘iély loFgy ﬁ@s%‘d’ lof-tihe %léh' ﬁ&m@%r’%ﬁdé(’tﬁ e act ttﬁapﬂ?é)%mooth ‘
daunor.ubi ci.n,” doxor ub C|n 25 acl ru i C |ru | Ci oxant r gne
s ubiTBHSO el e Mk Shyingii of N ViR deHAYRTEFpaRIG ORIl RKbNer Al abi ne,
}‘I udar laqas mecdhsatjuendeopenstens i ahach |m§ab@tmoﬁeto méebﬁioalt;lvtihatglleatlgf e]pac
onazo - - # etig t opr of en,
ot enafEi i AtBrsek e s SEARMANCRT B RbasE g APl o dnianibo A° T8
peni ci ldcuute fﬂm:onhtyaﬁi&aﬁehPacﬁiquehelptiagratm implatatismdHeart 2004, 6018624t e,
oxaceprgygy. cel eco)ib, t3-sitosterin, adenetionine, nyrtecaine,

pol hdocanol, nonivam de, |evomenthol, benzocaine, aescin, cladribine,
mer capt opurine, thioguanine, cytar abi ne, fluorouracil, gentitabine,

capeci tQmg aeproaghcter hiseprobien 1is seprasented byithe iphosphordichline iceatingbcr i ne,
I T'i not YfiGEbmpHAMIES (WO 0101957), as here phosphoryicholine, a component of the

erythrocyte cell membrane, shall create a non thrombogeneous surface as a

component of the coated non biodegradable polymer layer on the stent';
>  Dependent of its molecular weight, thereby the active agent is absorbed by the
' polymer containing phosphorylcholine layer or adsorbed on the surface.

The stents according to invention are coated: with a hemocompatible layer and
feature one or more additional layers which at least comprise an antiproliferative
) and/or antiinﬂammatory ahd if needed an antithrombotic active agent.

The hemocompatible coatlng of a stent provides the required blood compatlblllty
and the active agent (or actlve agent combination) which is distributed
homogeneously over the total surface of the stent provides that the covering of the
5 stent surface with cells espemally smooth muscle and endothelial cells takes place
Tin a controlled way. Thus' no rapud population and overgrowth with cells takes
| R place on the stent surface whzch could lead to a restenosis whereas the covering.
~of the stent surface ,wnth_ _c_ells is "also not completely prevented by a -high
~ medicament concentration Which involves the risk of thrombos_is.
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hydr oxycar bam de, m | tefosine, pentostatin, aldesleukin, tretinoin,
aspar agi nase, 35 trastuzunmab, exenestane, |etrozole, goserelin,

chephal omanni n, pegaspargase, anastrozole, exenestane, 2 NevamheoP6
formestane, am nogl utethi m de, adrianyggn, azithronycin, spiranycin,
cepharantin, snc proliferation inhibitor-2w, epothilone A and B,

m t oxantrone, azathioprine, rrycophenol atmofetil, c-myc-antisense, b-nyc-

HEM PO Oﬁyﬁ I i cation Novenber 2006 24 anti sense, selectin
(cyt oki né gﬁ‘oﬁ'ic? poratigrypf |«'=WHV%|619&MS gHarsieer thatieorstivenagentromtheor s,

COX- 2 i nladtive oageﬂu%&nbmqoﬁmmchms ﬁb@ﬁ@féc%%;-itry aﬁém?té’&ﬁl%‘h!réfy to the

flurobla cl on ant i.bodi

prolifer }[Ubf)}irg:ewga& Qﬁ{%{ H}H]§W§n{aeﬁlr %q)\{_%%]qu ‘Hi“{’fgf éﬂf’%ﬂ&?'ﬁs‘" OfB]el %yﬁﬁlﬁj and

derivati \f@l@asedt@mmasuélyoand e Bnslitrdoses so tthal tiee Popeddtiont bf ese dteht as

oo G Bt iufpc@tly SR, 5 it AR nowellBR i RELSHORE 57 Bl Tpe° "

pent aer yﬂ?mtﬂm‘t'cﬂb@fr %ﬁ’fhtqu awarc!s/ﬁhrsrﬂmlitmtmém irgentive stand de grow rapidly,

t Iyl oot o ese Wl PP ThUBo S boltf 168 e of resRTksRAng B8 Mk ots b
i | | |

estr aél ol% gﬂ}qﬂﬁ e—'ih egHq gkene %H?é%gl@&g?’? RISALS SRANS ov%rrq)eﬁﬂ%/@irorm ch

are ' appleo d2 monthsepteffierably1 ¢4 3caneths aftee implantdtiont yr osi ne ki nase

inhibators (tyrphostines),. cyclosporine A paclitaxel and derivatives

t hereof (6-a-hydroxy augaclltaxel baccatin, and others), synthetically
‘producedﬁaﬁlpv@ﬁqeraagef stangesy antighlagistie aisellrmjanatt:rmjootw cophpgmuer s of

.car bon S‘é'?@m%% é&b/[@uvén &tge@réi%ﬁ'é%g Cg)@ %I’cﬂﬁ%ngﬁﬁﬁlglrgég g#l% CSF).,

pegi nt erfﬁg astim rast
dacar baz® ‘nslftf? used as Egj‘a%@laferaﬁwe achepREe Apnlmblet aamrohi@nmb/e agtiveest an,

basi | i XI mgéntsda@*el musel(kamém@:n eDero%{’rﬁél pirAkEORARRM soﬁ\%i&sfi

cyto #1 &8 ﬁ1an00| ne, ,N0co azol 100 fot eln, PIl- anocyt e
st n:ﬁ ati é- lHBPﬁ’or{of REMFTH 2 dHRRIRY G, \‘?ﬁ?‘?'@?ﬁ%‘@t i ﬁaﬁoﬁ‘%@%t 8 ﬁ’%’hl sts,
azel asti nddegimzlmdyl joyahysia, stéandaatnycin, ssu@ntm’oh’fygimr @oled&odtycin,

protei na nu s ci ncor par at into

D rus "oyl s cerivaging L SuRlierdln, S i M, RELESAAC e

i nhi bi t oAtorvastgtins nﬁ‘@-@%ﬁmtﬂhct pilayastatimhi wnbkastme, i Minristioe; neﬂrldlasme

i nhi bi tOK/kﬁoré!BInbsenéﬁ) poRided ONy&hiBosiHEES ni}fﬁ%}_’mg”h' E{aﬁﬁﬁsﬁ netal ll(ﬁﬂué

antlbl furthernnre ce f oxi azolin aclor

Fro o]
cef o 9 ?ﬁwgﬁ gJehY R¥exslophosphamidenss ﬁﬁ@@‘%‘iﬂ?ueﬁ@@lm@ lame
post oper hétuhinicplaeil chaptothbsn, tiagadioni ®-HaphoRorsdiC PpoddpRYIGXAL idtilh,

oxaci L1 goroaphheem SRphyllic  acid  2- -ethylhydrazide, ifosfamide, chlorambucil,
bendamustine, dacarbazine, busulfan, procarbazine, treosuifan, temozolomide,
melanocyte-stimulating hormon (a-MSH), thiotepa, daunorubicin, doxorubicin,

26  aclarubicin, epirubicin, mitoxantrone, idarubicin, bleomycin, mitomycin,
dactinomycin, methotrexate, fludarabine, fludarabine-5-dihydrogenphosphate,
mofebutazone, acemetacin, diclofenac, - lonazolac, dapsone, o-

- carbamoylphenoxyacetic acid, lidocaine, ketoprofen mefenamic acid, p:roxncam
o meloxicam, chioroquine phosphate, penicillamine, hydroxychloroquine, auranofin,
30 sodium aurcthiomalate, oxaceprol, celecoxib, f-sitosterin, ademetionine,
~ myrtecaine, polidocanol, nonivamide, levomenthol, benzocaine, aescin, cladribine,
mercaptopurine, thioguanine, cytarabine, fluorouracil, gemcitabine, capecitabine,
docetaxel, carboplatm cisplatin,” oxaliplatin, amsacrine, irinotecan, topotecan,

, ‘hydroxycarbamide miltefosine, pentostatm aldesleukin, tretinoin, asparaginase,
35 -.  r‘trast.uzumab exemestane, letrozole, goserelin, chephalomannin, pegaspargase,
‘. anastrozole, exemestane, letrozole, formestane, aminoglutethimide, adriamycin,
- azithromycin, spiramycin, cepharantin, smc proliferation inhibitor-2w, epothilone A
and B, _mjtoxantrone, azathioprine, mycop_henolatmbfetii, c-myc-antisense, b-myc-

HEM-PO1013W0-SG01Application




met roni dazol, antithronbotics such as argatroban, aspirin, abciximab,
synthetic O antithronbin, bivalirudin, coumadin, dermcidin, enoxaparin,
henoparin, tissue plasmnogen activator, Gpllb/llla pIQﬁ@M@Fmﬁﬁﬂ%iane
receptor, factor Xa inhibitor, actldQAed protein C, dermcidin,

anti bodi es, heparin, hirudin, r-hiru PPACK, protam n, prouroklnase
strept oki nase, warfarin, urokinase, vasodilators such as dipyram dol e,
trapidil, nltropru55|des PDG- ant agoni sts such as triazolopyrimdine 5 °
and ser antisenseceselelini(eyiekineuantagonistit GETPI inhititosz spdhernas, stytolgnin

enal apr idh|b|tdr95 a2 hhiskorP" NFﬁBseargﬂgQ‘EﬁsuS% t%%%?étgﬁNF g% &n

apopt05|s IT Itors, . apoptog regu ch as po6 and Bcl - xL

ant i sen&HrQl ?%}%d@P@BP‘PH@E a”ﬁﬁﬁ'ﬁ?oﬂm@ydﬂhﬁ' t thepimyssia cell prlifargtion,

i9 n}\lgr f e bBGF bn&tgmsa@ mbag@lmp%aa l&ﬁﬁmso%lib atiBNR VAW SCitAptdscaf i on
Ve )

Lr ot ¢ 08F thee BRSerigs v D der Al Ses PR B8, cliib Sitof aRS adAIGR 529851,

epi gal | bonade hacidgandaits, dBovalblesi suahi ds dirdethyfumaedtey dt -1 einbilfitor,
Idefl unogb{éﬁ cir b idho ts%@ﬁréée énta%\r?tfnﬁt%?lt@t?ér!lﬁateeéﬁc?%gh&%eimmes S-
i cloxactllin

‘tefracycline
retinoi Biteasoderivatingsni Eﬁ'ﬂ@mfet!ﬂ:sé?ﬁ/urfaﬁﬁ)@f&. fﬁ-@&t&afﬂipl;le a-estestivlensateoneot al ol |

- grent dOfOﬁgtnnglgétmdgglgsﬁﬁ&blslgfn@ﬂ@éﬁozoﬁﬁfd@?h@'g@’é.te@&i{é”@%ﬁéaaw 10nat<saﬁch as.
.feng'geofaﬁ dP[)LHﬁ'BPgﬁ? S, i YR{Y ﬁ)@t hk@mgb ok OIQIIEﬁf %Pﬁﬂ?'&?oﬂ@‘é%‘ndar@t hers.

Ant.: Vi [) abpb@bnirs thec httesape y of ovancer, g&@ta[fdrm'llll ty@athezi kKinuséli i ﬁfmlet@rsm SO

a a Okl n es are

P b VT LS mBSOER Xy RRoMHE A, SRefiafeh 2B, HBudAE]) efodi e mliReSy

nystat i paclitaxeli rlmccam and |th@3ba$ymgemalysm©|duaedcaﬂ wellas frmm m—:ﬁfvleoqw ne,
ui ni ne ff e qual 0 r al

et pencsaiieos! [dHhiiiE Fidieya ?ﬁ*‘ phfergoief oBRRFH SIRIE HFCS) ) 3k

dehy’ir ofgH¥aves: teraf, malgragastinh (rhaN<i$k), feginterferon a-2b, lenagrastim

%7 thrcmaet@sHst aflgidstinlS anaton! i déacélfbﬁaﬁé)’cﬂétﬁ&m songbdetefs d,
accharl

oi,d ei nosi d Cean I cean nosi de
R T i TRV S T e T
cor onar PABH (CBlbl@tmml) Ibplaem]dJ cytochaladin Ag&;tladanocane dndcodazole, 1§ 100
| sO-iri S . .
| ongi kefaieg Pess, Hlbfdefe SimulhdiABihoh dqRH SRR Hftfetn
13, 18- deappoies- ent@g@ém%u azela magmmdw cnclalqe cﬂflnﬂﬂaf@f()ilsémhhhlbﬂoﬁrﬁ!i 1-
T prol e e Sy AR e R e Tp O i R
: hydroxykﬂ g%l Iﬁﬁ 4’1 R t%ﬁ eHt: np?ﬁ{PHS’QQF’ﬂeaCBY@PTbm"\'W hlori de,
K plasmmogenr activator  inhibitor-2, interleucine-18  inhibitors, antisense _
oligonucleotides, VEGF inhibitors, called IGF-1.

From the group of antibiotics furthermore cefadroxil, cefazolin, cefaclor, cefotixin, .
- tobramycin, gentamycin are used. Positive influence on the postoperative phase
“have also the penicillins such as dicloxacillin, oxacillin, sulfonamides,
metron_idazol, antithrombotics such as argatroban, aspirin, abciximab,' synthetic
0 antithrombin, bivalirudin, coumadin, dermicidin,- enoxaparin, hemoparin, tissue
- plasminogen activator, Gplib/lila platelet membrane receptor, factor X, inhibitor,
'_".activated pr_otein C, dermicidin, antibodies, heparin, hirudin, r-hirudin, PPACK,
protamin, prourokinase, streptokinase, warfarin, urokinase, vasodilators such as
~ dipyramidole, trapidil, nitroprussides, PDGF antagonists such as triazolopyrimidine
5 -and seramin, ACE inhibitors such as captopril, cilazapril, lisinopril; enalapril,
’j"'f"_"'z‘:":"losartan ‘thiol protease inhibitors, caspase inhibitors, apoptosis inhibitors,
apoptosxs regulators such as p65 NF-kB and -Bci-xL antlsense oligonucleotides
‘and' prostacyclin, vapiprost, a, & and ? interferon, histamine antagonists, serotonin

~ HEM-PO1013WO-3G01Application




ci ctoxin, sinococuline, bonbrestatin A and-B, cudraisoflavone A, curcumn,
?5 di hydronitidine, nitidine chloride, 12-R-hydroxypregnadi en- 3, 20-di one,
bi | obol, ginkgol; ginkgolic acid, helenalin, indicine,?®NaginiendOR oxi de,

| asi ocar pi ne, inotodiol, glycosi de layg podophyl | otoxin, justicidin A and
B, larreatin, malloterin, mallot ochromanol I sobutyryl mal | ot ochr omanol ,
maqui rosi de A, marchantin A, nmaytansine, |ycoridicin, margetine,
pancratistatin, |iriodenine, oxoushinsunine, 30 arist ol act am Al |,

bi spar t hbleskes nélaquegmphecomf%pme gmmﬂhemﬂsl tranirasts omalsidoimine, tea
deoxyps Ob@@Pﬁéz%lQ e%ﬁié‘?%ﬂ’f Iaté' %bibaﬁoc%e gﬁﬁétBG’Bd@v@’l‘ﬁb fif%[ gF\OSI e

nethylsorbl ojln ransoni ne

ronen, Stizo
akager i ndertes  hesaaty efimannide, W@kﬁ%@u@%@&%ﬁﬁeSUE%'%]@HHQpémmﬁldﬁ
st rychnoahwxbcmm m@amenemamﬁmaﬁ@ mmsmyeiﬁr Qﬁﬁtéiﬁard;a rélﬂﬁfth Rid, 35

0o P PldlFe. SRR A ST bRSlenol e RS Further
ﬁes acet ya&tlvamagnetsA arei steraids (ryainotorBisorieyr bélamethasamé dexmemaﬁsﬂéyCh as
i ppocae c in
venber s i
| sodeoxygaiclaRr %Urkldo%ﬁm@ RhaHiePp 'aBp@aBl}.d [ﬁffe!??ﬁer i a}&oﬁ‘cs %re ?an

ursqlic Cld C ac zeorin  1so-1rl oliol,
ef f d9ant? f?@ @xﬁé@aﬁwlﬁw%&'@ﬂma@#ﬁ;. Rueitosing, gg@ﬁpﬁﬁwaatkqtocona@o&at ive
“agents amamdl@epgstatlﬂ | Vestiingfimidi Nstiprozddle agaf® Q:rucah Cbé;] f?}ggﬁfleneal .
Concen B bRk SPGB E ol BB IR IGTH Pl bt
Suchl i kenatdeali tﬁﬂ’pag@ldSssmle @sylmppooa)mscm!mmmmgeml—matmgbmne,, 14-
o PR SISLETS, LFSPRNELT oGHBGEIRL© PLELAKISdolt B,
ant i!gr ol 9¥atediplide "aZ‘thV‘éy pamglie ﬁcldnh@ﬁ@%lmﬂi@% B1v32 83 itvleciagsistes .
Preferr et@ru_t:@anéaherr eBeNtC, N\tRNteéMtindsRid ag ol | HH§n2|¢9éIHE§r ONI Mg PPS8,
(YT oS iR Lo o A o o0
trapi di |acidy- heypdiatic3-acsd r Adi 2éoringeiso- mdgamaﬁalnvmsymmml rﬁﬂrsanﬂﬁl iac
ol ot orercidaiin Ahd B2 AR 6°Su BRSNS B o A e,
(aPeP, Bt eT?P éﬁﬁiaiwdnorg a~ﬁmm|@yiaxymam arfotdimethoxycanthimtraneore. -
(a- VB iafioky- M irethdxytRinminidloAg 0! dHpBfstif, AsthhiRP XX hAd28, deginitie! | as
riptolide, moreover cymarin, apocymarin, aristolochic acid, anopterin,
hydroxyanopterin, anemonin, protoanemonin, berberine, cheliburin chloride,
cictoxin, sinococuline, bombrestatin A and B, cudraisoflavone A, curcumin,
25  dihydronitidine, nitidine chloride, 12-B-hydroxypregnadien-3,20-dione, bilobol,
- ginkgol, ginkgolic acid, helenalin, indicine, indicine-N-oxide, lasiocarpine, inotodiol,
dlycoside 1a, podophyllotoxin, justicidin A and B, lamreatin, malloterin,
' mallotochromanol, isobutyrylmallotochromanel, maquiroside A, marchantin A,
_ maytansine, lycoridicin, margetine, pancratistatin, liriodenine, oxoushinsunine,
30 aristolactam-All, bisparthenolidine, periplocoside A, ghalakinoside, ursolic acid,
deoxypscrospermin, psychorubin, ricin A, sanguinarine, manwu wheat acid,
methylsorbifolin, sphatheliachromen, stizophyllin, mansonine, strebloside,
- akagerine, dihydrousambarensifie, - hydroxyusambarine, strychnoperitamine,"
strychnophylline, usambarine, usambarensine,  berberine, liriodenine,
35 oxoushinsunine, daphnoretin, lariciresinol, methoxylariciresinol, syringaresinol, -
um"bell_iferon, afromoson, acetylvismione B, desacetylvismione A, vismione A and
B, further natural terpenoids such as hippocaesculin, 14-dehydroagrostistachin,
agroskerin,  agrostistachin,  17-hydroxyagrostistachin, ovatodiofids,  4,7-

" HEM-P01013WO-SGOlApplication :




- (sodiumsalt of tialin). The active agent i-s preferably contained in a

phar maceuti cal active concentration from0.001 -10 ng per cnR stent

surface and per active agent |ayer or active agent 5 c8heeniengl®ayer. .

Addi ti onal active agents can be cont ned in a simlar concentration in

the sane or in other layers. The nedi devi ces coated according to

I nvention, especially the stents coated according to invention, can

rel ease the active agent or the active agents continuously and controlled
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The medical devices coated according to invention, especially the stents coated

_ accord_i‘ng to invention, can release the active agent or the active agents

) continuously and controlled and are suitable for the prevention or reduction of
restenosis (see fig. 6). '

The hemocompatible layer which covers directly the stent preferably comprises
heparin of native origin as well as synthetically obtained derivatives with different
-5 sulphation coefficients (sulphation” degrees) and acylation coefficients. (acylation
'dedrees) in the molecular weight range of the pentasaccharide which is
responsible for the antithrombotic activity up to the standard molecular weight of
the purchaéab!e heparin, as well as heparan sulphates and deﬁvatives.,thereof,'
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on the first layer, etc. According to the two |ayer design the first |ayer
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.- and/ or
i According to the two layer design. the first layer consists of a hemocompatible

layer which is substantially covered completely by a biodegradable layer which
5 comprises at least an antiproliferative, antiphlogistic and/or antithrombotic active
agent bound covalently and/or adhesively. Also applied are active agent
combinations which mutually facilitate and replenish themselves. |

As biodegradable substances for the external layer can be used:

30 polyvalerolactones, poly-e-decalactones, polylactonic acid, polyglycolic acid,

po!y!actides,\ polyglycolides, copolymers of the polylactides and polygiycolides,

- poly-e-caprolactone,  polyhydroxybutanoic acid, polyhydroxybutyrates,
polyhydroxyvalerates, polyhydroxybutyrate-co-valerates, poiy(‘l ,4—di0_kane-2,3_— E
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acrylates, multiblock polymers such as from oligocaprolactonedioles and - -
~ oligodioxanonedioles, polyether ester multiblock polymers such as PEG and. o
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of coat igufisf ¢irthe afdriedmeatigfe®bulstahaés.on concerning the contrived
requirenents for the active agent and is separable into different coating

t ypes, :
0 The layer and layers respectively which contain the active agent is slowly

degradated by components"of the blood such that the active agent is released of

the external layer according to the degradation velocity or resolves itself from the

matrix according to its elution behavior. The first hemocompatible Ilayer

guarantees the required blood compatibility of the stent once the biodegradable
5 layer is degradated. This biological degradation of the extemnal fayer and the

corresponding release of the active agent reduces strongly an ongrowth of ceils -

only for a certain period of time and an aimed controlled adhesion is enabled

where the external layer has been already widely degradated. The biological

- degradation of the external layer spans advantageously from 1 to 36 months,
0 prefere;b!y from 1 to 6 months, especially preferred from 1 to 2 months. It was - - -
‘shown that suchlike stents prevent or at least very strongly reduce restenosis. In.
this period of time the -important healing processes take place. Finally 't_he‘ )
hemocompatible layer remains as athrombogeneous surface and- masks t'he___'f_-.:.,'_
foreign surface in such a way that no life-threatening reaction can occur anymore. - -

The amounts of polymer deposited on the surfaces of the medical devricés",__[j_i'_r_ i3 ' |
preferably stents, are between 0.01 mg to 3 mg / layer, preferred between 0.20 - -~ -
mg fo 1 mg / layer and especially preferred between 0.2 mg to 0.5 mg/layer. o S ﬂ
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15 whi ch can be conbi ned al so anong thensel-ves. Coating principle I: a)
providing a non coated stent, b) deposition of a henoconpatible | ayer, 20
c) deposition of an active agent or an active agent conBNegmbenZ¥§ t he
hemoconpatibl.e Iayer without a matriXx, ,¢) deposition of an active agent or
an active agent conbination on the hendconpatible |ayer without a matrix
and substantially conplete and/or inconplete coating of the layers with a
bi odegradabl e and/ or biostable 25 material for diffusion control. Coating
princi pl eSkehlike) stgpisyate Reraralda \iea metkeddor, thy hdepesimpatibletoating of

heWDCOWDaétbh{sethb%is of&ﬂhiféi\ 8 iy fe! %I!(ﬁ\ﬂlﬁg [%rﬁqﬂeat ing and/ or

I nconpl e coatin atible at | east one
bi odegrad%’ol e %fﬁﬂ% %PSEtCQB&reH)Stﬁg er which conprises at |east one active

aggnt b;)dm)ldl codaiosrttdtryof@dr‘eiérre@?b?ﬁenﬁi Botisd haﬂngammtayeﬁ | ?yler f')
subs [ y enonco | ayer Wi at | eas

ongn @degrcgﬁlq%l)ﬁ °§ﬁ§ﬁ‘g‘% a@%bt ?té)th'g qem(f faﬁ?a‘&tﬂ r| s¥s at |east one
act i ve ageht bstandiallylcemplgteacnsiting aeidtheshemlogotrpatible fayer via dippingether

bi odegr adabl e A I s actlve agent as diffusion
barrier W%\Dh O%rgﬁﬂéaﬂh:‘gé%& a{wé&}% teI yd and/ or partially.

