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

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

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

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

“which is in permanent contact w ﬁl&l@g pare treated for the duration of
the_bl ood contact with drugs, so ca antlcoagul ants, that suppress the
bl gdd coagul ation, so that considerable side effects have to be taken in
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20 Whilst the usage of vessel supports, so-called stents, the described risk of
thrombosis also occurs as one of the risk faciors in blood bearing vessels. In

- cases of vessel strictures and sealings due to e.g. arteriosclerotic changes
especially of the coronary arteries the stent is used for the expansion of the vessel

walls. It fixes lime fragments in the vessels and improVes the flow properties of the

.25 blood inside the vessel as it smoothens the surface of the interior space of the
vessel. Additionally a stent leads to a resistance against elastic restoring forces of

the expanded vessel part. The utifised material is mostly medicinal stainless steel.

The stent thrombesis occurs in less than one percent of the cases already in the
30 cardio catheter laboratory as early thrombosis or in two to five percerit of the
- cases during the hospital recreation. In about five percent of the cases vessel
injuries due to the intervention are caused because of the arterial lock and the
possibility of causing pseudo-aneurysms by the expansion of vessels exists, too.
Addltlonally the contlnuous application of heparin as antlcoagulant increases the

35  risk of bleedlng '

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




the vessel. Although stents mnimse fhe risk of a reneetdvaest200§ of the
vessel 2 9 Novenber 2006 they are until now not totally capabl e of

hi ndering the restenosis. The rate of resealing (restenosis) after

i mpl antation of a stent is with up to 30 %one of the nain reasons of a
repeated hospital visit for the patients. 5 An exact concept ual descri ption
of the resten03| does not{qt raf e literature
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25 It was tried vainly to solve the problem of restenosis by the coating of the stents
with heparin (J. Whore et al., European Heart Journal (2001) 22, 1808-1816).
- Heparin addresses as anticoagulant only the first mentioned cause and is
moreover able o unfold its total effect only in solution. This first problem is
meanwhile almost totally avoidable medicamentously by application of
30 anticoagulants. The further problem is intended to be solved now by inhibiting the
| growth of the smooth muscle cells locally on the stent. This is carried out by e.g..
radioactive stents or stents, which contain pharmaceutical active agents.

Consequently there is a demand on non-thrombogeneous, hemocompatible
35  materials, which are not detected as foreign surface and in case of blood contact
does not activate the coagulation system and fead to the coagulaﬂdn of the blood,
“with . which an important factor for the restenosis stimulating processes is
eliminated. Support is supposed to be guaranteed by addition of active agents
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with which an inportant factor for theyrestenosis stinugabantpepzodtesses i S
el imnated. Support is supposed to be guaranteed by addition of active
agents HEM POL071 WOSGO Application ----- ------ 3 9 Novenber 2006 which
shal |l suppress the inflanmmation reactions or which shall control the
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coati ng,Alh [dite'®& Qbnt is much longer exposed to the blood, what leads again to
' increased vessel sealings by thrombosis (Liistro F., Colombo A., Late acute
thrombosis after pacl‘itaxel eluting stent implantation. Heart (2001) 86 262-4).

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

30 phosphorylchollne layer or adsorbed on the suiface.

Disclosed herein are hemocompatibly coated medical

devices as well as methods of hemocompatible coating and the use of
hemocompatibly coated medical devices, especially stents, to prevent or reduce
35 undesired reactions as for example restenosis.

Disclosed further are stents which permit a 7 ,
continuous conirolled ingrowth of the stent — on the one side by suppression of
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henoconpati bl y coated nedi cal devicesq especially stentgnodembprzmeent or
reduce 35 undesired reactions as for exanple restenosis. Disclosed further
are stents which permt a continuous controlled ingromh of the stent - on
t he one side by suppression of HEM Pol071WOSG01APP4i caGn 4 9 Novenber
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Disclosed are medical devices that show :
properties of a surface coating of determined polysaccharides and paclitaxel.
Instead of or together with paclitaxel determined other antiphlogistic as well as
25  anti-inflammatory drugs resp. agent combinations of simvastatine, 2-
methyithiazolidine-2,4-dicarboxylic acid and the correspondent sodium salt ),
macrocyclic suboxide (MCS) and its derivatives, tyrphostines, D24851, thymosin
- a-1, interleucine-1R inhibitors, activated protein C (aPC), MSH, fumaric acid and
fumaric acid ester, PETN (pentaerythritol tetranltrate) P188, dermicidin, baccatin
30 and its denvatives docetaxel and further derivatives of paclitaxel, tacrolimus,
pimecrolimus, trapidil, a- and B-estradiol, sirolimus, colchicin, and melanocyte-
stimulating hormone (a-MSH) can be used. Methods for the production of these
hemocompatible surfaces are described herein. Preferred embodiments
can be found in the dependent claims, the examples as well as the figures.
35 . |
Disclosed further are medical devices the surface of
~ which is at least partially covered with a hemocompatible layer, wherein the,
~ hemocompatible layer comprises at least one compound of the formula 1:
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pimecrolinus, trapidil, a- and l-estragliol, sirolinus, gRb&hisetmosand
nmel anocyte- stinulating hornone (a-MSH) can be used. Methods for the
production of these henoconpatible surfaces are described herein.
Preferred enbodi nents can be found in the dependent clains, the exanples as
well as the figures. 35 Disclosed further are nedical devices the surface
of which is at least partially covered. with a henoconpati bl e | ayer,
wherein the, henoconpatible |ayer con‘t}lrl es at |east one conpound of the
formula 1. HEM P01071 W O S&1 Appl 5 9 Novenber 2006 formula 1 Y
500CNH OHOOHOOO OHHOCH2 10 n wherein n is an integer between 4
and 1050 andrY represents the residues -CHO -C¥CH3, -COC2HS, -COC3H7, 15
Hi, -COCH(CH3)2, -COCH2CH(CH3) 2, \COCH(CHS) C2H5,
C&(CHB)B OQC C2HACOO, - C3HBC0c, - CAHBOOBIH It is al so possible to

use any salt @s of fo obpati bl e | ayer
can be adde ' surfa ( henoconpati bl e
medi cal devi ¢epygn ' n 0 otdyer bi pdegr adabl e

| ayers. Furt It stab gr adabl ¢ and/ or
henoconpati blje | ayers can béNHocallsddCKDHg e henoconpatibl g layer. In
addition tojthis the 'active agent paclitaxel is present oph, in and/or
und@r the 25 henpconpatible layer or the henpconpati bl e Iayurs
respectively. The active agent (paclitaxel) can forn1here|n”an own active
agent layer .on or under the henoconpatible |ayer and/or can be

i ncor por at ¥§'8Mt | east one of the biostable, biodegradabl e and/ or

hemocormat inbisearl myeger bdtivebArplhy 1080 difrpounds of the ,
Y represents the residues ~CHO, —-COCHs, -—COC;Hs, —COC3Hj,

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

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

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

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

30 —COCH;, ~COC;Hs or —~COCsH;. Further on preferred are the groups —CHO,
—COCHs;, —COC;Hs and especially preferred is the group —COCHa.

