1 Conpounds and nethod for coating surfaces in a henoconpati bl e manner
DESCRI PTION 5 The invention relates to the use of oligo- and/or

pol ysacchari des containing the sugar RQuilding block N-acylg | ucosa mne
and/ or N-acyl gal actosam ne for the preparation of henoconpati bl e surfaces,
met hods for the henoconpatible coating of surfaces with said oligo- and/or

70 -t no GsERufds AR nefhdd for Efadhg shifieds iR e Aripdis iHaRhen on  he

internal face of natural blood vessels only in case of an injury.
Consequently the blood coagulation systemis always activated to reduce

the bleeding and to prevent a |Ii ing loss of blood if blood gets
in contact with foreign surfaces. bg#é]{!@ﬁq?ﬂ he fact that an inplant also

represents a foreign surface all patients receiving an inplant which is

b1 00d? con e Iveffigh 6k iy 888 o didet RIS ol AfeBiER cotuifing, 185 ¢ he
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henor r hagi c effects with a fatal outconme such as
cerebPal henorrhages. 25 Thus there is a demand for non-thromnbogenic,

henmoconpag i | . rts r anes,
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coagul at ifaee &f swadunal blangseessield botydincomenof anaimjlirdoCoosequertly theabioodt i on
of the bl ~Bsf | . pr. ' f
hem)corrpz(a?tB IB%}IE\%QQE%SS tﬁ}rﬁtlgéﬁ%@?ﬁcor p%)afI g?ﬁgﬁ?ggyﬂ%gﬁl%%ﬁgﬁgf{oﬁ%%%@gt I on
and at t adifgriiireaieningless tof bipdsbif divan gatsonhintadt with forsignfaurtaces! Psedohar i de
(HS- 13 . ; e . ; ey Ll _
pr ot i% h eglgér: gérlépgﬁ%p%%@ bﬁg{] F%%nreér%%cggg %gpf-édgn %Qﬁ%&% %(l:! [ ﬁ:ﬁtleglﬁér {;eé%ﬁé'f@%ﬁs es
t hat suclimplant ydleleis paimananilytie contadiiwitiubloodparei tkated Soathe duiatiablaf f or
t he per @AC e Ldit 4 Sa i -?0 10
13w b ST AR S8R WA rugd Wi bo et arlicbBENBRISBERT hBBF T, o,
the cul t biead erageladanotlivg islalseltius fors patients apelicateth@ri extracemivirealt y of
sai d progggsiation \ich ad RbhRAidNGS ' 53%ieht However this coagulation suppressive
20  medication is in some extent afflicted with considerable side effects which range
from loss of hair, nausea and vomitus beyond thrombocytopenia, hemorrhagic
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, hemocompatible materials such as
protheses, organ spareparts, membranes, cannulae, tubes, blood containers,
stents etc. which do not activate the coagulation system in case of blood contact
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-
thrombogenic endothelial cell surface polysaccharide (HS-I). The immobilization of
this specific endothelial cell surface protecheparan sulphate HS i on biological or
artificial 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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cultivation of endothelial cells is tinme consumng, and relatively | arge
anmounts of cultivated endothelial cells are only available at a
considerably high cost. 51t is the ohject of the present invention to
provi de substances for the henoconpalible coating of surfaces as well as
met hods for henoconpatible coating of surfaces and their use on surfaces
for the prevention or reduction of undesired reactions. 10 Particularly it
i's the ebidgubceds fdmh@lgeaenzttsohmfmilweqmlneqoﬂm/dwuvatediafaindmﬂwiatteus, whi ch

hand by s let B8 SoorBINERL LERHTEF Sl rpbies I MeRg Rl Hiteuge e na "
weeks atukivatiarnef enﬁbﬂuellalt calls |byttmemsnsummg)eamhtdmvmciarge aagaunits aind

; 5 , ; > <
2t ombogaeted o ERR AR b0 512y Brloia s A s R R I gt ant ees.
t hatb wi t hI d:creasi ngeof Ct he active agent influence no reacti gns Ion ;Pfons
o et e T 85 AT PRYERY Sl BB RS SRR O
[ Prggglenbemocohmaw;la)fcoahm qfr surbates asewell;ns rﬁeﬁlbderfoad\emd vegyepatible he
descri pEpaing breUfabey S0 MR ® o iftls fRihs R RERGlRfUTOARL | oes
pol ysacuhdesn:lﬂisrem‘ctlbhsz general formula la 25 Fornula la 30 35 as vveII as -
st Ir\itgt urally very simlar polysaccharides of the general fornmula Ib

OLO 3WO- SGA Application 3 Fornula | b 5 The pol ysacchari des accordi ng
t o f or nadidularhait ds ribé exbjgcirofvihegiresent inveftidn tto prédidd Gakdicabpafducéhl y from

or ef er aBPTE P schRtBL8 ol i O A AR R BB e Bpey 2 1
have nohaodlbyrsuppregsien of he adibiaraesbiidns gurdgtheblingt Haysand vaeks dfD, nore
P o bl WREHDh 8RO B2 AR bR BB N EBRE B 1,
an 1% i noadpnationsrargl oo th@@thmﬂnamcbbyfmowdlng ém atnoinbagen260s resgpl lnert

parti CuL@é’d%i&éo%Eét?o% %udgge,i \ﬂhﬁﬂedué?ﬁﬁé@%%[‘tﬁa? \ﬁiﬂ'lddg&!%asing of the active

agent influence no reactions on the present alien surface occur anymore, which
also can lead to complications on the long-term.

20 This object is solved by the technical teaching of the independent claims of the
present invention. Further advantageous embodiments of the invention are
_ evident from the dependent claims, the description, the figures and the examples.

The present invention discloses polysaccharides of the general formula la
25
Formula la

HOCH
30 m’o 4

HOCH;
7

35 as well as structurally very similar polysaccharides of the general formula 1b
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The general fornulas la and | b represent a disaccharide, which is to be
seen as a basic unit of the polysaccharide according to invention and
forms the 20 pol ysaccharide by stringirg together said basic unit n tinmnes.
Said basic unit conprising two sugar nol ecul es does not intend to suggest
that the general fornulas la and Ib only relate to pol ysacchari des having
an even nunber of sugar nDIecuIes.FCf G4, Se: the general formula | a and
the forrmula I'b al so conprise polysaggﬂ%?i es having an 'odd nunber of
sugar units. Hydroxy groups are 25 present as term ndf groups ofthe

ol i gosacchari des amd pal ysacchari des, respectively. e groups ¥ and Z,

i ndependently of each ofXe€, represent the following ®NHnical agyl or

car boxyal kyl groups: ( 4H9, +—~COC5H11,
-COCH(CH3) 2, - - C2H4000
, -C3%6000 , -C4H8 r , - COCPZH5,
-COC3H7 and the ca gro . More

S - ) ,
and pgobpanoyl bi@GH; and the carboxyfret hyl and
car boxyet hyl group$. Particularly preferred are the acetyl group and the
car boxymet hyl group. HEM ' 01013 WO SGO | Application 4 In addition, it is
preferred that the group Y represents an acyl group, and the grouf z
represents a carboxyal kyl group. It is nore preferred if Y is a group
cocH3, Thegmiysacsharidesaktormting tnfqrenula taihave nedek@ar Meights éom RkDite

1:urt r f b | . a-auUB, e
unit sho C re -S tRQlYRAFCNINGEE @CEOFQING Her
group Z. firmudla :j mf ?Qvéf&{iﬂe@b@ﬁrwéibﬁtts frmembxéﬁgqsﬁtar IEfePAbly Fﬁorguoztukmwsht 't on
o e KR A R BRI ol P e BB Bom B0 "
pol ysaccHakDddhe vannblem g anhietegerupsgigafidmZ4ito #030.rPreférmbhy, treiahi ng
seq ce; ' I e I NQi t t i.saccharide
Dasi £ i qHEBeEfROHEY 16 4000 ek ArkRiPBl i P01 26 AR paliE RS RGP
conpl et eP INtegesReeepEh@ @ndt2105 t he ani no groups. Further, the general
formula | a should al so conprise polysaccharides containing the groups Y

and Z in_different nunpers. The ratios of . the nunber_ of Y groups to the
number ofrg'? Wﬁ'JOQW%éaMéﬁPW a’a‘B%‘CC?EFQPeWBM‘yS i NGERA: 40%
and part basicardnit pofeftaealpolyszecheadde 458eordrePoto BRRSTIoR | ahd T RRIs" aflear €

pol ysiccaljsdEchaiad b5 gﬁ‘iﬂ%fn%; t(;é)ertﬂgll Rald b5&I Yhi% Ymes. Said basic unit
comprising two sugar molecules does not intend to suggest that the general
formulas la and Ib only relate to polysaccharides having an even number of sugar
molecuies. Of course, the general formula la and the formula Ib also comprise
polysaccharides having an 'odd number of sugar units. Hydroxy groups are
25 present as terminal groups of the oligosaccharides and polysaccharides,

| respectively.

preferred are 35 t

The groups Y and Z, independently of each other, represent the following

chemical acyl or carboxyalkyl groups: —CHO, —~COCH;, —COC,Hs, —COC;3H;,
30 —-COC4Hg, -COCsHqy, —~COCH(CHs);, —COCH,CH{(CHs);, —COCH(CH3)CoHs,

—COC(CH3);, —CH,COO, -C,H4,COO , —C3HeCOO , —C4HCOO".

Preferred are the acyl groups —~COCH;, —COC.Hs, —COC3H; and the

carboxyalkyl groups —CH,COO’, —C,H,CO0 , —C3HsCOO . More preferred are
35 the acetyl and propanoyl groups and the carboxymethyl and carboxyethy! groups.

Particularly preferred are the acetyl group and the carboxymethyl group.
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20 substantially half of the am no groups the Y residue and on the other
half of the amno groups the Z residue in a nerely randomdi stribution.

The term "substantially half' means gxactly 50% in the nost suitable case
but should also conprise the range from45%to 55% and especially from 48%

to 52%as well. 25 Preferred are the conpounds of the general fornula Ia,
wherein the groups Y and Z have the follow ng neani ngs: = -CHO and Z =
- C2H4000Y = -CHO and z = - CH2COO 30Y— COCH3 and Z = - -CZH4000Y—

- COCH3 _ gdddition \%% that (i'e esen@QaErle =
- CH2C00_35 Esp ecﬂ—g erre eco uns%?t rrrula

ene
 a, Mezemr%s@ts@r%rpgxma"smrwmdw moEe PHHRSRAE rfﬁzﬁwg 1%@@81013
WO- SO AEIIDGQH’& | 5—E§O763+F}HOa@|ﬂdanpartlcul§2 H40©@WH3Y More@@‘lat anurther

- CH2 eC|a y. preferre a ds of .1 he eneral forrrula | b,
wher &1 nPretRTeddt olis R EaBhaVRGNI & bboROREYY Sledithe GaiSrkumgty
COCSH?beF\gpard!cuﬁarlgfpeefeaédare t he groups -CHO COCH3 - COC2H5 and

especially preferred is the group -COCH3. The conpounds of the general
formula | b contain only a m nor anmount of free 10 amino groups. As with

t he ni nfyrdigacehasider hasic umtmbmwnolmpéom&adﬁﬁ@mn@s@eaaa@lataaéuaﬁt;tnﬁnta\’ it can
be conclgpded et g I‘bng/ 32emhid Iué/ltéymaf(etéleér &r@&t thel palyshesisaridiadr ke

referred | ess than especi a r ef.er I % of ,al |l of
P henS, Ve S arises, MOuGHEra arowes, MY o S0 I 'Selmrz&r?qrﬁ poih

pelr cent @ﬁ'e rm‘ée ttha'% trmrr]ganerai Normiat laashoGld ermte@ﬂp\tcmnhpﬁh"eopelysad@a%isieshe

(0] sacchal.l.ae L he era
broups. SRRS, bt PRl 2,8 B 'Sk btnatha SRR dREHYABUS
conpr i seesulkalonandtringingl rtm@tbalrt H’lmetdsﬂacshamée otbasite usépechutyealso

ol ysac dg%:éa |

Bot gsm (&%ﬂ%a?t | t FP?'J‘%FH[ 8%I ka ;ﬁﬁez @5?@%@9%{%@88891 é%éalﬁg% aats t he
maghesi dhe saming r greypsi Jrirthare Hen gseeralnforanta. la- showld | algpt ISOMpRiSENi a,
pri mary poheaeskiaides é@ﬂhihaf@/tr@r@rogpgweammnmﬁé\%m nOMIbieEs, nm@rniuosmfr i di ne

o v ST b P B aClrSths SIEB bR 2001 20,

pol ysac ginefierakdyg between 60% : 40%, and particularly preferably between 45% : 55%.

Especially preferred are polysaccharides of the general formula la carrying on

20 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.

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

Y = —CHO and Z = —CHs;CO0
Y = —CHO and Z = —CH,COO
30 Y = —COCH; and Z = —CHsC00
Y = —COCHs; and Z = —CH,COO
Y = —COCyHs - and Z = —C,H,C00
Y = —COC,Hs and Z = —CH,COO

35 Especially preferred are the compounds of the general formula la, wherein the
groups Y and Z have the following meanings:
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I ncl ude i norganic and organi c bases such as NaOH, KOH, LiOH, CaCGOB,
Fe(OH)3, 25 NH4OH, tetraal kyl ammoni um hydroxi des and sim | ar conpounds.
Hepar an sul phates are ubi quitous on cekl surfaces of mammal s. Dependi ng on
the cell type, they are very different with respect to nol ecul ar wei ght,
degree of acetylation and degree of sulfation. Liver heparan sul phate, for

exanpl e, has a,,3Q de of acetyl atjon of _appr 50% whereas the
hepar an sul phafei'fro%aehe gl ycoceﬂr@ of e ot‘he‘ﬁﬂglaé | s can show a
degree of acetYl ati-e@O@Hup to 90%ndand norZ. =HegHJODEN y shows a very
smal | degree of acetylation of up to 5% The degree of sulfation of Iliver

heparan sul phate and heparin is - 2 per disaccharide unit, of endothelial
cel-l hepbkspecisly prefesedearel heOcorapdunds o thaes @enetdlrfbﬂhe& b, avherdtn wtiker

cell gyp t r di_ har n|t 1013W
Appl |E%:at ?@?\Q% %%#IQWF@&P% ?’[ | us rat i on ow§’ a TerrademcHar ic @@ﬁ of a
heparin BHIt h@"paﬁiﬂ"e@lﬂfﬁﬁh@egfww% a—Gﬁ@domQ@@ﬂ'bt butGOG M4 ant eespeiciiiyt e

groups apebferrée® gR Ghu qud@(t;Hgn of 2 per disaccharide unit as typical for
heparin: OS03 5 All epar an sul phates have the process of biosynthesis in

common with heparin. In this case, first, the core protein with the
xyI ose- cbhe atompguriasndf tregigeneias fonlia Ibuﬁontbtn eAlysa Shiopfamibentf e and

gan o oo affRe SRSt teBlirhd o dhoiin S P bBisietied™
al t er nat @ﬂ)jmbmadte@an be gaohludetatuaita fhe sersitivity pd dhisvest; liaatriese e 2945
achi evedpreflirad!ib¥s tRafH %! ?ﬁgﬁf‘s;ﬁéﬁﬂ r‘e‘?er?@%'l% % ‘Tﬁér‘cil’ rq ﬁ‘f %)l?ealf:%ﬁr{ﬁg

precursor Hg a%rsaccham de o an
sul f ot r an¥y 4Py e PEgiant padfeae a@m Q'émpédl el i, |0W¢f§ﬁn’@9@foﬁthe| r

reactlongro@bsuaql-yrnmatc\omﬁr@g@,ﬁtgﬁ,dg@ﬁgf ate the broad spectrum of various
hepalfn sul phates up to 15 heparin parin is built up alternately from

D- gl dcosam ne and D-gl ucuronic acid resp. L- iduronic acid, wherein
D- gl ucosAsithe polys@cdiianidesooi thageahesalefdrimi®dai and 1B3edntdin @bm‘cﬁ@iaiec

I el tq, th
i Saccnod PyRs drd SHHRLOURS, el dbrRlafolmiltl KCAR B B e A End,
are |inkalaling e@ﬁtbhrr@taie'@altsm&ﬂm Tespeptiveopolsacahanides. Thus, alkdlitmetdie
heparin. sél'feesmlakltﬁ@ s@fdlurﬁ Q%Itsﬁbfé%@,idm Saftehidiit a?th@tnﬂﬁaluﬁeteghﬁarﬁ@ hari de

uni COﬂt &{)\ era uric aCI groups aran s phate

al's ef%q % ﬁ‘?i"\ﬁ“ §@|tﬂﬁﬁa§3'um&ﬁ% cath e mpertonask é&(@@ﬁ-t\ivﬁh of
liver heamnmma,ulpphair?,, seesAdaty, aedidpy band equaternary amines, pyridine and

pyridine derivatives, ammonium salts, preferably alkyl ammonium salts and

pyridinium salts, can be formed. The bases forming salts with the polysaccharides

include inorganic and organic bases such as NaOH, KOH, LiOH, CaCOs, Fe(OH)s,
25  NH4OH, tetraalkyl ammonium hydroxides and similar compounds.

Heparan 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 suifation. Liver heparan sulphate, for example, has a
30  degree 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 smalt degree of acetylation of up to 5%. The
degree of sulfation of liver heparan sulphate and heparin is ~ 2 per disaccharide
unit, of endothelial cell heparan suiphate nearly 0, and of heparan sulphates from
35  other cell types between 0 and 2 per disaccharide unit.
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25 sul fonyl groups than heparin, but nore N--acetyl groups. As evident from
fig. 3, the conpounds of the general fornmula la (see fig. 3c as exanple)
and the conpounds of the general fornygla Ib (see fig. 3b as exanple) are
structurally very simlar to the natufal heparan sul phate of endotheli al
cells, but 30 prevent the initially described di sadvantages in using
-endot helial cell heparan sul phates. HEM P0O1013WO SGO Application 7 For the
antit hrBhedDIIQWhn@t illustration shewsah tpeasanchaddarundeolini heparimmtehepsponsi bl e
whi ch celpRgid Qi ol ParkRATRIIEHBLIBRRAT i RURHRIS!drifis | dhch &P oofETor 31 d

nol ecul e. parin prepar ations ferent "ant]t otic act | vity can be
5 produ%'é'fﬂtlﬂﬂ efiprefisgegharide ‘émt sebipinal fehenadioni ghl y active, for exanple
by antithronbin-11I-afnitychromatography obtained preparationgg
(,,High-affinity"- heparin) this active sequence is found in everp-heparin
nol ecul e, while in ,,No- affinitygioqyepar§Pons no ehapacteri stEﬁ I

pent asacchari de sequences and thu Al bi %on ation can
be detected. C\ﬂcﬁlntera jon with activity of
ant it hr yrbi i ] wekey fagtor thfonbin, is
essentialgb finity increaSe up to the factor
2x103) tl g ; Nephr® ogy 26, Suppl. No. 1, 083-S8, (1986)].
The am no groups of "E'he hepaN n are nostly N-sul phated or N-acetylated. The
15 nost inportant O-sul phatiomsggsitions are the C2 in the iduronic acid as
well as the C6 and the C3 in the glucosam ne. For the activity of the
pent&sacchari de onto the pl asmatic coagul ation basically the sul phate

group Oopy &R a?aﬁ'%ﬁ ?\?é he &[oée%a%}“‘?ﬁlbfintiﬁ’é#ig% tch{Fn@:ll ﬁfp%ﬂ”‘er

functional _groups, aces i Ci na ants coat e arin or
hepar anb’h &?é@s ﬁflsé té‘ﬁocorﬁéﬂ’ﬁt(ﬂn dﬂ“’yﬂ'@oﬁd@%@ Sﬁ'&‘lawn%@ﬁ’ﬂ@d@ﬁlﬁﬂ i1 u y t he

coa}g i ngu? ThecomeRas ioh ties xylb@éc”t{rﬁﬂﬁtd gb@t&sehnre%mute% @ﬂﬁ%@t@trfer%mh aTr?l fi ;:l al
surrtace In,a IS 0] oti.c acti vi

whi ch_t the BREoBA Arfs W oilatiess sy GRILETE e 8 balb e ke of |

t hel Orentheonalterpatehwnbanddthta €achuathics umtil the ré§pmttvetd’nalm1mngth id actieweaxdise of
th t f
ol asma. by by, Fipfitddds>EntAhads YNGR’ TC Hhe? pUrhitiep, Gieearedr 7 ©
elim nap@tvsaephaf@eo@fealhhmaranest&majm @nﬂdhesma@pnesw ﬁgf%wané&rams ABgarin 30
resp. ofpineRtasass iy p@ﬁé&édanwhicw t byl ':ﬁe.e&\sonoﬁ heept hehctitRd SPS&Ifihg

coagulatlon rocesses rent and her eryiary stru e anglng
pl asma B?'@Péq qesg geaerag%/t; r}% |9(5’PPHBE§bﬂ %’H‘P‘!ﬁrb?ﬂ? aéhﬁ”bﬁ@%@oﬂp Bher ent
pl atz| eheparin.

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
20 disaccharide, which forms the heparin subunits. These subunits, in turn, are linked
to each other in a B-1,4-glycosidic manner and lead to the heparin. The position of
the sulfonyl groups can change. A tetrasaccharide unit contains an average of 4 to
5 sulfuric acid groups. Heparan sulphate, also referred to as heparifin sulphate,
contains, with the exception of liver heparan sulphate, less N—- and O-bonded

25  sulfonyl groups than heparin, but more N—-acetyi groups.

As evident from fig. 3, the compounds of the general formula la (see fig. 3c as
example) and the compounds of the generai formula Ib (see fig. 3b as example)
are structurally very simitar to the natural heparan sulphate of endothelial celis, but

30 prevent the initially described disadvantages in using endothelial cell heparan
sulphates.
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Thus a correlation exists on the one hand between the limted interaction
of the 35 pentasaccharide units with antithronbin IIl by inmobilisation on
the -other hand depositions of plasma groteins on the heparin- resp.

hepar ansul phate | ayer on the nedicinal inplant take place, which leads to
the | osses of the antithronbotic properties of the coating and which can
even turn into the opposite, because the HEM P01013 WO SGO | Application 8
pl asma protein adsorption that occurs during a couple of seconds |leads to

t Ee | os ts hFo_Jrfthé titiiombodg labav‘t/ityws s@&ﬁfﬂﬁﬁﬁnﬁ@dg%ﬂﬁio@d@ﬁf %aﬁb%?ﬁoﬁéiﬁb@i ns
change . jary sfpructure reby .a t hromhonegeous surface arj ses.
Sur p?i si I¥§+I§h i#a%gg%?l urgfa "&e?%?@&c'?ﬁz??p%% B@l‘?ﬁ%w&glﬂ aiﬁé'yg"e‘f%)’a rd
f or mul as meleawi¢. | Bepaes pptapasétidrise & differentir antithidrilsotencadtivitp tha heparin
resp. ghe St ; pble:propert| f Jheparin
anzpagdi ﬁ??)%rlﬁ& %%ﬁ?\fgéﬁ ﬁéb?'%nﬁ-% H@Q{ U%%?qgm@hhpggﬁg%uﬁo sg%gﬁlpﬁee bgyeﬁer al
f or mul as qnéﬂtfé[ﬁﬂ‘)él"b"h@ hyewematgaraepysi ebtainedof propasaticnspr bHigmaffiniiych
oS ELR P e e 8 el 0y e A5G gt
u served, | i unds

accor di ngf"?tlt?'a& 'W%‘?ﬂ@%"% PP|‘$‘I€1? %ﬁﬁf‘ﬁt'%?w?‘g?wpﬁ@m PEAVPRIINS ARG thies nen
aLt i fici @lctiveumhititien éfurcoagulationi cans beupletsctdd t hah ir?@ra‘iﬂﬂﬁﬁh@ﬁm ghrups of
t he ar . f 1 .ar ecessar [ the ]I nteraction
1S PeRtAEREnaiiqht e GOME T ArRRbiRu U6 IR ERRIRAr 1P conSulibR &
hepar ans idgtak thrombin,aist ¢sseatjallya ewpynertiated (bdiding iaffimityt incecasenpp todihe

di ; Iy l. i O 4, la la
accordi n@aét@rﬁ?mf")'t@tlélf]%n?agd.‘(@.}., c%r&{}lﬁhvrgw ; _e:'@}ﬁ’?ﬁq“”-d' Th sh (19?;62}'

are not actively coagul ati on suppres I 'coagulatrve to an
al nost conpl ete desul phation the sul phate groups of the conpounds of the

general fToimamito lgeodis of B \tepakn dre Moty NSRIpRhted oPaN-28eBiaeduiThat

grou er disa aride.unit.. .The conpo s aof the invention according
to tﬂi géﬁ%ﬁge{wpf)ﬁﬂﬁﬁgsﬁ"[}ﬁ@é% pastigns are Eﬁ%ﬁgﬂh&?%‘ O'P\'Erﬁﬁ“i\ﬁss‘ﬂf’ [#%t es by
first sulthe &6tard the @din thel gludesarhinet Fogthenaktivith ef trsaipettashcetdridecoitor el y
N-acyl at i léb%@ e " | alal: eptirel
desul phagi%pgrgg?ééfr&s t ﬁ@@égﬁ{%&caﬁ?%ﬁ%@gﬁ’@%ﬁ@% 'L@begt"ﬁ%he B?ﬁ%onsél%f erred
nor e t hai Sxallenpreperian Ase de gther fangtional gioupst han 98% The degree of
desul fation can be determ ned accordi ng the so-called ninhydrine test,
whi ¢ detects free am no. groups. Desulfation . is effected to such an extent
t hat C%u&%ee? %ﬂ?%ﬁm?g"&map&%te‘iwﬁl Reeari? o hepsensyinhates prRERYI ene
bl Iue). Themmairol anly 3€oriditdnally hehtcmbhﬁ)aﬂibtel o Y elhteL@@aﬁ?@.Ph&ieedﬂnekparin or ]
pol ysacc ; - Lhe det 0 imt thereof ,is not own in the
literat uﬂgbé?ﬁ%H@ %ﬁ%ﬁ% 'ge%(ﬂﬁdg%t?nrﬂ%%rﬁr@%?' stiace loses’ partially i &
drastic measure its antithrombotic activity which is related to a restricted
tnteraction due to steric hindrence of the mentioned pentasaccharide units with
25  antithrombin ill.