HEM POl O BW0O- SUbSIg !a!xatqompget\bm aodr mcmmdetﬁg ¢oatingi ppe ithe: a)
providing a nqmm@ﬁirﬁpbtﬂiléﬂéyerbhadé ii"lgt oP by lﬁghﬁm' a (Teés%y fe C) _

substantial |y Iete coat henoc at| e tayer wth east
one hﬁodegradam?% Adable W%@?Qlﬂs@q 8 Jayen E‘Hﬁﬁf’?’%%@t é@aﬁtéﬁtﬂ 3§H‘ée
active agent tagendandicairepresgniaittic activelagentiedetf. d) deposition..of an
active, agent or an active agent conbination bound coval enfly and/or
~adhesively to the subjacent |ayer, e) substantially conplete coating of the
henoconpathe paneiglgepf apating pifeesag tbig Gavge dfi \atiafioadedriceraing/the dorddved e

| ayer whirGhuRARBhISAT b bERB!aghift atfid YepaRibil ROV AL SRy o, ©f

-~ adh I t f
adney ;jve which cgg %Ie clzoorrrllblged aarl}soagmbxg themselves.

Coating principle I:
a) providing a non coated stent,
‘ b) deposition of a hemocompatible layer,
20 ¢} deposition of an active agent or an active agent combmat:on on the
' hemocompatible layer without a matrix,

d) _deposrtton of an active agent or an active agent combination on the
hemocompatible layer without a matrix and substantially complete and/or
incomplete coating of the layers with a biodegradable and/or biostable

25 ~ material for diffusion control.

Coating principle It
a) providing a non coated stent,
b} deposmon ofa hemocompatlble layer, _ _

30 ) substantially complete coating andfor incomplete coating of the
hemocompatible layer with at least one brodegradable andlor bsostable .
layer which comprises at least one active agent bound covalently andlor -
adhesively to the hemocomipatible layer, S s

d) substantially complete coating of the hemocompatible Iayer WIth at least_

35 one biodegradable and/or biostable layer which compnses at least one
active agent bound covalently and/or adhesively to the matnx and another
biodegradable and/or biostable layer without -an actlve agent as dlfoSlOﬂ-- S

~ barrier which covers the subjacent Iayer completely andlorparnally 3
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agent or an active agent conbination and another biodegradabl e and/or

bi ostabl e layer without an active agent as diffusion barrier which covers
the subjacent layer conpletely and/or partially. 5 Coa? Naerer #%ple 1V
a) providing a non coated stent, b) osition of a henoconpatibl e |ayer,
c) substantially conplete and/or I nconpl ete coating of the henpbconpati bl e
O layer with at |east two biodegradable and/or biostable |ayers which
conprise covalently and/or adhesively at |east one active agent in a

di f f er eioatiogqerinciple ithn per | ayer, d) substantially conplete and/ or

i nconpl ghe cg)a(g\h@ﬂgqn&ng?&%pt& atible layer with at |east two

bi odegra abl DI o yers which 5 conprise at |east one active
agent b®lnd edepasitianof ahemegorapriddelavef. in a different concentration per

layer agg at shB@t%htnﬁlWJbBﬁf |étéqsi>%ﬂm§demre ABMHRD 'uaret EA%? w.ﬂyert hdthout an

actiye agent as djf.fusi arrier overs t cent

m:# etely aHHPoP’Oﬁﬁgﬁdé‘Bley angd Orsg'ﬁ’ﬁaj’rlﬁ (i%xer WB[?HpF%‘i‘Q" BRI/ r ePﬁ%@Hﬁl ete
coatl ng of thew:eaggmrmmdht(ﬁ:aléhtlywOmdﬂegwely east one bi odegradabl e
and/ or ost er, which.. conpri.ses at ast o active .agen d/ or at
| east amt he §§'kl§é afy &% agtive qagent J0p "ﬂ}cﬁfg VG a9% mcgmqu rb(S’l'J'B
conpl enent ar gopaleptly andlor adhesigelydatiee subjdcéntdayert concentrati ons in- a

coval en) andehe@ASR) KempRIg cdaling R hbfobnfRBlee P P ot 1BAATP! ot ©

coating of th %/ bi odegradabl e
and/®r bi ost 8Bfe lpd?ﬁfraﬁahlﬂ @nd/ogobig sabéeé@yerewbtchoﬁ@naaws/@talgem OBAd/ or at

Ieaslt ano: hegchivd 'ab@nﬁﬁ@ﬂﬁd Qfovalémlysa’f'iﬂ?ogbahésﬁélyf H@Hb@ﬁ@ftn*’tﬂ’f aﬂré&!i}egf t
conpl enent ar erties.in the sane ereft caongentr 0 a

| east anot he%g EE@"aaﬁtHeeaaﬁ‘&t/ G?mbﬁﬁ(i}Pﬂd”Qé:W@BWﬁéﬁﬂ'@S@Hﬁm verrber
2006 31 bi oblosidide Ilageewthouhantamneag‘envasaﬁf&rﬁiorabadiei'mclocobensrther whi ch
covers the or partlally g) substantially
congiéete coa? #%ggﬁﬂ%ﬁéﬁ%ﬁﬂ%@gﬁéﬁ?@ri)aﬁnas(gr with at least two

bi odegr adabl e and/ or bi ostabl e Irayers which conprise covalently and/or 5
adhesi vélqatiag grimagle Bfie active agent in the same and/or different

concent Eﬁt | OBFOMHQ%%mE(SatQH%%ﬂr adabl e and/ or biostable |ayer w thout an
- b) deposition of a hemocompatlble layer, ‘
) substantially complete and/or incomplete coating of the hemocompatible
0 layer with at least two biodegradable and/or biostable layers which
' comprise covalently and/or adhesively at least one active agent in-a
different concentration per layer, :
d) substantially complete and/or incomplete coating of the hemocompatible
fayer with at least two biodegradable andfor biostable layers which
5 | ~ comprise at least one active agent bound covalently and/or adhesively in a
different concentration per layer and at least another biodegradable and/or
biostable layer without an active agent as diffusion barrier which covers the
subjacent layer completely and/or partially, |
e)  substantially complete and/or incomplete coating of the hemocompatible
0 layer with at least one biodegradable. andfor biostable layer which
~comprises at least one active agent and/or at least another active agent of
the same group or from another group of complementary propemes in the
same or different concentrations in a covalent and/or adhesive form '
1) “substantially complete andfor mcomplete coating of the hemocompatlble,
5. ~ Jayer with at least two. blodegradab!e -and/or b:ostab!e Jlayers which
‘" comprise at least one active agent andlor at !east another active agent of - [
_the same group or from another group of complementary propert:es in the' B
same or d:fferent concentratlons and at !east another biodegradable and.r’or |
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active agent as diffusion barrier which covers the subjacent |ayer
conpletely or.also just partially and whereas that |ayer is covered by an
active agent |ayer which consists of at |east one acti v&Nagrsrer B¥6nd 10
covalently to the subjacent matri x andfsor adhesively w thout a support

mat eri al . Anot her advant ageous enbodi ment is represented by a stent with an
at least three |ayered coating, whereas the first |layer covers the-surface
of the stent with 15 the henpbconpatible |ayer, the second | ayer contains
the active agiestablrilayer without aaagtivelabeet an diffusiarobamied vihjchacoversdhe

hermoconpat i bl gjtbad@{tiaﬁr%mléfél%na@v BrtighyyOvi des the stent. herein the
necessarébbloo t|b||| and t econd | ayer _serves as an active

agent rvor XC‘EC?'VB &Ra ‘WanI"FhPs emogapgalibleciayee Mithyat faashd t o

g he matr :jx v L tveabibgdgridable ateiok bdmyrabf |ggah m{crae@tag?s@ c@véi@httﬁﬁﬂhdféf)l | g
i ssq] ved ma uj.red for e coati met hod ease

f romcg t he sec%%aeﬁ\f%graicslﬁ?gﬂt?&?sl?/ct'é(ﬁd algﬁngnlﬁl Itngoﬁegﬁ"t r 4/%rnsfpg ?

di f fuses uni nednsiensations aod ginot ey madegradabllaeamﬂmrmatsidblealdyayMthoiﬁms | ayer

assenbl y al sogatjvg! %S;etni‘easr ﬁﬁﬂ]sﬁoﬁ h@émg %mc%VePé"e@{e zg]u%ﬁc}e?@t H}&g face

with cells is not event uce to an irst

| ayer offers %P'FP'@ Iviosiatee dustopattially epdnvheraap thet (b%)@!‘rlﬁlqweﬂ%drﬁ’gwl of the
~ coat edtstlent mrvbaageﬁkuua%w whiehl &Bhﬁ%abf;%ﬁ Rat 6% a%ﬁogﬁé&lﬁ BJS'u&Pgh the
- pre pl aque. 0 n rearrangenen urin e crinp
secglﬁ}g secur |(fc§)’aﬁﬁ.\'g§atﬂ g'é %’élﬁ"l"f@tf PEH% I‘i‘é‘dfod'cgdhﬁﬁi’e%v‘é’ﬁh%tb?osu%ﬁqgI e
polymer is depatdid.ed in the body over a nore or |ess |long period of tine
which at least partially uncovers the stent surface. Conbinations

especi al Asiotef mcﬁﬁn@g@éﬁgr@ﬁbbbﬁémtlgrﬂeﬁl‘es%ﬁté& ébﬁént wtthhs C%\afela
princi pl stents H Y prOV|d|ng

a conve n‘f‘?%% &ﬁ’eg?‘i fibe 2 "Zﬁa %’é‘?rﬁiﬁ SH% 'rﬂgﬁiﬁ%’oﬁ’ﬁiﬁrﬁ" gh% Sffff?'é 5'9% Ster withs
sur fl&ce, thddpmnod:omgahble daydri thiegeeotablayer apatainstie Active bg@ﬁit aﬁ@ @hbses one

ot her - gradeeorEBankand BodRios B Bk HheodthRi in, TR SR el Ty e

. subst antRravidgsdbastentchgreis tfw aeerssery hioodceompaiitility ami)/the secuidslagec es

whi ch cosgvédhs aﬁl&ﬁﬁb %@eh? Feéé?@olp"ﬂﬁat Ative egféfﬁ RNI’%I‘?IS&‘]L he@éleq B&al@ﬁlﬂ?' stent

"EM PO GOUTE St dBrts Yand dnxivlssorediogendag andiersadsasbin fopohaes such

as pol yrmsmvmwmx yitidre is peduitedt tdr thetdoatny réthod, Ii%)w.%cfélé@é'écﬂﬁom
Bg: ;?fﬂr ?l‘l@% {141 ?@%%ﬁbﬁ@@%ﬁ?g §et S:E)ﬁg]ﬁ% at'onsp Ond LS LA Sted
o rough the external hemocompatible layer. This Iayer assembly also yields the

result that th_e population of the stent surface with cells is not prevented but is -

reduced to an ideal degree. The first layer offers a risk minimization for eventually

.25 occurring damages of the coated stent surface during the implantation e.g. by
abrasions through the prese'nt plaque or during the prearrangement e.g. during

the crimping. A second security guarantee results from the fact that even a bio--
stable polymer is degradated in the body over a more or less long period of time
which at least partially uncovers the stent surface. Combinations especially with
30  biodegradable material as desctibed in the coatihg'principles are possible, too.

Suchlike stents can be prepared by prowdlng a conventional stent, deposmng a

hemocompatible fi rst layer on its surface deposmng a non biodegradable layer
, which at least comprises one active’ agent as well as combinations with other
35 active agents from other groups bound covalently and/or adhesively and coating -
: of thlS [ayer substantlaliy comp!etely W|th another hemocompatlble layer.

B Substances wh:_ch -l_colme mto__questl_on for the biostable layer are all of the
' _consist_en_trr_n:ater_ial‘s__u'sed in n‘i_edical science. Thereto are accounted: polyacrylic
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pol yvi nyl ket ones, pol yvi nyl hal ogeni des, pol.yvi nyli denhal ogeni des, pol yvinyl
ethers, 5 polyvinyl aromates, polyvinyl esters, polyvinylpyrrolidones,

pol yoxynet hyl enes, pol yet hyl ene, pol ypropyl ene, pol yt e@Natenhsr 8¢ibhyl ene,
pol yur et hanes, polyolefin elastoners,,polyisobutylenes, EPDM guns,
fluorosilicones, carboxymethyl chltogg pol yet hyl ent er epht hal at e,

pol yval erates, carboxynethyl cell ul ose, ceIIquse, rayon, rayon
triacetates, cellulose nitrates, cellul ose acetates, 0

hydr oxyead¥ |aswl palyaseylates| Sun:hoas poiymethgbnethatividtes pelybuau ehethacatiste,

et hyl vi 95&?@ opol hone resi I.NS;
EPDKA 3}6[ Iﬁggﬁeg sﬁ rﬂ&#'ys&% gxaneé ygﬁ'ﬁ)yw "nyl hal o elﬁggaréﬁ%

copol ynﬁﬁ)’et hylenaminge et ﬁ@ngd@él | ul dydyqarbm%tea,t es, pohicadurethanes,

copol yﬁﬁtidy@'?ﬂk@tbn@‘sx;ﬁél?ﬂﬁylﬁélog RRRS, PORARYIEBSHHAGGSh |§é@$€ﬁ§ﬂﬁ|§%e’t§er’s” case
of I ti Syst.ens eI ey de 05|ted Ia er. covers the acent

| aye Y‘é '?ﬁl eéon‘f.‘f? ¥yigyly estgls t%‘?')?‘('“%‘ﬂ flidones) | polyppanat iyhe"'?ﬁi s
Cﬁnt ext ,polydthyleat, Imﬂmropylenet qmlyl@tralﬂa@methw&brfél p@lﬂﬁetggg}@sc f Vi gg(y
t he ves [ 0 y.resp refer

and espzegésapﬁlé §°|V%8§8€¥f&'e% n?ﬁ IGI989)“"'8§ t gﬂfgﬁ@iﬁ?ngﬁrf @'éf ered(?
The st erﬁfﬁoéal&,or dﬂ@geﬂwlanmrenhthalatsol vpolywalerates, prmﬂrbemyméthybmﬂlalose
thro”boﬁie‘ﬂu%@.@ FAYoOrP" PRy HN Rfac%%}égt'@@ldys%ermrﬁfésa Q:Te'ilﬁbs@ Séc%?éteﬁ

'T-|rrpl tion. In addition the stents a -
~ sui t'gbl 3‘ yaeoethy ‘F@MOS@@at i ng GRilalosebutygatgssi ngl ecelileseanetatebuiyrates] ayer

'system @hﬁwnﬂabﬁtdt@rcddmm@l@ PRI HARIBATDORY 188, %Bgofbglns? EE{’[ﬁM
'S

anti prol at ive and/ or reSS| ve act nts

Foat or o G itSaa i, 7 AARUER Sizh: PPLVBYEIageNes, @&G. CERONMSIRL t he

coat ed cellelose albers; delhdosetriavetates,ochitpsanemid cdpodghesoamd/ot alitutdeotianger

of res"‘?l’?é’%éforg nl\&ltﬂqg%'dtédb%a (‘e%OI’dI ng to the descfibed process, any
urfaces can

plaskic s coa WI th a henoconpati bl e |layer of the
ollgosaccharldes and/ or pol ysaccharides. As plastics, synthetic polyners
as wel | IBLaseopbnyulie dayasr eystemstthsl sewlyodepositedglayen coestsnibiee subjasenbnorer s

et hene, !%’é?%ut%%ﬂ’it@"? coniFilae " Y Hine @Fh‘ﬂ"%dﬁsféﬂtféﬁ bALLUHS In this context :
trifluoroet k% T?n“?fg f but e ente | sobut ene ene,
chl or osf{Fledele s e@&é%facscv@w%hwmpﬁénto %Qﬂtaﬁii with th&c\f%ﬂsﬁl:wéﬂt &,

di vi nyl cevertdecompiabslg nesp. \atiyastad0%) prugengdli 955% ahlac&sﬁefﬁmylpmfe@wdl & ne,
Vi ny, PY§ o€ en rifluorochl oroethene, viny

fl uo¢| deéégng%a/nﬁtugi %tgﬁ{)%l{l@%cg é%y(}’%yﬂ%d ‘aci d, acrolein, acrylam de,

met hacryl am de, maleic acid, hydroxynethyl nethacryl ic aci d,. nethyl
met hacr yihecstaptscacopsdiag do iventiopmoiveropth the moblea sGarweghtambosia aad

Novenbethe pidblem of neointima hyperplasia after a stent implantation. In addition the
- stents according to invention are well suitable due to their coating whether as
5 single layer or as multi layer system especially for the continuousrelease of one
' or more antiproliferative andfor immunosuppressive active agents. Due to this

- feature of aimed continuous active agent release in a required amount the coated

~ stents according to invention prevent almost completely the danger of resteriosis. |

0 In addition, according to the described process, any plastic surfaces can be |
 coated with a hemocompatible layer of - the oligosaccharides andfor

B polysaccharides. As plastics, synthetic polymers as well as biopolymers are

~ suitable, comprising, for exampie the monomers ethene, vihyl‘ acetate,
-methacryhc - acid, wnylcarbazole trifluoroethylene,  propene,  butene,
5 - methylpentene, |sobutene styrene chlorostyrene, .aminostyrene, acrylomtnle
. butadiene, acrylic ester dlvmylbenzene isoprene, vinyl chioride, vinyl alcohol, ,
vnn)flpyndme vmylpyrrohdone tetraﬂuoroethylene trifluorochloroethene, v:nyi'
- - fluoride, hexaﬂuoron_sobutene -acrylic acid, acrolein, acrylamide, methacrylamide,
= m_aleic acid, hydroxymethyl methacrylic acid;, methyl methacrylic acid, maleic acid
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33 anhydride, nethacrylic acid anhydride, nmethacrylonitrile, fluorstyrene,
fluoranilide, 3,4-isothiocyanatostyrene, allyl - alcohol, sulfonic acid,
met hal | yl sul fonic acid, diallyl phthalic acid, cyanoac? }{pyambgcZzQs

di met hyl am noet hyl met hacrylic acid, lagsyl nethacrylic acid,

acet am nophenyl et hoxynet hacrylic acid, glycol dinethacrylic 5 acid,

2- hydroxyet hyl nethacrylic acid, formaldehyde, fluoral, chloral, ethylene
oxi de, tetrahydrofuran, propylene oxide, allyl egC|dyI et her,

epi chl or @Rbwdide, mgth,'a@aﬂlpramg enhydrige, pm@tmworpm dBrorstyrene, flussaniiide,

pht hal i C3@ls@th1§é§¢éﬂa‘f¢§tya%¢lbd a[lylféle@ﬁcblcsélfdrﬁb add! ﬁléﬁ'\é} g@sﬁllfémlé Bblgl,oﬁ%ﬂ?l
thyle

et hyl enei sehacam

hex rret h ene a | pam exane n
hexamet h¥ M g@ airﬁ%@ﬁ'ﬂﬁﬂ‘i"ﬂﬁy WBﬁW&%eaﬁ!darﬁﬁ“rEYI ami de
hydr azi dmﬁthalmrwd: f‘adld,p |a|aetammophenjﬁeﬂmxmﬂéﬂiaﬂ rfic @eld, agﬁbﬂpltﬁmé fic

R e R

m xt ur esoidet I“@trabwf@fwem |llmpsﬂammm:ias aliylr glyeidybrethet, hepndt%ﬂohw:lng,

pol yrner Sg e e S C ul
derivati %Bnﬁl tﬁ%ﬂ%’fﬁbg on tes g P%rge(%'ﬁg%e%hggmjfogéh sgﬁ:& acc&harl des,
dext r ane m@'ﬂ%ﬁe‘ﬁf %il*n'ﬂ'icrﬁcl & {ierhene sthyleasintne gexameth Viesel adieamide, x| |

~and ot hehexaimetlﬁﬂlérﬁa DEGEB i, OF Hdxahidd{tere 26 dﬂcﬂcaﬂ\eShOV\ﬁiaﬁnde

. dis hal‘l(ii

t t. t .of chit Wh h be .t d t
chi t'0san %S ]rztu@(r:rH B 8“? ?ng Tj'%\r?l‘(f:’SI ﬁd%mc @ﬁ@gsofe "F‘!r? ei(%){@gg‘?z'?érprrﬁl a
1 ﬁ by phenzlmldam,ettgﬂrmmmbenfdeaebmum dNcaprdiactual, K ydophtivatic 2kidi 9. 2
ows a e C n
Cransf orﬁe"?ﬁ&{%@ﬁ e ins® HE RV BRI baftle, fiSileo 2Rk, dMoEllo il Biagrea
N- acyl at AB#h othres %b@@%ﬂl’@ﬂto @@hﬂ@ame]mane@rmonomnyer@aFuﬂhermore the
N- car boxseHbiiin tb@l?m@i@ Cﬁllllb%q'"@dﬁsﬁl%] rédy 'Qﬁéd?fés 3Pefiiigse 3anlovI Iose

-tetrﬁac harlagg un| %_Barln or eparan sul phate wth a ran

di st buteayatyese h@‘%ul?fﬂ&‘{' ghaless l&e@@gﬁeeaeﬁr@mfmlmqshaad%r

di sacchadéxteanss, tstash} yiitis aglytosarpragiycartd, igblatia)collFgén ¢ QTRAr AsPBitdr t he
struct ur@lotezﬁFm lLarities fig. 3b shows an exanple of a conpound accordi ng

to the génera formula I'b and fig. 3c shows a section with a typical
_ structure for a N 35 carboxynet hyl ated, partially N-acetylated chitosan.

Fig. 4 shows the influencg@icaipt lt?] ?V@I'F@?’RE@andEd surface nodified
the pl at 0

st aiyg ess steel coronary stent on SS (PLT-l1o0ss). An uncoated
stainless steel coronary stent was neasured guncoat ed) as reference. As
zero Fig. 1 shows a disaccharide structure fragment of chitin which can be transformed

into chitosan by basic hydrolysis, or into the compounds of the general formula la
by partial deacetylation and subsequent N—carboxyalkylation.

25  Fig. 2 shows a disaccharide structure fragment of chitosan, which can be
- transformed into the compodnds of the general formula la by partial N-acylation
and subsequent N-—carboxyalkylation or by partial N-carboxyalkylation and-

~ subsequent N-acylation.