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

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




general fornmula 1 are used, wherein Y is one of the folbRsdidbetroaeps: - CHO
30 -COCH3, -COC2H5 or -COC3H7. Further on preferred are the groups -CHO
- COCH3, -COC2H5 and especially prefebaed. is the group -COCH3. Accordingly,
a first aspect provides a nedical device, wherein at |east one part of the
surface of the nedical device is coated directly or via at |east one
I nterjacent ki ostable and/or biodegradable |ayer wity a henoconpati bl e
| ayer conpriging at | east one conpound of the formula\l 9 Novenber| 2006
5a Y OOC NHj HO QO#@@® HO O O OH HOCH2 in 0 wherein Ryepresents an
I nt eger betwgen 4 _and M50, Y rgpresents a residue - - COCH3, -C%ZHS,

, e IC2H5,

- COC3H7, HA
_-COC(CI-IS)'_ij;, - AC3H6COO, as |sal ts of
ey th ti bife | ayer tihe

t hese conpou
active agent ~ Accor aspect provides
a stent accofding to the nedi (3 device ﬁg@ﬂ ned above wherein the
polymer is deposited in anounts between 0.01 to 3 ng / layer, preferred
"~ between 0.20]ng to 1 ng and especially preferred between 0.20 ng tfjo 0.5 ng
/ layer. Accordingly, a third aspect provides a method for the Jn _
henoconpati bl e coating of biological and/or artificial surfaces of nedical
- devices conprising the follow ng steps: a) providing a surface of a
. nmedi cal dewhereirand b) deposition of at |east one conpound of the general
formula 1 | ta fhe first aspec henoconpati ble | ayer on this
“surface an"gfeg)?é%équg@gplgéqqqr&?t\gpea%g@égggp,e and/ or bi odegradabl e | ayer on
t he surfacé representsreliresidugevi-QGHO; t heCOCH;, —COCyHs, ~COC3Hy,
-COC4H9, —-COCsH1 15 "'COCH( CH,?.)Z: 7 —COCHzCH(CHa)z,
~COCH(CH3)C;Hs, ~COC(CHs)s, —CH,CO0,, —C3H,COO", —C3HeCOO,

5 ~C4HCOOQ, .
as well as salts of these com;:;ounds,

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

Accordingly, a second aspect provides a stent according to the medical device as
defined above wherein the polymer is deposited in amounts between 0.01 mgto 3

mg / layer, preferred between 0.20 mg to 1 mg and especially preferred between
0.20 mg to 0.5 mg / layer.

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

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

Accordingly, a fourth aspect provides a method as defined above comprising the

further step c): c. deposition of paclitaxel in and/or on the hemocompatible layer or
the biostable and/or biodegradable layer.




: biosta

henoconpati bl e | ayer. Accordingly, a fourth aspect provp@gsner®iphod as
defi ned above conprising the further step c): c. deposition of paclitaxel
in and/ or on the henoconpatible | ayer 52{) t he bi ostable and/or .

bi odegradabl e | ayer. 9 Novenber 2006 Accordingly, a fifth aspect
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pol ysaccharides. Al kali metal salts |like the sodiumsalt, 5 the potassium
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low percentage of the ~NH-Y groups Y represents hydrogen.
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pol ysacchari des according to formul a possess nol ecul ar weights from2 kD
to 15 kD, preferred from4 kD to 13 kD, nore preferred from6 kD to 12 kD
and 15 especially preferred from8 kD to 11 kD. The variable n is an
Integer in the range of 4 to 1050. Preferred n is an integer from9 to 400,
nmore preferred an integer from 14 to 260 and especially preferred an

i nt eger between 19 and 210. The general forrmula 1 shows a disacchari de,
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b oaeo BN SeRESS Srasiaing 1 foaPgld 1iases Siobid B 24D 7 o
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bi odegr adabl e | ayer esi v Ing 1S preferred. As
bi odegr adabl e substances for the biodegradable |ayer(s) can be used:
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fold (multlple) sequencing of the basic module. This basic module which is built of
two sugar molecules shall not be interpreted in the manner, that the general
formula 1 only includes polysaccharides with an even number of sugar molecules.
The formula implements of course also polysaccharides with an odd number of
25  sugar building units. The end groups of the polysaccharides are represented by
~ hydroxyl groups. -

Especially preferred are medical devices which confain immediately on the
surface of the medical device a heMocompatible layer consisting of the

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

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

35 hemocompatible layer. In addition the hemocompatible layer can be coated totally
and/or partially with. at least one more, above lying biostable and/or biodegradable
layer. Preferred is an external biodegradable or hemocompatible Iayer.:

4
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- pol yvin
po yesteramldes giycolated poiyesters, polyphosphoesters, polyphosphazenes,
polylp-carboxyphenoxy)propane], polyhydroxypentancic acid, polyanhydrides,
25 polyethyleneoxide-propyleneoxide, soft polyurethanes, polyurethanes with amino
~acid residues in the backbone, polyether esters such as polyethyleneoxide,
polyalkeneoxalates, polyorthoesters as well as their copolymers, lipides,
- carrageenans, fibrinogen, starch, collagen, protein based polymers, polyamino
acids, synthetic polyamino acids, zein, modified zein, polyhydroxyalkanoates,
30 pectic acid, actinic acid, modified and non modified fibrin and casein,
| carboxymethyisulphate, albumin, moreover hyaluronic acid, chitosan and its
derivatives, heparansulphates and its derivatives, heparins, chondroitinsulphate,
dextran, b-cyclodextrins, copolymers with PEG and polypropyleneglycol, gummi
~arabicum, guar, gelatine, collagen, collagen-N-hydroxysuccinimide, lipids,
35 phospholipids, modifications and copolymers and/or mixtures of the afore
! mentloned substances.
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acetyl a%lﬂllﬁﬁa'&‘é%ﬂ‘ ficient from about 90% and hi gher. Heparin shows only a
quite | ow degree of acetylation from HEM POANIWSGOLApplicafion 9 9

hep?gfb @ufzsg%gqsgqﬁ &‘qu q;t@l,% g%zg\yﬂ}r?ec? :prh%tv'.c%% %voltfftlh(«:el ehnetrel(|:f)1f c}igﬁosed
hemocompatible surfaces, especially those, which shall be suitabie for the short-
or the longterm contact with blood or blood products. Such medical devices are for
example prostheses, organs, vessels, aortas, heart valves, tfubes, organ
spareparts, implants, fibers, hollow fibers, stents, hollow needles, syringes,
25 membranes, tinned goods, blood containers, titrimetric plates, pacemakers,
adsorbing media, chromatography media, chromatography columns, dialyZers,
connexion parts, sensors, valves, centrifugal chambers, recuperators,
endoscopes, filters, pump chambers. The present invention is especially related to
stents. :
30 _ ,
The polysaccharides of formula 1 can be formed from heparin andfor
heparansulphates. These materials are in structurally view quite similar
compounds. Heparansulphates occur ubiquitously on cell surfaces of mammals.
In dependence from the cell type they differ strongly in molecutar weight, degree
35 of acetylation and degree of sulphation. Heparansulphate from liver shows for
example an acetylation coefficient of about 50%, whereas the heparansulphate of
the glycocalix from endothelic cells can exhibit an acetylation coefficient from
about 90% and higher. Heparin shows only a quite low degree of acetylation from

HEM-PO107T1IWO-SG01 Apphication




of heparin is - 2 per disaccharide unit, in case of hepaNarsitepdutate from
endothelial cells close to O and in h&paransul phates fromother cell types
between 0 and 2 per disaccharide unit. 5 The conpounds of the general
formula 1 are characterized by an amount of sul phate groups per

di saccharide unit of |less than 0.05. Further on the amount of free am no
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All heparansulphates have with heparin a common sequence in biosynthesis. First

of ali the core protein with the xylose-containing bonding region is formed. It

consists of the xylose and two galactose residues connected to it. To the last of

20 the two galactose units a giucuronic acid and a galactosamine is connected

alternately until the adequate chain fength is reached. Finally, a several step

~ enzymatic modification of this common polysaccharide precursor of all

heparansulphates and of heparin follows by means of sulphotransferases and

_ epimerases which generate by their varying completeness of transformation the
25  broad spectra of different heparansulphates up to heparin.

Heparin is alternately build of D-glucosamine and D-glucuronic acid resp. |-

~iduronic acid, in which the amount of L-iduronic acid is up to 75%. D-glucosamine

and D-glucuronic acid are connected in a 3-1,4-glycosidic resp. L-iduronic acid in

_'30 an a-1,4-glycosidic bonding to-the disaccharide, that forms the heparin subunits.
- . These subunits are again connected to each other in a p-1,4-glycosidic way and
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30 an a-1,4-glycosidic bonding to theldall sacchari de, tha¢ Nbamiver 2008 heparin
subunits. These subunits are again connected to each other in a
- {3-1,4-glycosidic way and HEM POL071 WO- SQ1Applicaion 10 9 Novenber 2006
| ead to heparin. The position of the sul phonyl groups is variable. In
average one tetrasaccharide unit contains 4 to 5 sulphuric acid groups.
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~ . The amino groups of the heparin are mostly N-sulphated or N-acetylated. The
25  most important O-sulphation positions are the C2 in the iduronic acid as well as
the C6 and the C3 in the glucosamine. For the activity of the pentasaccharide onto
the plasmatic coagulation basically the sulphate group on C6 is made responsible,

in smaller proportion also the other functional groups.