Because of the immobilisation of these polyanionic substances a strong
adsorption of plasma protein on the heparinated surface is observed in all cases
what eliminates on the one hand the coagulation suppressing effect of heparin

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 Ili by immobilisation on the .other hand
depositions of plasma proteins on the heparin- resp. heparansulphate layer on the
medicinal implant take place, which leads to the losses of the antithrombotic
properties of the coating and which can even tum into the opposite, because the
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exanple, be carried out by heating the pyridiniumsalt in a solvent

m xture. In particular, a mxture of DVSO, 1, 4-di oxane and net hanol proved
to be suitable. 35 Heparansul phates ag well as heparin were desul phated via
total hydrolysis and subsequently reacyl ated. Thereafter the nunber of

sul phate groups per disaccharide unit (SID was determ ned by 13C-NWR The
followng table 1 shows HEM P13 1013W O SGO 1 Application 9 these results
on the & prajeingdsarpionihat gesunsghiingar couple of peaerds leagiartprthe loss

(Ac- hepaf ithe - arﬁﬁ:ﬁagéiatlﬁgsédﬁééét bRl Bk ééﬁéth%s@é%&lH@rcr@n@%Cm i de

unit on rin and Ac r|n as eéerm ne

13C NI\/RthFfﬂQ@’u’? Qﬁﬁﬁes Wh@"%\f ggﬁmmm| ace arises. urpns;ngfly it could
Heparl nBe6iRcteq. tﬂét)tl@@orﬁﬁ@uﬂ@oﬂﬁ]aﬁgeh@aﬁfamﬁﬂ%@%d ap; @eﬂﬂte’zoﬁthe? S,

hat
05 B 180k P LB i BERRbS et Sl A e 00
am no ghemommflbﬁjpmmme@mmaperanﬂ additioarilyl dudng ttha, mMpihb&atmnnt ent
f ab
zc ﬁegghf ﬁa?ﬁo@@bﬂﬁ@% g’é%&\?@\nﬁ@ﬁea ouﬁﬁ"ggg@’Grl 'aﬁ@ Ig{He& F;&oups rMhdlisacc%arl de unit
in cas® %‘F"%Eﬁ&f}m whish repiesgnt ap igitiabstep n@@he Astivation ofibe canguatiane

di f f er epgecade rcbalds bbpbﬁéeﬁvé@ntrﬁ@t ﬁembcbﬁme rprbgémes GERRE P ses and
fornul a le. 20 i an

t he Qun ner '
t netGor BeraSTng e, BT i, Fh: Ao, Areh dheRreDaBuPaian Yo Erariear of

t hese ceupgacesls. The conpounds of the general fornulas la and | b have a
content of sul phate groups per disaccharide unit of |ess than 0. 2,
preferred |l ess than 0.07, nore 25 preferred | ess than 0.05 and espeC|aIIy

pr ef er r E4rthes on Hais Gupposed ghat &herssiphate pgiougsset dherheparionresp. Bhe he
removal hapatRufpHaldehRe ﬂéé&é%%npfor'i‘ﬁé’ﬁgé@ct BHV\}MW SritithfoFniiA UN 4 d ation

sup i ve Ki n mechani smi’s accr edi te , one receives surface

0 Tor ﬁb%@hy o6 hERArD FeShcp E?P%'iaé'sulPBa&‘u the | AHicoaguiatesy @féec r é\@
poI ysacinventive comtpotide ﬁ&bﬂﬁwm f(ﬁﬁdjlélﬂﬁaﬁﬁ)\aemés th%ddf(ﬂhpouﬁtié a@cmﬂa@ul ation
process e.ot.her i S not etecte coa
B vet em 6 gt 3 286 nol 3BV SoabiBfioh ubPhessHiee T S Bobtadd ity Blietour 1 o
gi ven hiaghaletosttcampdet désulphation the sulphate groups of the compounds of the

general formulas 1b are removed up to a low amount of below 0.2 sulphate groups
20  per disaccharide unit.

The compounds of the invention according to the general formula lb can be made
from heparin or heparan sulphates by first substantially entirely desulfating and
then substantially entirely N—acylating the polysaccharide. The ferm “substantially
25 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 (dimethylmethylene blue). This color
30 test is 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.

35 Heparansulphates as well as heparin were desulphated 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

HEM-P01013WO-SG01Application



henoconpati bility and passivity against the coagul ation active conponents
of the 35 blood. HEM PO 1013W O SQ&O | Application 10 The exanples 5 and 6
clarify, that surfaces, which are coated with the conpounds according to

i nvention according to the general formulas |a and/or |Ib, especially which
are coated covalently, result in a passivative, athronbogeneous, 5
hem)corrp§ I ble, antiproliferative and/or antiinflammtory coating. This is
clearly %??ﬁ/é?ﬁ@&ﬁ phdhe exqpmle sif herank. and slasulphated reacatyiatedshenarinal |y
entirely (NedwplaginRd" refers to an N-acylating degree of nore than 94%
preferably nore than 97% and particularly preferably nore than 10 98% The
acylation is effected in such a conplete manner that the ninhydrine

det ect i orfabt 1t istribution of fungiondbgsoups pendisacehimideanyit ool e exanpleosé As
acyl agi on agen =18 4 o L. L4T] ] rjdes are
usedaspref erabfr%?a @gpﬁéygé?g%%%?gt%ﬂ%é%ﬁg%ﬂ@%|ngéaasgﬁ€%’gptse butyric
acid anhydride  acetic acid chloride, propionic acid chloride or butyric
acid chlijoride, for|exagle, gxgarle systabl e jjgr prlerg_%j ng trt“qzcc r’r@qﬁnds

accor di ng the 1 fvenijon. CarboxXytic —4gcig anhydriges are particurally
sui t abl QHOGQE_Q_Ea_t_Ag_Q_é%@m 0.88< It h8.Q8) en.90 n pa@-@ﬁcu a0.92r it Rd7

car boxyl|i Acdwipdrianhydy.08les|, dei oni zeg watjer ips Usegqggpr ¢f erably gemet her
with a cosolvent, which is added In an anpbunt of 10 to 20 30 vot umne :
percent. As cosol vents, nethanol, ethanol, DVMSO DM, acetone, dioxane,
THF, acetic aci @-8f3vf, 6e31 sulphatd gonps iPpbsition O, Be6respdctivelyi t abl e. | f
carboxylic acid | i des ar r ter-free solvents such as DVSO or
DMF are preferabl’'y used. g'gﬂﬁg%f%@gbglo\y\gﬁ?%%rﬂr?léWmter i s used,
preft@ably togeMhBE with aaeeiydreeps oniheaminogradped in an anount of 10 to

30 vol ume per cefH,: AS COSOf¥EBhTino ol ,  ethanol, DMSO, DM, acetone,
di oxane, THF, ag;[ézl c acid etﬁ Wes{&érﬁd ot her ol ar solvents are

suitabl e. 30 Th&'PonpoundsS¥Phalearonpe per gisasehanids Woitt o t he gener al
formula | a have a carboxylate group on half of the sugar nol ecules, and a

N-acyl gro t her , hal.f.. Suc onmpounds,. can, al.so b e fromthe
pol ygacg a%ﬂaggleh_ gjt%'{’to iaé)oé'gboq?’ S@Q“ﬁéa&f’aﬁqgfﬁaﬁﬁﬂ?@& Hﬂﬁﬁ% IpjGase
sul pHat e of Bicthepasincinesorparisepawith adbodt Bepaulphatd givaipe /rdisadchatidemrithia

CO””eC“EBSQthgﬁ?ﬁTR%_%g%Hﬁfuhgﬁ?obﬂﬂ%&P are here not present in a

1,4-glycosidic cosi dit connection. The disaccharides are again
connected to each other 1,4-glycosidically. In the case of

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 Hl and the coagulatory effects of
these compounds.

The compounds of the general formulas la 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 sulphate groups
per disaccharide unit.

By the removal of the sulphate groups of heparin, to which the active coagulation
suppressive working mechanism is accredited to, one receives for a surface
30  refinement suitabie hemocompatible, coagulation inert oligo- resp. polysaccharide
which on the one hand has no active role in the coaguiation process and which on
the other hand is not detected by the coagulation system as foreign surface. This
coating imitates successfully the nature given highest standard of

hemocompatibility and passivity against the coagulation active components of the
35 blood.
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HEM PO 1013 WO SGO / Application 11 the also in the bl ood coagul ation
antithronbotically active dermatan sul phates [Biochem J 289, 313-330
(1993)] and the chrondoitin sul phatesg\- acetyl gl ucosanine is substituted
by N acetyl gal actosam ne, which differ in the steric position of the
hydr oxyl group at the Catom4. 5 Due to their related structure the

pol ysacchari des are assigned according to the present differencies as
foll ows: Type 1) Uronic aci d - gal act osam ne type (HexA-GalN)n: 10 Hereto

aCCOU”t‘?Het%Eﬁn?@é‘é%%tﬁ Blafiy Wi‘&ttﬁjrﬁég dﬁpl&t% AN Hith: tIEch)thﬁﬁtJunH%r this

group i st {? cosidic bo the uronic aci
gal act o8&FATHIG todaveRtiQN FREPIEING f%mﬁ]&eaﬁra*tferrpalaﬁ lg-andiog Ik, cesnegiallyl 1y to
the nexihishornare asdaled B@V@l@hﬂ Sr'dalsuhaﬁne & f;f)@ésmftivgm atieombegbhsoss)l phat e

hi gh ?
oo ¢ BenaeBinanBle, HhRteraflyd andoraaibemAHiod EauRk SE K kBTG 1 n
sul phat provenzhytbe]emmﬂeafﬁlﬂ Abdtepaginoups per di saccharide. Dernatan

sul phate has with 1.0 to 3.0 sul phate groups per disaccharide an averagely
hi gher sulphatlon degree as chondroitin sul phate and thereby reaches

hepar i nThe deralsybstantinly amtirely N-agylated ereleec o AnaNeacylatingtieaies Wphat i on
and N rm&&ué@m% réﬁéi‘ﬁbl?%éreaﬁmdrm?%e aﬁﬂsﬁarﬂéulﬁﬂ?%fréﬂérﬁﬂﬁ méYePREAN

| | tahle f
LS b BT Jo AR SR & Sarlets GRS Jhh g Fighvdrine
(HexA- Gétestior SofHereet ambree qroties! dues heplonger dieparany solophabetiamdAs

oyl QROASHT ik, "ParogROR” aE SHIHRST sbfidey BlardtiddCs 8K pll™ o'
D- gl ucupreferablyc iAdetinacio gmmmmrrpmlomceaci@amhsadrmrbdltymrm@@@hudmm Thi s
pol ysac?@é&fd Qéﬁlr@ﬁoﬁcfeegﬂt)gnoﬂﬂ! éérac&ﬂéﬁd %r H‘Lﬂ’yrgé’b{?iﬂa&tﬁor%é’%F eﬁﬁﬁ:

N—acety at ed r - welg reac arison to al’l n and
hepkt anak, sykahie fﬁﬁﬁreﬂﬁﬂr@ath?egomﬁouad%@@gomg Trhéhe ARYRMIONe CasPoxXWiE chai n

| engt h a&id dritgdraes e phniguliyldiftaBReay hogbBowageasd. the N- reacetyl ation
| eads to a structure, which is distinguishable fromthe fornmula I b only by
the 13-1, 3-glycosidic connection of the nonosaccharids. 35 Further
conpounAs tharsobentriagzariculat &o theaarboxyicracid achydrides) deionigdd wateri is a

N1 T 09°NsERRibng. BIbHRRSAlIRS SpNERE JRERTERAIRL L atldyrloF 85t O

N- acet are I 'C manner
resafl t 530 ValumEa PeENnAB SCRROe NS, ﬁ!ﬁtbﬁn@ib(ﬂilﬂa@m 90g PMimni acsteng haV| ng
a. dioxane, THF, acetic acid ethyl ester and other polar solvents are suitable. If

carboxylic acid halides are used, polar water-free solvents such as DMSO or DMF
are preferably used.

25 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, DMSO, DMF, acetone, dioxane, THF, acetic acid ethyl ester and cother
poiar solvents are suitable.

30 The compounds of the invention according fo the general formula la have a
carboxylate group on half of the sugar molecules, and a N—acyl group on the other
haif.

Such compounds can also be made from the polysaccharides hyaluronic acid,
35 dermatan sulphate, chondroitin sulphate. Differencies io heparin and
heparansulphate result from the connection of the monosaccharides, which are
here not present in a 1,4-glycosidic but 1,3-glycosidic connection. The
disaccharides are again connected to each other 1,4-glycosidically. In the case of
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HEM PO 10 13 WO-SGO 1 Application 12 nol ecul ar wei ght of about 400, 000
glmol _ Chitin shows a very poor solubility and is alnpst insoluble in
water, organic solvents and dilute acigg or dilute bases. Mxing with
strong acids leads to hydrolysis, where D-glucosani ne and acetic acid are
produced. The treatnent with strong bases, however, |eads to chitosan and

5 tate, It can _easily . be prodyced, by the saponification of chitin.

e o s P 0 e 808 Sl PO el oSl Ao SR

(2- ami no{Biogbeny - O} g286ps&)13-33Chi {199B)] i andnane f@frgmlu@i?,fn | s frared NoN- .
ti | t he | teria I .1 QR exchanger

Bnd a5 ancoyiitoysarhidel 8 EubSRteR D, N3ehudel BBRie. WhienfsE Em and

for wei gitericcrraitiomaf thenaydrox wselge st thecGratomgt.t o the invention of the

genergl fornula la can be made fromchitin by partially deacetyl ating

chitin by neang of strong bases and then 15 nonocarboxyal kyl ating the free
ani no grﬁﬂfs?({ g?—fér f‘?ﬁ@{edl ruciyee H@d@‘é’b’?@%ﬁh%ﬁesﬁgraﬁé!gﬂeﬂea(fqolﬁ‘élnériﬁdhﬁ of
demasked ppeserddiff@enciesgisofoppowscan be determ ned volunetrically. The
quantitative detection of the free amno groups is effected by neans of
the ninhydrine reaction. Depending on the way the experinent is carried
out, deaﬁ'é’D?I‘létUroniCmﬂjd ecgaladtogamine BPeo(tlamAbBalbhai ned. Deacetyl ati on

0 t 0 ti a . :
pr ot By el e ?ﬁ?%jﬁ% OB oto Shd Rt L SpHAE, SSHIL 1ot s e
sugar unBfRURStiECR-T.2ircasidie bondinganf thadsenic agiddp the galatosamirexyal ky!
coessi Dig py e Sac Cohugy ol o i, F SRR o U PO Brdfladt |
sic .
(see i g Deracan SUBRGIE AiRFES ol hafdoltiguintiviern Tiah ameurt phenedies of
t he pol yasocimaheépkarin ac:ddn@ba’rgntsmlritwtmdc&:uhgpg gfbrfidd IaE:i@ﬁQli??] Q_gih%/i{cgﬁé g\gﬁiyOLEW
: ordin ,

N 2o Y T i Soq by SHIRBKINE sTRBRIE KA B 10 F BHER bl e
the freedi@cAbardeuPermatan fsulghatet bps with ﬂt{%goaﬁfha?‘qlﬂgamhglr?fmlpymgt g
free am gRageRAtite aﬂra\Fél'aéél?SHi & éMRHQti(SHJHeQ a5 g Hr%ri’tfrEQ p gé‘ahga !

I ni f t ui't ya I'Oh agent .
e B L et Rt -
acylated and the remaining half is carboxyal kyl ated. HEM PO 1013W O SGO

|.AI0F§d Ca{l’hB”de;s%lphation and N-reacetylation leads here as in the case of heparin and

heparan sulphate to compounds, which are also suitable for the use as
athrombogeneous coating.

Type 2) Uronic acid — glucosamine type (HexA-GlcN)n: _

25 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 3-1,3-bound monosaccharids. This polysaccharide has as only polysaccharide
no sulphate groups and is N-acetylated. The molecular weight reaches in

30  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 to a structure, which is distinguishable from the formula Ib only
by the B-1,3-glycosidic connection of the monosaccharids.

35  Further compounds can be prepared also from chitin or chitosan.
Chitin is a nitrogen-containing polysaccharide, the monomer units of which consist
of N-acetyl-D-glucosamine, which are linked in a B-1,4-glycosidic manner. This
results in linear polymers consisting of about 2,000 sugar units and having a
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"Partially N-acylated chitosan" refers to an N-acyl ation degree of 30 -
70% preferably of 40 - 60% and particularly preferably of 45 - 55%
Particularly preferred are chitosan @erivates carrying the Y residue on
substantially the half of the am no groups, and on the other half of the
am' no groups the Z residue in a 5 nmerely randomdi stribution. The term
"substantially the half neans exactly 50%in the nost suitable case, but

shoul d mdeculacweioht ofabeuld0,860 ghwpl. o Gldlin shows acwary orpaseibiity sndand

acyl at i Pé“aﬂﬁ@éteﬁ%o%ﬂa hwda%:erdfgaﬁré Mv&ﬁ@%d)fdﬂ&t%cacﬁ%r biitecrsased e
(deviatign tol erance 3% bé in afirs react|8n step
a cert aMPRgE} stgeng ae/ds r'"e%’sa‘ﬂ 'H@ro'@fﬁ'éub’ eEF‘r Hopsaaige nd acetic aci

car boxyakémk@dm Mhestreatendrit akitty stroag liasesnhaweveplledds fo chitostrmand

di st gh %rtl of the acyl groups resp. carboxyal kyl groups in the

pol A Ge of the general formula la. The formula la thus is only
intended to show a disaccharide unit of the polysaccharides according to

the i “V@Pﬁdtb%n cQHt b%j;rﬂ@&@éﬂﬂ?hf‘@.ﬁﬁ&ﬁuﬁéw ﬁﬂctﬁf?ﬂb@m@s cérﬁk‘?st@cy'

groups and car boxya oups OW N ustratjon s typi cal
tetrasa@éhaBTH‘é‘Qﬂﬁoﬁ' allyn finkedr pelisrsamiNet e@-amlrwc%ﬂﬁpav&%&weban coo

OH HN Oghjtod@n ié knblbdnqeﬂlt% iR fAmfingrodntids eand %ﬂmherm&ﬂt 4O Pasier i bes
the@se of . t 2 ds of thg%e)neral f ormul as /or FFﬂas wel | as
car 18 oratsfia b {b axancrs D S an aent ot Fpuiine BeckalierelJBiaR o o
coat i ngtted blmtlwelurrmrdimrvmightfreduetiomurfaces Hermcorrpatl bl e" refers to
the property of the compounds according to the 25 invention, which neans

not to interact with the substances of the blood coagulation systemor the
bl ood plThestubstanaes adeasdingto the inviegtien of the geovral faoulalacanbecagdede. | n

addi ti Ofront |tin“l'$ [pp rﬁélB/dﬂééééifISﬁné" Tna gcrhéaﬁs %%t g eéséa,obwaatﬁ@har i des

for 30t em)c at1 bl e coating .o sur%e g a

pol %acmca&owwmfngh@%m%mqwe Spﬁpﬁm é tiTR ggacetylation
degree, i.e. the amount of demasked primary amino groups, can be determined
volumetrically. 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

20 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-carboxyalkyt group in a merely random
distribution.

25
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.

30 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
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. 1t is preferred

35 if substantially the half of the amino groups is acylated and the remaining half is
carboxyalkylated.
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nmol ecul ar weight Iimts nmentioned above. One of the remarkable features of
the oligosaccharides and/or polysaccharides used is, that they contain

| arge amobunts of the sugar unit N-acyhglucosam ne or N-acyl gal act osam ne.

This means that 40 - 60% preferred 45 - 55% and especially preferred 48 -
52% of the sugar 5 units are N-acyl gl ucosam ne or N acyl gal act osam ne, and
subst ant :Tg,llg}/ thﬁ remai ni ng sugar units each have a carboxyl group. Thus,

usual |y nbrPEalN-aeyated, chifosany fefersy o eRaN-ogviation degsee)|dfga@ ac i des

and/ or p@irgfenaisijani dos—ce0P%| Hind phrtivularyt preferily dfNis S 5596 Pugitiulaty

i 1 of REEAGRCHE rfeRHR BRVales IR yRL% el Fuobntily e lfef e

resp. N-469lajainacgrospsi ard opribkevthbt hall-afdbeydminecomamsithe Z esgidue in a

N- I HO8; . .th “ | Ser ' ' f .

o] 325?%?@‘%% d an ia' lt,l'?gﬂllo@' ggggéﬁiS%é%]@érﬂggﬂgﬁgﬁﬁh%&gg;eg(@ﬁgflgég"smand/ or
pol ysacchBfinest ayirblesasal byt sheudalsednelude the rengarof #1596 doab5%e Tihesp.

gal act osamriisxyatityiitionnbnd|dcyidtion dedreesf cdBeSUSRIMINGY by rﬁgﬁéﬂéﬂ;% ﬁ-e

N-acyl gr, , prefergbly an.N-acet Loup, and the ot her
gl ucosamw&uﬂcﬁt%‘a&'ﬁ?ﬁ% audorbgnﬁqg\ég@%&g p directly bonded via the anino

20 group or bonded via one or nore nethylenyl groups. These carboxylic acid

0roLR6, RIS ORI IS YEadic LS Ml SRR o
pol ysacc|g&piRfeare aylaied Ol‘s@ﬂfbﬁmlﬁ)ﬂaﬂeﬁ, tthis imeMftably . resulls in &526mptetefyer r ed
49 - 51 teRdsmenanbatdry of ahe! gl di8uds - reth. S YarAlsih igrgtc.gyy Ve

| ' - | gal f
Ol e oeampRBgrcRaride of the denerob Birmdie 1.afae Rbesia laithus s onbinisyided tal {
t ger eof show astiBac?baﬂ::wmfﬁﬂbﬁtm]gidlysdﬁcﬁfaﬁﬂél? bﬁc@ldnq:mngfimféﬂﬂg??ﬂét not
| aur | C . u [ retrerr are ,0l 1 gosac arl des,.a or
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The present invention describes the use of the compounds of the general
formulas la andfor Ib 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 property of the compounds according to the

25 invention, which means not to interact with the substances of the blood
coagulation system or the blood platelets and thus not to trigger the blood
coagulation cascade.