30 Fig. 3 shows a tetrasaccharide unit of a heparin or heparan sulphate with a
random distribution of the sulphate groups and a degree of sulfation of 2 per
disaccharide unit as typical for heparin (fig. 3a). For companson of the structural

- similarities fig. 3b shows an example of a compound accordmg to the general
- formula b and fig. 3c shows a section with a typical structure for a N-
35 carboxymethylated, partially N-acetylated chitosan.

" Fig. 4 shows the influence of an into a PVC-tube expanded, surface modified
stainless steel coronary stent on the platelet loss (PLT-loss). An uncoated -
stainless steel coronary stent was measured (uncoated) as reference. As zero
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HEM POLOI 3WD- S0 1Application 9 Novenber 2006 34 value the level of the’
platelet loss in case of the PVC-tube w thout stainless steel coronary
stent was set. Thereby SH1 is a with heparin coval ent| y9&oeanhgr 2606nt , SH2
is.a with chondroitinsul phate coateda tent; SH3 is a stent coated with
pol ysaccharides 5 gained fromthe ery hrocytlc glycocalix and SH4 is a
with Ac-heparin covalently coated stainless steel coronary stent. Fig. 5

shows a schematic presentation of the restenosis rate of with conpletely
desul phyakse thadevelrof dbe pjatetet dodicinacase ¢fhenBNE-iube withattestainjessosteet

stents Bﬂﬂma g\tecqj,p“%gl&q and pol ysaccharides of the erythrocytic
gl ycocal | x coat stents in conparison to the uncoated stent and with

pol yacr yheeebyci@H1 pigs)a cwith e hepaant sovalently goaledk stent. i fpiarié agi o¥ithi ne in
por k. Fbaon&ortﬁeamt@tdo\a@e@@t@ﬂarwangI & 94tanh oaked Wﬂfv‘%oﬂfsabbﬁaﬁdééss ‘

sect ons Ihro e stent contalnin se t of one, wt
ol = R DI T ab&oagll)gaﬁﬁa?ﬁédﬁ it A% e o alerll )

stent toated sthinlessistesl coeeharyisterithe ani mal experinent (pork) a clear

difference in the thicknesses of the fornmed neointi mas can be observed. 3

P9 7Pl SRR L LoRlmBRE Loy BFUAA ToSEABS( b I EBRRILSRP
EI ut i ondasldghaﬁmcﬁn cheiacatx ted hpade (A¢-heparnirovalentikcoatedsttentsianger of
5. ungli | WitRdomps 'éﬁtﬁ)ﬁﬁlyéﬂr&gﬁ n<‘lié§é %?Sthbhgnﬁlﬁ%b?tt&%;dﬁﬁ dﬁ%té‘& &i¥ntsHirg- 10

El uti on di agram of active"agen he matrix and
of a sufP@pPateen tadhe caa%ﬁk steptang Wx&%ﬂ&% if (Fhehcealedrsteplfe basi s

coat i ngaften hwaiekk of iraplattitiorstime ispoik ol . J Fig. 11: Elution di agram of
colchicine fromPLGA-matrix. Fig. 12: Elution diagramof sinvastatin from

PLGA- ma, on dlaggamof astatlnfromthe matri x with

pol ysty {fglr‘né V@H@Hﬁaygﬂﬁpg:fr@ryaegpg lWhe basi s coati’ng as diffusion
contd ol images ef/the cleisg .settionCthrpagh tha sténtt duntainingbessdl-segoent of (qrieat el et

nb f
ant gg) EA;J ﬂ tAg} gm‘épéHrP@é’atea s*té’ﬂt 493%?" & c&ﬂpﬁng r‘i%?con o({lﬁ\%'b Ffst?ﬂtld non
nunber fNé@hfqure&wI@ctrbwena@maI emtm ntampr&)taepletah :ﬁe@mgemomeao mn
in the gigknR@8e$ oY e @PmER)neoiithadtad BobseReH01 Appl i cation

9. Fig. 7: Elution plot of paciitaxel from the stent (without support medium).
- Fig. 8: Elution diagram of paclitaxel embedded into PLGA-matrix.

Fig. 9: Elution diagram of paclitaxel embedded into PLGA-matrix and of a layer of
5 undiluted paclitaxel which covers the basis coating completely.

Fig. 10: Elution diagram of a hydrophilic active agent embedded into the matrix
and of a suprajacent active agent free polymer (topcoat) which covers the basis
~ coating completely for diffusion control. |

Fig. 11: Elution diagram of colchicine from PLGA-matrix.
Fig. 12: Elution diagram of simvastatin from PLGAI-matrix.

Fig. 13: Elution diagram of a statin from the matrix with _polystyrene whuch_
completely covers the basts coating as diffusion controliing layer.

YT

Fig. 14: Comparison of the thrombocyte number (platelet number) in-the blood
aftet Chandier loop between coated (coat.) and non coated (unco.) stent as
)} regards the empty tube (control), the platelet number of freshly extracted blood- -
. (donor) and after the storage of 60 min in the syringe (syringe 60).
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9 Novenber 2006 35 Fig. 15: Conparison of the platelet factor 4
concentration in the freshly extracted blood (donor), in the enpty tube
(control) after 60 minutes and non coated stents (unco?Novgnber gt ed
(coat.) stent. 5 Fig. 16: Conparing diggramto t he activated conpl enent
factor Coa in the-freshly extracted blood (donor), in the enpty tube
(control) after 60 m nutes and non coated (unco.) stents with coated ~
(coat.) stent. Fig. 17: Schematic presentation of the %dianmeter restenosis
rate of Wig-H5: Compntisostaf] ijﬁeddétﬂlq?ihfaclm' 4 conpenteationt inl thediestdy axinacted

( Ac- hepapigd mvnélr i {né eﬁ.agi | (cOnrdnPater8d Midutd8 GridW&T g@és dstents ;o

pol y(D, L;I act n conpdrison to the uncoat
12 neeks (Wi qirr‘ff%éﬁf’é ﬁo? eph the pork). The chronol ogical progressi on
of the stenosis formation in the case of PLGA is shown, whereas

" % digane ese t.he dianet e :
rel a!tsgd Fg cenpéﬁfha;—i@oéisﬁém %pcﬁ\(%tpg %W@%W&ﬁq?%rr &Bﬂﬂ'?‘ISE? g@éa of

t he stenﬁwwgd)blooﬁddonbe) ﬁx;thelemptystlﬂ)e( (tantriln aften GOhmikuted oams trioky por ks
wer e use ' ed before re) and after the

I mpl ant atg?%t%agyﬁteﬁzglﬁné%@??ggﬁ; Ewdgsi%%ﬁtavascul ar l(,l|pt r?atsound (1'VUs).
After one week (1 WFUP), one nonth (4WFUP), six weeks (6WFUP) and after

three rmﬁtgw?( SeNénbie E)Fé%seﬁfﬁmned)f' Qhar @@%ndbﬁéére%ﬁtﬁ‘éﬁl {/US T'h\’n%y via
e

h [t :
obt a| ned !;,le \%eéH%ﬁﬁ@\ﬁp (ieg&é'aﬁ\égg% t?‘*p@@P?irTSZ?A@ﬂ%@F") ety due
tot Ee ctmétledg;tem?mm withuh 2™ Iﬁyéhoﬁgbly(ma—!taaideeéod f-giyctaﬁ ﬁldtpm fison tg)h[ ﬁe
nont hs [ ent . a or,. t he. coaf’e e
react i orr}a{ tﬁéie\(?gs%ée'ﬁ \(/\%a%? l‘lg %%Eg ﬁ}e ’55'@@5:' adon dije E’n ?E%sﬁ-hﬁt ially
I 5 snoot tpi@rpnolqgu@l poogreagieR of e stenosts forrattion i thes case of B&m gsrsﬁomnt I y
beI ow t hﬁhei@sue%ocfhah"fé‘feﬂj peQah6sls! fg%a% reMens Jtﬂez%'%}rrtg?&r RSN YL

th
four weeks even i ncrease GT’I 33%

f

T s ot Telaled persituily © dheligtial Sttt dserty Alerimptaniatos ofatend (et
V\:hl ch r ebohte a)i;ia{rn;]éﬂitsssupﬁf hié ﬁfonﬂﬁ 18 i dbh’i?eslﬂ'& RIS Wéi‘éf ;U%;eﬂf e v@é&éta” o
i ncrease 9 e co | mum a Si X W
ony 35 ety as PS8 Berai )uaéﬁ%rt%men'm SuBhE of dha ptentdFosbher
with app\rl@xintlm{a%u!ﬁr gmrasmuna ((t\(lﬂS}a #ffter henejusotk t AVOEURY @nar ynonth
ook 05 TN OLUP) o HHIRS (oEBHAFE) BRA i BAREE ORI (RAKDEOP) M Figrtea
PL G&Dcoeﬁ"@és é’{%'ﬁt%(aﬂﬂn@% eespegtiveiEvia cormasy angiogaphynd with imtoavascMarenber
2006 ultrasound (IVUS). The obtained data show an unexpected amazingly positive

effect, which is due to the coating beyond doubt, Although the values of stenosis
after three months hardly differ for the uncoated stent and for the coated stent, the
reaction of the vessel wall towards the PLGA-coated stent is substantially

5 smoother. After one week the stenosis value lies with 6% significantly below the
value of the uncoated implants with 10.4%. The masking of the metal surface
results after four weeks even with 10% (an increase of 33%) in a more than factor
two lower stenosis rate than the uncoated stent, which reaches after this period of

y time its maximum value of 22.6% (an increase of 54%). The coated stent shows a

0 maximum after six weeks with only 12.33%. After 12 weeks the values of both B |
systems equal each other with approx. 11%. |

Fig. 18: Pictures- of the quantitative coronary angiography of the anir’hél '
experiments respectively to fig. 17 after 1 week, 4 weeks, 6 weeks and 3 months S
5 of hemocompatibly supplied PLGA-coated stents in the p:g

{
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36 EXAMPLES Exanple 1 Preparation of desul phated reacetyl ated heparin: 100
m of anberlite IR 122 cation exchange resin were filled into a col um
having a dianeter of 2 cm transfornmed into the H+-for &Neranbend®6ni 3M HCI
and washed wth distilled water unti#the eluate was free fromchl oride
and pH neutral. 1 g of sodium heparin” was dissolved in 10 ml of water, put
onto the cation-exchange colum and eluted with 400 mM of water. The

el uate was allowed to drop into a receiver with 0.7 g of pyridine and
subsequently titrated with pyridi BXAMPRESG6 and freeze-dried. 0.9 g of
heparin pyridiniumsalt were added to 90 m,.,af a 6/3/1 m xture of _
DvBQ 1, 4- di oxane/ nmet hanol (v/v/v)in a round bottorred flask with reflux
cool er Exgiapleehted to 90C for 24 hours:' Then, 823 ng of pyridinium chlori de :
were added and heating to 90C was effected for further 70 hours.
SUbSEC]LEfﬁ{daj(atlcd‘l oliiesuiphated reacetyleded beparith 100 ml of water, and titration

H 9, i
Ej?aloyze agai ns%n%é?t%o gﬁ?;ra \gg@ee Xghgﬁgé ?Qﬁﬁ&,@e%@ "&Baé Sglumﬁﬂéwﬁghepar in
wer e di & digmeierof 21@nrﬂraa$fovmedrmt0dbalfédfom wrﬁuﬂ&ﬁmh&hdédﬁlmmh wasBedi of
et hanglithy reﬁkirueatWétEer waum e bh&té Had fr88 frdm 'Hh!d?fde h&Atran '10% éﬁxc hange

resin i orm a sequent acetic acid anh i de
. were ao‘?%{i”%ﬁe@?"? MEP atﬁsog’eﬁoﬂr &0 d’f‘yﬁéwalgrt it qnie thf’ Hation-exchaRges
' ];;;( | tor ?t@gun@ndnd mutealtmr:. qmo:j Ml &f aft’atéﬁdr ing @lusé wa% anowmitté rdregqn@raed :
, I
o o0P et MRS bhBVANES AP bodtabrly Bl BhRmER e Podon (o

24 hourfseez&sldnetrlefl ux. After cooling to roomtenperature tT'ie pH of the
sol ution was adjusted to 5.8 with 2 N NaOH The "solution was dial yzed

L o
part i ol 02 fivaf Hoatif it Yt Wiehe Sydtid Rl 00 o8 o BR/IGIRERTar o
Af t er @é&éhﬁdl%n@fmﬁ@ﬂnaﬁbwvl%@s Growtd h@%@m@ddtasét with ygfling sooler ssol ved
in 30 rﬁn@hea%hamd"%%mam “FhEN 5823 ff Sridhfium cHibhde Veré a88ed

i or A Rarno 4ha0to was eaededdof fudhes R Sl elfseaathed

wi t h natdrded|outawith dioet iy lofexhiter, and tiratied tonpldrg wahudilote veodaniyghivas

HE_M) POJE%%S% é@?&lﬁﬁéie%@p%"\%? %falgge%ﬁagainst water and freeze-dried.

100 mg of the desulphated ‘heparin were dissolved in 10 ml of water, cooled to

0°C and mixed with 1.5 ml of methanol under stirring: To the solution, 4 mt of

Dowex x4 anion—exchange resin in the OH-form and subsequently 150 pl of

acetic acid anhydride were added and stirred for 2 hours at 4°C. After that, the
3 resin is filtrated, and the solution is dialyzed against water and freeze-dried.

Example 2

‘N—carboxymethylated, partially N~acetylated chitosan:

) In 150 ml.0.1 N HCl, 2 g of chitosan were dnssolved and boiled under mtrogen for
24 hours under reflux. After cooling to room temperature, the pH of the solution
was adjusted to 5.8 with 2 'N NaOH. The 'solution was dialyzed against
demineralized water and freeze-dried. |

» 1 g of the chitosan partially hydrolyzed this way was dissolved in 100 ml of a 1% . o
acetic acid. After adding 100 mi of methanol, 605 pl of acetic acid anhydride ~ '

- dissolved in 30 ml of methanol were added and stirred for 40 minutes at room - :‘_ e
temperature. The product was precipitated by pouring into a mixture of 140 ml df_ Bt
methanol and 60 ml of a 25% NH; solution. It was filtrated, washed with methanol-"_—

) and diethyl ether and dried under vacuum over night. a
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37 1 g of the partially hydrolyzed and partially N-acetyl ated chitosan was
suspended in 50 mM of water. After adding 0.57 g of glyoxylic acid
monohydrate; the chitosan derivative dissolved wthin.BiNeveiaser 2006 i nut es.
The pH value of the solution was adjugyed to 12 with 2 N NaOH A sol ution
of 0.4 g of sodi um cyanoboron hydride in as few water as possi ble was
added and stirred for 45 mnutes. The product was precipitated in 400 ni
of ethanqgl, filtrated, washed with ethanol and dried in vacuum over night.
Exanpl e 3 9 2bths pagiady dygrolyred anth padinlix-hbragsitylatedachitbsho yeas suspmmienli

anberlit $B1ﬁ|28f watdrOAftex aaaiﬂaeo 5?%@ ﬁﬁﬁ‘%ﬂ' ﬂ‘%ﬂgﬂ‘f dﬁ@' & cffitos

di anet er ri nse

distill ege"V\%th& 8'35?\'?’133 ‘“{‘ﬁjﬁ" éh%a%t $e ninpias. dihecpirt diejuecobihe W‘i‘@ht"-‘fa@l 1g
sodi um hagjusted mszJ\/&ﬂdQSNNa@ld Ansol@tigr owatzae of addfin bﬁot&d}enq%rﬂa '

exchapge e t 4 r e el yate_was "agded

dr op\e/E? se"fl:%%ggg' ‘r%gga& %/éjebg%lp\k’ Yyas aépd&s’r? r?ﬁ"?fea il %g}"\'&aﬁﬁsﬂt“?t% Wef with
pyri di newas precipitated i 6Q enldefi efbianol, Siltcated paaished withdethianot aad idriedria added
in a rouogc.jd,ﬁg}g, W}-,@a reflux condenser 20 with 90 nl of a 6/3/1 mxture
of DMVMBQ 1, 4- di oxan thanol (v/v/v) and heated for 24 hours to 90C. Then
823 ng pyridi niunchl oride- were added and heated additional 70 hours to
90C. AftExsmplts3it was diluted with 100 Ml of water and titrated with

di | toe sodi um hydroxi de to pH 9. The desul phated heparin was dialyzed
contra water and freeze-dried. 100 ng of the desul phated heparin were

‘sol ved i Synihesis affdesalphated dbprepidreylfed hypdnndded with 1.5 m pet hanol

d t . 4 Nj | -' 1 4- h
Feain | n' 00 IEmBEHICIFE 139 bR L IRaRoBHEIR S agdelBlh 2 CniueT aing o
stirred $i@gmetenufiy 490 mt:SMrthd in Htbe rid'sformuesnvesteal and insed Gwith distifedon and
t h |

e sol Wyt Mﬁﬁ] tﬂé %ﬁdﬁ??\{é‘sqréé ﬂ%ﬁ&ﬁ{i% %ﬂﬁ aﬁﬂ ﬁgéﬁ?ﬁ"% ggodly@%ﬁbw% 0.1 N

HCI a'r“‘izjoggﬁﬁo'c‘!ﬁﬁj 3§r{“ Eefdﬁgé?ﬂ Oaéog%cqﬂm exhangercolimp sydreltited with hour s
under r e40Qiml offviater. JoR) &logtd was addet Qﬁ‘@ﬁ\h@é it8.a ieeiviebwith d g Ridihé on

G ok s € bl il Fubl Aol B RS tied %6%%%3??22?7 on 9
Novenber 2006
. 09g hepann-pyndlmum-sait were added in a round flask with a reﬂux condenser
20  with 90 ml of a 6/3/1 mixture of DMSO/1,4-dioxan/methanol (vlvlv)‘and heated for
24 hours to 90°C. Then 823 mg pyridiniumchloride- were added and heated -
~additional 70 hours to 90°C. Afterwards it was diluted with 100 ml of water and
titrated with -dilute sodium hydroxide to pH 9. The desulphated heparin was
dialyzed contra water and freeze-dried.

100 mg of the desulphated heparin were solved in 10 mi of water, cooled to 0°C'
and added with 1.5 ml methanol under stirring. To this solution were added 4 mi
- dowex 1_x4 anion exchange resin in the OH-form and afterwards 192 pl of
propionic anhydride and stirred for 2 hours at 4°C. Then the resin was removed by
30 filtration and the solution was dialyzed contra water and freeze-dried; o

Example 4

N—carboxymethylated, partially N—propionylated chitosan: e
45 In 150 ml 0.1 N HCI, 2 g of chitosan were dissolved and boiled under nltrogen for
24 nours under reflux. After cooling to room temperature, the pH of the’ ‘solution
was adjusted to 5.8 with 2 N NaOH. The solution was dlalyzed agamst
demineralized water and freeze-dried. : :
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38 | g of the chitosan partially hydrolyzed this way was dissolved in 100
mM of a 1% acetic acid. After adding 100 nml of nethanol, 772 pl of

propi oni ¢ aci d anhydride dissolved in 30 M of nethano? Naeberg¥6d and
stirred for 40 minutes at room tenp ture. The product was precipitated
by pouring into a mxture of 140 mM of i nmethanol and 60 m of a 25% NH3
solution. It was filtrated, washed with nethanol and diethyl ether and

dried under vacuum over night. 1 g of the partially hydrolyzed and
partialty Nﬁlﬁe@l}it@taeoparﬁaﬂsobndmh@dsﬂﬂﬁowauws dissalgeddin J00wmt of a 1Rt er

addi ng Segif. Sofl! Aol e 19611l BPRRINAIAL 972 1r GhbLIBAR acAlRidKe

di ssolved wt e next m nut es sol ut1’on was

adj ust ediseejved lw 3 ml of methanol wereyadded @ndostmgi far 4@ dnipytes at room
cy anobofepizatitlire d¥he i prodgcti s Wé&bltﬁ&d:ﬁﬁ ‘% maaﬁd@@irea@rdmm infilregd for
e
fi

wasted WeRtensl peft iier a4 WS Bl Al WASEIIFEY mrethanol ¢

He nmoc onguad dthyltetherasldded nndeofacamawedaight.cor di ng to t he general
formula la and Ib by 1SO 10933-4 (in vitro nmeasurenents): For the

measur enment of the henoconpatibility of the- conpounds according to

f or mul at 4 ef thedpartalyehydrobeed mntbpartiadly Nsiacetated ghilosam avas: sispesdedst eel
stents Vg ﬁllQﬂ‘Wét@PtAﬁ’er%lﬁﬁﬁé’ ovs? b 6F §PoRAH ’yélcﬁﬁﬁ)‘hbﬁyﬂ%té OthfeOémwsanl a and

ontra e arjn [l 7as coil_h cor in the

| b and este sp I N

- sindle 'Vﬁtcf'§$C§\é%ﬂ wit lﬁhtft?a‘i‘%ﬁ ipyigs B@'“eso 1tﬁe(%ﬂm as
(mz nbL ar‘@@uéwdplroolzo P vith Z:NaNad)tH\n A modﬁmr::i muegi of tsaauaﬁt y:ymmbrohemmda

(Ac-heparin r e _exam.natio e or, e

|t er a0l e teabalst sch SR AT alioetimnd SR 1o 2% BEeE, TR Braqyet

hepar i nwasgiredpistedapr00 mi i rethagol; fitrategewasied withosthapel and dliiedhs

Sakar i ““ngkéﬁ@ﬂ Baungar t ner - chanber is used"rShkariassen K.S et al.