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

35 _ antithrombin lil. Because of the immobilisation of these polyanionic substances a
‘strong adsorption of plasma protein on the heparinated surface is observed in all

cases what eliminates on the one hand the coaguiation' suppressing effect of
h_eparin resp. of heparansulphates and initialises on the other hand specific
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35 antithrombin I11. Because of the innpbilisation of tbesenpelyei onic
substances a strong adsorption of plasma protein on the heparinated
surface is observed in all cases what elimnates on the one hand the
coagul ati on suppressing effect of, heparin resp. of heparansul phates and
initialises on the other hand specific HEM-P01071 WO S&1Application 11
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not ewor Y852 fpadhiarahegendys siwfacepadses. Burprsingly it epuld hendeteatadhithatal st ep
in the 8w tympbQAdSTof the SgerRAIUIGRLR 1C IRSBRS ’onIgé'lsﬂ'u%rQIbéi%l’ es;rl}taiel_l

henocopgti pl e Iﬁrogerthes of t\hﬁ conpounds™ according to_invention
remain al sGCERHR CEReNPPARREHIPNAt$nshew thethamesampaliie fyepertizs ®ur t her

ﬁn 15t iheisani]paaé(bddil&inaﬂtleafmﬂt@?&hﬁ}(ﬂﬁlﬁé_éﬂﬁt@n@f t?é%ohﬁib?:?ﬂ@ r{c?tﬁcﬁte\t\?g&ly -
epar an I [ e interactio ntithr |

and 1 mpacheSHE of bR REDRI Wit hrree s il e i e petivation of

ant i coal@ eragujatisnt eescadeh eouldrve nbseredoTheteisocupatiblet prepeiticl ¢f the

coagul agd I ' Lo | &8 | .t | most compl et e
desul pﬂ%l?rﬁg_%ﬁt eagﬁﬂﬁﬁg? etb dﬁ%%@@hogﬁfﬁégk%@n%%gnﬁerd@?g '?'Bﬁ@@@ﬁg@%‘ P8 a 1 ow
anmount JFHGRI 8YfAces.sul phate groups per disaccharide unit. The conpounds

of 20he general fornula 1 can be generated from heparin 30 or

hepar ansul.phat es, by first substantiall conpl et e desul phati on of the
P PR on it % supposed that Rue su!p¥1-ate rrg';:)roups of the Ii)ieparin resp. the

heparansulphates are necessary for the interaction with antithrombin 1l and impart
thereby the heparin resp. the heparansulphate the anticoagulatory effect. The
inventive compoundsaare not actively coagulation suppressive, i.e. anticoagulative,
25 due to an almost complete desulphation the sulphate groups of the compounds

are removed up to a low amount of below 0.2 sulphate groups per disaccharide
unit. _

The compouhds of the general formula 1 can be generated from heparin

30 or heparansulphates by first substantially complete desulphation of the
polysaccharide and subsequently substantially complete N-acylation. The term
“substantially. completely desulphated” refers to a desulphation degree of above
90%, preferred above 95% und especially preferred above 98%. The desulphation
coefficient can be determined according to the so-called ninhydrin test which

35 indicates free amino groups. The desulphation takes place in the way as with

. DMMB (dimethylmethylene blue) no colour reaction is obtained. This colour test is

suitable for the indication of sulphated polysaccharides but its detection limit is not
known in technical literature. The desulphation can be carried out for éxample by
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pol ysacchari de and subsequently substantially conpl ete bihacmhRtpsma. The
term "substantially conpletely desul"@hat ed" refers to a desul phation
degree of above 90% preferred above 95% and especially preferred above
98% The desul phation coefficient can be determ ned according to the
so-cal |l ed ninhydrin test whi ch 35 indi cat es free am no groups. The

desul p Lpn. t s pl.ace in (.di met hyl nmet hyl ene bl ue)
no col 0%5’0‘?ﬂ<t§ﬁ @Egg‘ﬂf@lsﬁ dn %e%v'eftwet égﬁeqlgﬂy %m"ﬁtﬁfﬁ@ PX/!S

i ndi cat1,érdioxarsubpth atetdapdlhasgroben bfleslueut its detection limt is not
known in technical literature. The desul phation can be carried out for
exanpl e by HEM P01071 W OSGA ApplicalOn 12 9 Novenber 2006 pyrolysis of
t he pyrhiepsicnguiphptes as avelbay depannxwere desidpbatied| Vig tatakihytwlgsisfaraVB0,

1, 4sdi a v S Il as

5 C@Lﬁi&éqﬁ@ﬁﬂ)ﬂe? Fe'tedl‘ St i’R—ierMﬁ@r Ofhe aﬁl}fﬁbeﬂaletﬁn a %seéﬁl&?ﬁﬁa pdf

hepar| via total hydrglysis

reacyl :ﬂ%ﬂc M@Srﬁﬁ%@’nﬁﬂ @U MR ghhsaufeloying ta@ﬂ%é(ﬁﬂwﬁl de unit

(S/ D) vuaeselereemlm oadhbyexb?ﬁpie"\@ hdairt @htoNésigbHA8d erehcefipied AdjRsm resul ts
on the arg%ﬂ eTgf heparin and desul phated, reacetylated Heparin
(Ac- he rin Tab. 1: Distribution of functlonal groups per disaccharide

unit on the exanple of heparin and Ac- heparl n as determ ned by

13 €9 NVR4132 as Unie b r 0.05
0,90 0. 0870, 03 g agen °§-“§%§%‘ﬁaﬁ P Bepe ?325%‘0% yhpER @@s&%@ &s

sul phate grou PH @6@‘%‘? p?"“é‘Sd@‘?r@EB@ by &G-\NMB-easwanisms-e groups on
the animo groups /§1 Ce[ f grou ) Lue amno—gropps—NHE—f+ee am no
gr oups—S/Dsul nharg écc ariN@ uni tN-A¢ A siNibhatieS&nt ent . of

about |O. G{bpsuhph atenggoupsg_/ggdl sagq’g@rl deo_tgyt’ (Sé@); i h CASE oé‘ﬁc heparin

in conp 3r| son_w '(ilagut Z.h sul'phate groups / jdrsaccharide ut rn case
of he p,hep@rm bl yYabtlain As_dBscribetO8hove the |@\0§r ence in
t he sul phate contents of heparl n resp. 7?5 heparansul phates has a
consi der abl e 2n$] & EeSoaulphateagroups ity pasitien e 3t 6 respedtitvéiyonbin 111 and the
copgul atory ef\jocts of tQ@E g@%g&%ﬁt -e”é‘?ﬁiﬁo &rg}psounds have a content of
~sul phate grour&? per di sacchari P eSO
acetyl groups on the amino groups
NH,: - free amino groups '
S/D: ~ sulphate groups per disaccharide unit

20 A sulphate content of about 0.03 sulphate groups / disaccharide unit (S/D) in case
of Ac-heparin in comparison with about 2.5 sulphate groups / disaccharide unit in
case of heparin was reproducibly obtained.

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

25 heparansulphates has a considerable influence on the activity adverse to

antithrombin Il and the coagulatory effects of these compounds. These

- compounds have a content of sulphate groups per disaccharide unit of less than

0.2, preferred less than 0.07, more preferred less than 0.05 and especially
preferred less than 0.03 sulphate groups per disaccharide unit,

30 '
By the removal of the suiphate groups of heparin, to which the active coagulation
suppressive working mechanism is accredited to; one receives for a surface
refinement suitable hemocompatible, coagulation inert oligo- resp. polysaccharide
which on the one hand has no active role in the coagulation process and which on

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

- Accordingly this coating imitates successfully the nature given highest standard of -

HEM-PO1071WO-SG01Application




0.2, preferred less than 0.07, nore pygferred | ess thangRombantboespeci al |y
preferred | ess than 0.03 sul phate groups per disaccharide unit. 30 By the
renoval of the sul phate groups of heparin, to which the active coagul ati on
suppressi ve wor ki ng mechanismis accredited to, one receives for a surface
refinement suitabl e henoconpati bl e, coagulation inert oligo- resp.