In addition, the invention discloses oligosaccharides andfor polysaccharides for
30  the hemocompatible coating of surfaces. Preferred are polysaccharides within the
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chitosan are suitable for the henoconpatible coating. HEM PO 101 3 WO SGO
| Application 15 The desul phation and acyl ati on degrees defined by
"substantially" were already definedgore above. The term "substantially"
is intended to nmake clear, that statistic deviations have to be taken into
consideration. A substantially alternating 5 sequence of the sugar units
nmeans, that as a rule two equal ar units are not bonded to each other,
but doemm@@ulebwsn%ﬁmt%ﬁeﬂugv@% @gﬁvgnoﬁerqfrié@@ma*wag‘@atures of the
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substantially the half, i.e. 48 — 52%, preferred 49 — 51% and especially preferred
49.5 - 50.5%, consisis of N-acyl glucosamine resp. N-acyl galactosamine,

25 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

30 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
partticular substantially desulphated and substantially N—acylated heparin as well
as partially N—carboxyalkylated and N-acylated chitosan as well as desulphated

35 and substantially N—acylated' dermatan sulphate, chondroitin sulphate and also
chain length reduced hyaluronic acid are especially suitable. In particular, N-—
acetylated heparin as well as partially N—carboxymethylated and N-acetylated
chitosan are suitable for the hemocompatible coating. :
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contact with blood shortly (e.g. endoscopes) or permanently (e.g. stents).
HEM P01013 WO SGO Application 16 In the follow ng the coating nethods
according to invention are described. 44i ol ogi cal and/or artificial _
surfaces of nedical devices can be provided with a henoconpatible coating
by neans of the follow ng method: 5 a) providing a surface of a nedical
devi ce and b) deposition of at |east one oligosaccharide and/ or

pol ysaccharide according to formula la or I'b, and/or 10 at |east one
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40% of t% l-g S’ PN nd ﬁ P& bp&SP cda ar BE%Y | Wﬂﬁ‘e isgiiyn, H'f%’é'&?@d
and/ or nmadﬂ@mo[m:um the mnoststitalde icaspiehevarthohipvean, Iailﬁlﬁk:?ﬁmmﬁ}ewattlonst he

f C ace at, ca i vate

bi 00l ”‘8@%"%’ Pl ol 86 ke iid odriaBEralifn S ehaUHd PG o Bk BB Bianna
al t er nat £3 3@!%5auaihlnmvekyﬁ§ra §@@alnﬁétespé§§0r$dnathemasﬂ di ngtusalr iepainf a
medi cal Hewkeer, aRdrd'is o0skRaY tdl@%é’cfngasggt%ﬁc%bb? N-E e geoéznﬁm%”éﬁgce of

ce of a me evice an 5 b)

t he medi cal .device :
deposi t i P agd "f"iétésﬂnsg‘%?éf)%'o 'lj@é’& ari de and/ or poI ysacchari de according
to formula la or Ib, and/or H EM PO 1013 WO0-SGO 1 Application

15 Furthermore, a process for the hemocompatible coating of surfaces is disclosed,
which are intended for direct blood contact. In said process, a natural and/or
artificial surface is provided, and the oligosaccharides andfor polysaccharides
described above are immobilized on said surface.

20  The immobilisation of the oligosaccharides andfor 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 oligosaccharides and/or

25 polysaccharides (side-on boending), 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

30 as surfaces of prostheses, organs, vessels, aortas, cardiac valves, tubes, organ

replacement parts, implants, fibers, hollow fibers, stents, hypodermic needles,

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

. adsorber media, chromatography media, chromatography columns, dialyzers,

connection parts, sensors, ventiles, centrifuge chambers, heat exchangers,

35 endoscopes, filters, pump chambers as well as other surfaces, which should have

hemocompatible properties. 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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17 at | east one oligosaccharide and/or polysaccharide, which contains

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

gal act osam ne and the remai ni ng sugary units substantially contain one

car boxyl group per sugar unit. 5 b") geposition of a biostable layer onto
the surface of the nedical device and d') deposition of a further
henoconpati bl e | ayer of at | east one inventive oligosaccharide and/or

pol ysaccharide according to fornula Ia or Ib, and/or 10 at |east one

ol i gosagChaL | f&ﬂ@ﬂfg(/?ﬁe pucosgc?ﬁ@ﬁw@ I\E(‘,’@Hr{ilhgc tlﬁ{(é}'?tlonb%\tré"eﬁ@sér%@da”d 60%

t he sugar uni t m ne or act osam ne and
renai ni Rglagicalrand{pt s*'rll'%ﬁﬁb@t stifacas of é‘@ﬁﬂ'ﬁﬁ‘“nd%‘ﬁ@es EaNHBR yRroyidedpWiBra sugar
uni t. IRerhBEoimpatibleRitating &Y rAEBAS oM follBlRY MEfidd: even in the case of

mechani cal damage of the polyneric layer and therewith also of the
exterior henoconpatible |ayer, e.g. due to inappropriate transport or
conpl i ca} ed proniting assirfdoe iofig rhadical delieenaadi on, that the surface coating

does no, oS ?g&t
" bi ol og%’ (i?pdisitﬂw | Cia IE%%H é'hgre% Q ?@h@ﬂge?ﬂ&ng@ on dh%hgﬁ az(lz(r&t Hp @l al
medi cal devtocfermulaﬁaa)flb,rtlfim al part to be understood, e.g. a pork heart
with an artl dg heart val ve. 25 The single |ayers are deposited
|

preferably i ng or spraln thl’gﬂ ere necnde0|t at the
sam® time widh |t3g Pligosa %m of aq\;ggacciﬁgaﬁerwgph % i ve
agent s OntolmétWe@adktol% adﬁll IBO@/&/SWQ‘ %gﬁar \MmtlciN asylt bmosamw@mnmalcyln t he
respective er, coval ent and/ or .adhesi ve oun y_Qpe or
o 6 act | ve GHBHOSAHEE pnd 30 I TiArE “Sid Unl SRl GhondG o
deposi ti on ofarackdrgrogppat shgar urdler onto the ITEdI cal device. The active
agents as well as the substances, which can be used for a biostable or

bi odegradabl e | ayer, are item zed nore below. 35 Onto this first biostable
or Hermoddennsitian“e shal erefet tps at hiaashorattipl ecaatingn cddai sugage Wi the

conpul S@éﬁeﬁi é&nﬁ@@ﬁé&kt vierali | the Qﬂﬁr’iﬁodlﬁéﬂar@f depdsitéd rraha/oact ive

ifg
agents re nt t act i ent or, agents are o
coval onftpdgetd @@%}fﬁ@%ﬁ@? anyhiup Schossf Shcadion it tbs AiFecshl
deposi t sgrfde. di ppi ng or sprayi ng net hods. HEM PO 10 13WO SGO Appl i cat i on

20 Under “substantially the remaining sugar building units” is fo 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.

25 An uncoated and/or non hemocompatible surface is preferably provided. “non-
hemocompatible” surfaces shall refer to such surfaces that can activate the blood
coagulatory system, thus are more or less thrombogeneous.

An alternative embodiment comprises the steps:
30
a) providing surface of a medical device and
b’)  deposition of a biostable layer onto the surface of the medical device
or
a) providing surface of a medical device and
35 b) deposition of at least one oligosaccharide and/or polysaccharide according
to formula la or Ib,
and/or
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- 18 After the step b) or the step ¢c) an additional step d) can follow, which
conprises the deposition of at |east one bi odegradable | ayer and/or at

| east one biostable l|ayer onto the heggoconpatible layer resp. the active
agent layer. 5 According to the alternative enbodi nent after step b') or
step c) a step d') can follow, \/\hi ch conprises the deposition or

I mobi | i sation of at | east one | i gosacchari de and/ or pol ysacchari de
accordi ng to #hJeast &Feadﬂtﬂoéﬁﬁ"g’\&f & oandipe polysagchapdandwbichatcandaiss one

ol i gosacchar i Bstwars/ qowceincsmfbamed% '\E&hlﬁh wa& choésﬁqwrbr‘lﬂf/%ésﬂd 60%

the sugar unit II\I— ac [g% uco ﬂ? ne or Bt 0S ne and

remai ni ng sug®?a ﬁtrq#gn L HiG dPMAINIRg: Q?FOH%‘ §§aﬂt' Iy reQnsaipe PN ugar
unit, as henocarbpayligobep peysugarfirgf. er ably after step b') the step d')
foll fte S her, act.ive ggent
Iaye%lvgf @ne %?ﬁénsg@) erfi éjf atﬁe a}}geg(r?\)tngoe@'genétﬁi%% &lef%a@éd'gﬂ't@ € 8Ato the
subj acent bi odegradabl e and/ or bi ostabl e | ayer or the henoconpati bl e

| ayer. Aggiti t Hehsst ' e Radgible,
bi odegr adgbl e@égdnéclit}boﬁ; %feér:gg?)gégt I bl e "Wéet?bge ?g cootl?%atl %%Pwﬁher' act P\é/e

agents, whi chPliggsacehs BOV%%QWF’%({CHTQ'%t%fW%F%OEMI or

bi odegradabl earsd/bet ances or the henoconpatible oli gosaccharl des and/ or
pol ysacchari dgs e medi cal Vi d ar con ed | he respective
I aye‘rr'i)";1 Accor r%g% %é‘ p@??@‘g}%ocﬁ"ﬁﬂ ercorea aihs

coval ently ariaﬂtweenZQO%drm'Ei Wiy theusdgan umte I\lsacy?lagmcoéamir&e rmde;ad:yIdew ce
and conpl et eI 4 Eslm% r i ch
(preferably c th%ta Eoungﬁﬁuﬁﬂ%%%ogltﬁ %ﬁ%@&lbﬁ Z%lg Q&h
hermoconpat i bl"éar & lgf@@rﬁﬁwl@afhé]ﬂarl n of native origin of 30

regi osel ectively synthesi zed derlvatlves of different sulphation

coeff Ci sul acyl ation coefficients (acylation
degr ges)?ﬁﬁﬁ?% ﬁﬁ?%"c‘ﬁleéﬁ’db%mﬁﬂg "P syre: 1 e Eh the £AsRaPT medianital; s
res p(r)]n3| daraagerof the polyméridiagebahd cherewithi lgo r?mhé @xtéﬂbrﬁieﬁﬁtﬁtﬁfrﬁpéﬁbl@cul ar
wei ght e, purgeha D aransui phate and it
derivatiVv Egép pl é]g{é t%ag{ %&’@é@%@h ?R%P ? ?E C&mﬁ%éﬂ%ff BB "J'%éﬁ%al I X,
desul phalmﬁia@tﬁﬂom- theddeeysurtace kepting rdoes- n@hldﬁ@x;tamha]aaeﬂdtltamd/ lmzing
partial | modd@epipdtidied chitosan as well as mixtures of these substances.

1-1 B¢ PO 10 13 SGO Application 19 Subject of the invention are al so

medi cal devices, which are henpconpati bl
Under bloioglcal and artificial“ surface is the combination of an artificial medicat

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

25 The single layers are deposited 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 and/or adhesively bound. In this
way one or more active agents can be deposited at the same time with the

30 deposition of a hemocompatible layer onto the medical device.

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

356  Onto this first biostable or hemocompatible layer it is then possible in an additional
non compulsory 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.
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coated according to one of the herein nmentioned nethods. Furthernore

subj ect of the invention are nedical devices, whereas the surface of 5 the
medi cal devices is covered directly ofg via at | east one interjacent

bi ost abl e and/ or bi odegradabl e | ayer and/or active agent layer with a
henmoconpati bl e | ayer, which consists of at | east one oligosaccharide

and/ or polysaccharide, which contains between 40% and 60% the sugar unit

N-acyl Hftattheantepebber theastep c)gan addiional atepathidcam follovqavhich gompgigesuni t s
subst anjy flhﬁggﬁﬁ% %ifrbtqagstcaﬁ@%egré@aaéqayerpsﬁdfw%neam' dne Pisstasleng to a

preferre | ment under henoco ﬁ er. of the afore-nentioned
ol i gosalﬁyﬁépﬂﬁb@%ﬁ%?omﬁ‘ﬁwﬁé@f%rrﬁ%é packye ?88@? laY&e biostable |ayer

present, whi ch |s additionally preferred coval ently bound to the surface of

h d i ce. . h f , bI
| aydi  aAeRatl e Alemaive emipiren R oy of sBh T B ARPE T IBR T
pr esent follaw, c whidhv esampiiisesh éhec depasitibhe or | 'msmpb'rhsamreteﬂ yatoﬂeastconpl et eI y.
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cont al bet ween t he

henoc
bi ost agPEEOT Bwand/pa@é iea@ﬁanetqirg0§@<b?@mmamﬂ%e@lw§@@mnée; ish eantaipsi ve

agent | pygled 20% easd ©0% &i&l@u@éﬁ f@mat Mt@cyla@wddsahﬂmaberw-a / or
and/ or, adhesi vel y

tjth 1
P e RabRtasasane e RE Bmalnc nast Bt SBSteriai. Conan 206 earbaidr” or

addl t i ogeddpy peostdaer adit,i aschegeoompalible kaer. IRmﬁerrablyosfteabsttep tﬁhﬂl'{eosteppper
hem)corrggtf' EA& | ayer can contain further active agents, which are
t % B

deposi rably together with the deposition of the respective |ayer
30 Basically every layer, i.e. a biostable |ayer, a biodegradable |ayer and
a hem%ﬁ%?%&éd)h)?/résﬁsv%rr? 8 ft%'n”ofoéﬁotﬁér e 2aeMtE0 bC5RE bY PordNt i

nf | amrat or d mpot 1 ¢ active agen s~ an r eov r bet en t he
af ote- n@ﬁtw%ﬁ@&nta &§@rf@kac@la9% BigeRl A9 dne SbiasrntpPiodggea \gg’ent s

can be piRisHIE lay@refr ¢hé AEmorbmpalibld lRgepyst ens of two |ayers, a b| ost abl e
and .a henoconpati bl e | ayer, 35 whereas the henoconpatible |ayer is the

external layer and both -layers can contain one or nore active agents.
Fur t her Additionally ébetiree depbsited arctive dzgertt hlayetse thie dripstablel divdggradableact i ve

Thr ce- | S8lorchefiBSaftpaBlen A (G 95Ridhn Arinff % %ﬁﬁ%@%@ﬁ@ﬂ@%
App2@ caﬂeaﬁsm;i tiogribgr adébthe mta@ﬁoa@ﬂlpatbl@d@rﬁdyble sybsipaess o cthe rabl y

t he 't OWﬁéFndc%vrﬂfaﬁbﬁe Bli @éé&hﬁh&i@s laﬁ}z!ﬁfr pdigstidchanaks Yorohe MledicdP deeidev e
agen %grasreacggt neg in the respectlveqayers

According to a preferred embodiment the biostable layer is covalently and/or

25 adhesively bound on the surface of the medical device and completely or
incompletely covered with a hemocompatible layer, which (preferably covalently)
is bound to the biostable layer.

Preferably the hemocompatible layer comprises heparin of native origin of

30 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

35 of the erythrocytic glycocalix, desulphated and N-reacetylated heparin, N-
carboxymethylated andfor partially N-acetylated chifosan as well as mixtures of
these substances.
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possible to deposit two active agent |layers directly above each other. In a
further preferred enbodi nent at | east one active agent is bound covalently
onor ina 5 layer. Preferably used iggthe nmethods of coating and on the
medi cal- devices as active agents are tacrolinus, pinmecrolinus, P188,
thynmosin a-1, PETN (pentaerythritol tetranitrate), baccatin and its
derivatives, docetaxel, coichicin, paclitaxel and its 10 derivatives,

trapi di | Subiedtnef thes dnvestipgi aregalsei medical devigasn whichrarayhempeempatiblye- 2, 4-

di car boxybhtedratdhrdingitalone-sfarE Werdih QREMBrEAl heftodki al i n) . sinvastati ne,
macrocyclic suboxide (MCS) and its derivatives, sirolinus, tyrphostines,
D24851, coichicin, fumaric acid and fumaric acid esters, activated protein

(c (aPC), Funthermeree sulsjettl8f theninvbntiar are ﬁmﬂidmHéﬂi@@&’,’f\@h§lfeiaﬁ1théfsiuﬁﬁcléfo”8/ne
a- : P 4 15 tiyv ents. . The natur and/ or'
art :V]%?:i glﬁe ?ﬁ%‘#}%@'ﬁ‘s’&g?‘gﬁiiﬁg iega. 'r%%@is §'ég% %Feéa%ggpg '86%&388"?@?&0@3?*&!%9 to
t he her ei@Rdiudiedegradabledayir and/or activeraganiayeriwith 4 hgmocompiatible lageent | ve
ol i gosac gfHiEh I c r : lid j-des or 20
pol ysacchary dét?‘%h‘*’?%ﬁ“cﬁﬁ}%?ﬁ phg) offocsERaridd SRl BSREACHAIIE? \ifithy]

gl ucosaniCRBRS Refueen % g 0% dhansngasunit Naaey! rgjueeaasring nor &l-acyl

suptst alnt igaldcjosarnintaand gﬁ@ remalvy |s|u@éﬁuﬁitf>%nb§ttaﬁﬁéllw ebﬁtagr%ﬁ?&;%?ggmlhl y
sui e n ] organ repl acenent parts, respectively, ich are
T T ec o BB ST

in he blood circuit and the blood. The nedi cal
devi ces coated according to invention are 25 especially suitable, but not

ly, f Al . : kSi.ngl
sy harcoRifly 167 eferiel SEimBhE IcEP The HemBeBmpdeiad jaUe Bl thE? '
pr ot ei ns apfegnsnkionedeligasacebarides and/or polysacrliiasidesis af lepsbemmbjostaldéns on

forei gn saych preserthivRizhGS BBAIBNSMPHATE Y F:Bvaléﬁ‘tl;ﬁb@lm:l {cﬁth%_rblﬁﬁa%sfﬁfgﬁé and
Imtt%ls ste fg{ the further events concerni ng tthe recognition and the
i mpl nm‘:ﬁﬁc%{ SYB¥- of the bl ood system This is for exanple inportant in

the in vitro diagnostics frombody fluids. Thus the deposition of the

[ ti ; i A f | g t 35
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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 Basically every layer, ie. a biostable layer, a biodegradable layer and a
hemocompatible layer can contain one or more antiproliferative, antiinflammatory
~and/or antithrombotic active agents and moreover between the afore-mentioned
-layers active agent layers of one or more active agents can be present. Preferred

are coating systems of two layers, a biostable and a hemocompatible layer,

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
hemocompatible layer an active agent layer of one or more active agents is
present. Also preferred are three-layer systems, which consist of a biostable,
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chr omat ogr aphy nedi a the unspecific adhesion of proteins is also prevented
‘or reduced, whereby better separations can be achi eved and products of
greater purity can be generated. Es ially stents are coated according to
the inventive nethods. The inplantation of stents using balloon dilatation
of occluded vessels increasingly established in the last years. Although
stents decrease the risk of a renewed vessel occlusion they are until now
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gr ohdi nitliesehactivesagantss t he bl ood 35 vessel . This neans that the stent is
surrounded totally by snooth nmuscle cells and has no contact to the bl ood.
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organ replacement parts, respectively, which are in direct contact with the blood
circuit and the blood. The medical devices coated according to invention are

25  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 surfaces.

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

This is for example important in the in vitro diagnostics from body fluids. Thus the
deposition of the inventive coating prevents or at least reduces for example the
35 unspecific adhesion of proteins on micro-titer plates or other support mediums
which are used for diagnostic detection methods, that disturb the generally
sensitive test reactions and can lead to a falsification of the analysis result.
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22 nmeanwhil e al nost totally avoi dabl e nedi canentously by application of
anti- coagul ants. The second and third problemis intended now to be sol ved
by inhibiting the growth of the snoot$y nuscle cells locally on the stent.
This is carried out by e.g. radioactive stents or stents which contain
pharmaceutically active 5 agents. US-A-S 891 108 discloses for exanple a
hol | ow | ded stent, which can contain pharmaceutical active agents in
its intebruse hat then 9oating| @gserdingr ughvention oar iadserntionbene fa ot | ets
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provi des that the covering of the 35 stent surface with cells especially

sSnoo, cle and en helial cel]s takes place in a controlled way. Thus
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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
among 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 c.) Atfter 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 (neointima hyperplasia) and may lead to not only a coverage of

the stent surface but to the occlusion of the total interior space of the stent.
35 '

It was tried vainly to solve the problem of restenosis by the coating of the stents
with heparin (J. Whorle et al.,, European Heart Journal 2001, 22, 1808-1816).
Heparin addresses as anti coagulant only the first mentioned cause and is
moreover able to unfold its total effect only in solution. This first problem is
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medi canment concentration which involves the risk of thronbosis. HEM PO 013W
O-SG | Application 23 Thus the incorporation of active agents guarantees
that the active agent or the active s@gent conbination which is bound
covalently andl or adhesively to the subjacent |ayer and/or inplenented
coval ently and/or adhesively into the layer is released continuously. and
in small doses so that the popul atlon of the stent 5 surface by cells is
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i r'i not egafhrdcYRP B dAembrane, shall create a non thrombogeneous surface as a

component of the coated non biodegradable polymer layer on the stent.

25 Dependent of its molecular weight, thereby the active agent is absorbed by the
polymer containing phosphoryicholine 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
30 and/or antiinflammatory and if needed an antithrombotic active agent.

The hemocompatible coating of a stent provides the required blood compatibility
and the active agent (or active agent combination) which is distributed
homogeneously over the total surface of the stent provides that the covering of the

35 stent surface with cells especially smooth muscle and endothelial cells takes place
in a controlled way. Thus no rapid population and overgrowth with cells takes
place on the stent surface which¢ould lead to a restenosis whereas the covering
of the stent surface with cells is also not completely prevented by a high
medicament concentration which involves the risk of thrombosis. -
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melanocyte-stimulating hormon (a-MSH), thiotepa, daunorubicin, doxorubicin,
25 aclarubicin, epirubicin, mitoxantrone, idarubicin, bleomycin, mitomycin,
dactinomycin, methotrexate, fludarabine, fludarabine-5-dihydrogenphosphate,
mofebutazone, acemetacin, diclofenac, lonazolac, dapsone, o-
carbamoylphe‘noxyacetic acid, lidocaine, ketoprofen, mefenamic acid, piroxicam,
meloxicam, chloroquine phosphate, peniciliamine, hydroxychloroquine, auranofin,
30 sodium aurothiomalate, oxaceprol, celecoxib, R-sitosterin, ademetionine,
myrtecaine, polidocanol, nonivamide, ievomenthol, benzocaine, aescin, cladribine,
mercaptopurine, thioguanine, cytarabine, fluorouracil, gemcitabine, capecitabine,
docetaxel, carboplatin, cisplatin, oxaliplatin, amsacrine, irinotecan, topotecan,
hydroxycarbamide, miltefosine, pentostatin, aldesleukin, tretinoin, asparaginase,
35 trastuzumab, exemestane, letrozole, goserelin, chephalomannin, pegaspargase,
anastrozole, exemestane, letrozole, formestane, aminoglutethimide, adriamycin,
azithromycin, spiramycin, cepharantin, smc proliferation inhibitor-2w, epothilone A
and B, mitoxantrone, azathioprine, mycophenolatmofetil, c-myc-antisense, b-myc-
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From the group of antibiotics furthermore cefadroxil, cefazolin, cefaclor, cefotixin,
tobramycin, gentamycin are used. Positive influence on the postoperative phase
have also the penicilins such as dicloxacillin, oxacillin, sulfonamides,
metronidazol, antithrombotics such as argatroban, aspirin, abciximab, synthetic
30 antithrombin, bivalirudin, coumadin, dermicidin, enoxaparin, hemoparin, tissue
plasminogen activator, Gpllb/llla platelet membrane receptor, factor X, inhibitor,
activated protein C, dermicidin, antibodies, heparin, hirudin, r-hirudin, PPACK,
protamin, prourokinase, streptokinase, warfarin, urokinase, vasodilators such as
dipyramidole, trapidil, nitroprussides, PDGF antagonists such as triazolopyrimidine
35 and seramin, ACE inhibitors such as captopril, cilazapril, lisinopril, enalapril,
losartan, thiol protease inhibitors, caspase inhibitors, apoptosis inhibitors,
apoptosis regulators such as p65 NF-kB and Bcl-xL. antisense oligonucleotides
and prostacycdlin, vapiprost, a, B and ? interferon, histamine antagonists, serotonin
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gi nkgo!, ginkgolic acid, helenalin, indicine, indicine-N oxide,

| asi ocar pi ne, inotodiol, glycoside |a, podophyllotoxin, justicidin A and
B, larreatin, malloterin, mallotochragmnol, isobutyryl nmallotochronanol,
maqui rosi de A, marchantin A, maytansine, |ycoridicin, nargetine,
pancratistatin, |iriodenine, oxoushinsunine, 30 aristolactam Al

bi th i di , I de A, ghal aki noside, ursolic acid,
GeoxypsoPBEKER HaGSOERER .. METPING: 1 toeonterdu HARIHE, o a8
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desacet yi vj. sm one vi sm one et ‘natural” t er penoi oPs Kich as

hi ppocae8etiy§ @gemﬁ iRy alesaige odvdsecaitisane, hegfasathasone, a@ﬁmﬁﬁm@ﬁﬁh
17- hydr onga&t@@ideﬁ'&s&bbﬂaﬁce@YNBﬂﬂDS) sdéh aé,f@nbﬁMé?p: W@l%bﬁ%lﬂ cat i on

| d d d |
Comenb hallPORETA B wbligond chnn ihess. ATiFaD dants | Pectheps, SRYIPAL o
acijd A, gaedcionir argbzidovadiperararaito applyable. d)lﬁgt/eer;tefrﬁung@bg(r:@ afe ugedijipani n A
culpo
Separtat of S urel| ERarfileST i AdYole. AEyBEhe) BN Kapiifazote
Especi al Mcqiazpla.r astatia, aterbinsfiage ntipipresl fagents esushsas  chloroquine,
| MTUNOS URBTRSEING RiAIPR b!‘@sef%?w@eécﬂ\)ée'abe t(}[e lfrl)r&.i: ud %@bh&% eflof&dver

o701 1 migatEa {SwBRENSS R 055 StibRgasRculn, i RGIbEepPke 21 argelaion 14-
conbi nalt dehycbbagmsaswchﬁnt I@gr@bkém’: ﬁt byRIsfistazhin, Ng1 Wﬂk@@‘égﬁ)eﬁgté&hm
t 1 v
rer o edvalailE, 47048 ABENERMHR Aol BRSPS By B B iniheiB el
t hynosi nbrucgagol /‘EETB ( pent deugeantinaside et@,?myadanay)sldbaccbltl mnand B, t S
r | Me
trapl ai | ’ég_ge"%ﬁ%@%’%é*gé?' - RrfphBthtoBRTA re S, odtBlalih . 15'C Yl - Brsole

suboxi ded¢! yRigtc  agld d@rl 780fiRe dso-iidogermanal, ﬂWﬁﬂiﬁ@HG'ne@‘fusaﬂhBSI\,,
col chi ci exci$aniarA and @, dosgiRadrinB! séulaéhéatﬁﬁcekame%hhwuaﬂ(an%mh% Bn&