J.’ Lab &02 522-535 (1983)]. The chanber is conposed of four

bui I’di ng parts plus conical nipples and threaded 5 joints and is

manuf ackismgicof pol ynet hyl net hacryl ate and all ows the parallel

I nvestigation of .two nodified nenbranes, so that in every run already a

statistic coverage is . included. The construction of this chanber permts
~quasi ? Hematampatibility sieasussamdntisi afrompiMdiQidobdiiny $0Othe\oehecs foonmul

Novenber, 2008, by Ps0 10933-4 (in vitro measurements):

| . '

. For the measurement of the hemocompatibility of the-compounds accOrdihg to
formulas la and Ib cellulose membranes, siticon tubes and stainless steel stents
were covalently coated with a compound according to formula la and Ib and tested
contra heparin as well as contra the corresponding, in the single tests utiiiset_l
uncoated material surfaces.

ot }

5.1. Cellulose membranes (cuprophan) coated with desulphated reacety!ated' |
heparin (Ac-heparin) - '

)  For the examination of the coagulatory physiologic interactions between citrated
whole blood and the Ac-heparin- resp. heparin-coated cuprophan membraneé the - |
open perfusion system of the Sakanassen—modﬁ'ed Baumgartner—chamber is
used [Sakariassen K.S. et al; J. Lab. Clin. Med. 102 522-535 (1983)] The
chamber is composed of four building parts plus conlcal mpples and threaded.: N

5 joints and is manufactured of polymethylmethacrylate and allows the parallef ': R '_
investigation of two modified membranes, so that in every run already a statlstlc'_-""-- S
coverage is included. The constructlon of -this chamber permrts quasn‘? lammarf

- perfusion conditions. - - L At
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After 5 minutes of perfusion at 37C the nenbranes are extracted and after
fixation of the adherent platelets the platel et occupancy is neasured. The
respective results are set into relation to the highly Phewmhsgdious
subendot helial matrix as negative stanggrd with a 100% pl atel et occupancy.
The 5 adhesion of the platelets takes place secondary before the formation
of the plasnma protein layer on the foreign material. The plasna protein

fibri noga&t act s as cofactor of the platelet aggregation. The such i nduced
acti vat i GH&5¢2 tRBUtes of perfusion al 3E°G the Haembranes) b extstesl andagiterat i on

3\7??0 |b at €islathbrasora ths oamene?t t[ﬂal%ltemsth\él tplét@l%@teébuﬁdnb O%E(iafiéé‘slﬁ‘&@'f g
ebra r atel et ,sur uence fina
t he |rre€ée]srge%g§1§ Jgﬁ't" a?F ns8* e ﬂ?%?’@f‘egtg o%@uné'g{“Yhet r4p ?@?’@OUS Y
occupancﬁube@@hebalbnetrusas okgatie: dkmaiard edthi a1t1©086 platolet atcasawyt ENhe
t f

contast cahepB HMAE ARG kes HRLE ol 1ore, YR oFhEN ol thehe
pl at el et p!?@é“uﬂ)&ﬁlt?'" jayeppn ﬂi@ feseigormeterialir T qlasz@lama pirofie fibinaden acts
hemcorpasi bifeltat ef thBepria reddioh I TRE Ssuch RUIA0BEvatlRh LPHE! S Of
t he exam %@Pﬁe ri n-coated nbranes ~show clearly
the i npr BG"S a??eﬁﬁﬁ%‘ |381"PF3§1 yoagulalign ﬁéﬁ@?'@%ﬂ'ﬁﬁ&@dﬂmﬁm%ugh
ot Ihet coat sach \aswtrmedtepaibrmedﬂamd nonwmted(rjmﬁ][m m@waaeléﬁsurfﬁc@@ 28

- platgle n- coat ed,.sur val'ues fromo -

E% 1gﬁref gﬁ%@%&%@‘&ﬁ@% ng%ﬁibrlef 2995507198 &, Ehé? ﬂ%ﬁ@\é BE%fﬁan&b? The

adhesi onpﬁte checeuparsyepessents becamsdwebzﬂne aesedbed nrﬂt&caz:tnoaseaﬁ eeeqbted

g?g;%at daﬂ}&g% Tclﬂnt?BEthﬁf}ﬁE%emﬁP? hﬁhe h'?v‘?rél n- coat edgi Q ﬁé’ C%?'Eé(%t

i medi at 8?9 Eﬂfarth' spiagt e ﬁﬁ!&e&uenee@@sps i tbe loweeithe platelatibccupancy -
precondi Is @rmshé @bﬁ&ﬁﬂe@l Aurfite tHeAdgGhéd i%ﬂhe%é&ﬁhﬁﬁ%ul:lgrbﬂi\epé)ﬁatﬁhéas and

ultiqmte ood acts W th t]éﬁ correspondi ng def énse nmechani sns to
t he nse%%{@%qu‘@rb@ rface by ractivation of the coagul ati on cascade.
Ac- heparin fulfills by far superior than heparin the 30 requirenments to
t he heno l.nt.erac n of plasm
pr ot el n 2@%@?%?’?%%* o, Wyphiified Mol SiicT 86a AF BebhE ARtk eapoRpEs

t hr onbogehew \Clem satlaertmevemantdef)éhedmommpawhw ohthalforign siffaced
coat | ng, trirsugfh &g WAL IRdafin!Hldpahif- o I'rﬁarz‘flbrtahgstsﬁ%razﬁu%é"}"e 35

utily atl!op of coval entl&ﬁ_I R hepar i n as antit t1 c operant surf

i s platelet,gesrnangy, whilst Achenspagaated surfaces shew valbes dane s - 5%

i mmobi | | Gefibréveqeaia subwridothdfiab athtriewitht10096 BEAEMEScOGShdyNt O the undesired
opposite - .the heparin-coated surface gets thrombogeneous.

HEM PO QL3WO- SGO Appl i cafl on
The adhesion of the platelets on the Ac-heparinated surface is extremely

aggravated due to the absent, for the activation of platelets essential plasma
25  proteins. Unlike to this the heparin-coated surface with the immediately incipient -
. plasma protein adsorption offers optimal preconditions for activation, deposition.
and aggregation of platelets, -and ultimately the blood reacts with the
~ corresponding defense mechanisms to the inserted foreign surface by activation |
of the coagulation cascade. Ac-heparin fulfills by far superior than heparin the
30 requirements to the hemocompatibility of the foreign surface.

‘The interaction of plasma protem adsorptlon and platelet occupancy as direct
o quantum for the thrombogemty of a surface in dependence of the to the blood
offered coating, is made clear espemally well by -this in-vitro test. Thus the
35  utilisation of covalently bound hepann as antithrombotic operant surface is only
. -stréngly limited or not possuble at all. The interactions of immobilised heparin with
- blood revert themselves here mto the undes;red 0pp031te — the heparin-coated -
) surface gets thrombogeneous '
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9 November 2006 40 Cbviously the outstanding inportance of heparin as an
antithronmbotic is not transferable to covalently immobilised he arl n.

the systemic application in dissolved formit can full§Naymees29qe
properties. But if heparin is not co‘&} ently immbilised, its
antithronbotic properties, if at all,”™ s only short-lived. Different is
the Ac-heparin ("No-affinity"-hepari n) that due to the desul phation and N
reacetylation in fact totally |loses the active antithronbotic properties of
t he i ni Obvibuslyothee wiutstahdihgaitaportate rmfrl@éparin diss hhnatiitheorabotioribagstneous

e ettt 8 SovalEMRL Hhiibilsad epein dn 05, S5Bnl: Aol in.y g
pr oces sdisseimed formiih cant fally amfeldeits prbwdieﬁg Butliehepgrimds mebgavalently t hus
the Cor\ﬁﬁtlaﬁﬁsﬁie M‘En Bbtu% chgﬂéerlf’}és it eﬁ:r}:ﬂl lé)ohr['i( st ﬁbe@rﬁlffé?éhgﬁl ly

sui t abl or t carm n surfaces 1N cont

coagul dheofcshepain E(n"io Fﬁ%hlepé‘ﬁf‘) oﬂ'@n die e ofte desylryations apd
sili corretaub laudm[nSfa&trtdtaw lisedl thevdctivel@ftithtorabotic profierties of the mltla!

h | | / f 30
20C " HETFcste b dciirks iR F B stingtus Aty anPBus debehies: SR n
ci rcul anlemcm‘shrabiyffoundehﬂlm|thaapa§55wt)0ure$m§ anti@rombire llhvaards the rmasmg| nsed

in eac h; %ﬁﬁ A 1 .3 ny
%Jﬁ IqQNE{ra% lrﬁaeefil}f(’:']iet m?t%%ng t?(?pg%&ls/ C- erear I'n) Q&%r ec ssol ved -at
i 4O|rbC8'!ﬂlm 0.1 MIVES’> buffer pH 4.75 and ni xed W|th 30 ny CIVE CDl (N

cycl ohexyl N - (2- mor phol i noet hyl') car bodi i m denmet hyl - p-t ol uenesul phonat e).

Thi s | ution was e circul ar ,nmotion for hour s at Jhrough

The"t unEherehy s faparin Bod s e GomPRInAS L ter geerl Kuanias HaargbRd wat or

in eac ftotai%'efdp"tlméllyf'@llfab!e fordnhbBetamoufiage of fakigmsutfhadseiretomtacb aith

(EN3099tF| (% ong silicone tube with 3 mminhside dianeter two 2 cm
Jraieplidiion

| ong f tubes were placed. Then the tube was closed with a
shriinkable tubing to a a circle and filled under exclusion of air via

sylr: ngesow tyf, ogllg'c'::’[‘do%dll\leﬁhoﬁ Ql ution. In doing so one syringe was used to

f in the so I'on an e ot her syrlnge was used to renove the air. The.
sol uti on was exchanged under exclusion of air (bleb- free) with the two

Syri ngephratghnst rﬁ'Iéﬁg?ltsiﬁéoﬁ\hiﬂéewhhQ?ﬁlrﬁfinﬁd@‘%ﬁ’éﬁlétérﬁmtmD@f 8Qfixture of
HEM POl% lwz(:\:{O r’fﬁP (vf\:f?u}a%npumpe ,{{b a c:m:ula(r5 motion for 30 minutes at 40°C.
}  Then 2 ml 3-(triethoxysilyl}-propylamine were added and pumped in a circular
| 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

5 4°C in 30 ml 0.1 M MES? buffer pH 4.75 and mixed with 30 mg CME-CDI (N-
cyclohexy!—N’—(2‘—morpholinoethyl)carbodiimidemethyl—p-toIuenesuiphonate). 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.

- 5.3  Determination of the platelet number (EN30993-4)

in a 1 m long silicone tube with 3 mm ihside diameter two 2 cm long formfitting
glass tubes were placed. Then the tube was closed with a shrinkable tubing to a-
3 c:rc!e and fi fled under exciusnon of air via synnges with a 0.154 M NaCl solution. In .-
| domg S0 one syrmge was used to fi Il in ‘the solution and the other syringe was |
- used to remove the air. The solution was exchanged under exclusion of air (bleb- ~
 free) with Ht_h\e." two syringes _ag_éinst citrated whole blood of a healthy test person.
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41 Then the recess holes of the syringes were closed by pushing the glass
tubes over themand the tube was clanp taut into a dialysis pun(?. The
bl ood was punped for 10 minutes with a flow rate of 158Nergmen200Phe

platel et content of the blood was nmeagyred before and after the perfusion
with a Coulter counter. For 5 uncoated silicone tubes the platelet .| oss was -
of 10% In contrast to it the loss was in silicon tubes, which were coated

according to exanple 5.2, in average at 0% (nunber of experinents: n=3).
Al 'so in tHien Bmeerasst kales gf dhersyringes werenploseddry pushiagtihe aglass tules

pl at el et Hven them AAdABehRRR! WasCaaHRItRITHRES awsfsd%ﬁg). Thepibanes!y it

can. be recorde that .the i I lisati f heparin executes a negative
i fect obuteehritbimmeswik's Tow rathst depimUan.cira bleielohgantast of e
Ac- hepar ibloath s, measamebbdfone exrtdoafters thrapaifusion neithi zeColRee Ebestes. For

cont agt : e : | e_bl oLXper i ts .on 316 LVM
stain es\sfl\j"tgt_B 8%«%39%!E¢ﬁea¢u§te§ttg%$ é&ﬁ%tﬁ%%e\ﬁw Pﬂ?ﬁﬁ‘b)iﬁi%egﬁgﬁi’i 'gp]q S was
exper i e silgendrbesnyh@heweravceaigidnteaosding dol examplat S 2T averageal ain®Vy
coat ed Wihéimber BEBRSdrimentd: R23F Of a total surface of 2 cn2 and a -

occupancy coefficient of about” 20 pmicn2 stent surface the charging of 20
such a stent . ig.about 0.35 Ac- heparin. As conparison: in case of

( pg [ 1 sc
t hr ombosi 450 hF$ Aynasic tash systemuit 1y shpyna atithe @activation ef plateletseen @ani s i n

- contt@st A2héfarimcedted suffase lo wbdliced SRAORATEJRY fReadlbd RABKI&D tA30H Mes

t he val ue. . These,. rinents were carried out_at the Intitute of, Physiolo

at the RIPMCLIRBAEHRS et o et 3idctus Stishbapar ormnssmpabiity of O O

| oop- SO%/_Eﬂmm{tihsed-iaumhber AgBinst Gt dekiosearin %owﬁ@,dm aisoovdiEnclbiot Rggsagsived '

KARDI : 1. ted stents were expanded an
R o GHRERV cobBs S et ;

tested i tubes (ne with 600 nmlength and 4 mm
i nsi de dianeter. The results of these experinents “Confirmthe according to

the ! i6one VHRAE HHGFERSAENBU FROLEM Jafidy dtbal é%fgggaﬁ%h{{e“ S

attributed platelet loss in the-perfusate o oIS re

refinemept.of the stent surface with Ac-heparin by nore than 80% The '
i nfl uenc B’Pe_i"‘ﬂt}’l'tﬁ'?@ ?'Bﬁ%m@ﬁ{ﬁbdﬁﬁe@fpeim‘?'ﬁé T i9%3%%%@a|§l9§%t%e‘?'o t he

\% alt el glt stents wiese evaklently doated wEm Whéﬁﬁtﬁﬂ}lﬁ n:?&@&if?a ﬁiw}éwfa%gf;g 'z:ﬁclgi?t e
anal ysedada BcBEAL” b0 ERE o Ykl A Byt tent siden ¢ SBEGRGR an

S
aver%e puch al sient issebaiit @354 Acriapant Ag campasdsatorinredsecsidthadmbosisandar d

b . . ! v _
a1 et opameas Hofustsdl dily Spphc AR B HEpHRRE I Eonilcy 21:80 md dhliece
anal ogouthusoverldicorespand fe the at Ipast 68,098 iimasdhel value.osss. |
~HEM PO O 3WOSGA Apphcat i on : ‘

These experiments were carried out at the Intitute of Physiology at the RWTH
25  Aachen with the established hemodynamic Chandler loop-system [A. Henseler, B.
Oedekoven, C. Andersson, K. Mottaghy; KARDIOTECHNIK 3 (1999)]. Coated and
uncoated stents were expanded and tested in PVC tubes (medical grade PVC).
with 600 mm length and 4 mm inside diameter. The results of these experiments |
- confirm the according to the silicone tubes discussed experiments. The initially to
30 the stent attributed platelet loss in the perfusate of 50% is reduced by the
refinement of the stent surface with Ac-heparin by more than 80%.

The influence of in the tube expanded, surface modified coronary stents to the
.. Pplatelet loss is evaluated in further Chandler tests during a 45 minute whole blood
35 ;'perfusioh. For this primarily the stent-free PVC tube is analysed, the outcome of
- 3_',_thi$ is the zero value. The empty tube shows an average platelet loss of 27.4 %
}_:-;-_f_t_"egarding to the donor blood at a standard aberration of solely 3.6 %. This base
~ value underfied different surface modified stents are expanded in the PVC tubes
- and are analysed under analogous conditions on the by them caused platelet loss.
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9 Novenber 2006 42 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 reproducable effect on the pl 8Nevestbegdfbent .
According to the enpty tube (base Valz#be) the analysis of the polished,
chem cally not surface coated stent | ds an additional 5 average pl atel et
| oss of 22.7% Therewith causes this conpared to the PVC enpty tube |ess
t han 1% neasurabl e foreign surface an approxi mately conparable platelet

| ?sz A!tfbdoﬂﬁtf. alsesinl th|§ &a&él,adha% ﬂileoﬁwﬂlltt ' Q;bﬂé&etdsé@ifédeﬁ,&?hit&h fiﬁilelgb@chMsUSEd az
S en er., a an L Mes Sstronger. e alnh (0] ar e
"R dtdle 0.9 B0 40 1 ABE st Soabk TER e 8 HENACAE: FhE reGRIeE RO P O

for 0 8eﬂf’ect 8notha Iplatelet atondentf dveording tanthey smaptyutubac haseatvahey the t he

| | h
onor nouanaFsBer 68! RG> LG it BridBe Be %%ﬁé’f’é' i:“'eé%‘d'%ﬁ% Y
nostd ef A¥elagedlptelatdasspt 22.8%. Jherewit &%%%ﬁaﬁ*éhc‘?@ﬂa)'e o the FYie emphfct s of
the Ac- ﬂm@uééywemsmeémm tfhRoigh AuptaRe BASApBEIOR ghen

good co e s resul corr latlon 0 h Ios |n t he
or t usaPBiStEElost? Afiesh Estutisghaf e medicial laip swie%f%e L@M 45P3ass show
t he r ektembinatesialbhdubes Eﬂ&ﬂlﬂéﬁ ﬂﬁntthneQ strodgér @@t@fié&ﬂanhgmmnm@d

coating VM 316
vere doarnedEalbidrhvE RIRAES ARbOHAT iR SPCAIRR B AP B R g
et hahol ofithe totdletirface100C in the 5 drying closet. Then they were di pped
for 5 m nutes into a 2% solution of 3? am nopropyltriethoxysil.ane in a

m xt ur e éﬁarﬁs%‘a't % (,%r céaﬁﬂ'{\?éoon the ﬁ?a)orﬂé@ st ’&or&{érg%tér‘hg oW Rybes at

100C. A ter war e stents re was m:-ner wat er over
ni ght . e@@§a|wp@?ﬂxﬁber@m@ww%@nﬁ@@a@f theygieat idussprlatelet 4c in

30 g;j Od%h eh(E§e el AR A AobheR@dtiveProved Rithalesy thBow-Reparid[SAI).4. 75 and
m X W

It i ShaBY Lﬁff‘&ﬁﬁzegﬁﬁéﬁ%%?a%ﬁ%%@%#ﬁ%@ 7 6P 3 MRS 1abs 465 SPRSHETALy vor o
rinsed thent goodteongrdend Malessmeisulti Theacoirelation ofntreaplatelet dosorin2heours. 5

5. 4.2 DELARGAAISN o8l dhRsr 6P AT IRAERAIS The Arrdrll SRS ShER! by FPLC
S TeSRD e sl it

Hydrol y sten are given 1n s tubes and are
rel:ablllty of the measurements
)

5.4.1 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
5 drying closet. Then they were dipped for 5 minutes into a 2% solution of
3? aminopropyltﬁethoxysilane in a mixture of ethanolfwater (50/50 : (v/v)) and then
‘dried for 5 minutes at 100°C. Afterwards the stents were washed with
“demineralised water over night.

0 3 mg desulphated and reacetylated heparin were dissolved at 4°C in 30 ml 0.1 M

o MES-b{:ffer (2-(N-morpholino)ethanesulphonic acid) pH 4.75 and mixed with 30
.mg N-cyclohexyl-N"+(2-morpholinoethyl)carbodiimide-methyl-p-toluenesulphonate.
“In this solution 10 stents were stirred for 15 hours at 4°C. Then they were rinsed
* with water, 4 M NaCl solution and water in each case for 2 hours.

.. 54.2 Determination of the glucosamine content of the coated stents by HPLC

o Hydrolysis: - fhe coated stents are given in small hydrblysis tubes and are
-+ abandoned with 3 ml 3 M HCI for exactly one minute at room temperature. The
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abandoned with 3 M 3 MHC for exactly one minute at roomtenperature: The
HEM PO 1013W0D SGA Appfication 9 Novenber 2006 43 netal probes are renoved
and the tubes are incubated after sealing for 16 hours QR’ﬁVQ"H@raQ%@i ng

cl oset at 100 C. Then they are allowedggo cool down, evaporated three
times until dryness and taken up in 1 degassed and filtered water and
nmeasured contra an al so hydrol ysated standard in the HPLC. 5 desul phat. +
desul phat +§Eesul phat. + npl e reacet. heparin. area reacet. heparin

reacet . probegaggr emoggd [adesﬁ'lﬁth!qu[ angi incpbatedi affeseeRliogiforl 16 Poueo 1
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12E- 07 O. -
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3. 431¥35E-07 39.34 Exanple 6 In vivo exani nation of coated coronary stents
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Example 6 .

_ In vivo examination of coated coronary stents (fig. 5)
10
6.1. In v;'vo examinations of coronary stents coated with Ac-heparin

Due to the data on hemocompatibil'ity, which Ac-heparin yielded in the in-vitro
experiments, the suitability of the Ac-heparin surface as athrombogeneous coating

I5  of metal stents was discussed in vivo (animal experiment). The target of the
experiments was primarily to evaluate the influence of the Ac-heparin coating on

the stent induced vessel reaction. Besides the registration of possible thrombotic

- events the relevant parameters for restenotic processes like neointima area,
vessel lumen and stenosis degree were recorded. '

20
The animal experiments were carried out at the Inselspital Bern (Switzerland)
under the direction of Prof. Hess an accredited cardiologist. For the examinations
6 — 9 month old domestic porks were used, one for the vahdatlon of stents for a
{ong time established and approved animal model.

5 '

-As: expected in these experiments neither acute, subacute nor vla-te' acute
thrombotic events were registered, what may be assessed as proof for the
athrombogeneous properties of Ac-heparin.
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As ,f expected in these experinments neither acute, subacute nor |ate acute
thronmbotic events were registered, what nmay be assessed as proof for the
at hr onbogeneous properties of Ac-heparin. HEM P01013WO- Stovemmsy 2@0&t i on 9
Novenber 2006 44 After four weeks thguani mals were di spatched

- (euthani zed), the stented coronary artery segnents extracted and

hi st onor phonetrical ly analysed. Indications to a possible acute or
subchronic toxicit allergisation reactions or wulterior irritations as
consequéMtas fefir weeks the animalsowerst dispatehedr(enthanizest), theostestedscaronanot

obser vedriy isBgmichts éﬂ%&t@&%n@%%h@ﬁh&heﬂ&%ﬁﬁan% %8' ally in the
hi st ol Oﬂﬁg'cééﬁ?m nati on ring the stent | tatr'on as well as the

fol | ow Bhie A RRgHl é’ﬁHtec OHMCQE{%C Wity llergigatien) reagtians eer i t

an int emmeabaimmtuonw@cemu@nbe of ke WiapRetatiotost Aeheparih t@atddEslents
e uncoa control s en.t ﬂtﬁ[d t he

| Th f,f
el han s ek ot BolBSefl, HlRhG "R, AR XSarinGaAL hasen dspegliy o
neoi nt i istblogér examiimatioas eDofing Hbe steobdamptintation rasl welleas therfpllowlip
obser vaeo?ona%g dae@gia ebhe {19 WerdGRlts és%snawegg Wh?érf‘f)éﬁﬁt BhARI Righorf T ect

of the uncoa ace on the surroun ssue occur I n such a
degr ee, Withaiedard FQTﬁ@Y%ﬁﬂeﬁéeﬂﬁlﬁQéﬂ the staid inpplestatiodecl usion 5 in the stent

area is given. Contrary in case of the Ac-heparin coated stents a clearly

‘thi nger weoumérérﬁcé @é‘ﬁﬁ/eeh hebHfio4eel ee!ﬂhep s?érﬂ”%?d ftgr Rec-WBbéri H{&F ed

i ngrowt h of the stent under nmaintenance_o ee vesse

The det St¢rdds Hnémﬂ}% Fhergenesaionof a distincbaepiptimadayer igdn sase, eétheu i at e
this cenebd®idoronts] Iéteﬁarvetpe \Qbﬁebb(@ivéﬁlﬁng%&dw aftdiatouri welehs the

oot oo BDHEpR roptotst) efeck S HEBeRHl Sha Siiata on b Gl
Thi s r edisbtie ioscurseinpruthea dagdee, thabuliatdtgly dhe tdamgea il the nesseimoelwslert i s
- not gdengn ateo_}f,l gréc?a]ggil é‘ﬁ)ogeneous 5 surface to have an influence also on

processes a rneointi'ma hyperplasia, i.e. to prevent
r est eno&extrary imgase obithe Acthrpasinegeapdistentsia clearhy deinpar hepistima layer

char act ¢f igHseffed; Cthcheaf{Fﬁshfé}da%h ﬁaoﬁﬁfcéﬁfd iRGFIRRA SO tﬁl@“éﬂ&ﬂnﬁﬁe&f the

‘stent surface wt garln a}dlrect contact to the netal surface
i s prevEia naﬂ§emat‘ﬂ'6’ﬁn regivespeklemanur e the enission of certain metal

lons into the inplant close tissue is discussed as one probable reason of
r est@nogine, daaal@mhistém@hﬁfmhétﬂ@%ﬁﬁé&rdiﬁw dngiegnimﬂ@@e@b Bubstaatide hie
coat | N9 6AC %glonpra%vﬁ py O%eog)bgen%cri ec(é)tngrrrueén Y, (fhglt v1a the Ac-heparin coating
(SH4) the neointima hyperplasia (,restenosis“) was repressed by about 17-20% in
comparison to the uncoated control stent. This resuit is unexpected and
remarkably at the same time. Surely it is not demanded of an athrombogeneocus -
5 surface to have an influence also on processes that lead to a neoin_time
hyperplasia, i.e. to prevent restenoses, in addition to the preposition of

‘hemocompatible characteristics.