pol ysacibabtompatbilighad pbb@ivwléghm%@ tia 8oagulatdn 5@tt\7e0&:(ﬁnb6néhl% sfapgul ati on

h t det db | at
P or e piBBd 1B A afpES & Ehd e Sah ot By 80%%3\%66% Yot3d GRS LT
t he nat@ﬂmpglum atgiding t iavetdion, afspecialy ROE CobtetiDce@lealp) reatli onal3 9

act Lve Pty SRR ind Ao ROSOBelis SR, -TAR, %Rl "

sur\5acé§ovﬁﬂlbd/ﬁhﬁreé<386&¢§ﬂpﬂﬁmqpaﬂﬁ1§ corrpounds accordi ng to invention,
especially are coated covalently, result in a passivative, athronbogeneous

Ac- hepar IBNURINs Caplelp b N aed defiTR o9 daasas ot Sradion Eabedeor
Nijg\%l eﬁé(l)%n poéfeaimdvabo@%?%plaﬂﬂ_eesmblallaopﬁaféﬁé/do abdvespsd. aley apyiatienr ed

ﬁl nhyd?rlﬁﬁ r':tla-gg Iﬁ‘%\h&g?}} Q‘g ét%wgﬁp@qugz'-Wéﬁl Ctgé'ﬁh% éeﬁ%l&&%ﬂ éﬂvééeact I on
i s18bt AMiBe amupsree celpuropiaativn s agdained aarymeeeiisr abylation apards woxy| i c
aci d chy r@férﬁ@l’? usbd Oérér%ﬁyl%; ach b HAES T Chfrﬁnéj&s *l)éﬂhyﬂﬁdeé”%bg@' ¢

anhydrid ric. anh aceti c acl ori de, onic aci
chl ori @& i Bit 9?913(&0'?51&3(&'“&'14%?4 bratyde anhydridg aaggtic aqﬂtfau@@d¢.oprqnmc

synt hesicid oﬁlon*daearcmwwada @tﬂ@l@dé“a'ﬁg f@pe*émsletstm@bleEﬁﬁetﬁeadwh@m bbl e are
car box 15 anﬂgdrl es,. as cy ation a%r% ? vent espe for
car boxi‘hﬁ;’ c CATPRUIAR  FCFHGING t0o HNYRIIQML pﬁg'a{béeﬁu‘ at?—;‘?pé’é‘?apfig%w t her
wi 15 aavbydiidesas aoyiation agedtbed in an ambunt from 10 to 30 vol une percent.
As cosol vents are suitable nmethanol, ethanol, DMSO, DWW, 7?0 acetone,

di oxane, THF, ethyl acetate and*“ot her pol ar sol vents. In case of the use

of carMﬁplvenacﬂawenmﬂmg‘emmow@f ecidbbphyiides deieiseldr watenlivaised, such as

DVMBO  @ispBbfallit étﬁ@P'wntEg? P%léﬂ ist %&d&fﬂféﬁ'alﬁ%%f gn"FQO tﬁo.ﬂ’P” se in

the half of t ar ecu es a car e group and |1 n the other
hal f aVRl %?lp%fﬁemg As sose|vestsl ater syitable mp a@@b ethappk © d#dFwi th t he

geb@r alacetone, dioxane, THF, ethyt acetate and other polar solvents. in case of the use
of carboxylic acid halogenides preferably polar water free solvents such as DMSO
or DMF are used.

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

Disclosed herein is the use of the compounds with the general

formula 1 as well as salts of these compounds for the coating, especially a

hemocompatible coating of natural andfor attificial surfaces. Under
30 *hemocompatible” the characteristic of the compounds according to invention is

meant, not to interact with the compounds of the blood coagulation system or the

platelets and so not to initiate the blood coagulation cascade.

In addition disclosed herein are polysaccharides for the hemocompatible coating
35 of surfaces. Preferred are polysaccharides in the range of the above mentioned
molecular weight limits. The used polysaccharides are charactensed in that they
contain the sugar building-unit N-acylglucosamine in a great amount. This means
that 40 to 60 % of the sugar building units are N-acylglucosamine .and
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formula 1 as well as salts of these cgnmpounds for the coabidihergmpeci ally a
hem)corrpati bl e coati ng of natural an Aor artificial surfaces. Under 30
"henoconpati bl e" the characteristic of the conpounds according. to

i nvention is nmeant, not to interact with the conpounds of the bl ood

-coagul ation systemor the platelets and so not to initiate the bl ood
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the sugPUBANG ﬁgPtUﬂ'i pae &r"é‘aﬂerQfQPBi ucosami ne and
HEMSPO1071WOSGA Application 14 9 Novenber 2006 . substantially the renaining
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£ bui
Séi’ﬁai&ﬁ%%‘i*ﬁé@ﬁ@@‘ﬁﬂ@y? o RGY nf RV Racchar s WRh spl SR6sGRAR andi «
case ofthErHRIGSI Iglucasamine, Wbeteiﬁé suhstantiallyitbe hgllfueiuthensugar auiildingndnitsiur oni ¢

acitg. Fifeﬁair@ié ad-cRYE gAY S BRFBAEH 08 N- aﬁ’ey rql;ﬁeﬁs%{lﬂe h%*%ﬁiéi“ﬁéri"(% é he
sugar ucosamnin ereaq subst antiall sugar
units %ﬂ UgRsgnaing m‘lg&ﬂ uRjtobipArs g earheiyl orapp pih isghenshdirestly lmhthﬁnt her

Bal i(‘j gfamimf QrghﬂmmmﬁpbmdréInﬁélhﬂ@h%lsgrbﬂﬁﬁ SInaAg dé%étzﬂxmlfsegé%x yie ch ' s
“bond di m no grou one or e

Che- cadtoR orbyB¥ bolina, 30 R, Inghd Sons? sy serad: e nanPrObERBUDG ¢ i s
concer reagbexynpethjk e fosr road)QXyethytt agbmpsne Faythermore; argodyspetharidegy ogfs.

F h t '

[ ane oo rodWRIERASFNERY cBhSoife rEofc Ralre O RBaRh I sBetdhel ana
subst arft a“&ﬁﬁ?%ﬂ%@?ﬁ%‘“ﬁrﬁ"@d@“%tﬁ@g allyacenspiret inethegr othiet hallafdbeginonio oni ¢
aci d aratidsiugmumrﬁel GeidESpAg! aﬂur}ban eh&itr e@ é@iailg refRbRacs Al { ,.%es, t hat

- show a Su bst ant |y atin uence_  of ucosam ne and one of
the botH? WSHH (gptﬁ stﬁaé E?J‘P’prqg si°H ?tﬁni'?”K/vﬁ %’i’i’é‘\'iiﬂg tS9qUenes ohe N- :
appl i catcylphsosaooneiang dne offtheniotivnrorespeigsal | y desul phat ed and
subgtantially N-acylated heparin is especially suitable.
Surprisingly it was shown, that for the applications according to invention
especially desulphated and substantially N-acylated heparin is especially suitable.

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

25 The term ,substantially” shalt make clear, that statistical variations are to be taken

~ into account. One substantially alternating sequence of the sugar building units

implies, that generally no two equal sugar building units are bound to each other

- but does not exclude totally such a defect connection. In accordance “substantially

the half" means almost 50% but allows small variations, because espedially in the

30 case of biosynthetically synthesised macromolecules the ideal case is never

- reached and some variations are always to be taken into account, because

enzymes do not work perfectly and in catalysis always some error rate has to be

anticipated. Whereas in case of natural heparin a strongly alternating sequence of
N-acetylglucosamine and the uronic acid units is existing.

35 .