(T B R0 ot BB Yoy Rl 4N iRy an b ayones el | s
tial i n- Naydrozpdilumethaixycarthin-@lone) . scipelett, | taxaagdnt As aptdeBsr adgenilol,
cont ai neginkdlid, PhALRERRY! | &haff! | YBoEARSAR! " FisBochic  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,

glycoside 1a, podophyllotoxin, justicidin A and B, lamreatin, malloterin,

mallotochromanol, isobutyrylmallotochromanol,  maquiroside A, marchantin A,

maytansine, lycoridicin, margetine, pancratistatin, lifodenine, oxoushinsunine,

30 aristolactam-All, bisparthenolidine, periplocoside A, ghalakinoside, ursolic acid,

deoxypsorospermin, psychorubin, ricin A, sanguinarine, manwu wheat acid,

methylsorbifolin, sphatheliachromen, stizophyllin, ‘mansonine, strebloside,

akagerine, dihydrousambarensine, hydroxyusambarine, strychnopentamine,

strychnophylline, usambarine, usambarensine, berberine, liriodenine,

35 oxoushinsunine, daphnoretin, lariciresinol, methoxylariciresinol, syringaresinol,

umbelliferon, afromoson, acetylvismione B, desacetylvismione A, vismione A and

B, further natural terpenocids such as hippocaesculin, 14-dehydroagrostistachin,

agroskerin,  agrostistachin,  17-hydroxyagrostistachin, ovatodiolids, 4,7-
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fromO0.001-10 ng per cn stent surface and per active agent |ayer or active
agent 25 containing layer. Additional - active agents can be contained in a
simlar concentration in the same orgg n other |ayers. The nedical devices
coated according to invention, especially the stents coated according to

I nvention, can rel ease the active agent or the active agents 30
contlnuously and controlled and are suitable for the prevention or

reduct i BXY@cloanisanaelissi acids e yadanziogides THY m%cgnpa$(PC!ﬁ@<ylelﬁﬂé’laWﬁ'Bh
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Coet 1| o7Buy (SoThingbrDanaL  radshialidl LEFTsRhln BoceRPERLR <A AT5H i on
degr ees)ongikaurian Brodcetpdrmatinei ght range of the pentasaccharide which is
responsi ble for the antithronbotic activity up to the standard nol ecul ar

wei ght of the purchasable heparin, as well as heparan sul phates and
deri vat Thesaetiver agents et weadL 6eganatelgaD cwpbmedam the 2amst pg@ diffarent
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subst anaeting Bubsknses rnrsoi/vanhpnllfdtahm acfiue | dgents omth mgnmspppmsaab by
provi di ?g g&[‘“ﬁsl onal normally non coated stents and by preferably
depo

coval en rtron of a henoconpatible |ayer which permanently masks the
surface of the inplant after the release of the active 10 agent and thus,

after tpromae@iopiing gpﬁ%sl?éﬁtlt;g@erﬁ%nérestada&tme@Cﬁinﬂétgor;@gg dg%@dﬁgm{bﬁm of the
o ds T oal BB EhentaERn b Tran Aty Baceatbe And ls dRgrat oS RGeSl 5 and
al | oys oolcbfc:lmypad:mﬁxei arich itgotgriveatives Areiphdil, 2 ahdr 8-estradivddidernicidih, t he

Lot S, SRR | SnhchiEicor B *ESR, 8 Yl RoAPARIRL sl oo

| ayer sfupbosiinese D%ﬁéﬁ wnlqtlﬁclm,sftuimwm:tab;d adegdemarig¢ aeidt mego antiyated s

| abel | edrdifiSE Lél‘-ﬂ?f nn@%ﬁbﬂn@%@%ﬂﬂﬁo&aﬁ & rhélafn% e'a}fﬁﬂlamg%m%ne
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covered(mmhegﬂloﬂmjnﬁ bi odegradabl e | ayer whi ch

The aclive agent is preferably contained in a pharmaceutical active concentration
from 0.001-10 mg per cm? stent surface and per active agent layer or active agent

25 containing layer. Additional ' active agents can be contained in a similar
concentration in the same or in other layers.

The medical devices coated according to invention, especially the stents coated
according to invention, can release the active agent or the active agents

30 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
35 sulphation coefficients (sulphation degrees) and acylation coefficienis (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, as well as heparan sulphates and derivatives thereof,
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25 conprises at |least an antiproliferative, antiphlogistic and/or
antithronbotic active agent bound coval ently and/ or adhesively. Al so
applied are active agent conbinationsophich nutually facilitate and

repl eni sh thensel ves. As bi odegradabl e substances for the external |ayer
can be used: 30 polyval erol actones, poly-e-decal actones, polylactonic
acid, poly Ixéﬁgic acid, polylactides, polyglycolides, copolyners of the
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‘ol i gocapFBifefane diiosaasandier wixtyesi ok dhese diubstancepolTheskbesteats avith a _
mul ti bl opémidebiiprit i ; 3 | ' 28
pol ybut yl er]tet er.e ?ﬁgﬁgflﬁoféﬁjﬁ)iﬁggggéﬂg?é@fﬁgél i\f@‘&cﬁgf’."?ﬁéf’ﬁ% ?‘%Qt hyl -
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ol y{pi s - opat e ol yort hoesters, po colic acl
Pt s POERRand i, ARGl RS B el et Brkisnbs AHata carededion
pol y( N- vPhte)mglrix: ol i done, pol yvi nyl al cohol es, pol yest er ani des, gl ycol at ed
pol yesters, polyphosphoesters, polyphosphazenes,

ol yp-c oxyphenoxy) pr opanel , pol yhydr oxypent anoi ¢ aci d, pol yanhydri des,
pol ;gt h?fr _Bﬁé?&ﬁvaatl%ﬁ@réﬁéﬂwa@andzﬁ gogieryaacerding ée the tiveotiee heethadsyi t h
ani no  aconkistesf dstamidsy SheolDaftkRANS: JIRLY HhdNEls %ﬁ:ﬁe%ﬁoﬁﬂgsaﬁ P sypthetic

poly, hy#@peoxi de, 10 pol yal keneoxal ates, pol yorthoeste

copolyme §&F-eof, 1i pi ds, carrageenanes, fibrinogen, starch, coll agen,
protein based pol yners, polyam no acids, synthetic polyam no acids, zein,
nodi fi ed ' r . a ic acid ctinic.acid, nodified
and non f\nﬁ)gﬁ {e@% hd r?n&éﬁgﬁlﬁgés}giéf?h%aﬁgﬁﬁ?yﬁﬁ??ff/'f%?‘bl’fﬁi’%‘)“% SORYVR, @

nor eover COBtEIGUWBIshceansisls afagideast et [ayers, Muliplelayer systems are used as
chondr of weMemHbRiR hiultieXhy e syStomCtHRIRYEF Wiich i€ BRELNTRESoUdd1oR R and
pol &@;op Ie{1cagllf_i‘¥)cgld ?ur’im arapi cum quar, gelatine, C agen, col'l agen- N-
hy driOxy sSIEET I Frgled ffirs; lyer. fdIse6rRd layasds thaklayenwhighdscirpsisitedr s
and/ or on teafies layertdte. af ore nmenti oned substances. 20 The | ayer and | ayers
respectively which contain the active agent is slowy degradated by
conponents of the blood such that the active agent is released of the

ext er nal A¢egrdingater thalitwg lager Hesigagthedfitst dayeretansisty of aresndseapatitse! f

from t hgayer which is substantially covered completely by a biodegradable layer which

25 comprises at least an antipreliferative, antiphlogistic and/or antithrombotic active

agent bound covalently and/or adhesively. Also applied are active agent
combinations which mutually facilitate and replenish themselves.

As Dbiodegradable substances for the external layer can be used:
30  polyvalerolactones, poly-e-decalactones, polylactonic acid, polyglycolic acid,
polylactides, polyglycolides, copolymers of the polylactides and polyglycolides,
poly-e-caprolactone, polyhydroxybutanoic acid, polyhydroxybutyrates,
polyhydroxyvalerates, polyhydroxybutyrate-co-valerates, poly(1,4-dioxane-2,3-
diones), poly(1,3-dioxane-2-ones), poly-p-dioxanones, polyanhydrides such as
35 polymaleic anhydrides, polyhydroxymethacrylates, fibrin, polycyanoacrylates,
polycaprolactonedimethylacrylates, poly-b-maleic acid, polycaprolactonebutyi-
acrylates, multiblock polymers such as from oligocaprolactonedioles and
oligodioxanonedioles, polyether ester muitiblock polymers such as PEG and
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matrix according to its elution behavior. The first henoconpatible |ayer

guarantees the required bl ood conpatibility of the stent once the

bi odegradabl e 25 | ayer is degradated.oglhis biol ogical degradation of the

external layer and the corresponding release of the active agent reduces

strongly an ongrowth of cells only for a certain period of time and an

aimed controll ed adhesion is enabled where the external | ayer has been

al r eady palvbeiyjenpigrepidalate. Trelypivartelgrlones, daptyalvedlion aicid heliimetbivhal
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0 ic s forne e fo rincipl.e rovi di ngn..coat e

ot el BphuisBiatResie,  Bansrpgilerd 85 Hhy, GBSt S ayer

5 ¢) di carrageenariesg dibrinegagge starcmt ooltagenh@mtennbasedblwlymmr ,pdyamm))

subst an |y, n h bl ng or
beidls %&%@1{ tp%{)%?f%b Qc;8§ ‘zl%[h ﬁ%ﬁ%ﬁp%h ;f‘qj t@séﬁ% Syéa% i aq?%,

sprayi ng mnet had I've ag
conpl et pectiat oy, andlinic jacih rrpﬂﬂ@dl@e@ o&nd n@oﬂf mﬁ@lfeﬁerﬁbﬂﬁ nm@di paseithyer vi a

di ppi ng cgfbé@hﬁmgulﬁﬁb@dalwmh aPndré@@ér ﬁ?@lurd‘rﬁ’c l%iditﬂeﬁéﬁéil%lh' SuRHMST

bi ost abl e | ayer rises at t on d/
r eptesehepap eCQEF?’RPét"E'&H alt?’sgﬁdraﬁ'h %Pbﬁemﬂssopoe%am%n%ﬂ?ré’ EGa big
range ofandapolgpiopylehegbenhi gqgnivhearabictim, \utehr, gektine £ gelidgen, awoliaben-dbt i ve

combi nodVarySERANERR HEER, BobBhGRuS hREAES fna cohdlinely B,
coat ed swiglures bf theegfors riamtioneéd substancespat i bl e | ayer, 20 c) deposition of
an active agent or an active agent conbination on the
20 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 iayer
guarantees the required blood compatibility of the stent once the biodegradable
25 layer is degradated. This biological degradation of the external layer and the
corresponding release of the active agent reduces strongly an ongrowth of cells
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,
30 preferably 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 the

hemocompatible layer remains as athrombogeneous surface and masks the

foreign surface in such a way that no life-threatening reaction can occur anymore.

35 - :
The amounts of polymer deposited on the surfaces of the medical devices,
preferably stents, are between 0.01 mg to 3 mg / layer, preferred between 0.20
mg to 1 mg / layer and especially preferred between 0.2 mg to 0.5 mg / layer.

HEM-P0O1013W0O-8GO1Application



henmpbconpatibl e | ayer without a matrix, d) deposition of an active agent or
an active agent conbination on the henoconpatible layer wthout a matrix

and substantially conplete and/or incggplete coating of the |ayers with a
bi odegradabl e and/ or biostable 25 material for diffusion control. Coating
principle Il: a) providing a non coated stent, b) deposition of a

henmoconpati bl.e | ayer, 30 c) substantially conplete coating _and/or.
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agent boypd c |. |.y._and/ or dhesively to t

sgbst ant iLHa}I I yﬁ%ﬁ@%"%&??‘ﬁ& Sg?n he henoconpatible |ayer with at | east
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active aggnt t ; ' . ri x and anot her
bi odegr a%bl e an of_eﬁ%%aﬁeéﬁ?}gégﬁe&gﬁﬁhﬁéﬂh‘bg%a%gg ggtént_ as diffusion
barri er ch stgskantially, sorplte corting pf dhe himoeanapgtikladayer yiardipgingyor H

EM PO 1013W OspRaJihg Adthoe ith At It GRatdcide BHRE Pbe 1111 a) providing a
non coat eg, st enbsgﬁi? eposi tlé%n of 8gilngermc ati ble | ayer, substantial ly

c)
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agentsbound ¢ IV . deposition ap active agent
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subj acent | ay@genkand/obseprasents tye aotive agentdtselfi ng of the henoconpati bl e

| ayer with at | east 10 one bi odegradabl e and/or biostable |ayer which

conprises_at |l east one actiyve agent bound coval ently and/or adhesively,
deggsi T heoprigciPiecel geatingyatlersor big rarge vé vagatien consering éhe centrived: her
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Do 18 GRS EE e PR P08 ST g, o P TAITY 1o
" Coating principle
a) providing a non coated stent,
b) deposition of a hemocompatible layer,
20 c) deposition of an active agent or an active agent combination on the

hemocompatible layer without a matrix, _

d) deposition 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 I
a) providing a non coated stent,
b) deposition of a hemocompatible layer,

30 ¢) substantially complete coating and/for incomplete coating of the
hemocompatible layer with at least one biodegradable and/or biostable
layer which comprises at least one active agent bound covalently and/or
adhesively to the hemocompatible layer,

d) substantially complete coating of the hemocompatible layer with at least

35 one biodegradable and/or biostable layer which comprises at least one
active agent bound covalently and/or adhesively to the matrix and another
biodegradable and/or biostable layer without an active agent as diffusion
barrier which covers the subjacent layer completely and/or partially.
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b) deposition of a henoconpatible |ayer, c) substantially conplete and/or

I nconpl ete coating of the henoconpatible 20 |layer with at | east two

bi odegradabl e and/ or biostable |ayersygphich conprise covalently and/or
adhesively at |east one active agent 1h a different concentration per

| ayer, d) substantially conplete and/or inconplete coating of the
henmbconpatible layer with at |east two bi odegradabl e and/or biostable

| ayers Wating precigdepli se at | east one active agent bound coval ently and/ or
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o LT o0 BAE o Bk, B BobbhatRl AR SR SbaSOERABIE hatR” o
at IleastI twbtda‘taide@memmtr@@an/aﬂtlveuawnaasehffumn bamlerarvhtdmﬁvergéhe "
covalently a@,%j‘%eﬁt 'a?%'ﬁ‘?ﬁéﬁi&y%{ﬂot Heri,tg{%gaggactlve agent in the sanme and/or

di fflgrent concentr at radabl e and/ or biostable |ayer
without an actijve aﬁnt as diffusion barrier which covers the subjacent
| ayer &ﬂ?ﬁh@tﬂé’lwlm i so just partially ahd whereas that layer is covered

by an agtiv r@\g@ﬁ d RO EodBUGle@oNsi sts of at |east one active agent bound
10 coval ntly, acent and/ or adhesively w thout a support
mat er i alP. Anﬁl?ﬁe?' 'aﬂ\? ﬁ%awé%%%f is represented by a stent with an
at | easft) thsabstbauellyedomter@;dlmhe'ccmsplétaecéaﬁ@ of arerhemuesrmpititlesur f ace
of b§e stent | WekMwith at least two biodegradable andfor biostable fayers which
comprise covalently andfor adhesively at least one active agent in a
different concentration per layer,
d) substantially complete and/or incomplete coating of the hemocompatible
layer with at least two biodegradable and/or biostable layers which
25 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
30 layer with at least one biodegradable and/or 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 properties in the
same or different concentrations in a covalent and/or adhesive form,
f) substantially complete and/or incomplete coating of the hemocompatible
35 layer with at least two biodegradable and/or biostable layers which
comprise at least one active agent and/or at least another active agent of
the same group or from another group of complementary properties in the
same or different concentrations and at least another biodegradable and/or
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15 the henoconpatible | ayer, the second | ayer contains the active agent and
is not biodegradable and is covered by a third henpconpatible |ayer. The
external |ayer provides the stent hergfn the necessary blood conpatibility
and the second | ayer serves as an active agent reservoir. The active agent
which is if needed covalently bound to the matrix viamﬁ hﬁdrolysis megkf
bondi ng and/ o d,in a.solvent 20 dissolved matrix ich is require or
t he cogt i ng w@{%g%ﬁeu%vqu out AR Aclve RogAt as Mifusien harresydich saversdbes| y

and in smal| sobjgesbtlayésumplettigiahfios partiy) nhl bi tled through tlhe f)ﬁtfrtr]ﬁl
h bl | e resu e
popul at 1 ah of SiEBfialy; Buipled Foafiii ‘Fobnt. e Beinbahic. Aer Wi ol Leitequced
to an ideal db&g@ bindegradatile andlonpinstalile dayera whishk compiise zavalently and/or
eventgal |y 25a8ﬁé$ﬂrély”9t dﬁaﬁg%@fa&h@ %@%h?d.rﬁttﬁat saﬁ{ef %ISP (ﬁﬂ ifdrdrt®

i npl ant ati on rasi ons t hroug rese rrng the

prearr angerrenPogcij"ty%'Gf‘ﬁ pd th@rwiﬁewgdam%%ﬁﬂb@étﬁﬂe tasyeg withgbt ae
results from abtivd asteﬁth&b eteusion bharriest dlplich p@mrtﬁes &t plgrn the

bod I of t at least partially
uncovers t he SPaRRielanalss iBshBhnaly e WhBmatiinGy 1GrenS S steh by aadbl o

mat eri al as destiveé mgeni daydre whicdt icogsists ofi s dsastr ene ersivdl agerﬁto?ouﬁucm i ke
n gsiting.a
hemo dnpat i Efe&?ﬁ AP o MePS PR nibe 0 Bl S0fes T MinREE RS SLBPdA o

| ayer whi ch Bate@alst conprises one active agent as well as combinations
with other 35 active agents from other groups bound coval ently and/or
adhesi velynothrt adwaritageousf etrbioglirhenteis mpvesentedaby v stemplvittelay ai uéasmnot her

. . : o
PSSE?"SP%P"5%%@’%&"?‘%2@!1%{%% N Hrel e BE Bkl Infl e ' B, SRR ot o
are WRcothft Bamosempatible layerthe pecond 1ayensoptinsihe iastivé agedb andiig natd

pol yacr Ybiid??rédéﬂ!e @ﬁdﬁ@w@{ehwmmﬁtphéﬂn%s g@ﬂbbéhagéﬂ Tﬁ%té%géméll Hyer

| t
Dol ot hy PSR ETE HERE ket 416 pifsssani dloac compabipit st e R layer
po: yvi nysekesasean apmeya/gm|ré@émgenTh@actu\meQthh;tﬁl%\iﬂﬂb@@@ﬂ ic9slently
Vi ers
ol Jvi nyPoBhd b e Yl X AR weBR Bt ARSI doded i 2 sppeste,
pol y2@t rdeISQb’ﬁdemﬁmxewbIChpeIrgtquleemémrethe @uatingl wiethod, d6 dsoo nefeased from
pol yi sobiey/besters IaE@QArﬁM%u?! VEH\W1ﬂ%'rﬁél%%?§%gtr‘éﬂ69€ﬁ¥{f‘aﬁfﬂr§els LﬁﬁﬁﬁlBﬁ&T

pol yet hyl ent ere rat es

cel | ul ostropgl 6 exisrpal b?m%emﬁaae lawer. s dayer a%&eé@blycaém Mk the
acet at eSres’Lﬂl Mﬁl@é)pbbhldtr@ﬁ' 6ﬂJir@S§ten§%thib@Sﬁﬂ1Jb¥ﬂﬁ§ﬁot prevented but is

ggg;;l ?qua k%%:ur{ L@egrggDﬁ'ﬁg fi rstq J(ca{irco earts% nscip mu¥ mlzatlonpfglr %\S/lejrlwt%gﬁ)r/] es
25 occumng damages of the coated stent surface during the implantation e.g. by
abrasions through the prese'nt plaque or during the prearangement 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 described in the coating principles are possible, too.

Suchlike stents can be prepared by providing a conventional stent, depositing a
hemocompatible first layer on its surface, depositing 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 andfor adhesively and coating
of this layer substantiaily completely with another hemocompatible layer.

Substances which come into question for the biostable layer are all of the
consistent materials used in medical science. Thereto are accounted: polyacrylic
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guns, silicones such as polysil oxanes, polyvinyl hal ogenes and copol yners,
cellul ose ethers, cellulose triacetates, chitosan and copol yners and/ or

m xtures of these afore-nentioned supstances. 15 In case of nulti |ayer
systens the newy deposi ted | ayer covers t he subjacent |ayer substantially
conpl etely. The term "substantially" means in this context, that at |east
the stent . surfac ch cones into contact with the vessel wal |, is

cover ed aing; BPY a?’é‘ S FHCh ags polymgthylmethacrdate Soglybidyle Bisthacyiale,

pr ef errftd)!stﬁcrylﬁﬂudeeast 9pStyatrylonttrifisent s olatRidese COV?foﬁﬁéthéﬂéﬁ‘uéé@”ts
accordi- rigﬁht Qﬁ%ﬁ Lo sgd) | *g@ﬁ h the obI em f acute thr %hs and the
pr obl em'o e¥) *hy pel B’ 'afte|p Gﬁ’rpl anPAYFFROUTGENIREH 1 i on
the st éwdsel"adkﬁiodemg)odmmmwﬂgemdea,rmlymhylmnhaholgbeuctesepbtyviriybethemat i ng
whet er I !L'ﬁ'ﬁ'ﬁf e he
cont?nuou relléer':'atjg“e]El t%? g%?w@'! rar%tre gy a ki @'Qt’ﬁ%%é ?M@Hé{hylgﬁe&

i munos LHS’ENQSQ%'P% RolPrePgas §0|)Eﬁféaﬂl@f9ﬁﬁhylenﬁe apelyerethangsrepolyolefinnuous
active agsstomesd, eq&ﬂyns@btﬁyreﬁew rE¢m0 éhmdb@@éuﬁ’ébne%te%?o&gn%tﬁwng to

I nventiqQ r event 0 t he ,danger of restenosis
addi ti oﬁ?‘“ﬁ%%rbrdﬁ?ay‘tqﬁa?ﬂ@ %@é@?ﬁ)%d 935‘@2 ategyy cRRyellylpaldassan pe
coat ed welltloae herayoanpadyiobl etribegtatesf délialoebﬂ gﬂ&ateehabemﬂﬁs@ndb@fates

| :
T i L o
et hacrﬁtndwaulaaetate mpp@bmmgopelysutnmnasx epoky Iresios, ﬁaﬁﬁoeeﬁns,bﬁmm '35
net hyl p@'ﬂ.ﬁt@%llibél%“&l&ﬁ ast ?b?%ﬁoxﬁ@sorﬂ&gVﬁﬁﬂﬁpg@%Qoaﬁa r@@ﬁb!gmers vi nyl

acrylonl i I'e, _but adi ene, I C ester enzene

chl ori dé’ehv'Pﬁ? |et'a¢f§oﬁ%}|l1'039v'i"ﬁ9¢m$$ dihifesary aﬁ9|q§>pplvmer§@tt§llor mixtures of

t et r af | diessehioyd-ementiohedfdubetapebkor oet hene, vinyl fluoride,
hex&b! uor oi sobut ene, acrylic aci d, acrol-ein, acryl am' de, nethacryl am de

UARR NI S e N AT RN g AT K
anhydr i cbm(efrmtblstantl,allpmcmplem]y fl iheshmne‘fmbsfdrﬂ:aﬂ;&nnieeds in this context,

3, 4-1 Sotlgﬁﬁtoé\ﬁyléﬁéﬁ]ﬂ? %treﬁp Eé ywhf?:lhcc‘?&ﬂ{as |r?t8|é03ﬂéc& Bith the TEEEE! W, sgl fonic

acid, di ‘cyanoacry

di met hy tcawwée@qulﬁtq hae&w |at deeﬁt i99%. prefgred ABY%hand pispecially greferred at

acep@m nexysh OBy 6f (heXstaRt iafdos e dWifbd. 9l ycol dimethacrylic 5 acid,
2- hydroxyet hyl methacrylic acid, formaldehyde, fluoral, chloral, ethylene

ot der R AN R FRRHEA SRS i B o S RS rbcss o
pht hal i $heapreblesuot nebintiad Hyperplasa iafteac dterddmplanitatiai la, additiopthee,
et hyl engidhitd SaccBRIIAGRS b &Rt HBNIuitable due to their coating whether as
25  single layer or as muli layer system especially for the continuous release of one
or more antiproliferative andfor immunosuppressive active agenis. 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.