On the one hand with a dense, permanent occupancy of the stent surface with Ac-
0 heparin a dTrect cell contact to the metal surface is prevented. As in technical
literature the emission of certain metal ions into the implant close tissue is -
discussed as one probable reason of restenosis, an anti-restenoic potency could
be founded by one of the coating caused prevention of a direct metal contact. . o

5 On the other hand such a positive side effect is plausible, because ona passive, |
s athrombogenenous stent surface with the absence of a platelet aggregatlon also'.
the’ proliferative effects of the thereby released growth factors are to be’ m[ssed o
Thus an important, startmg from the lumen side, stlmulus of the neoantimal- :
proliferation is omitted. '
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5 On the other hand such a positive side effect is plausible, because on a

passi ve, athronbogenenous stent surface with the absence of a platelet

~aggregation also the proliferative effects of the ther8bypveetesgddd®®d growt h
factors are to be mssed. Thus an inpgstant, starting fromthe |unen side,

stimulus of the neointimal ©proliferation is omtted.

HEM PO 013WO SGA Apphoati on 9 Novenber 2006 45 Exanple 7 In vivo

experi me%é% of coronary stents coated with coval ently bound Ac-heparin an

a second =X4PM¢ dcent |ayer of PLGA 50/50 5 7.1 Henoconpatibility of the

used matrix in vitro For evaluation of the henoconpatibility of PLGA 50/50
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Um of Reded W!th%he Relymes andetasted afubedintitute ofPRbysiology o¢f tiz RAWFHM L
= 951(c) Aadhler i bye tnehgs bel Im%r@a&ﬁtﬂéebmoﬁhfeﬁﬁﬁ*@%;us 8§ é&3pnisH&y agﬂf’nf‘““

“enpty tu Ll L2) are filled in each case w !} i sotonrc sodiu
“chlori degt%g'fj%fcﬁ%#a%q%?%ﬁw fyptefs is Audwiamic slosed twbsgt sestem, nwhich
ﬁhand! eroperates Withoub tp esel of @rmtrﬂnp,dwmhesh%rsfgobé ?g%eq@érﬁé%';?a%m@
eparin : r : r r m n r .
Accor di ﬁ%ﬁ)ﬂer{rﬂ&ﬁiﬁ?wﬁ(gﬁﬁﬂ %é)(gtdﬁ?@l‘%tsfggg)ﬁpf@@r@(fﬁ%@ﬁlqrﬂe?ﬁﬁﬁg’ét %@%ﬁ'ﬂd
sanpl e jWeEe detgseined (sae figs14-16)- Kon@asoha-dRhHMpBRBOELRe) uacshted atessed.
The 1get efas falh@ey. of the platel et nunber-shows no §i'gnificant difference
between the enpty control tubes, the coated and non coated stents. The
rel eased.PF4 is in_.case of the“coated and non coated tubes at the sane

| evel . THEMHBOAUHOf 1S 8XPRAMEBL t he activated conpl ement factor 5 (C5a)
shows i nDoaseblobdtibaakariugdings 8/8 B/l of MipaAh. ThEi HehisOitedntrbRucad sniaf t he

non coatgGest,Bat .. 5.8 RO M%) bnd' fxed via Balloon calloter. The 4 tubas
ZQ (K3 - K6) and two empty tubes (L1, L.2) are filled in each case with 7.5 ml isotonic -
sodium chloride solution and rotated for 15 minutes at 5 ¥/min at 37°C in the
Chandler foop. The completely emptied tubes are filled carefully with heparinated
donor blood (7.5 ml) and rotated for 60 min at 5 r/min. Accordingly to thé‘
anticoagulants samples are take_n in monovettes and sample jars respectively
25 (PF4-CTAD, C5a-EDTA, BB-EDTA) and processed.

The determination of the plafelet number shows no significant difference between.

the empty control tubes, the coated and non coated stents. The released PF4 is in-

- case of the coated and non coated tubes at the same level. The determination of

30 . the activated complement factor 5 (C5a) shows in case of the coated stents a
smailer activation as in case of the non coated stents.

7.2 Hemocompatibility of the used matrix in vivo

35 The aim of the experiments was primarily to evaluate the influence of the PLGVA—}:?‘:-‘:; |
coating towards the stent induced vessel reaction. For the experiments 28 six té'f‘::_?_
nine month old domestic porks were used. The stented areas were examined _aftﬂé_e'r-r" |

~one week (1WoFUP), one month (4WoFUP), six weeks (6WoFUP) and aft_ef: three
months (12WoFUP). The obtained data show an uneXpécted amazingly po_s'iti!ve_
10 effect, which is due to the the presence of PLGA 50/50 beyond doubt. Althougt
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35 The aimof the experinents was primarily to evaluate the influence of
the PLGA- coating towards the stent induced vessel reaction. For the
experinments 28 six to nine nonth ol d donestic porks wef &ovasehgr 2008e st ent ed
areas were exam ned after one week (aﬁv\bFUP) one nmonth (4WFUP), siXx
weeks (6WFUP) and after three nonths (12WFUP) . The obtained data show an
unexpected amazingly positive 10 effect, which is due to the the presence
of PLGA 50/ 50 beyond doubt. Although HEM P01013W0- SGO Appl cation 9
Novenbetheualges 44 stenosis pftes threesnenthsi lkardiyt diffet foretbermndated ateiffyandll ffer
for ! heforifedoatbaieiy, thdfeadtth ditfieR3baWa ffarat it Pf‘_qiaf b8t st

vessel wall toward GA-coated stent 1s substant sm)ot After

one weeld t%’@sgacr@ﬁﬂlél%m?‘afh@é Aftel fnenweek ﬂ?egrﬁtﬁn%%ﬁtff@‘uﬁe St Wit @%I ue of
t he uncerjnifitantip Ibenmthu Vdlud Gf4fie uﬁh@amsmmmefmﬂ\ 1029 Tl R nfaskirRCst

ul t f f 1 th
factbr - Mol EoRresR FdObh heeknevan wity L deaitorane 8f%?§’%fdm s
after t mcmrepthan cfdctof two hewet stemasisnate Ve theo Lin2@atédoftant, iwhicie asachafs 549 .

Th f k 39 Af
11 ecn HEE 55 1080 ind EURHA Ll X 22 B ke i By Ko et L
(fi g 1998te)1 staet shaws fdpaxinum aftes six weeks vitbnly 1%&%%&@:’ ﬁﬁrmaka a

quant i t gid VAuE§oP B@!Wsys?éfﬁ!s %uapaacﬁ IR vihCapptbk aV%C(Hg %t)ul tra sound

exanj nat i ons (1vus). 5 Experinent's concerni he coating of -
surface h tacroli rrus Pree erlrrentﬁs W|thtolu|d|ne bl ue: First
pre- exp adopthe mestendic Bracefpes wase delemaingd jda queatitative coraeary

tacrol i auglogfémﬂﬂ'(d&ﬁ\ﬂ@icem@ashﬁm oittd souiid xarfiinkfibas (VUShem cal s:
stainless steel tubes LVM 316 :2.5 cmin length, 2 mmin dianeter

~pol yl actide Fluka, Lot. 398555/ 123500, HNo. 0409. 5 toluidine blue :
Al dri chExaople 89, 816-1, HNo. 0430 PBS-buffer pH 774 14.24 g Na2HPO4, 2.72
g NaH2PO4, 9 g NaC Realization: The stent is weighed out on the

| Lght | . I hydrol b
0.5 § poror e aoFRp g ot b wildrotals: o VT TS hear o

to 65 Cin the water bath. The solution is cooled down in the freezing
: Pre-experiments with toluidine blue:

First pre-experiments are carried out with toluidine blue (Aldnch) since tacrolimus
) can be detected chemically quite difficuit.

Chemicals: .
stainless steel tubes LVM 316 : 2.5 cm in length, 2 mm in diameter
polylactide - | : Fluka, Lot. 398555/123500, HNo. 0409.

5 toluidine blue : Aldrich, Lot. 19,816-1, HNo. 0430
PBS-buffer pH 7.4 .+ :14.24 g Na;HPO,, 2.72 g NaH;PO4, 9 g NaCl
Realization:

- The stent is weighed out on the analytical balance and the weight is noted. In a-
0  small hydrolysis tube 0.5 g polylactide are dissolved in 2 ml of CHCl,. Therefore, it
is heated to 65 °C in the water bath. The solution is cooled down in the freezing =
compartment. Thereto are added 200 ug toluidine blue i in 200 pl of CHCls. The . '
stent is dipped into this solution. After a couple of minutes: the stent is taken out of
the solution with tweezers and moved within the fume hood until the solvent‘ .
5 evaporates. Then the stent is dipped in fora second time. After air drying the stent | L
is freeze dried for about 10 min. After the drylng the stent is balanced aga:n The_’
~amount of the immobilized po!ylactlde with toluidine blue i measured from the -
weight difference (sample 1). ' ' B
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conpartment. Thereto are added 200 pg toluidine blue in 200. pl of CHO 3.
The stent is dipped into this solution. After a couple of mnutes the.
stent is taken out of the solution with tweezers and nmWNeweppar B t he fune
hood until the solvent 5 evaporates. Then the stent is dipped in for a
second time. After air drying the stent is freeze dried for about 10 mn.
After the drying the stent is bal anced again. The anount of the

i mobi| i Z'Eﬁl pol yl.actide with toluidine blue is nmeasured fromthe weight

di f f er enceMeEXRpNMEN} is fgpeated analher time wifipthecsame solutinb\(satmple 2D06 47

This experinent is repeated another tinme with the sane solution (sanple 2).
For - I di.pping,.salution.(1.93 m ) which lts f iment 1
(sampl e 15%&%%!&5%%1’5@"5% @0 11 330m TR, EDm eXpEaMEi he.
3! ue in (Sanpk23) mindoéxpeiritteht ah(bahisle 1) i@@hbc_é@wmds.stz"f;hﬁ?ntaitﬂdlif}étdlﬁé in S

i ssolgve [ S ed .i L wo, ti,mes _as
descr ibbego'gggv'gpoggﬂ? %;% d %quﬂat‘%’g@é“(ﬂd%tghgg) ﬂ&ﬁ% gissolyed, 9ying ny

and 180. deriingafher agstept isglippadinio i twe Ginpes 33 desdriteedsatboue. on t he stents
bal anced 200.9 and 205.2 ng. The di pping solution contains 500 ng

pol yl act i e%a‘ggl 200 pg toluidine blue. The bound anount of toluidine blue
can be d for the sanples 1 and- 2 fromthis ratio. In case of sanple

3 2. 755 Mhesuhines i 7 . L5 i d
ssohieated stoatsdidi 4 g 76 0indlara Ao 333 nﬁsréwdqéﬁurﬁoihvd fifd | de

(1 niyhal | - ] t ,on,_sanpl e + 2:approx. e two
.sten:ﬂs) ard(/a&isg|g§/ﬁedr(1a ?{ﬂﬁg&ﬁﬁge ?}?Bﬁ}aggﬁ"iﬁ&ggoélﬁ"éfﬁoi?dﬂ%r absorptions. As the
di pping solution was very viscous which yielded a very thick coating it
was dilu 4 f 4 .. Concentratjons_in '
the di pprﬁnﬁé E%iénﬁgg%ﬁﬁ#@gl%drge%%p?)w%c%@gl 91’%&@8&'%@?%39"%“{‘90&&% ne
bl ue pg/ rhO?'"dlawaﬂtz@fﬁOBJI@ﬁoe@llze zap bEpmeasoedfor3he sasples1. SndBaJrém this 4. 0
134. 5 21Zaffo.\Wicae dplsahipte BULRSS f : TEE i Ry Sanpl e
net [ g%t t|ott L. Ft Pgl;& t ol ﬁng%@%BIC&@ Oﬁ{%gﬁ@@ﬁ%@ﬂe‘iﬁ%@%&@%
200. '!a\grrg ?R’.%P% 4l HE'P 869085 1HPYL Sampled. 3 Ayapprxp 03y Heregwolo. 8
ng 93. 6 stentsmrEJipen into one preparation fo obtain higher absorptions. As the dipping

solution was very viscous which yielded a very thick coating it was diluted from 2.625

ml with chloroformto 4 mi.

20  Concentrations in the dipping solution:

|sample |volume (ml) |c (polylactide mg/mi) - |c (toluidine blue ug/ml)
1 22 227.3 90.9
2 2.2 227.3 90.9

3 2.755 2318 | 363.0
4 4.0 134.5 2125

“Weight of the tubes and the resultant measured coating:

sample |netweight [total weight | Pﬁ&to[uidine blue Toluidiné blue
1 |1760mg [2009mg - |248mg  |9.96 g
2 [18089mg  |2052mg - [243mg _ |9.72pg
(87 [3172mg  [4108mg - |936mg 135.73 g
4 |1808mg |1948mg _ |[148mg |2338ug
5 | | | R |
Example 9 |
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4 180.8 ng 194.8.nyg 14.8 ng 23.38 pg r5 Exanple 9

HEM PO 013WO- SOA Application - - 9 Novenber 2006 48 El ution behavior of
the coatings with different concentrations: As pre- expelglN?E*?fﬂbeaZW\/ i s
~spectra of a toluidine blue sol ut|0n48n ethanol is taken (c = 0.1 ng/m)
and the absorption maxi numis determned. The toluidine blue 5
concentration in the solution is neasured at an absorption maxi num of 627
nm Thereto a calibration curve is generated. A stent is hung into a
beaker iutipndg:haviasfof pivg soatings with difteseoincarideatratiensol ution in a phosphate
buffer pH 7.4 (14.24 g NaH2PO4, 2 72 g K2HPO4 and 9 g NaCl) -and stirred
gently at roomtenperature. Afte 48 and, 120 hours,
each ti#8 Pie-expprmest adyiVis §D?%Fk% ﬁf aﬁe&g@ne@l@é@luh% #vsthaapl i takangi ven

?aC}(m i)@i 2 (?';lfu@l’rﬁl)?érﬁi e abbbriE6A rﬁhgi(r)r(l)lirﬁ i8 (PéiénglgadCTﬁggtggﬁ%nQ %lggg 034 c -
ng

0"y eRpE g abiohgd g S@‘%@b@ﬂ@s'ﬁ' 2798 Sbgorplon Gaghtim PIba Doty 7. o
0.01064 BBeufét@a(blaﬁbra’i&n?curﬁeﬁ;Waﬂacﬁ 0.0008 5.0 0.0256.108.9 0.0131 33.7
3 -0.0004 0 0.0006 4.0 0.0294 - 127.7 0.0136 36.1 ©6 0.0013 5.4 0.0015 8.4

0.0333 147.0 0.0142 39.1 24 0.0017 7.4 0.0020 10.8 0.0527 246.0 0.0239 176
48/ 96 OAcHent isthumaningd 3 Frepkes with12® enlsif pieysinlogiaal spdivm chdaride solution . 4

0. 0038 §h0a Hribshale Bifer ph: DAGHAE § RalhPOrPhiToNy RHPRS, 830 GNAE

di fferent peri or measurjing concent rat| quet te
G117 ot Sfitzed Gonfly at E0as 6Pl urea AT 05 ot 27 61100 dh 13%@ hetirssr t or | 12
and 13 emgtstimesasahplelof 3t meisctaken] MIFsUNGS shestidstaprAlly @ndagikewbatke 0

stents lﬁ&}ﬁ{e t he ezﬂgg ration of the experinent a coating was™still present.
For de n'?r? AP nount's of tol uidine blue and pol yl acti de respectively

which were di ssol ved, the stents were rinsed with water and ethanol and
t hen frﬁmhdlratm:lsmur:i ng labsfer pal anci fabshedn & ter whakls.sb |c

(ng/ml) . |tngtmi - (ng/ml) (ng/ml) |
0 |00002] 0 |-00002] ©0 |00036| 0 |00063| O
05 |-00011| 0 | 00011 | 64 | 00095 202 | 0.0125 | 30.7
1 0.0003 | 0.5 -} 0.0014 7.9 | 00164 | 63.3 | 0.0121 | 287
2 | 0.0007 | 25 | 00008 | 50 | 0.0256 | 1089 | 0.0131 | 33.7
3 [-00004| O | 00006 | 40 | 00294 ] 127.7 | 0.0136 | 36.1
6 | 00013 | 54 | 00015 | 84 | 0.0333 | 147.0 | 0.0142 | 39.1
24 | 00017 | 7.4 | 00020 | 10.8 | 0.0527 | 246.0 | 0.0239 | 176
48/96 | 0.0024 | 10.9 | 0.0033 | 17.3 | 0.1006 | 5248 | 0.0147 | 416
120 | 0.0017 | 7.4 | 0.0038 | 19.8 | 0.1110 | 531.7 | 0.0161 | 485

5 Absorption of the samples after different periods of time. For measuring of the
" concentration the cuvette difference (abs. at T = 0) is subtracted from the
measured value,

- After 12 and 13 c'l’a'ys" réspectiVéIy the experinient was terminated. On all of the

D stents after the explratlon of the experiment a coatmg was still present. For
~ determining the amounts of toluidine blue and polytactide respectively which were
~ dissolved, the stents were rinsed w1th water and ethanol and then freeze dried

- durmg 1 h for balancing them aﬁewvards ' '
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HEM PO10L13WO- SOO Appl i cation 9 Novenber 2006 49 S. final weight initial
weight PL + Tb diss. PL + Tb diss. Th. rem Th. 1 196.5 200.9 ng 24.9 ny
4.4 ng 1.76 pg 8.2 pg 2 199.4 205.2 24.3 ng 5.8 ng 2. 32Npendbendllfy 3
385.4 410.8 93.6 ny 25.4 ng 36.83 pg 9808 pg 4 191.3 194.8 14.8ny 3. 5ny
5.52pg 17.86pg In case of concentrations of 90 pg tol uidine blue per n

di pping solution the released amounts of toluidine blue are so |ow that

the absor pgi E‘eg!gt OTTe tn——case of
a concent.fat Wgﬁalg\g 'Hﬁ%nwéw 5 vgueéistasrgi‘éﬁ?gr gs ghpl e+3f' Wurk in
the measufhb|td@bea. |[200:9megonf@hdengf a4 nighe medaure m{ijace t wo

Sarrpl es I '}1- o+a haalkar nl Ilf [ aVal I I’\ to vi.el hiahédr al in’ )T | Qns I case

of the hi g%e s@%gryrac 202t ol i d?‘f@"ﬁngftﬁﬁcent r 4€i%hha L&H@rl&ﬂ i op
effect segys ppeary e th o= ta ....er '
sanmpl es hpas a%&afarmst ﬁ@%r tra ec?oré}’/%a@?pr of F’ﬁe ﬁgnt gﬁp opt i ng

can still|de|1303det ecttt.8&f ter spusmg [dd/mg After 5§mp§x. 7788 [ he
bound t ol b+d+ne—blue—di ssel-ved in-average fromahout 1/4 -11/5 nce it
results that the sanples still would have el uted tol uidine blue for

aﬁpr IO)c(I . bmtaasbooweehsentwumseoﬂ i90p pg?toﬁﬂumtel slnenpyr Aqt di?pur{goeogjhb{s kthand
-Snou orormc porate 00 as ur|n
the ext rz%%?‘%&gas'ﬁ(g?@tg% y‘?ﬁ‘“@k @"? ﬁ ﬁ?ﬁet}l‘ P RRUBHRLS @55 Jtathge and

- i nhorogesietrafionHimié of Hbe mplegiramater lnocmseeuﬁ aaxamentratnmmlzﬂmmm#heg/ m-)

seenss t 0 vRRiesUkl St co@NB\YE 1Hilurs it ﬁﬁa@h 11% %ﬁf 150;%%8%53&5/&? 6)5 the

sol ution becones extrene VI SCous an
di f fi cul the gepsssemeat t‘ERéﬁﬁlté/Ol%ﬁfEB'e@datq ﬁdl et f@iut;@rewé 107 |yaald théghesr ayi ng

nmet hod: abeoftionsdiimacdse efkane! Bi heéﬂ‘i)o‘ﬁﬂééfﬁfeﬁo%ld}ﬁé ﬂh@pé‘éﬁé%d;%th?@xga”ded

t ent t al n nmet = 0.2
Sr;menvvil ?ﬁg %a@%@&%%ﬁe‘%'ﬂé%éﬁgé]ﬁn%&{]ﬁ e 8“ rfﬁf“é!t'ﬁ‘ sasgref theelhinngsi pnent
and r ot asagipes haQ an Iaimust linelinérajgatoitys Onr &1l bf the dtérits IH6 Routyg chnatill bbe

i nt or ghot” ‘touch the 30 bar. At a feeding anplitude of
2. Zefzom aﬁgfe&% |ng ve 00|ty of 4 cms and a distance of 6 cm between

stent and spray nozzle, the stent is sprayed with the respective spray
sol ut i onAftef EePrene wkaghe diweund toRuidineutiue Jissolvesbin aeenagedremeabout

1/4 - 1/5. Hence it results that the samples still would have eluted toluidine blue for
- approx. 8 to 10 weeks.
15 -
The dipping solution may not be too thick and should be cooled so that the
chloroform cannot evaporate too fast during the extraction as else the thickness of
the coating becomes too large and inhomogeneous. Here the polylactide
concentration in sample 4 (134 mg/mi) seems to be sufficient, above all in case of
20 hlgher concentrations the solution becomes extremely viscous and the polylactide
is only very difficult to dissolve.

Example 10

25 _ Coating of the stents via the spraying method:
B | The according to example 1 and example 2 pre-prepared not expanded stents are
o balanced and horizontally hung onto a thin metal bar (d = 0.2 mm) which is stuck
: ~ . on the rotation axis of the rotation and feed equipment and rotates with 28 /min.
. . -:The stents are fixed in such way, that the interior of the stents does not touch the -
30 bar. Ata 'fe'eding amplitude of 2.2 cm and a feeding velocity of 4 ecm/s and a
d!stance of 6 cm between stent and spray nozzle, the stent is sprayed with the
' :respectlve spray solution. After the drying (about 15 minutes) at room temperature
. and prommately in the fume hood over mght it is balanced agaln |
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and proximately in the funme hood over night it is balanced again.