. Furthermore, methods for hemocompatible coating of surfaces are disclosed

which are especially destined for the direct blood 'c'ontéct. In 'cas.e of these,
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Especial ly N—acetylated heparln i s suidable for the henpggigdel g coating.
25 The term "substantially" shall nake clear, that statistical variations
are to be taken into account. One substantlally al ternating sequence of
the sugar building units inplies, that generally no two equal sugar
building units are bound to each other but does not exclude totally such a

def ect rﬁ@!ﬁiﬁbﬂ@té Qﬂatur‘dl‘ S Ql%'ﬂﬁi%l sﬁl’flééé%tcﬁrﬁv ii%d éﬂ?hﬁ@%&ovm{@é@s" 50%

but allo variation cause es 'y in case o

bi osyntHﬁQ%gﬁﬁvd%%ﬁf%&mé’Eﬂfsﬁ&@Mhﬁ @& the ideal case is never
reached and sone variations are always to be taken into account, because
enzyne 0; C I n, cata I s _always Sso [ or rate has
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a nat uipalysagdhatides thfdecml bémmgyem&ep pffled ?dld éd%;émogﬁzg%ﬂﬁérntbed

Dol v<adikaid 450eShphBEROL o souet e Spard ke

i nt@r adendos boratingler Waal s forces, electrostatic i nt eract i ons, hydrogen
bonds, ionic interactions, cross-linking of the polysaccharides and/ or by
coval ent bonding onto the surface. Preferred is the covalent |inkage of the
“pol ysabtiharfpliwingdheleoatindymatiiods) areweseripedf erred t he coval ent si ngl e- poi nt

i nkaga.dlé%lear ARdRNGimEkI %ﬁﬁa@é& eﬁulfeld?’ciaﬁ’rc?é\ﬁtfésegaﬁ e CRYALER W @%‘da poi nt

| i.nkag ondi n he coating e

n
descri E@H‘OCB%EH%GW?%QPG‘%V’%F“%“@qfltb‘li‘5‘1’”%%@&@B%f nedi cal deV| ces can be
prigvi ded wajh prod*tﬁﬁgmdewﬁea ﬁ@@ﬁdmﬂebwe@ﬂﬁs of the follow ng nethod:

15 a) prov i cal device and 05| ion of at |east
one corrpouhg ??n%' gpgf%apgp%lcg fcfﬁﬁ BQIJP'H\Q gecording
henoconpat i bl etd aaim ?om bembcem@ntlbmclayemob‘ltorthis s)urm:pcmd/opn of a biostable

ﬁg%gg ng:at(:)? Ggggélﬁml\ %%rblgﬁﬁﬂleté}?dlépﬁio%%%ré)cjablé ISeTBhtSBle SG¥AGSPT the
the medlcal device or the hemocompatible layer.
20
«Deposition” shall refer to at least partial coating of a surface with the adequate
compounds, wherein the compounds are positioned and/er immobilised or anyhow
anchored on and/or inﬁ the subjacent surface.

5 Under “substantially the remaining sugar building units” is to be understood that

- 93% of the remaining sugar building units, preferred 96% and especially preferred

98% of the remaining 60% - 40% of the sugar building units bear a carboxyl
group.

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

coagulatory system, thus are more or less thrombogeneous.

An alternative embodiment comprises the steps:

35 - a) providing surface of a medical device and
'b)  deposition of at least one inventive polysacchande accordlng fo formula _
' 1 ,

b’} deposition of a biostable layer onto the surface of the medical device
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"Deposition" shall refer to at least partial coating of 9aosdaiergmmewi t h t he
adequate conpounds, wherein the conﬂ unds are positioned and/ or

i mobi |i sed or anyhow anchored on and/or in the subjacent surface. ?5

- Under "substantially the remaining sugar building units” is to be -
understood that 93%of the remaining sugar building units, preferred 96%
and especi allya@referred 98% of the remaining 60% - 40% of t he sugar

bui | di ng units béar a carboxyl group. 30 An uncoated and/ or non
hermpconpat idhl e deppsition dfsa fudihen béngcompatidledayaiohat e oospiavehive'

surfaces shall pb@fs%cﬁého%%&c%f g]ngar})agt can activate the bl ood

coagul atory syst hus are nor ess thronbogeneous An alternative
enbodi ment conprises the steps: 35 a) providing surface of a nedical device

ands b) Ttepiasi-triepliopéd @mBRAFENP ARIKERVRNE | dferPpl t}ﬁé%%%@adf'éﬂg ﬁﬁ%%ﬁéﬁ‘ib?g to
r onto urface o

forrrul 1 de SItIO of a biosta

o caanaeC el R eSS T g?ﬂ’?\é’&h&}'ﬁol%F beayerige hemgsampaiie )
deposi fayer, tatattfeustuiface heratiognpods bict lbeydts ehagictdristist o beingnbRivd ve
pol ysa%B dilfs according to fornula 1. 5 The |ast-mentioned embodi ment
makes sur eveén in the case of e.g. nechanical danmage of the polyneric
| ayer and therevm th also of the exterior henpbconpatible |ayer, that the

SUf@ ace)rfeRtbiflog @sﬁlsorngﬁlﬂc%ﬁ‘e shifrgc& ' k@rtﬁétc%Hﬁﬁét’forpr B Qﬂ:ﬂé{aﬁ?ﬁediﬁ%l

- conpatibl e. 1(2 ol ogical or artificial nation
of an SPVICEi ¥ 'élannﬁﬂiﬂ@ﬁ ParEe be undersiopdar. ?lglﬁqrﬁlhw withoam artified@lr st ood,
.e.0. pbeakvabart with an artificial heart valve. The single layers are
deposited preferably by di pping or spraying nmethods, 15 whereas one can
deposit also paclitaxel at the sanme tinme with the deposition of one |ayer

- ont o t Réensitiglenllaylrsi are siepbaited pviefarablys by hdippimplo nepragithgi métheds

polbrpinsfeasiife Gt ekt o8 iha®] 3 e BB e deBabitnat by er
ont o t RBEniBYeL ANto s irpedical depissi swtfme awhicheisathent impplemearndse|in thiee

Z :JPzggﬂﬁeg%gﬁ% &R dvarsrl! Sndibr adle SVENOSERRRRN GhisAWE] St 18ehSsdibigratsed
: thé'38mé time with the deposition of a hemocompatible layer onto the medical
device to deposit the active agent paclitaxel. The substances for the biostable or

!0 biodegradable layers were itemised already above.

Onto this first biostable and/or biodegradable or hemocompatible layer it is then

possible in an additional non compulsbry step c) to deposit an agent layer of

| paclitaxel. In a preferred embodiment paclitaxel is bound covalently on the

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

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

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

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

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

After step d) resp. d’) the deposition of paclitaxel can take.place into and/or onto,
| the at least one biodegradable and/or biostable layer or the hemocompatible layer.
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Onto this first biostable and/or biod@bradable or henocempadmidal gookayer it
Is then possible in an additional non conpul sory step ¢) to deposit an
agent layer of paclitaxel. In a preferred enbodi nent paclitaxel is bound
covalently on the ?5 subjacent |ayer. Al so paclitaxel is preferably
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bi ost kU aé Br qegre@%)osandeda@vlatlm sogmcnea@e {cylatienmsigigeegs)déni te and
oot Sholaoufl WRTHTPIETIGY 0 OO HRALMEING IS SARRITRE b ohend e ol
henoco?@ﬁ%‘y%ncl% tfcagg V'é) Hi e 359 h%tBQF‘?WeH?O %I?R/é’edﬂhtg@fetﬁ putghasable I \

reg :c ?dm;rarm ofel ¥ ki itdpasassudpliste arad ity @‘érl‘?étl\:bsf bﬁg@-n??é lpioﬁ)@&bbl@éhdel-s t K

c i S es at oeffici acyl ation
dggr eecg) eﬁ]'te tﬁéﬁmogpgcul C%%Fg'ht b?gﬂagg@ t A p {%%%Xiﬁ%({ dg'ge aﬁ'i"'ch S
res porlﬂ1cl§ﬂé0>¢ymethhl@tethﬂndtdtrﬂmbaliy tN-acetytatdd chitgsanoas hellsisamiducbsnol ecul ar
wei ghtthggetsngs Weehasabl e heparin of 13 kD, heparansul phate and its

derivatives, oligo- and polysaccharides 15 of the erythrocytic glycocalix,
desul phated and N-reacetyl ated heparin, 'N-carboxymethylated and/or

part : atb*swobb@geé nis@trﬁéd@m déd%éé% mcmmﬁ#é héﬁloﬁbﬁﬁpﬂflﬁl of t t IhesgosubSE agceS-
Ccl ose I Ca I Ces ich_are enoconpa i b Yy coat e

ac@or §i9 ﬁgec? @CSH&? 3@ qgh‘é"‘?\é’rfe‘i?‘ﬁ Rerain gneptiohad, mpth oqs, Imthe gage A thee

medi cahediesl devced itiis prsfefabiahltiatendt dtentsof stents.