30 In addition, according to the described process, any plastic surfaces can be
coated with a hemocompatible layer of the oligosaccharides and/or |
polysaccharides. As plastics, synthetic polymers as well as biopolymers are
suitable, comprising, for example, the monomers ethene, vinyl acetate,
methacrylic  acid, vinylcarbazole, trifluoroethylene, propene, butene,

35 methylpentene, isobutene, styrene, chlorostyrene, aminostyrene, acrylonitrile,
butadiene, acrylic ester, divinylbenzene, isoprene, vinyl chloride, vinyl alcohol,
vinylpyridine, vinylpyrrolidone, tetrafluoroethylene, trifluorochloroethene, vinyl
fluoride, hexafluoroisobutene, acrylic acid, acrolein, acrylamide, methacrylamide,
maleic acid, hydroxymethyl methacrylic acid, methyl methacrylic acid, maieic acid
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hexanet hyl ene sebacam de, hexanet hyl ene dodecane di am de, 10

am nobenzam de, phenyl ene di am ne, am de hydrazi des, di nethyl piperazine,
benzi m dazol e, tetraam nobenzene, pyrosges, s-caprolactam isophthalic acid,
- glutam nic acid, |eucine, phenyl alanine, valine, lysine, urea,

di i socyanate, thiourea and others or m xtures of the above nentioned
nonomners. ernore, the follow ng polyners can be consi dered:

u
sili cone@nﬁbf‘é" &1 1gsihashdic asid anbydide; raethacedonitale, fisiorslyreps: fuarasiida.es,
pol yur et mottﬁgeya)mos nigs aiyi AcAHR SsulfoRfXadian@ethd %ﬁﬁbmccébl&'aﬂiall I

gl ycosa coI I ag XL | rot.ein
DESCRI P?Pg%'%ﬁ e Flcgﬂié%c ﬁmeta yia ey c?ﬂae E\uéérrent
of chi ti meathacylic aacide ax;emnsmopheldylenhomethachianabm b@lyml Uydemlay:wlle, or

i nto §he epNPs) gm& r{zbqnem%ml%sga%gnélgeggd dpgu&eaﬁ' eté{t@ n and

subsequent’. N-'car box a l'at1 on d8ech ure
f r agment Oalde@hﬁqt@élaﬂrofmnehpr@aw%@ OtXId?nsﬁWl nelicidyt sther enwbmﬂmdm, t he

RI_GQS: gl)xbglfcgﬁrgttﬁmeﬂww@héhéﬂ g\ P:ﬁtre‘l;nsorgi?@ Hit@?gﬁugaa succmlec t?glrﬂ
N-acyl at F'gH2 %@Clﬂofdo%m%%‘ag IQRAENSs ﬂ'@ﬂ qlgﬁqjﬁ}qxametﬁylﬁg (f'ﬂar(‘}'l'd%epar an
sul phat ehm(alhnemylemdonsdba(tambhtl on helkaimathyieheohat eodeocams andj.gmdmr ee of

ol o aninotierRminl, MERURNECHILE, Biibd Phiftazt, MBRI. dipetianél); o
conpound babzimidazajes detfa@ngmh@naenef @ynenes, | bcapbladtgm, BBOQhUVEElICa aci;t i on
wth a tﬁMtél@l‘i%étabidCiéﬂcﬁléc ‘ﬁheﬁ\sfl'\élar%ﬁe‘:@élfh@(ﬁfeﬁﬁhﬂ'@é %so%ﬁétél %&"‘?a

N acet yl atg t?\gl t oS
expanded 2N uPtgER %D'&]‘Pﬁ‘l"@é ok thg mhoye meationed rparemers. churtipmiere, ghat eI et

| oss (PLTeuoomg 6Iymé”r§0@bﬁd best@nﬂu@aédstﬁmior@@r oaamfoﬁ eghd Wae|IgBasur ed
(unc nce n 34 val ue

Applicatio
t he gégygq‘ﬁé p ?’el g?ﬁégi)gnp}? R’ € ﬁBePV@,Q"E‘{?ég wiP@ %&FCE‘P%% 'eSS
st eel cdemnamgs sitanch, mwnsglycoﬂ'mambgly&lhs, igelatinpicoliadep - Xl camcabthadr| y
coat ed sg nsoH2 is a with chondroitinsul phate coated stent; SH3 is a
stent coate vm th polysaccharides 5 gained fromthe erythrocytic
glycocalix and SH4 is a with Ac-heparin covalently coated stainless steel

coronary stent. Fig. 5 shqueserRIPTRIRIOKC THESRAYRERON of the restenosis
rateppf W th conpletely

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 suiphate 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 comparison of the structural
similarities fig. 3b shows an example of a compound according 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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desul phated and N-reacetyl ated heparin (Ac-heparin) covalently coated
stents and 10 with oligo- and pol ysaccharides of the erythrocytic

gl ycocal i x coated stents in conparisgn to the uncoated stent and with
polyacrylic acid (PAS) coated stents after 4 weeks of inplantation tine in
pork. Fig. 6: Quantitative coronary angi ography: 15 Inmages of the cross
sections through the stent containing vessel-segnent of one wth

Ac- hepaVplecigtlevelafdhe natelet dors BiscassnphifiesBHCouberuthaid sirialessustedl. )

st ent (;brdnarﬁfstem“fa@geﬁv\eeks |nfthﬁ a][u nmal dexperl tmsnt (por k%) a gl ear 4 20
diff t I ckn s _of. the for neoi,n e observe

B g o7 TBRIoS ofs of DR FeRaEn | PRuiRiie oTaRe" Bt oSA2S 05 o8, Milect n)
Fi g. 8: chbndioitinstiphgte rcoated atdmtt eSM:B iend estdnil coatemi RitBAposaccharides. 9:

5%“5%8.”99!'%3" AP Inch SR REY, oBEDEALE Any 4 e LR AbheRindoaiedl °1

El uti oncag %imfﬂﬂsseﬁteﬂmm%at%ntactlve agent enbedded into the matrl X
and of a suprajacent active agent free polyner (topcoat) which covers the

basi s g, %ﬁo%@'s@h@lh&tlé ?ireéjéﬁté!t@ﬁ of tﬁé’ %ét‘éhosr%ora't:é f with ¢ ét@@
di agram FH'D?' chinie frompP El ution di agra

si mvast §€ e -rﬁépeﬁyiafe@@ep?gn (&@he%ﬁum eovalentht coated s&ergﬁarwdn from
t hetorat with vligd and y;sdiym:aﬁam@egrof ihenphiirecytic ghriotalih eodtsd stematinng as

di ffusi L i rlsnof t hr o cyte number
(pl atel gfmﬁ%gﬁ)to tﬁgt"mg\éﬁ 8{&‘51’%“@ W@ﬁi‘( |coﬁf)'d eﬁ°¢i}§§t ant(scoat ) .
and non afieattevedksrafompiasitation timed0 podgar ds the enpty tube (control), the

pl at el et nunber of freshly extracted blood (donor) and after the storage

of 601g%np61%n§ygt E%ﬁémla?'g%&@%%HEM PO 1013W O SGA Application 35

Fig arison o tor 4 concentration in the freshly
ext Hact #82ges ebdhe efqﬁsr%ectlpns tireughghe stemlecqriaiMindoygssel-segnamt @f dces and

nhon coamﬁ A&-BBparin 6@9@@ steit (Bl) HP4E ofpafbon &bﬁé%céa@cﬂﬁun&@ ) segwpar i ng

di agram ctivat I erren fact or extracted
bl 05d (Bt fEr T WESES JAE ek sxprumpnt (bark) 6o cioeh diterelivg ol coat ed
(unco.) thitlmdssesidf the fortred ;(Mmaassaarweotﬁegvedj Schemati ¢ presentation
of the % di aneter restenosis rate of with 10 conpl etely desul phated and

N 50 - CRBR o R SRR TR rEBhENtb SabSd Rl and i th a 2d

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
25  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.
30

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

35 Fig. 13: Elution diagram of a statin from the matrix with polystyrene which
completely covers the basis coating as diffusion controlling layer.

Fig. 14: Comparison of the thrombocyte number (platelet number) in-the blood
after Chandler loop between coated (coat.) and non coated (unco.) stent as

40 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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t he uncoated stent (after 12 weeks of inplantation time in the pork). The
chronol ogi cal progression of the stenosis formation in the case of PLGA is
shown, whereas "% di anmeter restenosiszgate” represents the diameter of the
vessel 15 related percentually to the initial state directly after

I npl antation of the stent (post). For the experinents six to nine nonth
ol d donestic parks were used, the vessel dianeter was neasured before

(pre) an *%f‘@epomi@rﬁﬁm%frthatnlawl@ffatcm 4 congertration)in the freshly avtiiscietar
ul t r asouptbod Mdﬁbr) Nﬂ@elﬁb@ cohtrdh R 600RINUTBS bRd AdhE5ABY st&hg Weeks

(6WOFUP) cand {}r e nt.hs, ( 2W)FUP) the stented 20 areas were
exani ned(l#régp)z\&'{th 7ef d\XPang$t8Hhry angi ography and with intravascul ar
ultrasound (IVUS). The obtai ned data show an unexpected amazi ngly posit i ve

EI Iaﬁom s%after t nbodnég%éﬁ ﬁ%&'ﬁgcwgg%oﬂg#&%ﬁ@% u‘?é%l ﬁ?ﬁﬁeﬁ'ﬁéf for

t he coat Qtﬂtr@@téﬂtbloﬂﬁddoﬂ@@cm dire cﬁmmyetl-d& feantnod) aftenGar mhinutes dprldGAonoat ed

stent | Scsaledl(@nbo.3btonid BithEREIP (oot Siinione veek the stenosis value |ies
with 6% significantly below the valué of the uncoated inplants with 10.4%

The masking of the netal surface results after four weeks even with 10%
(an i ncr Bigs d708cB@¥atic npresantationhast fthet 95-didriétel Ov@te s3SI OfHtE bRt Rithhan

var 5 o ESBRIGEGT vesliBhBlhd “Bid'RRab8niteh  pBRRGS oA brboa covalblymum
after si Qoaiedl&emstamdomllyaﬁ B8%r ohApol(D,1dastislekso-gheolide )up soafpdrizbh to
systems gUalncBardy QUdIR! &dﬂér 1§pWe% s %11 rﬁl‘[i)lé:ritﬁnor}ellmg it meesqogg)p ei‘ﬁ?v ely

quant [ tat I ve coronary angl ogra experi ne
to fig. emopplogical preerssianldhe Ste@qwef@n@ﬁanm ﬂmwcme oBBLGA is shown,

herTDCOWDWhelﬁéas SuP@iahRilePlré¥eRosike fts? %b?ede'i‘nté hRe palaméﬁfﬁMg'Fth GedsbiW O S
I’ atl on

Li on sul phat e

reac*éﬁt llé:t% %&?"‘Ha"m :ng‘lpFX%g%pfrpptéy ?E‘? lantation 0@3&915‘1@@2(9@) n were

fill ed i Roothe experimenisvsingo nine insonth exd @bnaesumpdrk@wr@rused tHy Qesdi
was 1 1 oo PGtOR s il BoforBA and'sher B mpiafonoR sEine RlantdPARQSol ved
in 10 m vigf 'WVQSCUIQUtU|t§a$@md1df\éld8i)omchmgwe&k) @WolRdPanonel ntardhwi t h
PN G e SO e U3 el
re X3y GHVBlYVIg cRTQNANS Angiogeanh with dntsvasculer a
6/3/ 1 muftraseund (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
25 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
time its maximum value of 22.6% (an increase of 54%). The coated stent shows a
30 maximum after six weeks with only 12.33%. After 12 weeks the values of both
systems equal each other with approx. 11%.

Fig. 18: Pictures of the quantitative coronary angiography of the animal

experiments respectively to fig. 17 after 1 week, 4 weeks, 6 weeks and 3 months
35  of hemocompatibly supplied PLGA-coated stents in the pig.

HEM-PO1013WO-SG01Application



15 DVBQ 1, 4-di oxane/ net hanol (v/vlv) in a round bottoned flask with refl ux
cool er and heated to 90C for 24 hours. Then, 823 ng of pyridiniumchloride
were added and heating to 90C was efgf cted for further 70 hours.
Subsequently, dilution was <carried out with 100 mM of water, and titration
to pH 9 with dilute soda Iye was effected. The desul phated hepar| n was

di al yzed agai nst water and freeze-dried. 20 100 ng of the desul phated
heparin were dissolved in 10 nl OEXAMRLEScooled to OC and nmixed with 1.5
m of methanol under stirring. To the solution, 4 nl of Dowex 1x4

ani on-exchang; resin in the O4-formand subsequently 150 pl1 of acetic
aci d anhy@mpetwer e added and stirred for 2 hours at 4C. After that, the
25 resin is filtrated, and the solution is dialyzed agai nst water and

f r edz e- Brepedtatidix afhgésulphdledacboetylatehhbeparsat, partial ly N-acetyl ated

chi tosra]i‘? ﬁqdf’%n]régrh? |Fﬁ1é2%aﬁ€§’ex%h9n§é Q%@?lmﬁﬁﬁodé esh¥ERafRg boi | ed

under rogen ter coolin room
t enper a@ @ameteiof gL tran%fogaﬁdtmterthe\%sfoam ith 4g0¢rgl Wg"% and waghRdOH. The
S ]9| fth i OﬂltM’?ﬁstﬂle@ watt@ii lﬁﬁatm@tgluajﬂ@ma;sefraé ifichfl cidrife andl le agaﬁraldm gcbf 35f 19
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anhyodr i delundii and| eletdi \mtBOl(]@I mbfof rveateanbhe maieamallmeld shbidropdnifooa 40 -

t t
it o5 el il B Bye AR s RfrAE SRR, B AT LTt

filtrat&dezewdsidd wi t h met hanol 40 and di ethyl ether and dr| ed under
vacuum over ni ght. HEM PO1013W O SGO | Application 37 1 g of the partially

hydr ol yger ;Ao m&habggd.mﬁg%ﬁw we?g 4404PI3M00GHI BFSP YIS miktrd B of

wat er .

t hit
oty at PMSQICEslioameipeiandl kI & st ollomes task Wi raBug FopfE
sol uti ognavieataflid SO fdr@4l8oust Theén N2 B OPpWINUnﬂﬁhloﬁd@%re adtiedodi um

3570 nured nohas i s bwaS atreHel3bE ety Rodis SHBSeliiy, AfoH MebT o ea.
washed varriedeohiwith 00 ndrofewater, anddllta’nonvter phi giwith Bitsbepseds ly_eowaysnt hesi s
of desuéﬁ@@ﬁaadTNéQfe%B%ﬁ%&‘ﬁ%ga 'd?aly%%f) Eﬂgmgmﬁfér i ftd it i on

ex céhamge resrn were a

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

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

Dowex 1x4 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
25 resin is filtrated, and the solution is dialyzed against water and freeze-dried.

Example 2

N—carboxymethylated, partially N-acetylated chitosan:

30 In 150 mi 0.1 N HCI, 2 g of chitosan were dlssolved and boiled under nitrogen 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.

35 1 g of the chitosan partially hydrolyzed this way was dissolved in 100 ml of a 1%
acetic acid. After adding 100 ml of methanol, 605 pi of acetic acid anhydride
dissolved in 30 ml of methanol were added and stirred for 40 minutes af room
temperature. The product was precipitated by pouring into a mixture of 140 ml of
methanol and 60 m! of a 25% NH; solution. It was filirated, washed with methanol

40  and diethyl ether and dried under vacuum over night.
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dianeter, with 400 Ml 3MHCO in the H-formconverted and rinsed with

distilled water, until the eluate was free of chloride and pH neutral. | g
sodi um heparin was 15 dissolved in 10 wat er, added onto the cation
exchange colum and eluted with 400 of water. The eluate was added

dropvise into a receiver with 0.7 g pyridine and afterwards titrated with
pyridine to and freeze-dried. 0.9 g heparin-pyridiniumsalt were added

H 6
in a roudd PFH@«PW'@HY Bydeiyzed anshpariglly N-zgetylatad abhitasamivas B/spendeatixt ur e
of DMBQ in 80dhbaanhiee! ARsohddivg\0.57 eatie holPmotdhiais, the cﬁ%saﬁ hen
823 ny pérl.dltm uﬁr,jcchl orade V\egge added_and hea{rﬁd I—Eddllgtlofnﬁl ef703{_0urs to
00C. Af t SPIEFHE HiSsoled JiNIY te REXS fniesof heH valyg o thesolytion wash
di | ut e sadjustediadd2xithe2 tho NaDI9. A Bolutidesod t]pheg ofl sbeinlﬁi %yawﬁmroﬁir@buaéd
contr -dri.ed. . ed hepari re
ol ved B 55 B wald SREpELBE, waR e uirg 10 38, ANRES AP Brodiel
under st Was; pigcipitatachins44® Inlt ofstharele filitded, washed withesthandl ami driedsishange
resin i nvhbgubvér nightm and afterwards 192 pl of propionic anhydride and
stirred for 2 hours at 4C. Then the resin was renoved by 30 filtration and
the solution was dialyzed contra water and freeze-dried. Exanple 4 N-ca
r boxynet Exbaipdel3 partially N-propionylated chitosan: 35 In 150 m 0.1 N
HCl , g of chitosan were dissolved and boiled under nitrogen for 24 hours

under-reflux_ After cooling to roomtenperature, the pH of the solution
was adj uSysthesis of desaiphated N-plpidnylited siepatinon was di al yzed agai nst

dem ner akj s anel oo dr 0 ication 38 |
g of the 2%?ﬁ"o%@h_@ﬁ'ﬁ!'?g??gﬁ%aﬁ%ﬁcgggﬁ?ﬁéﬁ@ ek okt R Pob K 2y “or
a 1% acei@mneetgsi with 400em! S r@ ingbe i -trmmeemeartsid, and zinsed ositpdistilled
aci d_anhydtdrdentilthe ephate dvdsfréd ofithiBfidBhBHIP he WAL 1 28 HuMN B Srid wad f o
40 é;uhﬁs at il t?%?rat re, Tﬁmpro uct s preclpltated éd[j@”” ng
int o eaiveddr 10407 wateys added opig,Hle catienseychange columnagdelytadwiton. 1 t
was filtAG9 el ofweateedl v tlnatevhamaldedairdpseityla riceRer Wit AVigepyridiger
vacuum o ' ly: : tial ed.and partially
N-acet yl éﬁégwgﬁpégggﬁ%&éi@tﬂiagﬁ@? : dqﬁr%g{%g%‘\f’g%@er After adding 0.57
g of glyoxylic acid nonohydrate, the chitosan 10 derivative di ssol ved
wthin the afiR-gUriaiHi@s-salth\® f O, [g\mﬁ: S dto
12 %h 2. EPW%% Rvggh;t L osr‘leI of e%&c@géd;?) §58§"3‘?nﬂ§§'gw'o%‘o€6n (i/_crl e te?n as
f ow S eMBSE G of B U8l derecet QST diowaniomothbngh (vor@send heaisdderict
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.
25
100 mg of the desulphated heparin were solved in 10 ml of water, cooled to 0°C
and added with 1.5 ml methanol under stirring. To this solution were added 4 ml
dowex 1x4 anion exchange resin in the OH-form and afterwards 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.

Example 4

N—carboxymethylated, partially N-propionylated chitosan:

35 In 150 ml 0.1 N HCI, 2 g of chitosan were dissolved and boiled under nitrogen for
24 bhours 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.
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was precipitated in 400 Ml of ethanol, filtrated, washed w th ethanol and
dried in vacuum over night. 15. Exanple 5 Henoconpatibility neasurenents
of conpounds according to the general3dgormula l|a and Ib by I SO 10933-4 (in
vitro neasurenents): 20 For the neasurenent of the henoconpatibility of the
conpounds according to fornmulas la and Ib cellul ose nenbranes, silicon

tub d I nl teel. st . | ent |, d wth d
accor oi e PhHEpRTeAn Gl PO SOBICRAY wim Pisiddm 100emaf 8T8 Cont r a
t he cor aesiioadidndftarraddirgg 408 ghkof esdthandl] 772 qd of ZFopinnizaheid ardiyelridel

f . 4 . dyi, 1 d,
our { aceisadyba, £°4 WhPSE RGNS SUBLPR b Ry by, e
coagul atesnpergtyie: dhegeroduet was drecipitatedthepouring inte admixiirel of OO ofnd t he
Ac- hepaidihah@dhd 6@ RATdfRr S9A! KA, SBRIBAN R WALMRHARE vdshRd \m&?mdd@ﬁéﬁas' on

system of  the riassen-nodi fi ed Baungartper-chanber is use

[ Sakar i aegéﬂetk?@eﬁﬁ@faai Ffr*eg.[i'"ésb."a@sﬂi"ﬁ.o GEAIONt02 - 520535 (1983)]. The
chanber is conposed of four building parts plus conical nipples and

t hr eaded. | O] ' nuf red.of | t hyl net hacryl at e and

al | ows S r%gﬁﬁieaﬁ@"?ﬁﬂ%’g’i‘ﬁ%@ﬁ{?‘gﬁgﬂﬁaﬁ%’\h@aﬁ%ﬁﬁ‘%@&%%’P é{‘f?és%!u%’&“f’ﬁat I n
every r imS@imleefoyatersAbier addiog 097 ¢r efpglyoxylic recidi denhohytmte othet chitoisaon  of

t higy ch : i i ? ) St i L 13 W
oR o ?gﬁ?gfﬁ%?%%ﬁe@m? (e BLieAs, RIS TRE P8l 5 o ST W o
are ext PR thd2arithe? N NaQidi drecbstiamef dhe o sedismacearelerendydrideel et
ﬁPCEFanﬂ asﬁgweﬁét@r%b pE@%bler\ﬁtéQ%lEfde}ﬂeaﬁ(f%ﬂhéé fef ﬂSSI?EnUt@é.?F Iﬁ@'[ﬂ%&hﬁtﬂt LO the
i ghly rombogengous n el i ri X _as npe I ye standard wi a
100% pl 4RSI HECHER L 4O0 MlcoTceanet mufted. wadhod el ehanoliad edd
secondawgcinghaver hightf ormati on of the plasnma protein |layer on the foreign
matgtial. The plasnma protein fibrinogen acts as cofactor of the platelet
aggregati on. The such induced activation of the platelets results in the
bondi ngExamgd& 8r al coagul ati on associ ated plasma proteins, such as

vitronectin, fibronectin and von WI Il ebrand-factor on the platel et surface.
10 By their influence finally the irreversible aggregation of the platelets

occurs. ComnRRtIlgy mRaswsemeptspleunpeumsacrasding tothe geveral faamula
i nt er acta ang llby 80109384 (in vitro measurements): :

20
. For the measurement of the hemocompatibility of the compounds according fo
formulas la and Ib cellulose membranes, silicon 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 utilised
25 uncoated material surfaces. |

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

30 For the examination of the coagutatory physiologic interactions between citrated
whole blood and the Ac-heparin- resp. heparin-coated cuprophan membranes the
open perfusion system of the Sakariassen-modified Baumgartner-chamber is
used [Sakariassen K.S. et al; J. Lab. Clin. Med. 102 : 522-535 (1983)]. The
chamber is composed of four building parts plus conical nipples and threaded.