HEM PO1013WO SGA Appl i cabon 9 Novenber 2006 50 Exanple 11 Coating of the
stents with pure matrix: i Preparation of the spray soPdtorpeer 2966 ng

pol yl actide is bal anced and repl enished with chloroformto 20 g. The stents
are sprayed in each case with 3 ml of 'the spraying solution, bal anced '
before and after the spraying and the yielding |ayer thickness is

determ ned by nmeasuring under the mcroscope 100-tinmes nmagnified. stent
No. bef éP@ndatlilng after coating weight of coating layer thickness 1
0.0193g 0.0205g 1.2 ng 10.4pm 2 0.0193 g 0.0205 g 1.2 ngr 10.4 pm 3 0.0204
g 0.021 1.2 10. 4 4 0.0206 g 0.0217 g 1.1 ng 10.4 pm Exanple 12 i
Coat i ng%f?atmé’fgﬁﬁﬁg%"tﬁne‘{% PHedNaliXi ve agent: Preparation of the spray
solution: 44 ng taxol are dissolved in 6g chloroform The stents are '
bal ance I fter .spraying. stent No. before coating after
coat|’ngqa\ﬂg%'fﬂtﬁfé}?’%gﬁﬁ’%&éﬁn&dﬁrglwg 0.0197g 0.30 ny Example 13

Det er m d6i g polyladtidecis lialancededray replenishedPR@hmidreform to Eagh st ent’ pl aced
in a sufficiently small flask, 2 ml PBS-buffer is added, sealed wth
parafilmand i ncubated in the drying closet at 37 C. After expiry of the
chosen tlieesteRtseargasRrayad da each sasetwith Supbehteasprayingdegiutien.thalaneetl i t s UV
absor pt beforet ad Giftemnths SpRasiHG afhd RV ARG IxferSEidinrRb i§ dfdtermifleliayemoer

enoconpat] bl y equi pped stents wth an-

2006, 51 Example 14 ati.ng of t
aert Ve MyRginder T mitRspop, 100 as magnined.
stent No. | before coating | after coating | weight of coating Iayer“ihic;kness
1 | 00193g 002069 |  12mg 104 ym
2 0.0193 g 0.0206g |  12mg 10.4 pm
3 0.0204 g 0.0216 g 1.2 mg 10.4 pm
4 0.0206 g 00217 g 1.1 mg 104 pm
Exampie 12

3 - Coating of the stents with pure active agent:
Preparation of the spray solution: 44 mg taxol are dissolved in 6g chloroform.

The stents are balanced before and after the spraying.

.| stent No. before coating | after coating | weight of coating |
1 0.0194 g 0.0197 g 0.30 mg

B Example 13
- Determination of the elution behaviour in PBS-buffer:

. Each stent placed in a sufficiently small flask, 2 ml PBS-buffer is added, sealed
7 with parafilm and incubated in the drying closet at 37 °C. After expiry of the
© - chosen time intervals in each case the supematant is depipetted and its UV
' -absorption at 306 nm is measured. S

HEM-P01013WO-SG01Application




Spray solution: Polylactide R&GO2/taxol - solution is replenished from
145.2 ng polylactide and 48.4 ng taxol to 22 g with chloroform scent
spray wei ght wei ght weight of weight of active |layer sBMNaY§eRe B¥ore after
(g) coating active agent thicknes (Q) @gent pg/m*rQ s 10.8mM 0.02180
0.02215 0.35 ng 146 pg 2.97 7.9 pm 2 8 0. 02105 0. 02142 0.37 ng 154 pg
2.08 6.7 pm 3 0.8 m 002247002285038@158pg21498pm 4 0.8 m
0.02395 Q, 02432 0.37 nmg 154 pg 2.08 11.0 pm 5 0.8 m 0.02247 0.02286 0. 39
my 163 pf@MEd41 pm 6 0.8 n 0.02442 0.02482 0.40 ng 167 pg 2.26 12.2 pm
10 Exanple 15 Coating of the stents with an active agent | oaded matri x and

an acti v€oagaot 1a1h tm 1
92 aere r epl eTlléétLed %{{l;ﬁﬂéﬁl%}éh orm fm ctﬁre"%g@coac]?ﬁ%i

and 6. 6. | oro
t axol E’@'@ ffx |7§‘ned with chloroformto 2 g. stent spray wei ght wei ght
wei ghq of weight of active |ayer solution before (g) after (g) coating

active a§pray sbiutisnePeslylactigerRGB0LMaR0IL- GolitioN is

TR T N e

Exanpl e

e@»@ﬁstﬂec@ﬁ%ﬁw 9430 iy 131
pg 2.09 10.1 pm 10

de whi ch contains a

Coating of the stents with an active agent Ioaded matrix and an active agent as
topcoat (fig. 8):

hydrophilic acfive -agent _and with an active agent free matrix as topcoat
(fig. 9):|skei mnreasv@mmp weightn [weight -of[weight- -of] a@ivOVE1agar 200P 52
.Spray solfutiong | asi ating 22 gt pol yl actli de and 22 ng hyfrophilit
active adent afPMaNy, 98 rean[ﬁ‘ﬁeé b1 CoAlAg wi f ACEYR or of a@entt o Bhigkn@sproat :
22 nmg pollyl acti de and ng ppl ystyrgne are bc g ted a lﬁi /rgﬁﬁ ehi' shed
with chldroforimto 5% spray} sol ution before|cBati ng 9 coastingweght
of wei ght|Tof [db8tiing |@AA188 HHB2R15 {0.35mg [146 pg 1.97 7.9 pm

2 0.8ml ]0.02105 ;0.02142 |0.37 mg {154 pg 2.08 6.7 pm

3 [08m [0.02247 [0.02285 [0.38 mg |158 g |244 198 pm

4 0.8ml [0.02395 |0.02432 (0.37 mg [154 g 2.08 [11.0 pm-

5 0.8ml {0.02247 |0.02286 [0.39mg {163 ug 2.20 9.1 ym

6 0.8 ml [0.02442 10.02482 10.40mg  |167 pg 2.26 12.2 pym

10 Example 15

15. Basis coat: 19.8 mg polylactide and 6.6. mg taxol are replenished with chloroform
to3g.
Topcoat: 8.8 mg taxol are replenished with chloroform to 2 g.
| stent | spray weight weight | weight of | weight of | active tayer
solultion before (g) |after (g) coating |active agent thickness.
' _ agent _ pg/mm?
0.85ml'| 0.0235 0.0238 [ 0.30mg | 131 g 1.56 9.7um
2 [085ml| 0.0260 | 0.0264 |0.40mg| 175 ug 2.09 10.1 pm
0 Exgmple 16

~ Coating of the stents with a polylactide which contains a hydrophilic actlve agent
and with- an active agent free matrix as topcoat (fig. 9):
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0.85 m 0.0135g 0.0143g 0.8 ng 200pg HEM -PO 1013 WG SGA Appl cation 9 °
Novenber 2006 53 CLAIMS 1. Conpounds of the general fornmulas la and Ib 5
"FormulalaY HOCH2 NH OHO O HO HO OO NH HOCH2 Z n9Negempdrg00h Y OOC
NH OHOO HOHO O OHHOCH2 10 n wherein n is an. integer between 4 and
1050, Y and Z, independently of each 8€her , represent the groups -CHO 15
- COCH3, - COC2H5, - COC3H7, - COCAH9, COC5H71 -COCH(Cl - 13) 2,

- COCH2CH( CH3) 2, -COCH(CHS)CZHS, -COC(CH3) 3, -CH200O , (C2H4000', -C3H6000',
- CAH800@prayselutiehs:s of said conpounds. 2. The corrpounds of the general

formul a I X} ”rdl to cl ein .Y 20 Z |nde endently of each
ot her, rgg éo %8 &@ ‘%—%ﬂd %me g% balapded 000"
- 4C3H6060da:splﬂBIShedsmtfselhlbmfofmstalEdg conmpounds. HEM P01013V\0 Sco Appficati on-_

9 Novenirghcdf022 md polylactide and 22 mg polystyrene are balanced and replenished
> with chloroform to 5 g.

spray solution before coating | after coating weight of weight of
_ | coating active agent
0.85 mi 0.0135¢g . 0.0143 g 0.8 mg 200 pg

HEM-P01013WO-SG01Application




3.. The conpounds of the general fornmula | b according to claim1l1, wherein Y
represents the groups -COCH3, -COC2H5, -COC3H7, as well as salts of said
conmpounds. 4. A process for the production of the conpo@hdegenfer 2006 gener al
formula la, characterized in that hepggan sul phate and/or heparan sul phate
heparin is substantially entirely desul phated and subsequently N acyl ated
via an acid. 5. A process for the production of the conpounds of the
general formula Ib, <characterized in that a) chitosan is partially

N- car boxyal kyl ated and then N-acyl at@eAIM® b) chitosan is partially

N-acyl ated and then N carboxyal kylated, or c¢) chitin is partially

deacet yl gt ed d the arboxval kyl gted. i 6. The process according to
claimb, qcha &@H@%&%‘ﬁ%ﬁ&?@&%@@ﬂ%%ﬁmﬁ? he half of the anino groups
of chitosan or chitin are acylated and the other half thereof are _ '
car baxyal kyl ated. 7. The conpounds @Jnﬁmgkgener al formula la and/or |Ib
obt ai nabl e according to a process according to one of the clains 4 - 6. 8.
The conpounds of the general fornula |a and/or |b acdprding to ong of the
clainms 1, 2,|3 or 7, characterized in, that the cont eg( of sul phatle groups
per. disacchari 44O@H, is less than 0.005. 9. The conp(yiHds of thg general
formula la a b a 2,

charact eryy ,
with respectfto all
formula |a apdH®
‘characterized in, uence of the sugay substantially
alternating.{11. The conpounddif the gdA€D&@Hrnula I a according to one
of the clainp 51 - 3, 7 - ,1/0, characterized in, -that 45%- 55%qf all of
the am no grpups carry thezgroup Y and the remaining am no groupy carry
the group-Z. ~12. Use of the conpounds of the general fornula to aAqjor Ib
for the production of henoconpatible surfaces of nedical -devices.

HEM PO 013W0O- SGA Appl i catioa 9 Novenber 2006 55 13. Use according to claim
12, characterized in, that the the conpounds of the general formula |la
and/or | b are bound covalently to %@mﬁ‘%{lface. 14. Use of oligosaccharides
and/ or pol ysaccharides for the henoconpatibl e

2 7_or| &,

’fﬁgn | %
of the lgeneral
3, 7 -9,

d/ or cl ai ns

cordin go one of the
ontgnt of fiH4©aAm

00C

HO

10 ' n

wherein

nis an integer between 4 and 1050, ,

Y and Z, independently of each other, represent the groups —~CHO,
15 ~COCH3, —COC,Hs, —COC3zH;, —COC4Hs, —COCsHy;, —~COCH(CHa)z, “ .

~COCH,CH(CH3)2, ~ -COCH(CH3)CzHs,  —COC(CHgls,  —CH,COO, = =

—CoHiCOO", —C3HeCOO, =C4HsCOO, and salts of said compounds. .~ =

- 2. The compounds of the general formula la according to claim 1, wherein Y
20 ‘ and Z, independently of each other, represent the" gmUPS—CoCH :
- —COCzHs, ~COCgHy, -CHCO0), ~GpH(COO, ~CiHiCOO' as well as

~ salfts of said compounds. ' SRR

.. HEM-PO1013WO0-SGO1Application




5 coating of surfaces, characterized in, that of the oligosaccharides
and/ or pol ysaccharides contain the sugar unit N-acyl gl ucosam ne or N
acyl gal act osami ne between 40% and 60% and substanti al | § Neyp@hee?R¥ni ng
sugar units have one carboxyl group %1%{1 sugar unit. 10 15. The use

according to claim 14, characterized

that substantially each second

sugar unit of the oligosaccharides and/ or polysaccharides is
N-acyl gl ucosani ne or N-acyl gal act osam ne. 16. The use according to claim 14
or 15, $harfist eonpedinds ofhthie genérak farandadb addording dy | diioc dseimersin Y

N-acet yl gl th 0 yl_g S
N-acqtyl ga:.lr% %ésgﬁgﬂwgrdl@on%éﬁggp 17Cdﬁ?%Use abi'\%w’d?ér;gg\wtg%ag Isgllt%oi& 15

or 16, charsaidepmpeiinds. t hat the remaining sugar units are uronic acids.
20 18. The use according to claim 17, characteri zed in that the.uronic '

acids aje
accordlng to on

156888 1 e Brdhiefeh 3 e E5pBOfL of 46 WBnerAToAnydoa, The use

char ac erl ze sequence

of said sugararaﬁﬁengeﬂsngbabhanaraa wlpaateeaﬁd&qrrtypaw stiiphale; BepadR igi ng t o,
one of cl ai gibstdntially Sntitdlp dRsLPhbIRFand stib3équdifly Nldyraed ohadn d6d. and/ or
pol ysacchari des conpri se substantlally desulphated and substantlally

N- acyl at ed hepar an suI hate as wel |l arti al N Wcarb ted and
N- acyl at-ed A Rreetss forthe pradyston &f f‘ﬁ HBReuats f ithe 53885’?% @% I%

- bi oljogi cal cﬂcﬁﬁé@t@nﬁé@iﬁttﬂtm surfaces of medical devices conprising the-
follow ng s
dep05|t|on

B e oSl % RatBy pELanRRGeRaeaniRn R Rl By

accordi ng th) one difitoshe ixpartiatly N-acglated and tham N-catbaxyalkgatesbmpat i bl e

| ayer on t
surface of

R’ i WAty adhcerERAFAA B Ph-SaloRpafia, ver on The

HEM P41013W0- SGO Appl i cati on 9 Novenber 2006 56 27.° Method according to
cl aibm A, wWhe grocetslsadwrmogrh@a:tanm % dhayactedized lin thalisubstaptially thechalf s

coated via 4 I ﬁvr% g?@uv\gé’ R EHBER? Srvéhitin re! éte@”&ld o e rHAPp| e
e

and/ or bi ost a

1.

(9]

- 12

-carry the group Y and the remammg amlno groups carry the group Z L

'of hemocompatible surfaces of medlcal dewces

corrprl ses an active agent
ereof are carboxyalkylate

The compounds of the general formula ta and/or ib obtainable according to a
process according to one of the claims 4 —~ 6.

The compounds of the general formula fa and/or 1b according to one of the

~ claims 1, 2, 3 or 7, characterized in, that the content of sulphate groups per

disaccharide unit is less than 0.005.

. The compounds of the general formula {a andfor Ib according to one of the

claims 1, 2, 3, 7 or 8, characterized in, that the content of free amino groups
is less than 1% with respect to all of the -NH-Y groups.

The éompounds of the general formula la and/or 1b according to one of the |

“claims 1 - 3, 7 - 9, characterized in, that the sequence of the sugar units is
- substantially alternating. '

Thé compounds of the general formula la according to one of the c!alms
1 - 3, 7 - 10, characterized in, that 45% - 55% of all of the ammo groups_. _;7 L

Use of the compounds of the general formula la andlor Ib for the productlon
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coval ently and/or adhesively bound. 23. Method according to claim21
conprising the further step c): c. deposition of at |east one active agent
in and/or on the henpconpatible |ayer or the biostabl e?Ney@mber 2006 \et hod
according to claim 23, wherein the at §g&ast one active agent is '

I npl ement ed and/ or deposited via dipping or spraying nethods on and/or in
the henoconpatible layer or the biostable |ayer and/or the.at |east one

ermecompat blgt oRdiny 6 AT 18 bpflkiatized ol s 8 caBtiRPtBeone of
the clains 2ﬂenemfomﬂ@ia ahdiprihard bourhnhcomlemly@)the@rﬁeeosntlon of at
| east one bi odegradable | ayer and/or at |east one biostable |ayer on the

deposs 11 on of st 9?3’“'3?%‘%2%”3?%%'3%@@%%% dss PS8 isiboqbatiiel i ng

to ot of thEORHNY rtacgs, gharacferized in Zbahefrtben@ltgqsacclbamdes apdioron t he
bi ost abl e | ape sadicﬁafme QCtd;ofﬂ mgeﬂ{e I pagt h
according to 8ly é thg cl . %Mﬁér Dﬁiﬁs?ﬁ éét"ﬁdw?%r Iﬁer sl\@te ﬂd Ce)
deposi tion of ﬁﬁalﬁ ‘8&?"‘&% 4&{%@!“} néﬂ@rsmtﬁm@"b{tt Péﬁma"?iﬂ@

bi odegr adabl sugardinits havesxmmd:mbbaylegroop pehsud@mmionpati bl e layer. D 27.
Met hod according to cI aim 26, wherein. the at |east one active agent is

dep t eqlga r Vv [ r yi n and/or in
theq?t Iqejff:lspr‘El é%euslb 4oy racfgg?eb%'n / g‘? gﬁ%r&ﬁﬁgé &FHE?&?‘&@“ Wo€Bbat i bl e
| ayer and/ orS9GeR atsulgééstmlbn@f doe; \MQQWandesjoandlovl gohysaatiearidegndd or 5

adhesi ve cougladdgiifoddifindtor IE3elIdRRR: radabl e and/or biostable |ayer
or the henoco m?l bl e | ayer NPQI%O E(;%?IT@QWO SGA Apphcauon 9 Novenber

2006 57 028 I\/Ethod accor di ng to one of the clainms 25 - 27, wherein the
bi ost abl E-ant}bMSeIRREIRd danFiain e er 15, ehaecienized inthasrinalieeeaseedf bound

on fbe surf ddeaiiglutssamiagi cal-ateyigiacesimhie haRPCOPat it e Layer bf
coval ently hgupd b ddmine N-acetylgalactosamine is concermned.

17. The use according to claim 14, 15 or 186, characterized in that the remaining
sugar units are uronic acids. '

‘18. The use according to claim 17, characterized in that the uronic acids are
substantially D-glucuronic acid and L-iduronic acid.

19. The use according to one of claims 12 - 18, characterized in that the
25 sequence of said sugar units is substantially alternating.

20. The use according to.one of claims 14 — 19, characterized in that the
 oligosaccharides and/for polysaccharides comprise substantia!ly desulphated

_ - and substantially N-acylated heparan sulphate as well as partlally N-
30 carboxyalkylated and N—acylated chltosan |

21. Method for the hemocompatible coating of blologlcal andlor artificial surfaces _
of medical devices comprising the followmg steps ' '
a) providing-a surface of a medical device and - : : ,
35 | b) deposition of. at least one - ollgosacchande andlor polysacchande”f : h |
according to one of the claims 1 - -3,7 f"11”1-14, 20as h"‘ mocompatlb!ef' o
layer on this surface | ¥ ; Gty
andfor ... . ;L-, L L
'b) deposntlon of a blostabie layer on the s
o . the hemocompatlble layer

" HEM-PO1013WO-SGO1Application




bi ostabl e | ayer and covers it conpletely or:inconpletely. 5 29. Method
according to one of the clains 21 - 28, characterized in, that the
hermpconpati bl e 1 ayer conprises heparin of native origin9¥oveBeErds® ectivel y
synt hesi zed derivatives of different ggl phation coefficients and acyl ation
coefficients in the nol ecul ar wei ght range of the pentasaccharide, which is
10 responsible for the antithronbotic activity, up to the standard

nol ecul i.ght of the purchasable heparin of 13 kD, of heparansul phate
and it s%dewe&'g‘ﬁ \%g?ffg'l‘g d8-clain $b| yhareimdhe deemeesompatiliey tawes oyt the

gl ygocal i ;(,hbiod@ﬂé fenasreig (&miettN_'R/iaf RSHiRG Jor é}%rﬁ?ilnbteﬁndétﬂdr%]i %:\‘N?l at' least one

car boxyne 0 ar.t.i Yy N? ac(et)ylated.chitosan,as well as

m xtures of Mi{oﬁ%é%%@ﬂét%@%.b'(l%aé& N’)%‘?rh%'é%c‘a?'ﬂwiﬁeﬁ-@'bﬁé’t%? 2oRNt| ai s
21 - 29, chesvalerthi aredior adhesiaelydoundi odegr adabl e substances for the o
bi odegr adabl e | ayer pol yval erol act ones, poly-s-decal actones, polylactonic
acid, pglyglycolic acid, polylactides, polyglycolides, copolyners of the

pol yl acPdeMelling penofdingdeidiaias21 compsisig the fultheostaptne,

pol yhydr oxyéut @epsusiticiebflat RakY BitE r26ve %?éhag§§nd/&9mm§4§j&ﬁam§mséeﬁnes1

pol yhydr oxybutyr at e- co-\val efates, poly(I, 4-di oxane- 2 | ones),
pol y(1, 3- di_oxdﬁggrzgr&ﬁ'g)l?'o?}@f)@-lﬁé{?%- di oxanones, pol yanhydrides ~as
pol ymal ei ¢ anhydri des, pol yhydroxymet hacryl ates, fibrin,

pol wcyagpa k r tonedi net hy] acryl at es ol y-b-mal ei.c aci d,
DS ol yEbo MR SoaBitd 38 iy 22 “ShPRIn B a® st aind ative APri

ol : gocapr ollﬁgll@ﬁéﬂiedl @adlahdeposilﬁmmxcﬂppingcbm;mayingahgﬂtddsrgsBad{cmiht i bl ock
pol ymers suyg g&,@ 0 y t ) ones,
pol ygl ycol i c t_agiéﬂgt ri _@'gﬁ% !ayg??éngt@;?FO%E%"%C%B?{)?’E‘)&{{°J@%%‘ \ég%gdgfsié

pol y(g- et HAYPuBEREL JF, DRENY (MR- Gavialit appaiait @phesive coupling to the

pol y( DTE- ccthdilossmpatitsié dayerd the bidseatsig g - A-1 m nocar bonat e),
polgorthoesters, pol yglycolic acid trimethyl-carbonates,

pol ytri net hyl car bonat es, pol yi m*nocar bonates, poly(N vinyl)-pyrrolidone,
pol yvi rf.alMetholdeaccopdingdetarieaof thes claghy &l atey] deetpiisiicetise further step

pol yphosphqgst ers, pol yphosphazenes, pol y[p-carboxyphenoxy) propane],

pol yhydroxgent ane acid, polyanhydrides, polyethyleneoxide 35 _ _
pr opyl eneoXd)delepssitionpef valr laashrens bipdegradableatmyerwantVoanaindeasti dneests in
t he backbone, I $eS et (YeTq! ;

pol yal keneoxalﬁggetg?brﬁpsgpﬁ h@gs@gegg@\%\g?‘% taé?laf %gﬁﬁé%’gﬁy%?%,laﬁrpi ds,

car ageenanes,rew‘?ﬁt'f"gg(gen, starch, collagen, protein based pol yners,

HEM P01013\WP- SGA Apphcati on .

d’) deposition of at least one oligosaccharide andfor polysaccharide |
according to one of the claims 1 - 3, 7 — 11, 14 - 20 as hemocompatible
layer on the biostable layer or the active agent layer, respectively:

(&3]

26. Method according to one of the claims 21 — 25, comprising the further step _
oex | :

‘e) deposition of at least one active agent in and/or on the at least one

_ biodegradable and/or biostable layer or the hemocompatible layer.