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

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

The stents as disclosed are coated with an according to the general
formula 1 preferred covalently bound hemocompatible layer. A second layer
covers this first hemocompatible layer completely or also incompletely. This
30 second layer conspires preferably paclitaxel. The hemocompatible coating of a
stent provides on the one hand the necessary blood compatibility-and reduces so
the risk of thrombosis and also the containment of inflammation reactions due to
the intrusion and the absence of a non-endogenous surface, and paclitaxel, which
is preferred to be distributed homogeneously over the total surface of the stent
35 provides that the covering of the stent surface with cells, especially smooth
- muscle and endothelial cells, takés place in a controlled way, so that the interplay
 of thrombosis reactions and inflammation reactions, the release of growth factors,
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The conventional stents, which can be coated accordi ng b®oldheniidaods

di scl osed, consist of stainless steel® nitinol or other netals and al | oys
or of synthetic 25 polymers. The stents as disclosed are coated with an
according to the general formula | preferred covalently bound _
henoconpati bl e | ayer. A second | ayer coxers g(l‘)ll s fi rztI henpbconpati bl e

| ayer cQ etely or. also jncoppletely. This secon ayer conspires
prgf-erﬁgg%eﬁaﬁqﬁ/t%lm'gﬁ@nhg Fpdefing ethéo%qu@WoP"%%ﬁeﬁfovﬁQﬁ/it%_s on

t he onegerendtiomef aeoeekaeyainddiaiidayeraivhiv istrgforrd toefestsinG®a, t he ri sk of
t hrombosi s and al so the contai nnent of inflammation reactions due to the
i ntrusi on and the absence of a non- endogenous surface, and paclitaxel,

whi ch Thusyrtee disecal paclifexel soyalsothe dr/andoaphesiuedy pooneto tthe subjaensur f ace

h | t ' e f | cells,
22picFé?*‘ﬁ”i’ﬁ%gﬁgé%ﬁ%?ﬁﬁéﬁd‘&%%ﬁ'a%ﬁ‘e"?'?;ﬂ?%%hé‘@&!s, Tl o GHE e
cont r ol 9" TGyna m'gt gelive agentis sepfrge castinupusiians ip srealtdosess senibat
NSl T OIS, S eI RIRF cells Rt MG howevelah BEOIve el
dur i ng%é’l@go@ox%gpy&&r E@t—[\%‘@{ﬁgl‘)g\ﬁe gsin{cﬁéhe g@?@?;iqrﬂ?f‘ 4% PIckeed. "Thipai r ed”
cel | | ®psabinglidr bf beth effectseaivardsabe rabilitptto the sTéTuSaccbhilingl:? irgie/rﬂi@g! i taxel,
I I en .
ot onp ofiraBRty ARSER Veetn Al B BO BRCANS ot merEis Ahd Bk ur o
that tKis§ QfcrombagieniThesreleaser ot packiaxehnspans gbautda iperisdeirdmdbdest2 so t hat
t he pol?hld)rﬂhbpﬂre@érabhﬁ %gqﬁoﬁmgfaqfé@ imﬁlag]?étkzog]'l s not inhibited, however an

excessive population and the ingrow I's into the vessel lumen is
prevented. This conbination of both effects awards the ability to the

stent &actitadiehds tpoefereentomtainetiOint @ ghamactRitidhy abiVed chbReentRaRM fropd | and

' t | d ri sk of, throphosi s, The
rof8ac 2 OFt-10 18 el 3 Sl ST BERTbRr3RE0 BTt it 4 aspeTIN SIS er abl y
1to 30Ffbmﬁ§) motRer ¢mpistent suifane. Rdditiohakattivesagerat eandst contaateih i n a
Phar MRSRHAA<BIncRRlblSn FPIRAAEL A Aol Rk 0, my per cme stent

0.01 - 5 ng an y e

surface, preferre especi a pre ed .0.1 - 1.0 ng per
cn? stent surface. Additional active agents can be contained in simlar

concenfMhatapplicdrambents aTolmémareer1SyRasmathly.61 l-@’ﬁaf 3 n@g)r@fb‘?llej d
|yt | ayer between 0.01 to ng, preferre 20
o 3" 94, i 18 " e BB e R e RS B 2 v g % 610 Susigikesuch i ke
coat edceatedt stentd edeasd the activievagergepdclipadl icoatrslied and rntiadeasiyg and.
conti nHaHed ¥r&BYcellently suitable for the prevention and reduction of restenosis.

These stents with a hemocompatible coating are generated, as one provides
256 stents and deposits preferred covalently one hemocompatible layer according to
the general formula, which masks the surface of the implantate permanently after

the release of the active agent and so after the decay of the active agent
influence.

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

36 adhesively bound to the first layer. ' '

The paclitaxel layer is dissolved slowly, so that the active agent is released -
according to the velocity of the solution process. The first hemocompatible layer
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hence are excellently suitable for the prevention and rgecdhRP2dE
restenosis. These stents with a henoconpatible coating are generated, as
one provides ?5 stents and deposits preferred coval ently one henoconpati bl e
| ayer according to the general fornula, which masks the surface of the

I mpl antate permanently after the release of the active agent and so after
t he degugraotegshtheanecessangdrloodi cdrhpatitnitity @OthEhstant dh etheedegneieods temt  of

t he st k] i ' t ' | of at

| cast Se dentichdfiole, B B ABa800f Bullail odthy i AAMRSERNY SRS 7

deposiStedhn Teduced ranly| yer. cadabr memgd: of timee tard | Ay edimeskicgntrobrd £ r st

| ayer afiission e tdhabRaOwEat ithbe dxiakl m?ércihacf BHbSt anbhay | widedyp! etely

coyere sgecon er ich copsists of paclitaxe is covalently
% cgbédawelgdlla% whi ch E l1t I tfg'&t | ent |

and/ or’ed8dqe ST 0ENY B5uREReCQARAYIPS faYleRy kamainh e 3 arfhrPabogenggds | s

di ssolswetacel ant ymasks thatfordignasiface dyeanichi & way,etkag tho difetirdatapirip t he

vel oci ' ocess. The first henoconpatible | ayer’

HEM Pd%égqélﬁfl\%@@&g?%%h%g%m 19 9 Novenber 2006 guarantees the necessary

bl ood conpatibility of the stent in the degree as the active agent is

r enov &iictilce tstents alarabe geherdtedaby avmettgehof tHechertioesimpatible ceblirg of

- sf@on G : - 3] riqd of time and an ained controlled

'a!j(?lesi%(lt)é[nntlg's‘ en_g_%f]ce{gl?)f%dgﬁlgat@&e@?g}n%ﬁ ayer had been already widely 5

degr adat 8d.PreyifRa of a senfenoconpati bl e 1 ayer remai ns as at hr onbogeneous

surface Bndepasiionidia hreféired oVl Hdamatﬂa?n@cdiﬁpaﬁ&lméyéw

. life-threatenpi . reacti can occur_anynore. Suchli ke stents g¢an, be
gener at e ﬁygﬁ{éﬁ\gﬁﬁ%ﬁow?&ﬁecqﬁ%@o% ¢ Bemasemnalible dayeroby @edPRing: o whi ch
the fol | owongppayingimetitod niter theesritiproliferfivedioide @lgent pheltaxbl. deposition of
referred coval ently bound henoconpati ble |ayer c. substantially conplete
covering of the henoconpatible |ayer by a dipping or spraying nmethod with
t he ahbe plasits e digclasedHelvaeothdba profieini af acute thigmippsisandnt s as di scl osed

by L,Z?gga})?%ﬁ'gﬁ 4 _“%5;*[”&‘3% sl 8PS JAlinpRBAL FpgyRE ' ™
espectal A RAIPecially well syiedaecayse ohthair caaling ey 'er the continuous rel ease
of  ONGoRKNUBUE rélBasP R AL 'Rl bPe dritrOIfeRIRB! FRRUHD-8GpréSsive active
20 agents. Due to this capability of the aimed continuous active agent release in a
required amount the inventively coated stents prevent the danger of restenosis

almost completely.

The natural and/or artificial surfaces which had been coated according to the

26 above described method with a hemocompatible layer of aforesaid
polysaccharides, are suitable especially as implants resp. organ replacement
parts, that are in direct contact with the blood circuit and blood, preferably in the

- form of stents in combination with an antiproliferative active agent, preferably

0 paclitaxel, for the prevention of restenosis.