35 joints and is manufactured of polymethylmethacrylate and allows the parallel
investigation of two modified membranes, so that in every run already a statistic
coverage is included. The construction of this chamber permits quasi? laminar
perfusion conditions.
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guantum for the thronbogenity of surfaces in case of the foreign surface
~contact of blood. Fromthis fact the consequence arises: the |ower the

pl atel et occupancy is on the perfundeghsurface the higher is the
henoconpatibility of the exam ned 15 surface to be judged. The results of
t he exam ned heparin-coated and Ac-heparin-coated nenbranes show clearly
the i nprovenent of the henpconpatibility of the foreign surface through

the coat FHrw tRinstes, op ariisiane g3 Ce Bia Spmbranesnare exactedsand atms 20
pl at el et figatiopadic Yhe Vﬁdﬂé‘rénﬂ?ﬂé‘té% | theC BRISIEL VHcl Péﬁéy S8oMekBLKHRE TThem O -

5% . (ref t o subendot hel matrix . wth 1 el et occupanc ) The
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t he |nser ore| ce b JCtivation of 1 he cqagul at1 on casca
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t het henosaop als![ \htrbneotlmff b'i‘(fr%dllﬁriﬁ'ld} Gois Wi’l!@b@n(cjin@etdrfﬁrﬁﬂ%bl'atﬁ]e@éurlﬁé@.s at:!
ro ancy as,.dir um f or

Phr ofthoo B R i AbRR G Re TroRiShERGBRuoh of fhe pRASBIS AR, | e

coat i ng, platelehdecupangy peq&entsabegam bf thye deseribed Witeraztiors tan dbceptetie 35

utili sat gRlnfim SN HCRROMbOGERE BCARIAMRIR ARE! SITHBTBRLLG SBRBEA Nkt ace

S onIy ggion EEy OSSI teractrons o
i nmobi 1 i & q%ig Tom this fact m%@@nseéwense talﬁléﬂ% dhedewnethe platelet pecupaneyi r ed

0ppOSI t eis ohhhe rmnrnu@dcsma%é thé%?ﬁ@ﬁrs@lﬂbﬂmérhééﬁ‘fﬁﬁ%lﬁ%?‘{ﬁ thEtERhe Q13

lic on 40 Cbviously the outstanding inportance of heparin as
an aﬁ)ltAﬁﬁ ?‘?b r"édQﬁS'r transferable to covalently inmobilised heparin.
In the system c application in dissolved formit can fully unfold its

i 05 |
DT hr ondg: sy ot 18 lafihea Henafifb bt ahg ALBBainSBhted ibmbranes, < 5
t he Ac- h&pawi ﬂe@riy Mbeamnrﬂvemenh@ﬁetherbemoqcmnpawntyooﬁ the dersigmpisatface and
N- reacewbagh%b b@aﬁrﬁﬂvnﬁm&e ParlrP$RDparinGRidd Hférﬁﬂlahtegrsﬂm h§ -Rysaperties

uires tn return distin

of t nmol ec C
at hr k’h LQCBH‘B%?-PM |"‘€E|St f‘ﬁg'l -Coplee sufages ﬁhPWuYﬁJB@IS |frr§""t' B~ Sdssi vity
ver sus a(rererbnoem suberdathelidl reatrix WithnD0% platsiet Yot @icydy coagul ation

initiating processes and remain after covalent 10 bondi ng.

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 protein adsorption and platelet occupancy as direct
quantum for the thrombogenity of a surface, in dependence of the to the blood
offered coating, is made clear especially well by this in-vitro test. Thus the

35 utilisation of covalently bound heparin as antithrombotic operant surface is only
strongly limited or not possible at all. The interactions of immobilised heparin with
blood revert themselves here into the undesired opposute — the heparin-coated
surface gets thrombogeneous.
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Ther eby Ac-heparin and thus the conpounds of the general fornmulas la and Ib
in total are optinmally suitable for the canoufl age of foreign surfaces in
contact with the coagul ation system 41 15 5.2. Inmobilisation on silicone
Through a 1 mlong silicon tube with 9 mm i nside dianeter 100 ml of a
m xture of ethanol/water 1/1 (v/v) was punped in a circular notion for 30
m nutes at 40C. 20 Then 2 m 3-(triethoxysilyl)-propylam ne were added and
punped Ohviauslyr the mutstaudihgnirmmrtamei of dveplarib5 ahoan sardithrpohotisf isemedir ds it
Was “ “@&Fﬂsféfl}b?éctﬂ g@wfaﬁelfnt ddmw %@Qn&o% eé'@&%’id ‘é@?ﬁ%atﬂﬂﬂ if 00
eacet ate and rea 1 at he arin e arln) wer e
it seoi viiasalved dammct candollyiundold K pESITHRRT BHI Hhapars iimBokicR¥mSRY b 30 g

CME- ng |rﬁrﬂb|§M§é<g)hl€§<ﬁhhtNrorﬁﬁoﬂ’@ Rﬁlﬂiﬁlﬁ@eﬁ bﬂ'al)lcw bﬁl@ short-lived. Dsfferent s
iimde ol uenesu p olutia i rcul ar
not |50n% )'/“fs (gﬁ @E?'l'gf %l”?he"'lfﬁb@ &ﬂ @Pﬁ?ﬁ@'?ﬁ&hﬁsaﬁ E’ dwith
wat er , mavem&torsmd Taict to‘caﬂgnd)sasttae activeaanititorsebdtizr propehimsr of thOiniiad
Det t
Dot e 1 Rl Rk L R OBk plopbhiBatusy reone
pl aced. damenstrally t iobeded 3n dhespassivityh varssisr anﬂﬁhmr@bmm ﬂgdt theanussiagr cl e
and fi 'éﬁﬂng ﬁﬁ&arﬁé%&é%@aum fhitfativ spwéégs@%s Wdt "r‘eﬁ‘laﬂw 13rlerM d¥Glent

g

sol uti ol ng so One syringe used to till 1 n the solution and the
ot & s g was used to renove the air. The sol utlon was exchanged under
exclusion of air (bleb- free) with the two syringes against citrated whole
bl ood o. t est son. HEM PG SGOI L,catlon Then the
Fecess FaFisByAS féedd) hnfl b0 he E5p00ndS 57 it arrers FIEFS 1L SR dRan o

t hem antbtalharet ofitimaliyssuitaide foratie ¢armouagk af joreigrpsunfaceshia dindadt wils

punped r LUt th a flowrate of 150 mImn. The platel et content
of the {n(oél%dc]?g;%@% g%ed before and after the perfusion with a Coulter

couter. For 5 uncoated silicone tubes the platelet |oss was of 10% In
contrask 2t 0 InkmbbBfish®iSoM@flicohd Silicon tubes, which were coated according
to exanple 5.2, in average at 0% (nunber of experinments: n=3). Al so in
this dynamc test systemit is shown, that the activation of platelets on
an 10 Tardughed imdorg stlicen téitges withs3 rverl iside dgimeiler a80aukbofya inbixtume dfe

recor dedmahivalstcys TURR Wels*BliiBBath S'RREGP nfBifsh fof SPmiiiiRL! sl oot on
20 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 mi water.

3 mg of the deacetylated and reacetylated heparin (Ac-heparin) were dissolved at
25 4°C in 30 ml 0.1 M MES? buffer pH 4.75 and mixed with 30 mg CME-CDI (N-
cyclohexyl-N'-(2-morpholinoethyl)carbodiimidemethyl-p-toluenesuiphonate).  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.
30
5.3 Determination of the platelet number (EN30993-4)

In a 1 m long silicone tube with 3 mm inside diameter two 2 cm long formfitting
glass tubes were placed. Then the tube was closed with a shrinkable tubing to a
35 circle and filled under exclusion of air via syringes with a 0.154 M NaCl solution. In
doing so one syringe was used to fill in the solution and the other syringe was
“used to remove the air. The solution was exchanged under exclusion of air (bleb-
free) with the two syringes against citrated whole blood of a healthy test person.
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the utilised surface. Against it Ac-heparin shows, in accordance to its

passive nature, no effects in contact wwth the platelets. 15 5.4 Wol e

bl ood experinments on 316 LVM stainl essgpteel coronary stents In line with

t he bioconpatibility experinments 31 nmlong 316 LVM stainless steel stents

were covalently coated with Ac-heparin. In case of a total surface of 2 cn?

and a oc an coefficient of about 20 pnmicnR stent surface the charging
diies tee

of 20 su FReess hales of dhesyppoes wRigLlesed kY rushing the glassntubgse of

t hr ?rrbotsiower themhzhdxthe tﬁbé wagi?déami faut amﬁljéc(ﬁbity@& ﬁzta&.g qfhté”'ﬁgﬁ%ibWaitsfS in
contras - . S . u corre 0. a S . I mes

t he val ugagﬁ%%sfye@&w?%ﬁﬁ%mwc@h Piggﬁﬁ?ﬁ@{”'?‘ﬁ@ i3 ?‘%ﬁ%&%‘i‘t H&i ol ogy
at the Ri0ed Mas/mensuredi béfore@andsafidal thehperfinsion dyitaai Codteanctigtter. For

| oop-8Yys , r X

KARDI %E@ﬁ){;ﬁg é("1i &3 lga)wifbe&o%%? ggﬁg.%gmg%%a?ﬁgeg,f i ?Q"t\'&%‘rté%‘%‘%ﬁg%% Wakd

test ed i D Blieop jHRes, whighoueregeeated mucprdingiite rexanmiend.2.cingaverage at Gfif

i nsi de dijumeber of dkserirRentst =3 these experinents confirmthe according to
the silicone tubes discussed experinents. The initially to 30 the stent

attri but |l at,el et 1oss,in the rfusate of 50%is reduced by the

refinene Sc&m fhﬁ% PRC %?ﬁ&%@"ﬁﬁt‘%s eWHeffa?}t ithe pgiivation elplatelels,onrpe

i nfl ﬁiéncé\oelﬁeparirtttmtédbﬂrfanpwlftﬂﬂxceduslmalmnﬁmjl isly iedaf GeoRabiticy, BMatthbo t he
| at el et ; S [ r est uring a 45 .0 nuyte

Phol o bl MhARBIISMGH YRR keattdd'Sincabi0F el 85| e erbab oty <

anal ysedthe wnéilised cowiaces Agaiist it Actheparior shows,uin atbardanpe totithpasbives an

aver age phfiire! 8 cffesss iRfcodtadt vith the jgfg to the donor blood at a standard
aberration of solely 3I é:o%a Thi's Baggétgl?g?ue underlied different surface

nodi fied stents are expanded in the PVC tubes and are anal ysed under

anal tgous.4onWiolemsosthexprinints W3 PALVRPsBIMé S Stbel @T8naiEERe | O
| 3WO- SGOLApplication 42 It occurs also in this case, that the stent covered

f , i . | V. t f bout .Q. 849% of | .test f ,
causos A fhEFOINR BioRSSRARb R, clferrents Ay Iona, 316 L VRL Blainigss senr -~ °
Accor di ngtends wiese eopalentiyicoatedawith Valk-hieparinhdn casalof i tetalfsuriaee sl 2 &ll‘mléd, I
hem cal ; ' L] e at el et
Cocs. of SHAnS ocRHbaaP bR Yridtiout A BivaR” Mt LBe e K5RRTR B ok
t hartQos BHGR @ SiBnk iss abeuityg®38uig Aechenariap fsosempaesan: dogese aif thrompbasiel et

loss. A giotiaieid ishdl ddiglappheatiiiis Bfhephah M fosorttRgl203 ngg:%ased as
stent majerial induces aa a%ggt 100 (Itﬂ(by ﬁ _strorlllger pl at el et danage conpared
to a nell4Safoyldaerraspend to fag at legst 5@ timgssthea@lues yr f ace only accounts
for 0.84% 10 of the total surface.

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 resuits 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
platelet loss is evaluated in further Chandler tests during a 45 minute whole blood
35  perfusion. For this primarily the stent-free PVC tube is analysed, the outcome of
this is the zero value. The empty tube shows an average platelet loss of 27.4 %
regarding to the donor blood at a standard aberration of solely 3.6 %. This base
value underlied 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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The anal ysed surface coatings on the stainless steel coronary stents show
to be able to reduce very clearly the enornous di nension of the stent

i nduced pl atel et danage (see fig. 4),, As nost effective proved with 81. 5%
the Ac-heparin (SH4). 15 If the effeé?% of the Ac-heparin-coated stents on
the platelet |oss are considered, then good congruent values result. The
correlation of the platelet loss in the perfusate resp. the adhesion of

t he pl attedaiss hlsd imethixf tmegdhauﬂfeastesxt sbeevedhsurface, ivetich isblelpfactbents
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solution o 3?7 am o) tr| | ane in wat er
(50/%0: a(%vasf)maﬁ%ett' 01%'4 & fﬂ?rfe ‘”FrFﬂ'dﬁee"sthé‘% C%'DB@fedA‘Pt‘QP ﬁ"ﬂﬂfé( stents
wer e waglied ledd hartler, necakunsbic vrat@gn aefacei ghtap;ﬁ@xﬁnatglwe@mpmabled and

tyl d i ' I t AC 30 buf f
(57 O BPREH 138 & e oot BTRe 8 @poiiina Saifiell steq e Fomt B84 5
N- cycl obteng imaterigbinducgs ahi atwert HﬁD)tune@eﬂongerdnlatademampgecdmmpmsdl tohonat e.
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rag” TEHCRLEEHD VR bt W ton Ay el TprO AT o
35 H) 4. of the ot Sr*r'&f@icgn of the glucosanine content of the coated stents by
HPLC Hydrol ysis: the coated stents are given in small hydrol ysis tubes and

are abypg ¥dd Surbact cSatddCon tiE seNmess %téﬁl%of@ﬁﬁﬂ%t@ﬁtsrm to be

t t HEM PO 10 oSG0 1 pl t 43 t al b
o ot bcEiy SlearBg normous dmessian o theostenk MRSt PlRfighe. -

dryi ng dbnssgfe (abeig04 L Aslinest éffestiverprovdd mnta<81tﬁ°/octhelA@lbaparun ¢SHghr at ed
threg tinmes until dryness and taken up in 1 nml degassed and filtered water

SQSUI gﬁgﬁﬂ%e&gecggtof th AcHeparitclatby 3RrRE of! RRGAER I NobL Brt TebfisidRpd®! ©

then good congruent values result. The correlation of the platelet loss in the
perfusate resp. the adhesion of the platelets to the offered surfaces show the
reliability of the measurements.

20
5.4.1 Covalent hemocompatible coating of stents

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

25 drying closet. Then they were dipped for 5 minutes into a 2% solution of
3?7 aminopropyltriethoxysilane in a mixture of ethanol/water (50/50 : (v/v)) and then
dried for 5 minutes at 100°C. Afterwards the stents were washed with
demineralised water over night.

30 3 mg desulphated and reacetylated heparin were dissolved at 4°C in 30 ml 0.1 M
MES-buffer (2-(N-morpholino)ethanesulphonic acid) pH 4.75 and mixed with 30
mg N-cyclohexyl-N"-(2-morpholinoethyl)carbodiimide-methyl-p-toluenesulphonate.
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.
35

5.4.2 Determination of the glucosamine content of the coated stents by HPLC

Hydrolysis: the coated stents are given in small hydrolysis tubes and are
abandoned with 3 ml 3 M HCI for exactly one minute at room temperature. The
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Example 6

In vivo examination of coated coronary stents (fig. 5)
10

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

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

15 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 validation of stents for a
long time established and approved animal model.

25

As expected in these experiments neither acute, subacute nor late acute
thrombotic events were registered, what may be assessed as proof for the
athrombogeneous propetrties of Ac-heparin.
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I ndi cations to a possible acute or subchronic toxicity, allergisation
reactions or wulterior irritations as consequence of the inplantation of
Ac- heparin coated stents 5 are not ofyserved during the conplete
experinmental phase, especially in the histologic exam nation. During the
stent inplantation as well as the follow up coronary-angi ographic data
sets were ascertai ned, which permt an interpretation wth regard to the
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observed congruently, that via the Ac-heparin coating (SH4) the neointim

hypeg pl Theadiffer@sdee b@ﬁﬂéer) tN@%rﬂb@QfeQiS &Qﬁtr@IYSt%ht) Wndlife? ﬂ%héparmoemeus on to
t he unco?em?d cont

St t t
the sanSHTt s UnaPRpUS: The sRBeraionlabAsBRt BT hS Bt LA Be f ace
t 0 haveuaopoatefil centrel atemi eenprwelkchservdide. |Adeedidyo aftendount waeks the

Py per bl B3bifsyetiof prbBtoRuE BlteC L FRORatkd SR Pide! dh e sBREBRAHE! O ©f

henoco I"é "characterris
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the1getmth<éj§tgﬂp§réasi5@@fpnt ed. As in technical literature the em SSI on of
certain petal jons in
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o obabl SaNREEHT 6755 Bk the AGePaiA Ganied Sk Acteamo s HEna JaVdlounded
by one ¢f dﬂsenmtwnghca@ed forey ewell anodifilatediigrovtiieifathec stérmciinded> On
t he ot her t|v fect is plausible, because on a
passi ve, maﬁﬂﬁﬂﬁgéﬁé&@ﬁ §R$QS@W§ te with the absence of a platelet
aggregation also the prollferatlve effects of the thereby rel eased growh

f ac2@r s Theedé¢tailént histsmecphorfiéttis vl corpoatyaangiogtaphic dgtd submstanittate thisn si de,

S Ml URoRLGRE, RO KATTBb oBSSHAd EorbhibhlyS ol ihotle AEMGBAHA CoalG SO
(SH4) the neomtlma hyperplasia (,restenosis”) was repressed by about 17-20% in

comparison to the uncoated control stent. This result is unexpected and
remarkably at the same time. Surely it is not demanded of an athrombogeneous

25 surface to have an influence also on processes that lead to a neointima
hyperplasia, i.e. to prevent restenoses, in addition to the preposition of
hemocompatible characteristics.

On the one hand with a dense, permanent occupancy of the stent surface with Ac-

30 heparin a direct cell contact to the metal surface is prevented. As in technical
literature the emission of certain metal ions into the implant close tissue is
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.

35 On the other hand such a positive side effect is plausible, because on a passive,
- athrombogenenous stent surface with the absence of a platelet aggregation also
the proliferative effects of the thereby released growth factors are to be missed.
Thus an important, starting from the lumen side, stimulus of the neointimal
proliferation is omitted.
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In vivo experinments of coronary stents coated with coval ently bound
Ac-heparin an a second suprajacent |ayer of PLGA 50/50 5 7.1
Henoconpatibility of the used matrix igsvitro For eval uation of the
henmoconpati bility of PLGA 50/50 stainless steel stents were coated with
the polyner and tested at the Intitute of Physiology of the RWH 10 Aachen
by nmeans Qf_ i itro whole blood tests. The used established and .
standardF%@H“@ﬁghdler | oop systemis a dynam c cl osed tube system which
operates wi thout the use of a punp.. Wthin the scope of the:

hermoconpdin vivol éxperimenteof ceonanwétehts diated with! cuvaleritly fratindrAdhepadd aand

conpl em@sé&ﬁﬂ%up?%aé&ﬁq%yervlﬁrﬂéﬁ /§6 ned (see fig. 14-16). For reasons
u

of cogparison the coat ed’ stent was included. Carrying out of the
experinent: Donor blood is taken ucgrj nto 1.5 Um of heparin. The stents
ar e i nt r delic teregasnpatijiity ghthe ysedmatrisimvioL = 95 cn) and fixed via
bal | oon catheter. The 4 tubes 20 (K3 - K6) and two enpty tubes (L1, L2)

are fill gdrichaRebn @A 8% Wenbdcdmpatibilihsot PRGA ﬁﬂgb éﬁ?iﬁ%%@rsitér’eq s?@rlut%tvbé?@ and
rotated for, 1 nutes at 5 r/ nsé%é 37C 1n the andl er Toop. The
conpl et eF?al?rng%o‘ uP¥MEF é"’l‘f}q & rtbeuntitutqiaf Physielogy afeie BYBH bl 0od
(7. 5101 ) Amchienobptadaherof6h rvii(tfb avhdler blﬁjbﬂ:[ Ee%@@.owgé ngsed té’s_téﬂ%hregs agdt vl y

[ : n._.npnov es. and s e jars [
25 ( pra- SR RaT RSB Kt Rslely By 8 e " SRaSabloe b AiET B e
pl at el et operates véthowt the usegf & ipsamp.. Withire the seopetofithe hérhecampatibiliignt ][ ol

. | 0

the cbat 3P SRmeRE: WHbleAdd. RaferiaBith o (6 4L FRkoient e 3a (SR 50

t he coat and non coate i eter

the acti Weredelyyminedésee fiacl4r163. Fangasons\ef qomparisendthet incasted stendt ent s
a smml | yasdatludédl on as in case of the non coated stents. 7.2 _
Henoconpatibility of the used matrix in vivo 35 The aimof the experinents

was pri ily to evaluate the jnfluence of the PLGA- coating towards the
srent i niaind Saliithe Exgefgant

"For the experinments 28 six to nine nonth
ol d domeBwinor pioddsisnaken ugeihto The Wik of dedparinaThasstente xael inkddaéé®intoone

VR N =S W FUP d .aft hr ee
months (LN e syt fd bm PR VR dletbsatndil, flr  whebi e
40 49 ectK3 wi@hand twuemply tubest(hd, bRpsrenlieddin eRct/cse/\gith e omhisadanibt .
Al t houghsbivhPehighéeVSSIRtEn lNaPldiarid fit 14 Aﬁiiﬁtﬁteénéf‘hg%zr/ﬂ*fin HeHPL 3n Ahke

h dl Iffer for the uncoate
three m&%agdrg%rlooﬁ/. 'ﬂ'le compIetely emptied tubes are filled carefully with heparinated
donor blood (7.6 mi) and rotated for 60 min at 5 /min. Accordingly to the
anticoagulants samples are taken 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 compiement factor 5 (C5a) shows in case of the coated stents a
smaller 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 PLGA-
coating fowards the stent induced vessel reaction. For the experiments 28 six to
nine month old domestic porks were used. The stented areas were examined after
one week (1WoFUP), one month (4WoFUP), six weeks (6WoFUP) and after three
months (12WoFUP}). The obtained data show an unexpected amazingly positive

40  effect, which is due to the the presence of PLGA 50/50 beyond doubt. Although
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for the coated stent, the reaction of the vessel wall towards the
PLGA-coated stent 1is substantially snmoother. After one week the stenosis
value lies with 6% significantly bel t he val ue of the uncoated inplants
with 10.4% The masking of 5 the netal surface results after four weeks
even with 10% (an increase of 33% in a nore than factor two | ower
stenosis rate than the uncoated stent, which reaches after this period of

time it therwsiuesof sienasisafteptises raenthahasdiyalitier Badhe unn@ateclo%teetjaeﬂ ent
shows afdﬁﬁé r&sm&i $teht, The ré&ﬁ’lfaﬁ dﬂtﬁé‘ v@@ééﬂ vJa?l t%@éfds“fhbqﬁLéA dléfé%éé steérf?

val ues ystens equal each her wth r ox. ﬁ?hé’)ﬁ 10 15

The dat i fséllb5¥3rﬁl§'aﬂ3és$f€ﬁ%‘{hieé mee%swmkeﬂ@e %'fed/an% lliﬁa i§

coronar ¥ nﬁmﬂhﬁg baRiwy tHeetie dfthe nhé@ar{éaqnuip&dntsl h»ﬁthmwm%ncrh@masmglaf ns
oncer

| VI f
Lhort) | R RSt RELIEIG: BAPREERS BT WinCRRk AT iitred OSSR MRS o e
carri ed mme thian Hattor hivdilowebstenogial rite thgn tenurcaated stentuwhickOrasshebe
det ect LVM
Sr6 s SARERRL ol g i ey vAlEBr A §°( (G RERARRS058%), THECS
398555/ mggwostemomegneamm @ftgr six we@las wit cmly 48, 33f1/otAﬂqr91%m@eks HNo.
0430 Pl PalliE8 bf Bbtsyhtemd gl SadindifPdvith2apptod N%lﬁgﬁs ).9 g Nadl

Reaj@ zation: The stent is wel ghed out on the analytical balance and the-

welght not.e n a spal | hydrol ysi s, tube 0.5 ctide are

i 5201 vahe! A6 Tor s PeslenaiC pragbees ke detPEipgt o dBan SRS (H R v e
bat h. Thagibgraphyo@QCA) andirtchvasoniar ultﬂd‘mdrrde@wmngatmwﬁvmyent. Thereto are
added 200 lag toluidine blue in 200 pi of CHCI3. The stent is dipped into
this solution. After a couple of mnutes the stent is taken out of the

sol ut i okexampe Bweezers and noved within the fune hood until the solvent 35
evaporates. Then the stent is dipped in for a second tine. After air drying
the ste s o ' drying the stent is
bal ance efﬁen’tﬁﬁ&ﬁ‘cé?ﬁ?ngﬁpégg) ﬁﬁ’%!dfs %g@%(g hrf]g%t ide with tol uidine
blue is rreasured fromthe weight dlfference (sarrpl e 1). HEM PG 1013 W

O S&G 1P WP@EN%@W#“WPE’"@(%@@ nment is repeated another time with the

same solFist pre-Efgemithentd)are carried out with toluidine blue (Aldrich) since tacrolimus
20 can be detected chemically quite difficult.