0
. 27. Method according to daiﬁi"é'(‘)‘,';wherein_ the at least one active agent is
. deposited and/or implemented via dipping or spraying methods on and/or in
.- the atleast one biodegradable and/or biostable layer or the hemocompatible
© . layer andlor the at least one active agent is bound via covalent andfor
5 . adhesive coupling to the at least one biodegradable and/or biostable layer or

. ’ fhé hémobéﬁibaﬁblé:'ié}éi{
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9 Novenber 2006 58 polyam no acids, synthetic polyam no acids, zein,
nodi fi ed zein, polyhydroxyal kanoates, pectic acid, actinic acid, nodified
and non nodified fibrin and casein, carboxynethyl sul ph@theyerabdy2ade,

nor eover hyal uronic acid, chitosane a its derivatives, heparansul phates
and its derivatives, heparine, chondroitinesul phate, dextran,

b-cycl odextrines, copolyners with PEG and pol ypropyl enegl ycol, gumm

arabi cum__guar, gelatine, collagen, collagen-N Hydroxysuccinimde, |ipids,
phosphol £8i d¥ethediatcerdingtesone of thp claimsr2s — 27 drereindtha isstablet Med/er

substances a - t: | h [ 1 - .30
characterize bﬁldr?@%ﬁ?t{?é A?SM t’# %g{’é%ﬁgpg"t@g? ';%%Igésg?\f%{ %P ﬁéaﬁqﬁgfea%ﬁl%a?éa9 Er

pol yacrylic predicdl dgviceand, the bemogempatibjsolayseisngovalenthcbgund to the
pol ybut yl met biastabiatser apalcovery it dbhiifletaPbyRebipRitel i | es, pol yam des,
pol yet heram des, pol yet hyl enam ne,. pol yi m des, pol ycarbonat es,

pol ycar bour et hanes, 5 pol yvi nyl ket ones, pol yvi nyl hal ogeni des,

po: yVi ny1|29deMﬂlh@Ibmbmg tpanevohyhetchains, 2pol 2%3?3@&@1&@, in, that the

pol yvi nyl aro M . in . i.don . . ‘
pol yoxynet hy eng)??_ %F'mtée%%gﬁ%%ﬁ{ é”r?gg%‘%/?i',“ é%ﬁ%{l,\ge[ RQQ'Qn‘g*,S"%?%?%ﬁ%ne,
pol-yt et r af | udYriBesived rfi‘?ﬂ‘llﬁﬂl\!?%r shifferent - udplyatiane coefficienis sand  acylation

si | i cone- pol yesfiigichiscin@ReMmolsdUIAC QR m%pgé%ff\f\eg;%ntasacchaﬁde which is

sili Gone- pol year bo.g%toginur et han&s, polyol et T'ne el ast oneres, ’

“pol y%sobut yI &FBENS! diersantithiambatia ackvigs , ue dop the miandard nmotecutars

po: yar Iyl et pewetgmerdfeuhenparﬁ:hlaehzlwlet lhepaﬁhecsﬁrs?m,s of n@pﬁ%@m;ﬁﬁmt@r&wti{t&ai ate,
pol yval er at €3, XY, y ul.ose, , cell ul ose, rayon, rayontriacetates,
cel | ul oseni té%rf\éagﬁleg’el%ﬁésgégetpﬂ@mh%ﬁj%&y@f Hec Sy ¢ wglycocalix,

cel | ul osebutgesitphated eand| N2 ceac(et)ylzved yhegain, NPleutboxyycbgatid and/or
copol yners, i | LLesi gs . EPDV gu silicones
sucg as poI@@?F@gﬁ?g@%?tfgmﬁ%sﬁ%ﬁaﬁﬁgﬁgi&@%)@T“&Fﬁaﬁ“g’ﬁ Sand

cop ﬁyners, cel lul oseethers, cellul osetriacetates, chitosanes and

copol ymesG: aviefteid attoftitiet ohet HERR: SIITAPEES par %hﬁ?aﬁ%eﬁz%}dzﬁu,ttﬁg{ had

~according tqﬂoge Of %{%e céati s 2]f - él, _caaracterl zed 1n, active
agents are cHOdEHrarABle sHRSIaPEES Tonthe Rigdegradably fayer RAlyvalemiagigaes) |
everol i nus, pyredlahlacioness onmtiylat@nian, atilcr @olyghicolic @did,hr solyRichdes,
congananyci FO USRS, SopbRles" of (MheC ktiacs Man"  Relycolidss™ !
20 ~ poly? &? caprolactone, polyhydroxybutanoic acid, polyhydroxybutyrates,
polyhydroxyvalerates, polyhydroxybutyrate—co—vaierates,‘ poly(1,4-dioxane-
2,3-diones), poly(1,3-dioxane-2-one), poly-para-dioxanones, polyanhydrides

as polymaleic - anhydrides, polyhydroxymethacrylates, fibrin,
| polycyanoacrylates, polycaprolactonedimethylacrylates, poly-b-maleic acid,
5 ~ polycaprolactonebutyl-acrylates, muitiblock polymers such as from

oligocaprolactonedioles and oligodioxanonedioles, polyetherester multiblock
polymers such as PEG and poly(butyleneterephtalates), polypivotolac'tones,- |

po!yglycoliq acid trimethyl-carbonates, polycaprolactone-glycolides, poly(g-

e:thylglutamate), _ poly(DTH-iminocarbonate), poly(DTE-co-DT-carbonate),

30 poly{bisphenol-A-iminocarbonate),  polyorthoesters,  polyglycolic  acid

' trimethyl-carbonates, polytrimethylcarbonates, polyiminocarbonates, poly(N-

- vinyl)-pyn_'olidqne, polyvinylalcoholes, polyesteramides, glycolated polyesters,

o polyphosphpesters_, polyphosphazenes, poly]p-carboxyphenoxy)propanel],

L polyhydroxypentane . acid, polyanhydrides, polyethyleneoxide-

e propyleneox&desoft polyurethanes, polyurethanes with amino acid rests in

f ‘the ':‘ffff_:;f-':fﬂ_l);ackbt)n:(_a; " “polyetheresters ~ -such as polyethyleneoxide,

S ;A:_pqiyal:l_(g_meqxallatqs, f--"p__olyoz_r_thoesters' as well as their copolymers, lipids,

. camageenanes, fibrinogen, starch, collagen, protein based: polymers,

HEM-PO1013W0-SGOl Application




folinycin, cerivastatin, sinvastatin, lovastatin, fluvastatin,
rosuvastatin, atorvastatin, pravastatin, pitavastatin, vinblastine,
vincristine, vindesine, vinorelbine, etoboside, tenipoSiNggembsradlstine,
carnustine, |onustine, HEM POL013WD,.500 Apphcation 9 Novenber 2006 59
cycl ophospham de, 4-hydroxyoxycycl opfiospham de, estranustine, nel phal an,
| fosfam de, tropfosfam de, thynosin a-1, chloranbucil, bendanusti ne,
dacar bazi ne, busul fan, procarbazine, treosul fan, trenozol om de, thiotepa,
daunor ubi ci polyarairar ubicicisn, syotheticbi polpamém r abidsi n,zefn,m traxdifidd ozein,

> ety t i kﬁf*‘(}“&%@aﬁé’%oxy@t%@ﬁ? S, pdiREY SN magitiéa 20 1
tialin), fl @hfmem pasan, earhoyrogihy| t&!bumlradmltﬁqver hyalueeriic agidh i ne,

t hi oguani neghithas 2N déﬁ%&@é’fﬁ@ddranélﬂmété@%hﬂﬁts &@rlﬂ%ﬁ*v%bh dffarine,
docet axel , .carpoplatin, cis

| atin, ansacrine, not e
t opot ecan, ‘i@"ﬁ@?)ﬂﬁ?%ﬁ?@&m "aPn pl' M neﬁeﬁPBE’{V&?“Frﬁ with dge%@eﬁﬂ
]Eretl noi n, pdymw@nagmol mmpgraﬂmmagaaat  Iqelstins, colRgent @t‘)ﬁaged-N—r ozol e,
or nest ane, ut.et hem agri C pi_ramycin
cephar anti Hy@]@(ﬁﬁ&c "ﬁ“ %nﬁplg%lpr\oggé?fpdﬂs'l mﬂ‘ﬁfﬁaﬁ)“ﬁ gpSPR&'i‘{’m?ésA and
B, m toxamnda‘aemndumkofdb%e]eubstgnoqahamhsﬂdmf etil, a- rryc anti sense, b-myc

| 15 antisense, betulinic acid, canptothecin, Pl-88 (sul phat ed
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canpt ot heci polyvinylkefbhest i n, mhywytmwgmdasbodu epolwingidenbaldgenidashe

muscl e cell, d?gégh%%ﬁ{eﬁ&' 0330!%565:% hagoni 54 mﬂéﬁﬂHé@s’ P gmg)lé’sﬁg:‘éqs 25

1, 11-di net hoxyca roxy-11- oxycant hi n
scopol ect i rPoiyanyipyreflideneso dome ygxxmm%anem aepwmtrqrﬁ@thmneamdﬁ ate and
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f 3-estradi ol estradi ol ,, fosfestrol,

o oxor o RelyeiPeftaRes, 1 tobe TR Bapss . aliQBR It T bt
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EPDM gums, fluorosilicones, carboxymethylchitosanes,
polyaryletheretherketones, polyetheretherketones, polyethylenterephthalate, -
polyvalerates, carboxymethyicellulose, cellulose, rayon, rayontriacetates,
~ celluloseniirates, celluloseacetates, hydroxyethylcellulose,
5 celiulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers, |
N polysulphones, epoxy resins, ABS resins, EPDM gums, silicones such as
polysiloxanes, polydimethylsiloxanes, polyvinylhalogenes and copolymers,
- celiuloseethers, cellulosetriacetates, chitesanes and copolymers and/or
mixtures of these substances are used.

32, Method according to one of the claims 21 — 31, characterized in, that the
- active agents are chosen fnom the group which contains sirolimus
 ",5. {rapamycin), - “everolimus, plmecrollmus somatostatin, tacrollmus
" roxithromycin, duh_aimycin, ascomycin, bafilomycin,  erythromycin,
‘- midecamycin, josamycin, concanamycin, clarithromycin, troleandomycin, -
“folimycin, cerivastatin, simvastatin, lovastatin, fluvastatin, rosuvastatin,
- atorvastatin, pravastatin, pitavastatin, vinblastine, vincristine, vindesine, -
_-‘_.{:\{_inore_l_b:ihe, ,etot_).o'_sidre,.-._,tgniposide, nimustine, carmustine, lomustine,
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cancer, verapam |, tyrosine kinase inhibitors (tyrphostines), cyclosporine
A, paclitaxel and derivatives thereof such as 6-a-hydroxy-paclitaxel,
baccatin, taxotere and others, synthetically and from R&bvambesdifieces
obt ai ned macrocyclic oligoners of carggn suboxi de (MCS) and derivatives
thereof, 35 nofebutazone, acenetacin, diclofenac, |onazolac, dapsone, o-
car banoyl phenoxyacetic acid, lidocaine, ketoprofen, mefenamc acid,

pi roxi cam el oxi cam chlorqu|ne phosphat e, penicill am ne,

‘hydr oxychl or SYGIORBOSEhAT s i n, 4dwdimnyeuyerdiophasphamidexacepstiamustinecoxi b,
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Vi Lrogect n, TRGRE HondBARNLRL BiedhiRAS ki o HetibesiR. Fhatbkeline of
aci ds i ncor p&ﬂﬂdﬁ@bmﬂ‘atZrnwtgﬂﬁllazcdldmﬁ—ﬂitiedlsarbm&luandnd?lﬂéllm—rl\mg(lsm:hem salt
| am nogen agfi r [ -
gnt i senge oIQ)F %ﬁml gg??@[ﬁés'@y?}r@%%peg@%t?tf %&H % ve agéﬁ) P?bm t he
group of anlth' pueiips. syl@biecdramusacl. geraeitahine, ncalé@lf@bll’tﬁ, drmtaxelxl n,
t0|b1[ anyci 3 caebuplats i gmspl@ﬂhCI |dx1aﬂ|§faﬁ§0[1 @ﬁséﬂrﬁboxﬁﬁhbt'etgta?oogﬁﬁbﬂaelszgﬁ“ "
ni_da i.t hromboti cs -
zgm X1 ?r?b esé‘yﬂﬁ%&? @aEH F hr'@ﬂiﬁfﬂs'“& vaPERiR &f '"'co@l&ﬁ "énox@ﬁ@ﬁ'q'ﬁs
desul phat ed asparaginasaget wegaspataspar i anasirszale, pl ex@m@em aclleiretsle,

neparin, i s, Al ﬁﬁ'*é‘ﬁ%ﬁ@ﬁg PR AR, PN nese.

st rept oki naséepb@ﬁaﬂﬁm ﬁermrgﬂyk.smgq:ro satenn B:lmblk)r‘:ﬂmhemﬁhﬂbrwuﬂaandcm,e, |
i e an
trapidil, ni H@&éﬁﬁéh@eézatﬂ%mea% re?fo?al@ﬁ?@tt@%—l‘:&b%ﬁfﬂ%@ﬂgé BLALE:

_ n, ACE i such capt op I srnopril,
2%%“ 1, | 89@?? (i?tersﬁ'i"lfb? &C s‘@mmﬂkﬁww Bl-88 @ [aligosaeghasided: |
i nterferon amdkmddéstldmummglhtﬁm ﬁta&tlvatéﬁrp%t@h C, i p@kiphbitor,

ont sense of (AR HECRS Hetersd Sﬂ%h@‘?trs SUEAIcaoh BB actdl B8NS A o
61, 62, B6 anbognphyliptaxin, heiu&in ‘tposiophyliic , aciv| 2etliythydrazidea mgtgrambeﬂml s,
GEr aaeues (RLOMDSIE, pRuhERish b i IS R ol
et op%g i de, dﬂ@%&i& dacarbazing. agyemesian,  letragel. navssarelin,mehaphalomannin,
procai ni m d, basiliximab, trastuzumab, daclizumab, selectin (cytokine antagonist), CETP
inhibitor, cadherines, cytokinin inhibitors, COX-2 inhibitor, NFkB, angiopeptin,
ciprofloxacin, camptothecin, fluroblastin, monoclonal antibodies, which inhibit
: the muscle cell proliferation, bFGF antagonists, probucol, prostaglandins,

25 ~1,11-dimethoxycanthin-6-one, 1-hydroxy-11-methoxycanthin-6-one,
scopolectin, colchicine, NO donors such as pentaerythritol tetranitrate and
syndnoeimines, S-nitrosoderivatives, tamoxifen, staurosporine, B-estradiol,-
a-estradiol, estriol, estrone, ethinylestradiol, fosfestrol,

_ médroxyprogesterone, estradiol cypionates, estradiol benzoates, tranilast,
30 = kamebakaurin and other terpenoids, which are applied in the therapy of
K cancer, verapamil, tyrosine kinase inhibitors (tyrphostines), cyclosporine A,

. paclitaxel and derivatives thereof such as 6-a-hydroxy-paclitaxel, baccatin,
~ taxotere and others, synthetically and from native sources obtained
‘macrocyclic oligomers of carbon suboxide (MCS) and derivatives thereof,

35 : - mofebutazone, acemetacin, . diclofenac, lonazolac, dapsone, o-
L ‘" carbamoylphenoxyacetic acid, lidocaine, ketoprofen, mefenamic acid,
. piroxicam, meloxicam, chloroquine phosphate, penicillamine,

hydroxychloroquine, auranofin, sodium aurothiomalate, oxaceprol, celecoxib,

HEM-PO1013WQ-3G0Application .




retinoic acid, qui'ni di ne, disopyrinde, flecainide, propafenone, sotol ol,
am dorone, natural and synthetically obtained steroids such as b@ophyl lin

A, inotodiol; = maquiroside A ghal aki nosi de, mansoni n8No¥emkes % de,
hydrocorti sone, betamnethasone, dexa asone, non-steroidal substances O
(NSAI'DS) such as fenoporfen, ibuprofe I ndonet haci n, naproxen,

phenyl but azone and ot her antiviral agents such as acyclovir, ganciclovir
and zidovudi ne, antinycatics such as clotrimzole, flucytosine,
gri seof ul vi B;sitokteriac onarieestiomirg nazmydecaips! at polidéeriol naf nogivamide, pr ozoal

agents such ro fl e, r
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13, 18- dehyd Rtlﬁoﬁcé%’&%ﬁ' 9¥'8ér\é&P€>@ﬁrééfBzotﬁr?‘XE&Eb[dr c%féuﬁ@dt&rah@& é' lol, __

triptolide, noreover cynarin och
hydr’oxyanop@@?‘ﬁmycﬁherﬁﬁﬁmﬂ"n%r @@J@hneaﬁandwlom@mﬂer igxacilling heaulf@namldeﬁﬂ or i de,
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bi | obol , wgﬁ?ﬂc ar‘h‘%mpw Siyajrudigy spym . 1enoxeReE nge ighatschanl oy, de,

I as: ocar pl nie;reaoetylxted| hem&lrm;Oﬁsﬁmhl ﬂasnmml N\dctivtox| erpI]b.lHta Qlatelet A Flnd
, arr eat i C Q no nmano

s ooy e S HBEfor FRCIEE R HRRRA hunddd BébAR, RS Fiam

pancr at i st aPPﬁgCKl r protemime, thiahaﬁda,t herairokinaee, skeptokinaseni rm;rfarln

ari stol act Iatgl‘oﬁla'laseb\é%tfaﬁfrgcgdcw B€ di égﬁéﬂniﬂd?& Ot?égﬁi&ul %tra@n@gme%k'

ursolic ac eOXé\DSOI’ ospermn Ilb3UI né.l’l ne manv»u
~wheat aci d, aMBORPISEPHAT 85 .tﬂazqmwm@m%agﬂuwm n‘bCEHBF ANy 8Y¥Ghas veH) |

sphat hel i ac&upwpm, Gilaiza ﬂhWiélmcﬁpnIWBél’@ékbﬁi}e los&rtdrg DksispReasK ABRIbIBES,

di hydrousanbar Xyusambarine, o str nt am ne

st r ychnophy# 08 h}aWBB f ‘eg {'I'i Perki fe @ "5% ﬂe ANE - FNAIGRIEH. ne,
oxoUshi nsumeretommmmeei | apopitesiscinhibitors) | apoptosis regulators such as p65,

‘ NF-kB or Bclxl. antisense oligonucleotides, halofuginone, nifedipine,
tocopherol, vitamin B1,B2, B6 and B12, folic acid, tranirast, molsidomine, tea
polyphenols, epicatechin gallate, epigallocatechin gallate, Boswellic acids
and derivatives thereof, leflunomide, anakinra, etanercept, sulfasalazine,

5 -etoposide, dicloxacillin, tetracycline, triamcinolone, mutamycin, procainimid,
retinoic acid, quinidine, disopyrimide, flecainide, propafenone, sotolol,

amidorone, natural and synthetically obtained steroids such as bryophyllin A,
inotodiof; - -maquiroside A, ghalakinoside, mansonine, strebloside, -
hydrocortisone, betamethasone, dexamethasone, non-steroidal substances

0 (NSAIDS) such as fenoporfen, ibuprofen, indomethacin, naproxen,
phenylbutazone and other antiviral agents such as acyclovir, ganciclovir and

Zidovudine, antimycotics such as clotrimazole, flucytosine, griseofulvin,
ketoconazole, miconazole, nfrstatin, terbinafine, antiprozoal agents such as

S chloroquine, mefloquine, quinine, moreover natural terpenocids such as

5 - hippocaesculin,  barringtogenol-C21-angelate, 14-dehydroagrestistachin,
o agroskerin, agrostistachin, 17-hydroxyagrostistachin, ovatodiolids, 4,7-
 oxycycloanisomelic acid, baccharinoids B1, B2, B3 and B7, ‘tubeimoside,

- bruceanol A, B and C, bruceantinoside C, yadanziosides N and P,

HEM-PO1013WO-SGO1Application




met hoxyl ari ciresinol, syri ngaresi nol, unbelliferon,-afronmson,

acetyl vism one B, desacetyl vismone A vismone A and B. 33. Mt hod
according to one of the clains 21 - 32, characterized. Phovemr20e 25
deposition or the jmobilisation of th§1 ol i gosacchari des and/ or _

pol ysacchari des according to one of the clainms 1 - 3, 7 - 11, 14 - 20 i's
achi eved via hydrophobic interactions, van der Waals forces; electrostatic
i nteractions, dro%en bonds, ionic interactions, cross-Iinki n%dand/ or

coval ent . bolf@Aggxveephantopityitemengbaniopinyfapndds ccorpnaria AeBhbdand ddr di ng
to one of thersdliei rwRid, 1-hy§»$‘at:c335amﬂfbd!\ CaleofifY | %rlnﬂﬁﬁélﬁhéhéihem%WJrﬁ&%lOf the

dical d t dd | ea egacent
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PN P G 3w 0 ASBEhMd, bibtalts, ThdieBbed pipodiin, Snddymadis istofoghig acid,
accor di ng t 03BPRIEAN3S5, hydrexanepiedar  anemenine orpatadsiemoniay erbesbeliee, ween
two henmpconmpahéliturin a¥RoRdal cR&iN,ONSINBLE c}ﬁlﬂé‘ e R5tatty) oﬁegé@(gi \t/é‘ler oin

| ayer is present i cal devi ce agcor

ai s
t he hermcorrp‘é‘t“i"ﬁfsé’%al"%%r Ars USHTBHE. c&ﬁW@?@ﬁ'&'%dMﬂ'"%c&ﬁlﬂ"@ﬁel J2bth at
| east anot hehydrosymeahadient3 R0atiord) gu@mg ;@m%&ld ﬁl@gtﬂi&' %cidaYRélen§ﬁn
- Medi@Gal devi or or ne agct’i ve -
agen@al ayer ?@' &éseﬁw%ﬁw#fﬁ??‘fe bPﬁ@?ﬁm'%e'andWBtOdé‘?lodegfé‘Bﬁ’aﬁe | Y&er and
t he hermcorrpmdanwilbm juahmdlh Aoami iB; darrastit, eamuotmm andllgtockrofmanal,i ve,
antiinfla v | gnf’
adhesi vel L”*E'%ﬁ‘a%‘yﬂﬁmfgﬁt‘%@dé IO cOeciBhE! &, o g A\ v BIERE o5
38, wherei n Xeondigisy oHEirgﬁﬁ‘ﬂf?:prdﬁnpé&tlﬁatW ém@delmﬂeamwblspalslhmme
antlthronbotmmmhtnscmmenhnst@:émmdqnCO%&J,p%%b}aoﬁdiﬁéor é%#rglb o%ﬁie)' A
and/ on tr@m co atible la eé acrjl / or he bi ost abl e A
bi oo’ gr adabl qa@ﬁ , ursolic dci eoxypsorospermzn psycorul |n ncm
sanguinarine, manwu wheat acid, methylsorbifolin, melanocyte stimulating
hormon  (alpha-MSH), sphatheliachromen, stizophyllin, mansonine,
strebloside, akagerine, dihydrousambaraensine, hydroxyusambarine,
, ~ strychnopentamine,  strychnophylline, usambarine,  usambarensine,
20 berberine, liriodenine,  oxoushinsunine, daphnoretin, lariciresinol,
methoxylariciresinol, syringaresinol, umbelliferon,- afromoson, acetylvismione

B, desacetylvismione A, vismione A and B.

- 33. Method according to one of the claims 21 — 32, characterized. in, that the
25 _ deposition or the immobilisation of the oligosaccharides andfor
polysaccharides according to one of the claims 1 3, 7~-11,14-20is
achieved via hydrophobic interactions, van der Waals forces, electrostatic_'
interactions, hydrogen bonds, ionic interactions, cross-linking and/or covalent
bohding.

30 :
34. Medical device available by one method according to one of the claims 21 —
33.