. The coated medical devices are suited especially but not only for the
- direct and permanent blood Contact, but show surprisingly also the characteristic
~ to reduce or even to prevent the adhesion of proteins onto suchlike coated
surfaces. The adhesion of plasma proteins on foreign surfaces which come in
35 contact with blood is an essential and initial step for the further events conceming
the_recognition and the implementing action of the blood system.

. This is'for example important in the in vitro diagnostics from' body fluids. Thus the
- deposition of the inventive coating prevents or at least reduces for example the f
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?0 agents. Due to this capability of 20he ai ned conti nuogsioasibevEoagent
release in a required anount the inventively coated stents prevent the
danger of restenosis alnost conpletely. The natural and/or artificial
surfaces which had been coated according to the 7?5 above described nethod
wi th a henoconpatible | ayer of aforesaid polysaccharides, are suitable
especi anspeeific iadilesing of gupieins gin miepHitee plates gaother supporamediumdi r ect
cont ac | h o ' b f : er, o stents
n conty gt e aePh kR Skl MGl nclitse B (i W, SEgTeRY

pacl i t kBpitive estrgactions,and can lead taa falpifisation gbthenanalysis seswWkdi cal devi ces
are suited especially but not only for the direct and permanent bl ood

corg ac By usetofdhewosiimgdissiosgll pynaldsorgtiva mbdinagt eri stic to reduce or even

to prevEnt the a hesieg{] (%f proteips onto suchlike coated surfaces. The
adhesi GArospalgg pretiaithe unspesiis aihasion ot dolging 5 alsverreyedted 8ht act

W th brexheeds vatrerebyeindtierl seputations icah bt efcHieved Badf piodoets ey epéster

concemwﬁi%atnlh@ebgﬁgg%}g%on and the inplenenting action of the bl ood

syste |l e inportant in the in vitro diagnostics from body
fluids. Thus the 'deposition of the inventive coating prevents or at | east

reﬂyceBeEEFipgbﬂWﬁgﬁ . HEMPO O71 W(OSGA Apprrcalon 20 9 Novenber 2006

unspeci fic adhesion of proteins on mcro-titer plates or other support

medi ums  which are used for diagnostic detection nethods, that disturb the

gener aFigyire 3€nSi $Hokes teeftrdsaBehamits LARCLICAhdpRf P haphainsulpiasivath of the
analysis result. 5 BlY u&e rﬁ)f the ?Oﬂiéjng‘éldhscl osed on agsorpt | oa medi a or
chr onat ogr aphy noahstG HISHRULRR; ©F ¢ theynedphateorarpHes eARY i3 SHIRBAUR by ent ed
or reduced, whercaficibat v peeﬂgara@t:ham apit A4t aqv?e?eﬁ)ralutaamﬁgates 01;]
greater purity n e ripti f figures Figure 1 shows
a 1'?’ etrasacchari dﬁ"f)mﬁ% ? ogﬁ{bad’r%é’ﬁa?ﬁ ‘iﬁ’go&ﬁéﬁé@ﬁ)&}@&fﬁﬁét@%ﬁt@ Sb%@? i4tic

di stribution of examplel phat eogpoupd acebrdinguilbe i generabédrimdacint thef 2 per
di sacchari de unidegfgﬁgp'ﬁgm_i s typical for heparin (figure 15 1 a). For

conparison of the stfuctural simlarities figure 1 b shows an exanple of a
conpound according to the general formula in the description.

Figure 2 shows the influence of an into a PVC-ube expanded, surface
20 '~ modified stainless steel coronary stent on the platelet loss (PLT-
loss). An uncoated stainless steel coronary stent was measured as
reference. As zero value the level of the platelet loss in case of the
PVC-tube without stainless steel coronary stent was set.

Thereby SH1 is a with heparin covalently coated stent, SH2 is a with
25 : ~ chondroitinsulphate coated stent; SH3 is a stent coated with
- polysaccharides gained from the erythrocytic glycocalix and SH4 is a

with Ac-heparin covalently coated stainless steel coronary stent.

Figure 3 shows a schematic presentation of the restenosis rate of with

30 " completely desulphated and N-reacetylated heparin (Ac-heparin)
- covalently coated stents and with oligo- and polysaccharides of the
erythrocytic glycocalix (polysacch. of erythro. glycoc.) coated stents
in comparison to the uncoated stent and with polyacrylic acid (PAS)
coated stents after 4 weeks of implantation time in pork.
35 '

Figure 4 - quantitative coronary angiography:
€ Images of the cross sections through the stent containing vessel-
segment of onerwith Ac-heparin coated stent (a.) and as comparison
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Figure 2 shows the influence of an into a PVC-tube expaadieegmmeuzdoace 20

nodi fi ed stainless steel coronary st€dt on the platelet | oss (PLT- |o0ss).

An uncoated stainless steel coronary stent was neasured as reference. As
zero value the level of the platelet loss in case of the PVC-tube wthout
stainl ess steel coronary stent was set. Thereby SH1 is a with heparin

covalently coated,stent, SH2 is a wt 5 chondrojtinsul phate coat ed

Cont . SHS o a e bhgRalad Eifo b Predicatial (kM T Wecks fine

erythrocytic gl ycrimbl expminéiidposk)a clsiat difirehapir the hicknesses wf tduat ed

stai nl ess st eel G lrrﬂ&?%oiﬁ?]iﬁ%%' aﬁ@é’rﬁ gwagows a schematic presentation of
Dl hioipiifing g fi Plsen e

the restenosis rafe conp el'y desul phated and N-reacetyl at ed
heparin (Ac-heparin) covalently coated stents and with oligo- and

pol ysaqghard §es Qlutidieplofbl/patiRsél iff@)ngm(acé’(%g{ {jvﬁtl'{o%? '&;%ﬁ&&ﬁ hedilimgr Yt hro.

gl ycoc.) coated stents 1n conparison to th ncoated stent and'with
polyacrylic acid (PAS) coated stents after 4 weeks of inplantation tine in
pork. 35 Figure 4 quantitative coronary angi ography: |Images of the cross
sectiogé %ﬁ)lrgegh t he stent containing vessel- segment of one with

Ac- hep X4MPER ed st ent (a.) and as conparison HEM P0ol1071 W OSGO
Application 21 9 Novenber 2006 of one uncoated (unco. or bare) stent (b.).

Afywgr f s in the animl experinent (pork) a clear difference in the
th?gkn%@ﬁ‘?’kt'h formed neointimas can be observed. 5 Figure 5 elution

- e 0
pl ot ofSYsHlkesis ok deswipbatedieaceylated Wepadit support nedium) . Exanples 10
Exanple 1 Synthesis of desul phated reacetyl ated heparin: 100 mM anberlite

i th- 408 STeEHo IR LA Sty S et B ep oS naddadh e AGIH TR €14 Ffed 15
wat er, diaieter; adthed0Gel 3MHEY pethed HCHOmN icdavendd pindnengadwithdigtilied
cof tirm "GRaF &l W eiPe W e shiolle I B dRGE S o0k RskBib S se ' ni
a r eceidiggoivéd n 00 migvaier,iatided ondndhafcationaxdsangd caltieth and lelyedivdtne to pH
6 and 4RPAeofWatt: The eluate was added dropvise into a receiver with 0.7 g pyridine
~ and afterwards titrated with pyridine to pH 6 and freeze-dried. |
0.9 g heparin-pyridinium-salt were added in a round flask with a reflux condenser
20 with 0 ml of a 6/3/1 mixture of DMSO/1,4-dioxan/methanol (v/v/v) and heated for
24 hours to 90°C. Then 823 mg pyridinium chioride were added and heated
additional 70 hours to 90°C. Afterwards it was diluted with 100 mi of water and
titrated with dilute sodium hyrdoxide to pH 9. The desulphated heparin was
dialyzed contra water and freeze-dried.
25 -
| 100 mg of the desulphated heparin were solved in 10 mi of water, cooled to 0°C
and added with 1.5 m! methano! under stirring. To this solution were added 4 ml
dowex 1x4 anion exchange resin in the OH -form and afterwards 150 l of acetic
anhydride and stirred for 2 hours at 4°C. Then the resin was removed by filtration
30 and the solution was dialyzed contra water and freeze-dried.