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

25 toluidine blue - Aldrich, Lot. 19,816-1, HNo. 0430
PBS-bufferpH 7.4 . :14.24 g NasHPOQOy4, 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

30 small hydrolysis tube 0.5 g polylactide are dissolved in 2 mi 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 pg toluidine blue in 200 p of CHCI3. 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

35 evaporates. Then the stent is dipped in for a second time. After air drying the stent
is freeze dried for about 10 min. After the drying the stent is balanced again. The
amount of the immobilized polylactide with toluidine blue is measured from the
weight difference (sample 1).
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For sample 3 the dipping solution (1.93 m) which results from experinent |
(sanmple 1) and experinent 2 (sanple 2) is mxed wth 0.825 ng tol uidine
blue in 5 0.825 nl of CHCI 3 and 250 nmypol yl actide. The polylactide is

di ssol ved during heating. Then a stent is dipped into it two tinmes as
descri bed above. Results: The untreated stents had a weight of 176.0 ng
and 180. 9@% After dipping into the 10 polylactide solution the stents

bal anced expefiaentds repggted apether imewith dheisame soduticn (semide 2)y

pol yl actide and 200 tag tol uidine blue. The bound anount of.toluidine blue
can be fo he ,sanpl es an fromthis rati,o. In case of sanple
3 2. 755”%1%?2%1?89'%% ‘E‘Sn‘i"EPﬁBlsﬂ'b'ﬁP&ﬂr@ ﬁ@'?m'fe}e drguis drampgxperimenty fact i de
(initial (sahplet 1) and expemenin? {sampke 2) is mixeﬁmitlmﬂ.fiﬁ)mygﬂoiuiﬂlﬁfeeblueqn "
stents a ' ] 0 i 0 i ' . rptions.. As the
i ppi g ot s CHEIOBRPARP R offadiflel TR BolzREb 18 P4 Borng™
was di I uheatipg.obhen gstent s dipped intalibiver tines vs desefibe@ebaemcent rati ons in

t he di pping solution: sanplevolune (m)c (polylactide ng/m)c (tol uidine

bl ue pg/ E‘J‘)[SHéz 2227.390.9 22.2227.390.9 32.755231.8363.0 44.0134.5212.5

Wi ght o Stubes and the resultant neasured coati ng: sanpl enet

wei ght t ofThle umiegitedPistetats bhadizveighblofd 7el0uing aved hBO® M7 Af@r Rg hitoaRéa. 9

e L R e O R
Application 48_ FI ution behav!-or of the_coati ngs with different I

Col ut 1 on 15 Fppind oo ORI B0, polycfiE S 2Bl dy ABHIIBE Biue: i i <
det er ni nBAUNGRINQUNt AT dpiiding bluescan hedneasured for the pamplasut iasd 2 drome fhisr ed

at an abgatiplin eas@ekbampleod 265 mlrboluii&@’b@h@irﬁﬂ‘rﬁéi&ﬁ@id@ﬂuféﬁﬁ@ﬁé@.e mg .
geneift eg. Iﬁ ;ten(tinifigl vr‘}u.nﬂt into a betaker W h12§ éﬁ of Qh%m ol ogl.cal sodi um
chl or dePRY &[f? pgn eig consumption sample ; approx. 50 mg). Here two
stents are given into one preparation to obtain higher absorptions. As the dipping

solution was very viscous which yielded a very thick coating it was diluted from 2.625
ml with chloroform to 4 ml.

20  Concentrations in the dipping solution:

sample |volume (mi) |c (polylactide mg/ml) |c (toluidine biue pg/mi)
1 22 227.3 90.9

2 22 227.3 90.9

3 2.755 231.8 363.0

4 4.0 134.5 2125

Weight of the tubes and the resultant measured coating:

sample | net weight total weight PL & toluidine blue |Toluidine blue
176.0 mg 200.9 mg -124.9 mg 9.96 ug
2 180.9 mg 205.2 mg 24.3 mg 9.72 ug
3 317.2 mg 410.8 mg 93.6 mg 135.73 ug
4 180.8 mg {194.8 mg 14.8 mg 23.38 ug
25
Example 9
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In a phosphate buffer pH 7.4 (14.24 g NaH2PO4, 2.72 g K2ZHPO4 and 9 g NadCl)
10 and stirred gently at roomtenperature. After 0.5, 1, 2, 3, 6, 24, 48
and 120 hours, each tine a sanple of m is taken, neasured
spectroscopically and given back into the preparation. tine/habs. slc abs.
s2c abs. s3c abs. s4c (nglm)(nglm)(ng/m)(ng/m)

00. 00020- 0. 000200. 003600. 00630 0. 5-0.001100.00116. 40. 009529. 20. 012530. 7

10. 0003 &Elwrisdhewiehf dis 46atirgs Witi2 differgnt concentrations:

20. 00072. 50. 00085. 00. 0256108. 90. 013133 7

3- 0. 000400. 00064. 00. 0294127. 70. 013636

60. 001 3Asqremxpsgment gddd-Vis spgctna 2p ggohudme biue solution in ethanol is taken

240. 001 c7 —4@ 109#’&19 &% @2 4B nOAGRIEIM |s determlned The toluidine blue

48/ 960. %{8% 3]3l 01095480047 £

120 00?‘?'?0 BesighgEolutinssig megsyrsh aigan aP@"‘ZQS‘QS'r’B??"&‘?P'BfO 1 8%hpl es
after d'l‘h’eaa‘teracaimatmiscwfleus generBtad.neasuring of the concentration the

cuvette difference (abs. at T = 0) is subtracted fromthe neasured val ue.
After 12 and 13 days respectively the experinment was termnated. On all of

the 20Asstent is bhinginte lacbesker veth 39 nalfof mrysm!@@paln%oﬂmra Julerider golpdionst i | |
present jn E%hd\}ﬁngigbﬁff@ﬂ pHNE.4 g«{ﬂ% Y NEHEPUJ Q'?@eg %F#)@Mne(dg R&tiyde

respectivel were ~diss wat er and

et hihol 2BAS 'frﬁéirgenﬂyeazéow @mpea%tpr% f?erfﬁ 33 &%aﬁtﬂﬂé QMR ds.

25"  HEMeHOA Gihde Wsariple| ol iatadl@n, ﬁ%&dre@@bem@ﬁpﬁomlwmid geegitiack +
Tbdi ss. . PL,+ TbdiSs. Tb.rem Tb. 1196.5200.9 nyg24.9 ng4.4 ngl. 76 pg8. 2 pg

2199. 428H0 385 PreRaIation. .o 35 hg3. 48 pg 3385. 4410. 893. 6 ny25. 4 ny36. 83
pg98.8 pg 4191.3194.814.8 ny3.5 npb5.52 pgl7.86 pg I n case of concentrations
of 90 ptirhelhuii dbsiestbl[we per|abs. d2ppeng sol utbsos3t he rellabsesk ajwunt s | of

tol ui di pe blueé are sg (liglvr%l;[ hat the ?n%slr?‘lrl)pt | ons ar P(nzglmtl)r e (ng/mi)
0 0.0002 0 -0.0002 0 0.0036 0 0.0063 0
0.5 |-0.0011 0 0.0011 6.4 0.0095 | 29.2 | 0.0125 | 30.7
1 0.0003 | 0.5 { 0.0014 7.9 0.0164 | 63.3 | 0.0121 | 28.7
2 0.0007 § 2.5 | 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 | 54 | 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 | 0.0024 | 10.9 | 0.0033 17.3 0.1096 | 524.8 | 0.0147 | 416

120 | 0.0017 | 7.4 | 0.0038 19.8 0.1110 | 531.7 | 0.0161 | 48.5

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

After 12 and 13 days respectively the experiment was terminated. On ali of the

20 stents after the expiration of the experiment a coating was still present. For
determining the amounts of toluidine blue and polylactide respectively which were
dissolved, the stents were rinsed with water and ethanol and then freeze dried
during 1 h for balancing them afterwards.

25

HEM-PO1013WO-5G01Application



detection limt of the spectroneter.

pg/ m

i s reconmended for
(elution jar) to yield higher
pol yl acti de/tol uidine blue concentration a

appear.
al nost |
det ect ed
di ssol ved

In case of a concentration of 200

absor ptions.

the 5 values are after a couple of hours in the neasurabl e area.
t he neasurenment t o4l ace two sanples into a beaker
In case of the highest
saturation effect seens to

Vs T

eal

| We‘i‘drtft

raj €ct o

()

R itk

GcsIPE 71

stents the

diss. T2

coatli ng

S
can still

i t

1968 ver al

AVIAY NN

200y3 mgAf t

am - ahout

4. pRy

1L.4

1

D4.4 rAgweeks

Honeca |
TCTTO O T

1176 |pun

racultc
T _JOuar LR

B.2qiqui di

that th
t-Hett— 11

sanpl es s
15 The di
the chlo
t hi ckness
pol yl acti
above al

Exampl e 19
to exanple

1N
T

(7 |

f
veiagt—

41 d ha

R05%% ut ed

Z-3me

@Btﬂ"'ﬂe for

2 380Dx .

B8 4910

£y r%§@| utro

of

Or m cannot

AP ot

evapor at e t 0o

i

56 GRkpgnd s
d

) urtng t

20 Sxthof on

30
L1 on"das €

1918 coat

Hf

| 194t.®econe

it 1 o

sl4t® g

A4

aﬁ.@emgnd in
1

D1B2geneo

.. 8Gigige

o

concantr o
cormcccritT ™

on—in
C1T OTT LI L) ~J

ml a
||H|b

-r

24 ol )
R Ilul III}

=

csene t o
>eeHb—+0O

be suffi

in case of 20 higher concentrations the solution becones
ext r emel yn viaseoab candentrations! gf 80t pdeoliidine niblye viezry mdi dippiagl solttiordlitheol ve.

ek FihodRert i

and hor i fetedionylimii thatspestronmatendn alaspaef a concentratinn ofi200hud/mldhack

the 15t aiaRzsareSaitdr 4 BSupiBlditHdins )
SucC

r/ mn.

The stents are

does not RS MeASURMEHL
vel oci ty abkorptionks lanchse ofli thbahighest pohtaetideltoR/iinstislnE edttehbiativnngzz! e,

the sten

(about 1f§ahﬁﬁﬁ$@)‘%§‘i

with the

SPER

In

fi1xed
%Pécﬁtm& $¥88

resp

S gt

the ﬁ%@;sﬁn%ilé)
ﬁe\ggx@nﬁl

expan

at t

heakae

bl Bl R

o

. 1613%het8

I nteri or

.ut.i on.

After
@ dp Fasg qfiber

diteCBLE Ylesh hl@wsﬁx%ﬂhg %@ﬁogisa%%e 4 18

re-prepared no

It

an
be 10
ne bl ue

weeks.

t hat
| se the
t he
cient,

rdi ng
nced
‘on

MRS ot

wtion jan} fg yiedd highasdi ng

tents

he drying
'S 00d

over ni gisamples bapahabmodt lingsir trajedidtyPOINCaByidh&GRnts Alpp coating can S6il Bzanpl e

11 Cpgt i pg

sol ut1 on:

{Sed BReP hEfr

rgw\édsysh pure matrix:

20 g. The stents are sprayed in each case with 3 m of the spraying
sol uti on AflgIanREey 2 perelpeharipund: Wividine Bipe aljsselveshin everagedremmpautyer
t hi cknesg/4 s 1R HEbeebshits tHA tHB RBHIPISYsEINISHId IR e BIGIca6RANE Bilid foFes

magni fi ed
15

a

pprox. 8 {o 10 weeks.

5 Preparation of the spray
e is balanced and repl enished with chloroformto

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/ml) seems to be sufficient, above all in case of

20

is only very difficult to dissolve.

Example 10

25

Coating of the stents via the spraying method:

higher concentrations the solution becomes extremely viscous and the polylactide

The according to example 1 and example 2 pre-prepared not expanded stents are
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 r/min.
The stents are fixed in such way, that the interior of the stents does not touch the

30

bar. At a feeding amplitude of 2.2 cm and a feeding velocity of 4 cm/s and a

distance of 6 cm between stent and spray nozzie, the stent is sprayed with the
respective spray solution. After the drying (about 15 minutes) at room temperature
and proximately in the fume hood over night it is balanced again.
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stent No. before coatingafter coati ngwei ght of coatinglayer thickness

10. 0193 ¢g0. 0205 gl1.2 ngl0.4 pm 20. 0193 g0. 0205 gl1.2 ngl0.4 pm 30. 0204

g0. 0216 gl1.2 ngl0.4 pm 40. 0206 goO. 02156 gl.1 ngl0.4 pm Exanple 12 15 Coating
of the stents with pure active agent: Preparation of the spray solution: 44
ng taxol are dissolved in 6g chloroform The stents are bal anced before
and after the spraying. 20 25 stent No. before coatingafter coatingwei ght of
coat i ngEx8mPkd41 g0. 0197 0. 30 ny Exanple 13 Deternination of the elution
behavi our in PBS-buffer: Each stent placed in a sufficiently. small flask, 2
m PBS-buffer is added, sealed wth parafilmand incubated in the drying
cl oset &oating of the steptsewith pyreomatihe  chosen tine intervals in each case the
supernatant is depipetted and its UV absorption at 306 nmis neasured.
HEM PO 1413W O S ticatjon 51 Exanple 14 Coating of the henpconpatibly
equi%peér‘?ﬂa’ém‘%ﬂ%)E@D%Ha&é?"&@“agent | oaded matrix (fig. 7): 5 Spray

sol ut i oh76 Reg pblytadtide iRGaRACEd aal repleoaishiedorith shlomforniteB8d.f rom 145. 2 ny
polylactide and 48.4 ng taxol to 22 g with chloroform spray wei ght wei ght

wei ght of wei ght of active |ayer stentsolutionbefore after, (gz)coati ngactive
The stents are sprayed in each case with 3 ml of the spraying solution, balanced

before and after the spraying and the yielding layer thickness is determined by
10  measuring under the microscope 100-times magnified.

stent No. | before coating | after coating | weight of coating | layer thickness
1 0.0193 g 0.0205 g 1.2 mg 10.4 pm
2 0.0193 g 0.0205¢g 1.2mg 10.4 pm
3 0.0204 g 0.0216 g 1.2mg 10.4 um
4 0.0206 g 0.0217 g 1.1 mg 10.4 ym
Example 12

15  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.

20
stent No. | before coating | after coating | weight of coating
1 0.0194 g 0.0197 g 0.30 mg
Example 13
Determination of the elution behaviour in PBS-buffer:
25

Each stent placed in a sufficiently small flask, 2 mi PBS-buffer is added, sealed
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.
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agent thicknes (g)agentpg/ m2s 10.8 m 0.021800. 022150. 35 ngl46 tagl. 977.9
pm 20.8 m 0. 02 0050.021420. 37 ngl54 tag2.086.7 pm 30.8 nl 0. 022470. 022850. 38
ngl58 tag2.149.8 I1sm40.8 m 0.023950.%94320. 37 ngl54 tag2.0811.0 tam - 50.

0. 022470. 022860. 39 ngyl63 tag2.209.1 tam 8m |

60. 8 m 0. 024420. 024820. 40

ngl67 tag2.2612.2 pm 10 Exanple 15 Coating of the stents with an active

agent
coat :

)coati
{ 201, 560, Tank

Coating of the stent
Gy sghdion

active a

1o IR

to 3 g. Topcoat:

e

8.8 ny taxol

s with a

Bl Ra50

rix and an active agent as
f4yl actide and 6.6. ng taxol

topcoat (fig. 8):
are replenished with chloroform

15 Basi s

are replenished with chloroformto 2 g.
st ent spr &oadinghoivdhe Hemochmhpatiblegi @itippéchattéme! RitBr as Gdtivieos

ntt hi ckness agenttag/ m2 10.85 m 0. 02350.
m 0. 02600. 02640. 40 ngl75 tag2.0910.1 pm 20 Exanple 16
| acti de which contains a hydrophilic

2faxel + selutivnt isi nepkepishedcram (45.¢. mQ)

Ofcaded) af t er

2380. 30 npl131

HEM PO 19R/1abtideira 48.ARRG tHa) 1@ 22 AwlIR ERNrePML | Ons: Basis coating: 22 ny

pol yl actide and 22 ng hydrophilic active agent are bal anced

and

repl eni shed—wiih-chloroformto 5 g Topcoat: 22 ng polylactide and 22 ng
pol yst yr eptent &Spa¥anqateightd [weighhi dmeichts ofi| weightl of badiven t o[ 18yer. spf ay
sol utionbef or e cOafib NaLk&e © ’gﬁér'@% 'cgg{lné) Fwelgy of agent |thicknes
(9) agent pgimm? |s

1 0.8ml [0.02180 |0.02215 [0.35mg |146pg  11.97 7.9 pm

2 0.8ml |0.02105 {0.02142 (0.37 mg [154 g 2.08 6.7 pm

3 0.8 ml 0.02247 10.02285 [0.38 mg {158 g 2.14 9.8 um

4 0.8 mt  10.02395 (0.02432 (0.37 mg (154 Hg 2.08 11.0 pm

5 |[0.8ml [0.02247 |0.02286 |0.39mg |163pg  |2.20 9.1 pm

6 0.8 ml 0.02442 |0.02482 (0.40 mg |167 pg 2.26 12.2 pm

10 Example 15

Coating of the stents with an active agent loaded matrix and an active agent as
topcoat (fig. 8):

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 layer
solution |before (g) |after (g) |coating |active agent thickness
agent pg/mm?
0.85ml | 0.0235 0.0238 | 0.30mg | 131 ug 1.56 9.7um
2 10.85ml| 0.0260 0.0264 | 0.40mg | 175 ug 2.09 10.1 ym
20 Example 16

Coating of the stents with a polylactide which contains a hydrophilic active agent
and with an active agent free matrix as topcoat (fig. 9):
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coatingactive agent 0.85 nl 0.0135 g0.0143 g0.8 ng200 pg HEM P01013 W

O SA@1Application 53 5 CLAIMS 1. Conpounds of the general formulas |la and
b Fornula la HO Fornula | b 10 HO whegein n is an integer between 4 and
1050, Y and Z, independently of each other, represent the groups -CHO, 15
- COCH3, -COC2H5, -COC3H7, --COC4H9, -COC5H11, -COCH(CH3)2, -COCH2CH(CH3)2,

- COCH( CH3) C2H5, . - COC( CH3) 3, -CH2000-, -C2H4000 , -C3H6COO-, -C4H5000-, and
salts 0595%)( @lHB%unds 2. The conpounds of the general formula |la
accor di Basisocedtinigh22 maipetygadtidé ar?cﬂzarrﬁl a@lmté far@adlafidie! |

;gp\r/\:?legégtrgﬁ'reﬂ??‘%ﬁ Wit @ii ESHBB'G% 9-HEM POL 013\/\34 é%oAperﬁggtOl on g:?ngoo%]e

conpoundepodat 22 mgrpaivactide and 22 imgapapstgrere a@ balanoed andheplkinishéd
reprgse tﬁ o‘FH COCH3, -COC2H5, -COC3H7, as well as salts of said
conpounds ,& procgss for the production of t he conpounds of the

gener al faormila Fa characterized in that heparan sul phate and/or heparan
sul phat| spap aelutions| befons coatingl | aftencoatilgy |desweightvtd hndwsigitefuert | y
N-acyl ated via an acid. 5. A process for the production of the co ounds of
the gederal formula Ib, 10 chafacterized in thfpaﬁygchl 085HVE A t|i al I y
N-car boxyaplgs mi ed [andpigies gv atyl ez gr [p) trﬁi S Paps! ||y '
N-acyl ated and thenl N carboxyalkylated, or ic) chit islpartially
deacetyl ated and then N-carboxyal kyl ated. 15 6. The process according to
claim5, characterized in that substantially the half
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of the am no groups of chitosan or chitin are acylated and the other half

t hereof -are carboxyal kyl ated. 7. The conpounds of the general fornula | a
and/or | b obtainable according to a 28,process according to one of the
claims 4 - 6. 8. The conpounds of the general fornula la and/or Ib
according to one of the clainms 1, 2, 3 or 7, characterized in, that the
content of sul phate groups per disaccharide unit is |less than 0.005. 25 9.
The conpounds of the general fornul £LAINSA/ or | b according to one of the
claims 1, 2, 3, 7 or 8, characterized in, that the content of free am no
groups IS | ess than 1 mnth r ect to all of the -NHY groups. 30 10.

The compdund quwsg%f B geneH M'Pﬁl%ﬁﬂﬂléﬁ’ | b according to one of the
claims 1 - 3, 7 - 9, characterized in, that the sequence of the sugar units
IS gybstantrally alternating. 11. Ehelgoqgounds of the general formula | a
according to one of the clains 35 characterized in, that
45% - 55% of fal | of the am no groups carry the grouh’Y and the re

formula [ a and/ drFIO@H Or the productr on of hem)corrpat iNHe surface
nedi cal devi ges. SQ1Application 55 13. e accordi
claim12, :

| a and/ or ) : :
ol i gosacchar i|de$4(On h&ri de@).f or /t mpalible 5
of surfaces, charact |zed i that” of the™oli ggsaccha (des and/ or
pol ysacchari des contain the siNif unit N-HONTB{fcosanmi ne or N-
acyl gal act osqm ne between 40% and 60% and substantially the remaiping
sugar units have one car box group per sugar unit. 10 15. The use
according to'claim 14, characterized in that substantially each
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, characterized in that in the case of 15 N-acyl gl ucosam ne

N-acetyl gl ucosam ne and in the casg-of | N-acyl gal act osam ne

N-acet yl gal act osani ne i s concer ned. q'f' %He use according to claim14, 15

ﬁond

or 16, charagterized in that the remaining sugar unYts are uronigc acids.
"00C, NH
HO- R HO o-H
HO O
O
OH HOCH
10 i n
wherein

n is an integer between 4 and 1050,

Y and Z, independently of each other, represent the groups —CHO,
15 —COCH;, —-COC;Hs, -COC3H;, —COC4Hs, —COCsHy1, —COCH(CHa)z,

—COCH,CH(CHa),, —COCH(CH3)CoHs, —COC(CHj3)s, —CH,COO',

—CoH4COO, —C3HsCOO', —C4HCOO, and salts of said compournds.

2. The compounds of the general formula la according to claim 1, wherein Y
20 and Z, independently of each other, represent the groups  —COCH;,
—COCzHs, —COC3H;, —CH,COO', —-C,H4COQ, ~CiHgCOO, aswell as

salts of said compounds.
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20 18. The use according to claim17, characterized in that the uronic
acids are substantially D gl ucuroni c acid and L-iduronic acid. 19. The use
according to one of clainms 12 - c%zﬁracteri zed in that the 25 seguence
of said sugar units is substantlally ternating. 20. The use according to,
one of clainms 14 - 19, characterized in that the oligosaccharides and/or
pol ysacchari des conprise substantially desul phated and substantially

N- acyl aBed Maparcanpauridshaf theagenetdl fasnydaribi atdoydiNg t8Qclaiar Hoxwhereipl ¥t ed and

\-acyl at ed F%e 953102 prodii NSO, t MEARSREOTBRIC Bl © SOMRNTR Blis of |

bi ol ogi cal arti sur /1 ces conpri si
foll owi ng ss@igpompoyndsyi di ng a surface of a nedical device and 35 b)
deposition of at |east one oligosaccharide and/or pol ysaccharide according

to ape gf th epl‘b’gﬁbﬁo%the gv?tzodl]c:tlonléf t%coﬁguﬁéﬁﬁqﬁéy&@?%!bioﬁnuié r on

this surface t1on ost a er o surf’ace of
t he medi cal Chfactarizgd '"4’@5& W@Pﬁéﬁﬂ)é@ éﬁ @PQ/QV fa'N heparin is

O SGA Appl i sabdtantiaify &i’ure A6 radﬁ RUbbeq@étiyN-2dc C}Aaﬁea w an ?d&&i
henoconpati bl e | ayer or bi ostable layer is coated via dipping or
sprayin

hod w t a |ode radabl e /[or biostabile |ayer
whi ch cgrrpr RIOCsRS E'E % é‘b(ilfft'o"c e APMpoLAds tﬁrﬂ?é]e\@lé‘?”ﬁ'b'iﬂ]&t?' % 23.
Mett®d accockamgtdrizedliaitihat2l conprising the further step c¢): c. deposition
of at |east_one agt.ve agent..i nd/ Qr h t] | ayer or the
bi ostabl e | & 3/) %Ia&ozs&n '%@Fﬁb%@ﬁf%#ﬁ?ﬁgamfﬁg%%ﬁﬁa%gﬁmé&&ﬁﬂd't e at |east
one active bbent thitosamib eaciallydN-sacylated daddbien dN-oartoxyiatkylatgd,0or sprayi ng
Tethods o0 &) Of chifly id BERATRGATBRIG) SrliaKen oSy igRta € | ave!

and/or the at |east one ound via cova nd/ or adhesi ve
cou Ilng to the henoconpatible Iayer or the biostable layer. 15 25. Mt hod
acc g t Shersoeess aecartimigrte claim 5, gharactariredsnibat substantialgthe half  d) -

of the amino groups of chitosan or chitin are acylated and the other half
thereof are carboxyalkylated.

7. The compounds of the general formula la and/or Ib obtainable according to a
20 process according to one of the claims 4 — 6.

8. The compounds of the general formula la and/or Ib 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.

25

9. The compounds of the general formula la and/or 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.

30 10. The compounds of the general formula la and/or Ib according to one of the
claims 1 - 3, 7 - 9, characterized in, that the sequence of the sugar units is
substantially alternating.

11. Thé compounds of the general formula la according to one of the claims
35 1 - 3, 7 - 10, characterized in, that 45% - 55% of all of the amino groups

carry the group Y and the remaining amino groups carry the group.Z.