35. 'Medical device, wherein the surface of the medical device is coated directly
35 andfor via at least one.interjacent biostable and/or biodegradabie_ layer - -
* and/or active agent layer with a hemocompatible layer comprising at least
one oligosaccharide and/or polysaccharide accordmg to the claams 13, 0
7-11,14 - 20. '
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40. Medi cal device according to one of the clains 35- 39, characterized in,
that the used active agents are chosen fromthe group, which contains
sirolimus . (rapanycin), everolimus, pinecrolinus, sonat@iF%WPW”ZP%%rollnus
rroxithronycin, dunai nmycin, asconycin, afi l onycin, erythronycin, 5

.m decanyci n, josanycin, concananycin, clarithronycin, trol eandonycin,
folimycin, cenvastatin, sinvastatin, |lovastatin, fluvastatin, rosuvastatin,
atorvastatin, pravastatin, pitavastatin, vinblastine, vincristine,

vi ndesi ne, vinorel bi ne, etoboside t eni posi de, ninustine, carnustine,

| omust i X tine, O
ol phal 30 MeSicA NI ABLTInG' 10 R 88 e oPRTeY G, AEmobBlpRbRY

dacar bazi neIaYBuslmb%tweeprta)@ah@@@pﬁmpatib&)mer%@t leastrans hiostable and/or
trenmozol om ﬁ%deﬁgédﬁtﬁ@ﬁayetrr tddehi- met hyl t hi azol i di ne- 2, 4-di car boxylic

acid), tialin- sodium salt of tialin), aunorubicin, doxorubicin,
acl axubicin, epi rub| cin, mtoxantrone, idarubicin, bleonycin,. m torryC| n,

??CEII nOgY ci MSecﬁ(aa’rﬁided Qé@cﬁrﬂmd twdwr?bldste gr 36, wherem the hemocompatlble

udar abi ne; i hydr n t ribine pyrine

i oguani nelEy L 5 SEPREF SGGPGAY el qintentisiefe Wit 4C s pather

docet axel , Slapnamﬂea{lt bigstatile gindfanhiodegiadable iager. amsacrl ne, irinotecan,

t opot ecan, hydroxycarbam de, niltefosine, pentostatin,

HEM PO 013WO- SGA AppHcati on 9 Novenber 2006 63 al desl eukin, tretinoin, -
aspak agPiasMedica) ascorgings to slaims 36xenBé: wherein| @t leasboae agiveest ane,

ami nogl utet§ tda euaié.r;bréguﬁﬂ lﬁbm@éhtthb%ﬁbﬁle aﬁdybmraaégrhdawiwewﬁdn smc
prollferatlgin nh| i tor- ﬁv epot hil.one A and B, mtoxa

azat hi oprin Pﬁ&’lﬂﬂ?@?ﬂﬂ %@%ﬁrr IWh"Eh rﬁﬂf“%’i'ﬁqsséhé"eas bo’?ﬁ/@“gpﬁ?w‘?@gﬁ%’e
bet ul i ni ¢ aantfinflammdtotyheand’or Panfiirgmibbiib atetive| agastaaoivalentlg) ,and/or

nel anocyte g@h%{&%%b;&gpgormn (a-MsH), activated protein C 'I1L1-f3

i nhi bitor, and its esters, dermcidin, calcipotriol,

taca ci toI | apachol , |3- |apachone, podophyl|otoxin, betulin, podophyl lic
aci d 2-8 Myﬂff -

| anogr ast im(r- éeggl? aéwéﬁfxg%%ai%ﬁ]m&‘n%@%, ng\lgfr}%azrli ‘r%g et rozoI

goserel i n, . 2BHP %ﬂr@ﬁw.@mmﬂamra@tqw arRgfer aéwévfembamc agtive pgentigipound
dacl i zumab, c@\ailéﬁﬂy and(dnédnesw #NbAdWT 6l the B doMpdiibledfayet aagsn nes,

canpt of heot e FiphiEbl aatior big TRt Y&t | bod 25, - whi ch choroft oxacin
musd@ e cell proliferation, bFG- antagonists, 15 probucol, prostaglandins,
1,11-di ggt hﬂf@ﬂ?@di‘td@'vﬁefsa%‘?dm& 106 HLSY thbletaims 35 - 39, characterized in, that
the used active agents are chosen from the group, which contains sirolimus
(rapamycin),  everolimus, pimecrolimus, somatostatin,  tacrolimus,
roxithromycin, dunaimycin, ascomycin, bafilomycin, erythromycin,

5 midecamycin, josamycin, concanamycin, clarithromycin, troleandomycin,

| folimycin, cerivastatin, - simvastatin, lovastatin, fluvastatin, rosuvastatin, _
atorvastatin, pravastatin, pitavastatin, vinblastine, vincristine, vindesine,
vinorelbine, etoboside, teniposide, nimuétine, carmustine, lomustine,
cyclophosphamide, 4-hydroxyoxycyclophosphamide, estramustine, -

o melphalan, ifosfamide, tropfosfamide, = chlorambucil, bendamustine, -
dacarbazine, busulfan, procarbazine, treosulfan, thymosin o1, -
tremozolomide, thiotepa, tialin (2-methyithiazolidine-2,4-dicarboxylic acid)‘ 5 sel
tialin-Na (sodium salt of tlalm) aunorubicin, doxorubicin, aciarublcm,__
epirubicin, mitoxantrone, idarubicin, bleomycin, . mltomycm dactmomycm _A

5 . methotrexate, fludarabine, ﬂudarabme—5‘~dlhydrogenphosphate cladnbme ,

‘ ‘ mercaptopurine, thloguarune cytarabine, fluorouracil, - gemc:tabme
capecitabine, docetaxel, carboplatin, cisplatin, - oxaliplatin, amsacnneu'f
irnotecan,  topotecan,  hydroxycarbamide, 'mi‘l_tezfd_sine,, ~ pentostatis
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met hoxycant hi n- 6-one, scopol ectin, col chicine, NO donors such as
pentaerythritol tetranitrate and syndnoei m nes, S-nitrosoderivatives,

t amoxi f en, staurosporine, f3-estradiol, a-estradiol, esPMoygmbesg@deone,

et hi nyl estradi ol, fosfestrol, nedroxypgggesterone, est radi ol cypionates, 20
estradiol. benzoates, tranilast, kanebakaurin and other terpenoids, which
are applied in the therapy of cancer, verapam /|, tyrosine kinase

i nhi bitors (H%‘jﬂ?tl nes cycl osporine A paclitaxel and derivatives
t her eof such FW SSREraga3ee, pagaspatase, anasioezale, examesthaes,
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ket opr of en, mtcmaatmne mamlomn&)xmeophemilatmofam cshiyoxamisenee pbcmpdﬂa '
enicgllamn r | f S

gxace%rol cgpgg%%%%imle é&?‘ p%{ﬁ%&nﬁt H;r??nésq“#ﬁtégc 19?}88% d%&canol

noni vani de, B8 P@Q‘Bﬁ%ﬁﬂm'at'ﬂﬂe*ﬂm e MSHd) @Chyatedlﬂrptalrc iChdl-1-8 hdstor,

( Cal bi ochen) fum&Ak Rl hndCits hersa efmfidin, bak 1“?ac£|a&ﬁdga?%{cﬁo| 100

protein, bagitracin, éﬁ@}ﬁf[nr tor ant onlsts azel
- guani dyl' cycl3& OBE; kY yliptoxuy, !’bl PGQOEJ‘?Y et asidprbetviydeazidend - 2,
f ree nucl ei crrmigmnostmwtﬂmwmﬁﬁ peyhotepferdi a2, thAoyidstim (:*’-HOGDCSF rs

acti va?orRN;A\n ortéhag'%ﬁga%ggg%% ’S‘%Cyt 3%"?‘%73’5-. :)923:5' bl?)&%lrzcﬁﬁﬂﬁﬁ P I GF ‘1

‘active agent Haﬁtttmmabe greoeatan, abasiltimabg s dedlizurasb c ealdotini l(cytoEih&ZOl in,

facl
di ol oxaci | f.eﬁ;*fggz%* ) GERTP Btibflor, cABRCATRE o BiRipiard EASXARnpitar.
---------- vangiepentin 6 cipsafigxacin ncamplathecin: i flurpblasting dsorecionals
ar gat r oban, aﬁtstbasdues Wardm Iursmbu théymda@lel eemrﬁrbﬁfaféﬂ@w er@FVéhi qusﬁisfi's

eparl n, I SSue

g?grs]%dnogen ﬁ'&q or p“@?f'l’ PF‘a a{]g? é#@? ace We W@epthh)’ oyt Xa
i nhi bitor anmebmbsycahﬁ]mﬁmne hlS(lﬂIlbIOchtlh- hlcbld:ﬁlcﬁhe 5 W%nwt @urﬁﬁl as
o oo cre AN "BAmoIEE S il B age St
triazol opyri tﬁnawm nandsteemmneAcHheﬁwadnol or g-esirddicls ceitiolpr i estrone
o ratyel | oIRoRd, ereBryl, RSB SR RIS,
s er?‘gm n bl ggt@cf EIIBO nzoates, tranilast, kamebakaurin and other terpenoids, which are
applied in the therapy of cancer, verapamil, - tyrosine kinase inhibitors
(tyrphostines), cyclosporine A, paclitaxel and derivatives thereof such as 6-a-
hydroxy-paclitaxel, baccatin, taxotere and others, synthetically and from
native sources obtained macrocyclic oligomers of carbon suboxide (MCS)
25 ~ and derivatives thereof, mofebutazone, acemetacin, diclofenac, lonazolac,
dapsone, o-carbamoylphenoxyacetic acid, lidocaine, ketoprofen, mefenamic
acid, piroxicam, meloxicam, chloroquine phosphate, penicillamine,'
hydroxychloroquine, auranofin, sodium aurothiomalate, oxaceprol, celecoxib,
-sitosterin, ademetionine, myrtecaine, polidocanol,  nonivamide,
30 levomenthol, benzocaine, aescin, ellipticine, D-24851 (Calbioche'm)‘: '
colcemid, cytochalasin A-E, indanocine, nocadazole, S 100 protelna
bacitracin, vitronectin receptor antagonists, azelastme guanidyl cyclase S
stimulator tissue inhibitor of metal proteinase-1 and -2, free nuclelc ac:ds,:
nucleic acids incorporated into virus transmitters, DNA and RNA fragments S
35 plaminogen activator inhibitor-1, plasminogen activator lnh|b|t0r~2 antlsense'ff : ’-;:-' _
* oligonucleotides, VEGF inhibitors, IGF-1, active agents from the ‘group of-”-'f?{’fj""“" o
antibiotics such as cefadroxil, cefazolin, cefaclor, cefotixtn tobramycm e
gentamycin, pemcﬂlms such as d:cloxacnllm oxacu!lm sy!fonamtde_s,
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apoptosis inhibitors, apoptosis regulators such as p65, NF-kB or Bcl-
anti sense ol i gonucl eoti des, hal of ugi none, nifedi pine, tocophero
tranirast, nolsidom ne, tea polyphenols, epicatechin g%NP r 2006
epi gal |l ocatechin gallate, Boswellicggcids and derivatives thereof,

| ef |l unom de, anakinra, etanercept, sulfasal azine, etoposide,
dicloxacillin, tetracycline, triancinolone, mtamycin, 5 procainimd,

retinoic acid, quinidine, disopyrimde, flecainide, propafenone, sotolol,
ami dor one, metionidazehd ai'ﬁﬂ“lfQ@bDb@ﬁ | w@bt a$ natyairobeni despitish akciximab,

bryophy* I'l 'erﬁheﬁé‘%hﬂﬂir@l'nbamélﬁﬁ@hd%oﬁmaﬂhﬁ'é%x%?%hﬁedegaﬁﬁﬁi@d"ﬁnd
strebl osi de,” hydrocorti sone, betanet hasone, dexamne as?ﬁémggn@?t e 0| dal
i

subst ances Nﬂs;ap%jat%chea%mf efiepin fféﬂsmﬂrﬁlﬂﬁf‘oﬁé’ﬂ"atpﬁd
naproxen, phembrahbazesptorfhctrel irthititos amiboaigem:,@aﬁmhmminamhdm r,

ganCJ clovir [ do dine, anti ot I cs,Su cl ot
PruGtosi nePPACK ScBRDM, RBliRIRSs, Straiiaifin Falipifas pipkinase,
t er bi naf i neyasm:hlatmsz;ueh asac@yrﬂmtdde,cinaadﬂ,cthtropmqmdes PR3 aqtaguﬂlstqm ni ne,

mor eover &l'ﬂ%ﬁ" as ﬁﬁ%BE)rﬁgtlﬂﬁdqé‘%d%&ﬁ@gﬁmo%@éQHIlnPRors such, as, captoprl

barringt ogen oagrostistachi n, agros
- agrosti st ac@ilazapiil- lwmm&,ya@aiaamh éQS%&ﬂfh thiopyetease c;nhlbgors prostacyclln
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bruceanol A, nd C. .hQruceanti nosi de
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u][ fsol I ct aci dnt:émbablngnmmlebtﬂeszchlatofngmme lnifedm rrm:abhem,ymmralsl gl 0
e usanti n ni,n Q auni n,
oo MolsidShi's8a dlfieRols. SPEHih i, HiGaRE A schin oA P21
and B, regeBoSweulctarmqln @hdd@nwahve@\tleereof/nbﬂunonwmcgnmnra, efanercepbchi c
~acid, a”°p§ Or Ia(gWé”éié @é?&’é)tcﬁéibﬂammﬁe{&f%'c%ln‘ér ‘Pﬁé?ﬂ&ﬁHWHe m ﬁﬁ@%ﬁi ne,

cheliburin cl c oXI n, Sl nococu orrbrestatl n A an
cudrai sof | anmmnICE elinpicracidii ayiniding.t digopwimide; iflacainide, Riopaienone, -

hygrOXYDFEQ'&:thI(ﬂnaﬁalaQrcﬁieO%tu@I|éﬁt9|s rﬂhéﬂ%ﬁﬂt olﬂhﬂi@msté?roml @uchebgnal in,
i ndi ci ne i c si ocar pi ne 0

podophyl | ot Q/Pﬂwlfﬁ tvci mof.pckalan&’n@ ifogide, a% q}‘?i"l"f"&‘?ﬂg?’n mansomné

nal | ot ochr osipetilbside HalHRCHAEBME): BEamgibbsone,, dexaﬁnétbmeobe,r nﬁﬁ{hﬁero&!ia!

i sobutyryl | d

| ycori di ci g&ﬂnsg%&g‘{y @RQ]SC)% é ?e'ﬁpr F%gén M@% [ 51 I'ne,
oxoushi nsunﬂ@i@'oxam pheny ne| an%l@béf tardivisal @mats ﬁélﬁ pB%c@ﬂ(‘d@"m

ghal aki nosi Qzﬁhcﬁ;lbﬁ?'drﬁi %Eibdudﬁé?é)‘aﬁﬁ&b@ﬁ&e%ﬁbﬁ ad? SIkRheRbiB,; ﬂhbﬂo@,ln‘é,

griseofulvin, ketoconazole, miconazole, nystatin, terbinafine, antiprozoal
agents ‘such as chloroquine, r_neﬂoquine, quinine, moreover natural_
_ - terpenoids such as hippocaesculin, barringtogenol-C21-angelate, 14-

5 . dehydroagrostistachin, agroskerin, agrostistachin, 17-hydroxyagrostistachin,
‘ovatodiolids, 4,7-oxycycloanisomelic acid, baccharinoids B1, B2, B3 and B7, _
tubeimoside, bruceanol A, B and C, bruceantinoside C, yadanziosides N and
P, isodeoxyelephantopin, tomenphantopin A and B, coronarin A, B, C and D, o

~ursolic acid, hyptatic acid A, zeorin, iso-iridogermanal, .maytenfo'!ibl,

‘0 effusantin A, excisanin A and B, longikaurin'B, sculponeatin C, kamebaunin,
leukamenin A and B, 13 18—dehydro-6-a-senec1oyloxychapamn taxamairin A
and B, regenilol, triptolide, moreover cymarin, apocymann anstolochlc acid, "
anopterin,  hydroxyanopterin, anemomn protoanemomn berbenne_ -
cheliburin chlbrlde cictoxin, smococulzne bombrestatm A and B,

5 ‘cudraisoflavone A, curcumin,- dlhydromtldme nrtidme chlonde 12—[3—_] A
R hydroxypregnadlen—3 20—d|one bllobol gmkgol gsnkgoluc acid; - helenalm _7j'- e
indicine, indicine-N-oxide, Ias:ocarplne ~inotodiol, - glycomde a,

- podophyllotoxin, justlcndm A and B Iarreatm mallotenn mallotochromanol :
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5 sangui nari ne, manwu wheat acid, nethylsorbifolin, sphatheliachronen,
stizophyllin, mansoni ne, strebloside, akagerine, dlhydrousanbaraen3|ne

hydr oxyusanbari ne, strychnopentami ne, strychnophyl|ine, o@0e¥Rer POS,

usanbar ensi ne, berberine, liriodenine, ggxoushi nsuni ne, daphnoretin,

| ariciresinol, methoxylariciresinol, syringaresinol, unbelliferon,

af ronoson, 10 acetylvism one B, desacetylvismone A vismone A and B. 41.
Medi cal deV|Ce accor di q to claim40, characterized in, that in the case of
the used act$RY 'y&'ﬂ lotochromanahs mapwieeside | Ausmarchagn vy maytansing,

PETN, baccatlyauidicin), |tma?tmat l ﬁﬁﬁeraﬂ@@ﬁhaxeﬁnod"e‘ﬁh@“ Cbpgaﬂ%hbﬁcﬁﬁé' and

15 d nd I
3 sodt RelERmsbhEs, o disidacBBialt . Bibathanoinines) sépicaside A,
derivati ves, ghalaKinonide, tuynsphmsacmle demﬁﬁ&frosp@‘rmhl Chsycobubinay i ﬂc;.acw and

ol angeyt & st ﬁ%"ﬁ‘?ﬁﬂ&%‘%ﬁo‘"@ PG acid ARV BT,

agents are c&Heephdlin,” seanspning dstrablogiss, c akagerineyi dipydwusambairaemsine, ai ms
34- 41, char g Hﬂj’ zjggmu)@ tha es es,
organs, vesse xgortas nnﬁlte %twétgﬁ/ﬂgﬁémté E"FS‘“BB”%@'?% ugﬁs'ﬂﬁéﬁﬁﬁl ant's
fibers, holl b\ﬁﬁmb;?é?%s Ny e REDeEriNG| | igdening, e soxayshinsyaine, neﬁlﬁﬂmgtin,tl nned

gogds blh 00d lariniresinodr setBoxylatiditeshiol] Gyh r%%rnopagmﬂeh#éqén asHPthB56M)

medi chro ﬁﬁn mat o cOo S i al yzers, connexion
parts, sensgrg}s:gwa v}é)g‘gegI %ngyhg J%ﬁ’b@g@ '}%'gn Qr@tors endoscopes,
filters, punp chanbers. 43. Medical device according to claima42,

char act eﬁﬂseﬂlled?caltdeaffce Vé}l?co?ﬁiﬁb ?r%‘t:lauﬁotldj%\‘lb?aect%iz i IFI{ %rt mﬁ’% A ﬂS”'Bet ween

according to claim4 SI
0.01 ngy to 3Uﬁadfaqt'éf9eager}$$ éﬁerplleeswrmeewllmteo 8,othymesgiranet, eeim;u ally

prefer red bebgeedtind 2 o Gefvaies, | doiaxetd éo@chéf.erﬁae%er idbAg e the

| 43 44 ch f
anti Tt | amfoRyAEAS) BAPEH At find Reetraioh dopmtie Vel ehasttn,
WO- SGOI Appf i owdracyclic Newteotide (RICS) &ifd Ciddrbatves) @mﬂhﬁuéﬂi @aphoSEd, Y
active concefply QBHO%@HC% %%anc leﬁgﬁgg e{ ag%rézgc ! aﬁed’ pro(iem é (arJ@)

ned|cal devi ces "actco ﬁ
interleukin 18 in lbltors and melanocyte stimulating hormon (o«-MSH) as well

as mixtures of these active agents are concerned.
20 : :

42. Medical device according to one of the claims 34 — 41, characterized in, that
the medical device comprises prostheses, organs, vessels, aortas, heart
valves; tubes, organ spare parts, implants, fibers, hollow fibers, stents,
hollow needles, syringes, membranes, tinned goods, blood containers,

25 titrimetric plates, pacemakers, adsorbing media, chromatography media,
chromatography columns, dialyzers, connexion parts, sensors, valves
centrifugal chambers, recuperators, endoscopes, filters, pump chambers.

| 43. Medica} device according to claim 42, characterised in, that the medical
30 device is a stent.

44. Stents accordrng to clalm 43, whereln the polymer is deposited in amounts
~ between 0. 01 mg to3mg/ [ayer preferred between 0.20 mg to 1 mg and

o - | especca!ly preferred between 0.2 mg fo 0. 5 mg [/ layer.
45‘ -"Stent accord:ng to the clalms 43 or 44 characterized in, that the
' antlproliferatwe antunﬂammatory -andfor anttthrombouc -active . agent is
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characterized in, that the henoconpati bly coated surface of the nedica
device is a surface of mcrotiter plates or other carrier nmedia for

di agnostic detection nethods. 47. The medical devices a@&Bramisg29% one of
the clains 34 - 41, characterized in, that the henoconpatibly coated
surface of the nedical device is a ggrface of adsorber nedia or

chromat ography nedi a. ABSTRACT The invention concerns oligosacchari des
and pol ysaccharides as well as the use of these oligosaccharides and/or
pol ysaccharides, which contain the sugar unit N acyl gl ucosam ne or

N acyl gal act LRS koL ' h ti bl urfaces as wel |
as met hods fggrﬂgﬂ%%%gﬁﬂg{? tlt%lqjggélbggf;@ge 8?@%&'Q§§Qsoqv§pﬂ?s’a{®mg

ol i gosacchari deS an ﬁ ‘gsacchari des, which imtate the conmon

bi osynthetic precursor substance of heparin, heparan sul phates and
chitosan. The invention further describes nmethods for producing said

ol i gosacchari des and/ or pol ysacchari des and di scl oses.various possibilities
of using henoconpatibly coated surfaces. The invention rel ates

parti cul 2é| y_to the use of said oligosaccharides and/or pol ysaccharides on
stents wifeh Hie | @ggicabdeveesr areryding tonwest iafn thre peleinned3fenoddnmat i bl e

coating, whi F=Y : i | Y i nf | t ory. and/ or
antit h?onb()t(’?{(%rg@ta fl\%%@g.'gjgﬁ?mtﬁeﬁrﬁég&ﬁééﬁémg:oaegggli"{fi % @ﬁﬁ'&agt ents as
wel | as the desicenfis samislirfetcenot rhigrotitée pites emtt iothierotafst e S for

diagnostic detection methods.

47. The medical devices aécording to one of the claims 34 - 41,
characterized in, that the hemocompatibly coated surface of the medical
device is a surface of adsorber media or chromatography media.
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ABSTRACT

" The invention concens oligosaccharides and pOlysacbharides as well as the use

of these oligosaccharides and/or polysaccharides, which contain the sugar unit N-
acylglucosamine or N-acylgatactosamine for the production of hemocompatible
surfaces as well as methods for thé hemocompatible coating of surfaces with said
oligosaccharides and/for polysaccharides, which imitate the common biosynthetic
precursor substance- of heparin, heparan sulphates and chitosan. The invention
further describes methods for producing said oligosaccharides andfor
polysacchandes and discloses various possibilities of -using hemocompatibly
coated surfaces. The invention relates particularly to the . use - of said
ohgosacchandes and/or polysaccharides on stents with at least one according to

" invention deposited hemocompatible coatmg, which contains an antiproliferative,
- antiinflammatory and/or antithrombotic active agent, methods for the. preparation

of said stents as well as the use of said stents for the prevention of restenosis.
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