12. Use of the compounds of the general formula la and/or 1b for the production
of hemocompatible surfaces of medical devices.
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d) deposition of at |east one biodegradable |ayer and/or at |east one

bi ostabl e | ayer on the henoconpati ble |ayer or the active agent |ayer, 20
respectively, or d') deposition of ats4geast one oligosaccharide and/or

pol ysacchari de according to one of the clains 1 - 3, 7 - 11, 14 - 20 as
henDconpatibIe | ayer on the biostable |layer or the active agent Iayer
respectiv 25 26. ,Met ho accordln to_one of the clains 21 -

conpri si ﬂg’ t e gq:qqqgmgstpe%am@)m 55‘3 kiized; ipn that the th%&?fnﬂﬂ#@dé'&fl the agent
i.n and/ or on geheratfoingdlatta and/orbibh afe boandbbealanty &y thei Rifazkl e | ayer or the
henmoconpati bl e | ayer. 30 27. Method according to claim 26, wherein the at

| /

sorayi no et S of bhapienaiTRer hadh iidiochBict She dhechinioiRaAthe

bi ost@bl e | ageating afhsurfaoesc cipradtélized imythat aidther oligosaathardes andforact i ve
t b 5 t

b odegr adabl & g’éb?“&‘*%@éf?%%ﬁ@"f i s03F P UhE PRIt Sbr | RE o

i 013W O SGO Apakastesaming betwesn 4056 9&&6@% repck substantistllytthe remaining2s -

27, wher ei n shgabuits ReoRddamox ybgr@dgwea@agbﬁuhnayer is covalently and/or
adheS|ver bound on the surface of the nedical device and the

h b I to.th tabl e | d

i ?”‘éﬁﬁp”pﬁﬁ'el Thg: B8 castrirdnu e Clainho T neDAtperRkRet i 1G24 JuBMERTA RECI al ms
21 - chasecord i geghr mynitt fodit theheoligosaoclares nel/drayplysaeohanidas geparin
of natlve or gl ng@iucfoﬁghﬁﬁgwﬁlt%léé’fééfact&%ﬂ%s' zed derivatives of different

sui phati on coe ent's and ac coerficients in the nol ecul ar wei ght
range of the ent asacchari de, mhlch is 10 responsible for the
anti t hr oot Theakss wcegrding ta elaime14 teintfur charattedzedrin thei ghthetasbef

pur cfgsabl e ReRRYy D, at nd ;hts eri
ol i go- and p&ggﬁ@hdgfrs?ﬁ@sgo mﬁcaggﬁ{(ﬁg%ﬁ%&nc g écocg |>1§héi dé:\séSthat ed and
N? reac(et)y g@lapiosAmIngpl- Wﬂaﬁéﬁﬁm'ﬁ?&j - partially N?
ac(et)ylated chitosan as well as m xtures of these substances 15

17. The use according to claim 14, 15 or 16, characterized in that the remaining

sugar units are urcnic acids.
20

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/or polysaccharides comprise substantially desulphated
and substantially N-acylated heparan sulphate as well as partially N—

30 carboxyalkylated and N-acylated chitosan.

21.  Method for the hemocompatible coating of biological and/or artificial surfaces
of medical devices comprising the foildwing steps:
a) providinga surface of a medical device and
35 b) deposition of at least one oligosaccharide and/or polysaccharide
according to one of the claims 1 — 3, 7 — 11, 14 — 20 as hemocompatible
layer on this surface
and/or
b’} deposition of a biostable layer on the surface of the medical device or
40 the hemocompatible layer.

HEM-P01013WO0-SG01Application



30. Method according to one of the clains 21 - 29, characterized in, that
as bi odegradabl e substances for the bi odegradabl e |ayer

pol yval er ol act ones, pon-s-decaIact%ges, pol yl actoni ¢ acid, polyglycolic
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propyl eneoxj,de, so ol.yur anes L yur nes W m sts in
Phe backbonle perpsPrERIbIL faved otk BidtoBbnGHER ol H8 20 1BELEoh8

pol yal keneoaetivat esgenpoisy drounde bz r covadente landdy tadbiesiveopoluplirg sto [thei ds,
carrageenan fLhrl : protein based pol yners, HEM PO
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zei'_Hi_ nmodi fied zein, polyhydroxyal kanoates, pectic acid, actinic acid,

modi f i edsanfiaqsy BRebrdiRfito bhE'df e RhikRSEI 0. 24,3dIAKNSTRE e Furlthdreétep

al bum n, noreover hyaluronic acid, chitosane and its derivatives,

hepar ansul pﬁ)it es and its derivatives, heparine, 5 chondroitinesul phate,
dextran, b-dychepesitisn nesat deast! pner biodegiad?ibe dayer poidjarr apyleasteghgcol |

gunmm ar abi cum f | at | 2¢Ol en- E%tji;o LA} m de,
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t he2® subst ancesspectivelged. 10 31. Method according to one the clains 21 --
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BO| zbut);il neflladeppsitien pof yat I‘)a/ast one oligosacgha de ar%lor pglyszcc?\ande

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.

25
26. Method according to one of the claims 21 — 25, comprising the further step
e).
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.
30

27. Method according to claim 26, wherein the at least one active agent is
deposited and/or implemented via dipping or spraying methods on and/or in
the at least one biodegradable and/or biostable layer or the hemocompatible
layer and/or the at least one active agent is bound via covalent and/or

35 adhesive coupling to the at least one biodegradable and/or biostable fayer or
the hemocompatible layer.
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t r opf osf 8l d¥lettidd mesomiiry 1o oblel of #elHims 2pendemehbidteeriZzddChy, MR AS,

dovor ubi <1 . BEEPAPHERE: sLOEERERS T b LORBEG bR Inver R isrolfiones,” '
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docet axel ,  polyhydroxyvalerates, polyhydroxybutyrate-co-valerates, poly(1,4-dioxane-
2,3-diones), poly(1,3-dioxane-2-one), poly-para-dioxanones, polyanhydrides

as poiymaleic anhydrides, polyhydroxymethacrylates, fibrin,
polycyanoacrylates, polycaprolactonedimethylacrylates, poiy-b-maleic acid,

25 polycaprolactonebutyl-acrylates, multiblock polymers such as from

oligocaprolactonedioles and oligodioxanonedioles, polyetherester multiblock
polymers such as PEG and poly{butyleneterephtalates), polypivotolactones,
polyglycolic acid trimethyl-carbonates, polycaprolactone-glycolides, poly(g-
ethylglutamate), poly(DTH-iminocarbonate), poly(DTE-co-DT-carbonate),
30 poly(bisphenol-A-iminocarbonate),  polyorthoesters,  polyglycolic  acid
trimethyl-carbonates, polytrimethylcarbonates, polyiminocarbonates, poly(N-
vinyi)-pyrrolidone, polyvinylalcoholes, polyesteramides, glycolated polyesters,
polyphosphoesters, polyphosphazenes, poly[p-carboxyphenoxy)propane],

_ polyhydroxypentane acid, polyanhydrides, polyethyleneoxide-
35 propyieneoxide, soft polyurethanes, polyurethanes with amino acid rests in
the backbone, polyetheresters such as polyethyleneoxide,

polyatkeneoxalates, polyorthoesters as well as their copolymers, lipids,
carrageenanes, fibrinogen, starch, collagen, protein based polymers,
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pol i docanol | | eV enzocalné aesc
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S 100 prote pmbaci t r@ﬁhg, Vit rﬂi_,r@ggihao,ﬁ@sc,ept or %@mﬁéﬁ;‘y&h,@g@,ﬁ@étl ne,
guani dy| Cygoﬁf%%Ietherethemetones, polyetheretherketones, polyethylenterephthalate,
polyvalerates, carboxymethyicellulose, cellulose, rayon, rayontriacetates,
cellulosenitrates, celluloseacetates, hydroxyethylcellulose,
25 cellulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers,
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones such as
polysiloxanes, polydimethylsiloxanes, polyvinylhalogenes and copolymers,
celluloseethers, cellulosetriacetates, chitosanes and copolymers andfor
mixtures of these substances are used.
30
32. Method according to one of the claims 21 — 31, characterized in, that the
active agents are chosen from the group which contains sirolimus
(rapamycin), everolimus, pimecrolimus, somatostatin, tacfolimus,
roxithromycin, dunaimycin, ascomycin, bafilomycin, erythromycin,
35 midecamycin, josamycin, concanamycin, clarithromycin, troleandomycin,
folimycin, cerivastatin, simvastatin, lovastatin, fluvastatin, rosuvastatin,
atorvastatin, pravastatin, pitavastatin, vinblastine, vincristine, vindesine,
vinorelbine, etoboside, teniposide, nimustine, carmustine, lomustine,
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mproﬂoxacm camptothecin, fluroblastin, monoclonal antibodies, which inhibit
the muscle cell profiferation, bFGF antagonists, probucol, prostagiandins,
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, R-estradiol,
a-estradiol, estriol, estrone, ethinylestradiol, fosfestrol,
medroxyprogesterone, estradiol cypionates, estradiol benzoates, tranilast,
30 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) and derivatives thereof,

35 mofebutazone, acemetacin, diclofenac, lonazolac, dapsone, o-
carbamoylphenoxyacetic acid, lidocaine, ketoprofen, mefenamic acid,
piroxicam, meloxicam, chloroquine phosphate, penicillamine,

hydroxychloroquine, auranofin, sodium aurothiomalate, oxaceprol, celecoxib,
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serotonin blockers, apoptosis mh;b:tors apopt05|s regulators such as p65,

NF-kB or Bcl-xL 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, sulfasaiazine,

25 etoposide, dicloxacillin, tetracycline, iriamcinotone, mutamycin, procainimid,
retinoic acid, quinidine, disopyrimide, flecainide, propafenone, sotolol,
amidorone, natural and synthetically obtained steroids such as bryophyllin A,
inotodiol, - maquiroside A, ghalakinoside, mansonine, strebloside,
hydrocortisone, betamethasone, dexamethasone, non-steroidal substances

30 (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, nystatin, terbinafine, antiprozoal agents such as
chloroquine, mefloquine, quinine, moreover natural terpenoids such as

35 hippocaesculin, barringtogenol-C21-angelate, 14-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,

HEM-P01013WO-3G01Application



HEM PO O13 W O SGO (Application 62 36. Medical device according to claim
35, wherein under the henoconpatible |ayer or between two henbconpati bl e

| ayers at | east one biostable and/or ¢ odegradable |ayer is present. 5 37.
Medi cal device according to clainms 35 or 36, wherein the henpbconpati bl e

| ayer is coated conpletely and/or inconpletely wth at |east another,

supraj acent bi ost abl e nd/ or |ode adable | a 10 38., Medi cal deV| ce
according to! %%Oﬂe lggnan 09'7" gﬁﬁmé’ﬁ)'q @a@%{g&ec%ef‘?%A Behtandyfyr s

Er esent bet \Qfmolhh@dhd ,0ypidtis aaitfld OrA,bizedeig| a&@hh@o@@(rﬁnaﬁmdpawéﬁfohol

t one, ant | Lferative
Bt ammaeh %%‘ﬁﬁ%%%?n'ﬁr#%hﬁiﬁeﬁeﬁéé%ﬁ@i  S2HiPORE0 R Sk ian .
adhesi vel y blauk@mertn doand/Bdi1318-delwdre-taasendrinyloxychamearon, takemairin As 35 -
38, wherein ahdlBaghenid, tr&ﬂéﬁdfz:,r ot (?%R;éit bg.ﬁanﬁnéb(&% cyioaﬁtﬁ/

antithronmbotic actjve agent boun coval ent]1 or 'a e5| ve
and/ or on th@"ﬁ@?ﬁ:‘)"@@rrpBquSP%a'P%%'F“:an(ﬂflﬂmoﬁ'he mregxwrmd/ d}erbenne

ggodegrgadaﬁl ehkhibigtin gﬁloﬁﬂet hl\/%{i:lt@?ﬂa d@ir‘lbgécnﬂﬁféorcbdiﬂ)rb@tdﬁﬂe Af Oam ]gﬁtglm rrfhe
- char er in a e used, act.i,ve agents ar

group, which® @é Isgiiavone, i geumin, rﬂTItdE\‘r’er%'ﬁ E!‘W\g&ol r#j
somat ost at i nhydexyptegmadien-8 &0idibnempiobho!, dglnhgaslycgukgcﬂmcarm;l helenalin,

baf i y@myci n, ;pfiy QrOn%ﬁéfhe—gpoﬂhgeca%ﬁa'cgﬁ)lhgsa”i}‘ls’tﬁiha?!conﬁgﬂﬁvgég' N.1g

clarithromycin, , cerivas Stati,
| ovastatin, PPdoBBYlptexN, mqumsﬂa@ndm, ) larr@atm,smdlptennprraa!lmdlromanol

pi tavast at i NisobuRYRIloRsSohréinBRb, Shbdtﬁjlro\é!dédqﬁ?' rh’%zarch‘c/i fiﬁ’r ! bh‘%gtar%lr?é)os' de,
t eni posi de, fine, carmystine, |omustl ne, ospha
4- hydr oxyoxygﬁ?&’rI spﬁ‘éﬁ‘fﬁgg"e-estﬁad?ﬁﬁ%tfsftﬁ'é" BG'"HQPB'HQI anbispagaenalidine,

t r opf osf am dexoaéﬂlnsta'ﬂhel,cl laristotactanall] neispattehbhidinene, pd?lﬂ)ﬁidofsﬁm A,

05088 b S bR " TS, Snboomso B b Mih P L 4 o

tialin), aunsaoguiparine dmzmmubwheat awid, amethydsorbifolipi mekeinoicyte sfimaladingr one,

f1 udar abi ne, "“?ﬁﬁﬁﬁc' (PR AESME, [ sphadiciapmbmen . *SugBbiti, " Thésonine,
mer capt opur i fleb pﬁld@guaﬁk%ﬁ“r@yt ardé{bldrﬁ@usﬁm asnpine; | | hydioxyusanbarine,
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 and/or
polysaccharides according fo one of the claims 1 — 3, 7 — 11, 14 — 20 is
achieved via hydrophobic interactions, van der Waals forces, electrostatic
interactions, hydrogen bonds, ionic interactions, cross-linking and/or covalent
bonding.
30
34. Medical device available by ohe method according to one of the claims 21 —
33.

35. Medical device, wherein the surface of the medical device is coated directly

35 and/or via at least one interjacent biostable and/or biodegradable layer

and/or active agent layer with a hemocompatible tayer comprising at least

one oligosaccharide and/or polysaccharide according to the claims 1 — 3,
7—11,14-20.
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-estradio est r.adi stri t estrol,
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ene

| 3-sitosterin ronine ecal n poI | docanol , noni vam de, 30
| evé&fhent hol , benzocal ne, aescin, ellipt | ci ne, D-24851 (Cal bi ochem,

col ceni do_CKlfdhl 9 éi«scﬁrd.hgdaw Fthe5ATRZSL B9, ShaRREHAIENN that
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(rapamycin), everolimus, pimecrolimus, somatostatin, tacrolimus,

roxithromycin,  dunaimycin, ascomycin, bafilomycin, erythromycin,

25 midecamycin, josamycin, concanamycin, clarithromycin, troleandomycin,

folimycin, cerivastatin, simvastatin, lovastatin, fluvastatin, rosuvastatin,

atorvastatin, pravastatin, pitavastatin, vinblastine, vincrstine, vindesine,

vinorelbine, etoboside, teniposide, nimustine, carmustine, lomustine,

cyclophosphamide, 4-hydroxyoxycyclophosphamide, estramustine,

30 melphalan, ifosfamide, tropfosfamide, chlorambucil, bendamustine,

dacarbazine, busulfan, procarbazine, treosulfan, thymosin o-1,

tremozolomide, thiotepa, tialin (2-methyithiazolidine-2,4-dicarboxylic acid),

tialin-Na (sodium salt of tialin), aunorubicin, doxorubicin, aclarubicin,

epirubicin, mitoxantrone, idarubicin, bleomycin, mitomycin, dactinomycin,

35 methotrexate, fludarabine, fludarabine-5'-dihydrogenphosphate, -cladribine,

mercaptopurine, thioguanine, cytarabine, fluorouracil, gemcitabine,

capecitabine, docetaxel, carboplatin, cisplatin, oxaliplatin, amsacrine,

irinotecan, ftopotecan, hydroxycarbamide, miltefosine, pentostatin,
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stimulator tissue inhibitor of metal proteinase-1 and -2, free nucleic
acids, nucleic acids incorporated into virus transmtters, DNA and RNA
fragments, 35 planminogen activator inhg®itor 1, plasm nogen activator

i nhi bitor-2, antisense oligonucleotides, VEGF inhibitors, 1G--1, active
agents fromthe group of antibiotics such as cefadroxil, cefazolin,

facl or, fotixin,. I n, t I n, icilli - h as
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D Ppgg sl ol LSS Rl kB GS andiher EROYSHEN AR "

4, 7- oxycycl oappliedreini thecihéragyaof heancer) derdgimil,BeyrositeakihaBé, inhibitors |

O agos e STMEAREE brcBopdthCn, BRURSAUIRIg s HRASVLRE 43 1 o
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, fonazolac,
dapsone, o-carbamoylphenoxyacetic acid, lidocaine, ketoprofen, mefenamic
acid, piroxicam, meloxicam, chloroquine phosphate, penicillamine,
hydroxychloroquine, auranofin, sodium aurothiomalate, oxaceprol, célecoxib,
B-sitosterin, ademetionine,  myrtecaine, polidocanol, nonivamide,

30 levomenthol, benzocaine, aescin, ellipticine, D-24851 (Calbiochem),
colcemid, cytochalasin A-E, indanocine, nocadazole, S 100 protein,
bacitracin, vitronectin receptor antagonists, azelastine, guanidyl cyclase
stimulator tissue inhibitor of metal proteinase-1 and —2, free nucleic acids,
nucleic acids incorporated into virus transmitters, DNA and RNA fragments,

35 plaminogen activator inhibitor-1, plasminogen activator inhibitor-2, antisense
oligonucleotides, VEGF inhibitors, IGF-1, active agents from the group of
antibiotics such as cefadroxil, cefazolin, cefaclor, cefotixin, tobramycin,
gentamycin, penicillins - such as dicloxacillin, oxacillin, sulfonamides,
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ursolic acid, hyptatic acid A zeorin, iso-iridogermanal, maytenfoliol, 30
effusantin A, excisanin A and B, |ongikaurin B, scul poneatin C, kanebaunin,
| eukamenin A and B, 13, 18-dehydro-6- ggseneci oyl'oxychaparrin, taxamairin A
and B, regenilol, triptolide, noreover cymarin, apocymarin, aristolochic
acid, anopterin, hydroxyanopterin, anenonin, protoanenonin, berberine,
chellburln chl ori de, cictoxin, sinococuline, bonbrestatin A and B, 35
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af ronoson, abUserse: pligbsudleotides, halsfugropey insfedipiee Atooppheiaindranirasti B. 41.
Medi cal devi£a.ia6hfiidl &g %dg¥[ﬁ+é?ior§ %lC&tQ@ﬁlﬂC Qfa‘tée%flbgléoéalﬂﬁéhlh gatlla‘t’e case of

the used active agernts t
PETN, baccBoswellignaciis andedervatives i etﬁﬂfelqiwépm%mmﬁl@mﬁ, e&awlcﬁaka and

its 15 deri %@Fféé’aﬂémnérétﬁbgmbe Qiclo&ﬁénllfnff*teﬁﬁédy@ﬁh@|tnaﬂ@fn@5kﬁ1éj'nﬁhtamycm
ti aj‘%’/n sodi um si,

&'u §1 Hﬂ (ycl I ¢. subaxi C‘Fﬁ rhd and |t?
der 19at i ves PregaiRiMmidy Eelinpify BFids Aufudin EQQI“ GErHae:s B AE:d and
i ts esters, satdloly atmidopsrad, ehatutal( aRg) synthem@llyeubiame‘rﬂ sterioids tsoich asd

mel anocyt e- I n I ' S active
agents are Pbﬁchﬁyﬂt' ﬂZOW&%dlﬁgﬁm'ﬁﬁ?%\g %cc@%ac!imﬁé& égbngadﬁﬁﬁ% cl ai nB
34 - 41, chatreblosidez dwdrorortisnne, hetemethiisene, devamethasepei sop-siewidaleses,

organs, Ves%ﬁb&an@@ét ?ﬁSAﬁﬁQ)" tsudtit! U8S fehdibtiifen, Oig@stofdR " SndiShbthacinTP! ant s,

S ki aine o Ol oegba S deih, Ioracalcs, i ned
medi a, chrogaheigiovirandesdcvudine, antimycotics such as clotrimazole, flucytosine,
grisedfulvin, ketoconazole, miconazole, nystatin, terbinafine, antiprozoal
agents such as chloroquine, mefloquine, quinine, moreover natural
terpenoids such as hippocaesculin, barringtogencl-C21-angelate, 14-
25 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,
ursolic acid, hyptatic acid A, zeorin, iso-iridogermanal, maytenfoliol,
30 effusantin A, excisanin A and B, longikaurin B, sculponeatin C, kamebaunin,
feukamenin A and B, 13,18-dehydro-6-a-senecioyloxychaparrin, taxamairin A
and B, regenilol, triptolide, moreover cymarin, apocymarin, aristolochic acid,
anopterin, hydroxyanopterin, anemonin, protoanemonin, berberine,
cheliburin chioride, cictoxin, sinococuline, bombrestatin A and B,
35 cudraisoflavone A, curcumin, dihydronitidine, nitidine chloride, 12-3-
hydroxypregnadien-3,20-dione, bilobol, ginkgol, ginkgolic acid, helenalin,
indicine, indicine-N-oxide, lasiocarpine, inotodiol, glycoside 1a,
podophyllotoxin, justicidin A and B, larreatin, malloterin, mallotochromanol,
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chromat ogr aphy col ums, dialyzers, connexion parts, sensors, valves,
centrifugal chambers, recuperators, endoscopes, filters, punp chambers. 43.
Medi cal device according to claim42, @haracterised in, that the nedical

30 device is a stent. 44. Stents according to claim43, wherein the pol yner
I's deposited in amobunts between 0 01 ng to 3 ng I Iayer preferred between

1; | ayer.
35 45, st ont “SEARImARREHBhahof RfdESiRs A aiteanll; BeaMay e ¢ h
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of re5tenosi sandidinatie, Qﬁah\ha S‘Wﬁﬂﬁ agRpr ﬁiélﬂylk@rbﬁﬂﬁh ofsphBthehibahride - - 46

fl t
o Cont | oG oS Fufbofne R IR AR ARE ()
accor di ng t o hydeoxytisambatghe,i rrstrﬁzhnopentémmet hestrydhnepiyllirent agsambardindy! ood.
49. Use of tﬂ%amﬁ% %@ln@evbﬁﬁ%rﬁ@ ﬂioﬂgnﬁ‘u% Onc?xo?.{shfn@ﬁnﬂﬁa't ﬁap&ﬁxg{%d'l for

15 preventlon or cti‘on esi on of erns o
surfaces of qwem,cme exylariciresipl, wmm@sm@boﬂmbn@faronc|airomosm1 or 49,

char 491 e i zedcbyNisiflon'B; ddREBRRRIRIGHR A, ieiRiHs Ashiiage of i croti ter

plates or other carrier nedia 20 used for di agnostic tecti on net hods
prevents or reduces the unspecific deposition of proteins. 51. The use
accor di ng¢1t o Medicaiidevicai avcoddingto éRimcitichaiterned innthab i thel®ase of the

medi a
hemcomat ! bLsg SR At he il e e Lp SRS e TS o
O SGO 1 Appl beegatine and its derivatives, docetaxel, colchicin, paclitaxel and its
15 derivatives, trapidil, a- and R-estradiol, dermicidin, tialin-sodium, simvastatin,
macrocyclic suboxide (MCS) and its derivatives, sirolimus, tyrphostine,
D24851, colchicin, fumaric acid and its esters, activated protein C (aPC),
interleukin 18 inhibitors and melanocyte stimulating hormon (a-MSH) as well
as mixtures of these active agents are concermned.
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. Medical device according to claim 42, characterised in, that the medical
- 30 device is a stent.

44. Stents according to claim 43, wherein the polymer is deposited in amounts
between 0.01 mg {o 3 mg / layer, preferred between 0.20 mg to 1 mg and
especially preferred between 0.2 mg to 0.5 mg / layer.

35 )

45. Stent according to the claims 43 or 44, characterized in, that the

antiproliferative, antiinflammatory and/or antithrombotic active agent is
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15

20

25

46.

47.

48.

49.

50.

51.

66

comprised in a pharmaceutically active concentration of 0.001 - 10 mg per
cm? stent surface. '

Use of the stent according to one of the claims 43 — 45 for the prevention or
reduction of restenosis.

Use of the stent according to one of the claims 43 — 46 for continuous
release of at least an antiproliferative, antiinflammatory and/or antithrombotic
active agent.

Use of the medical devices according to one of the claims 34 — 41 for the
direct contact with blood.

Use of the medical devices according to one of the claims 34 — 41 for
prevention or reduction of the adhesion of proteins on the coated surfaces of
the medical devices.

The use according to claims 48 or 49, characterized in that the
hemocompatibly coated surface of microtiter plates or other carrier media
used for diagnostic detection methods prevents or reduces the unspecific
deposition of proteins.

The use according to one of claims 48 or 49, characierized in that the
hemocompatibly coated surface of adsorber media or chromatography
media prevents or reduces the unspecific deposition of proteins.
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