Example 2
Synthesis of desulphated N-propionylated heparin:

35 | ) |
100 mi amberlite IR-122 cation exchange resin were added into a column of 2 cm
diameter, with 400 m!. 3M HCI in the H*-form converted and rinsed with distilled

water, until the eluate was free of chioride and pH neutral. 1 g sodium-heparin was
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0.9 g heparin-pyridiniumsalt were added in a round fl askowdntbler 2006 ef | ux
condenser 20 with 90 ml of a 6/3/1 Afxture of DMSQ 1, 4-di oxan/ nmet hanol
(v/vlv) and heated for 24 hours to 90C. Then 823 ng pyridinium chloride
were added and heated additional 70 hours to 90C. Afterwards it was
diluted with 100 m of water and titrated with dilute sodium hyrdoxide to

pH 9. The despl ted heparjn was Il al yzed contra ter and freeze-dried.
25 100 ‘Jr?r@s"g‘fe‘f ﬁ@"@g‘i Oﬂ’%ﬁgt %%Pitﬁe\ﬁéi/"é" &xFhnge rolvmAng elytpd ¥ith cool ed
to 0C 4tdmbdfiedtes ’rrhehhﬁatmwaaeadjmmarapminmQEEctefiger\?Jm otV g gyﬁ?lﬂe on \é\ere
added o Tot | 1.R el N . -form and afterwards
150 pl %043 r?laf(t:et [ ca<s anﬁtﬁg%@‘gpg@%ng?@ﬁﬁgﬁabgP‘Hefz%bqﬁpg{at 4C. Then the resin

was renoved by filtration 30 and the solution was dialyzed contra water

andsT r geg & HEpth-pRdaARR Al Pk NeRled iRl ARAY RIAGHh b RIARIBAYLALST
2 bl uitnd ﬁ%%a"gpmﬁgﬂré o OS661 ,%aéié%%é%%o?ﬁ@ﬁiéﬂsﬁai@i@@??eh”éﬁd

ri ntsedlzwi thourk s@iweﬁ Thai €823 UAg Lﬂl)zyﬁdkguoﬁi\(/:\?tiirigvegﬁs\@ré r@ﬁilééi; a@ﬁl ggét‘gz@ Ngng mr;;
neutral_, 1. i < | v
2006 (ﬂdgi"cﬂg\?iggi fﬁ"%%ﬁ%@&-ﬁe% 3 oHEs dfin@dc‘é’Woﬁ%g% MNRCEAYm and
el ut ed tiwlated w400 ditliteofsodiuner hydrbxide! toaipél \SasTiee diessutpiapted steepaninowasr ecei ver
W § Odfal?mgy&%rq%é@at&%cﬁrégi%ﬁg& titrated with pyridine to pH 6 and

ed. .99

freeze-dr heparin-pyridiniumsalt were added in a round flask
with a reflux condenser with 90 i of a 6/3/1 m xture of

DVBQ' 1 160dng>artheRidiaiMatéd hepulin st NN RN £ mist \né‘ﬁé?,scéd?e@%:{)@hen 823
ny al 70 hours to 90C

pyrldinig lgrid re,added and heat ed dditign

A7t oy wardopqdEenh o5 P EieRRNeT 198 H SO od LN P CRIKAC Tl | ut o
sodi umdbyaixost k4l eanion pekcharifiee relsis uinptras d0HhfpAYT iandwaitenddrddi 393 @ bfcont ra
wat er . -dried. 100 of, the d ated heparin were solved in 10
m 155 BRRbAEEETARNE SngstighbioR g i A A P hebERah Ps imeYa8Y T T i ng.
To t hi §ltediontanshtheercduticideds diatyzedioomdra Water anddreezcetidedie resin in the OH
-formand afterwards 192 pl of 15 propionic anhydride and stirred for 2

" hours at 4C. Then the resin was renoved by filtration and the solution was
- dialyzed contra water and freeze-dri ed.

Example 3
20  Hemocompatibility measurements of compounds according to the general formula

1 by ISO 10933-4 (in vitro measurements):

For the measurement of the hemocompatibility of the compounds according to
formula 1 cellulose membranes, silicon tubes and stainless steel stents were
- 25 covalently coated with a compound according to formula 1 and tested contra
| - heparin as well as contra the corresponding, in the single tests utilised uncoated
material surfaces. '

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

For the examination of the coagulatory physiologic interactions between citrated
whole blood and the Ac-heparin- resp. heparin-coated cuprophan membranes the
open perfusion system of the Sakariassen-modified Baumgartner-chamber is
35 - used [Sakariassen K.S. et al; J. Lab. Clin. Med. 102 : 522-535 (1983)]. The
chamber is composed of four building parts plus conical nipples and threaded
joints and is manufactured of polymethylmethacrylate and allows the parallei. .
investigation of two modified membranes, so that in every run a statistic coverage
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Exanpl e 3 20 Henoconpatibility nmeasurenents of conpounds Naested200g6 t o t he
general fornmula 1 by ISO 10933-4 (i #Vitro measurenents): For the

measur enent of the henoconpatibility of the conpounds according to formula
1 cellul ose nenbranes, silicon tubes and stainless steel stents were 25
covalently coated with a conpound accordi ng to formula 1 and tested contra
heparin_as | | contr the c esponding, in _the single tests utilised
uncoat €d 'nﬁl\é'%gpi %&Pf‘ﬁ@'é%t'orﬁ 02 tF‘@ePh%’"b@E Q%WHF‘ a‘ﬂi&s'“{%ﬁ'ﬁﬁbms'%at ed
wi t h dexunditiatsed, reacetylated 30 heparin (Ac-heparin) For the exam nation
of the coagul atory physiologic interactions between citrated whole bl ood
and the Ac-heparin- resp. heparin-coated cuprophan nmenbranes the open

per f usidtersHsminuteos efhpedusiani als 8éH- rtbei estbrBaesyue t exdractdthraner after 35 used
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t hr eadé’&Sp?‘SIVﬁ sfeshdsi argartatadetor e@'@iforbot%/n’él%yhﬁblyha&\fw pgeageMsal | ows
t he parqibealdothdliay aedtigaki magative tstndmdi witle & mrmﬂ@@t cXRupfRdy. i Thevery
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second bef e the f t|on of iﬁ) asma Bro ein er on the foreign
mat er | h?Hé”ﬁ‘l’%&‘??a "ﬂﬁ fer:,rr@yq;gqb @%feﬁé‘i'gnﬂ? t'l?spléﬁ%FétOGPU@f the platelet

aggregatlon The such |nduced activation of the platelets resul ts in the
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20 The results of the examined heparin-coated and Ac-heparin-coated membranes
show clearly the improvement of the hemocompatibility of the foreign surface
through the coating with Ac-heparin. Heparin-coated membranes show a 45 - 65%
platelet occupancy, whilst Ac-heparin-coated surfaces show values from 0 - 5%
(reference to subendothelial matrix with 100% platelet occupancy).

The adhesion of the platelets on the Ac-heparinated surface is extremely
aggravated due to the absent, for the activation of platelets essential plasma
proteins. Unlike to this the heparin-coated surface with the immediately incipient
plasma protein adsorption offers optimal preconditions for activation, deposition
30 and aggregation of platelets, and ultimately the blood reacts with the
corresponding defense mechanisms to the inserted foreign surface. Ac-heparin
fulfilis by far superior than heparin the requurements to the hemocompatlblhty of
the foreign surface.

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

~ utilisation of covalently bound heparin as antithrombotic operant surface is only =
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occupancy is on the perfunded surface the higher is theghemmaenpasi bility
of the exam ned surface to be judgeci-’.4 20 The results of the exam ned
hepari n-coat ed and Ac- heparin-coated nenbranes show clearly the

i mprovenent of the henoconpatibility of the foreign surface through the
coating with Ac-heparin. Heparin-coated nmenbranes show a 45 - 65% platel et
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pl asma protelns. IS the heparin-coated surface with the
i mmedi ately incipient plasm protein adsorption offers optimal
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ggp% | dissudved dorin dimeai Ia‘uup uinifsld hwpmdméé.blsuﬂ ifyh arilri tselnépbm:aanwr face.
e. . . .protein adsorption and, platel et gccupancy as
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t he hepati.n- goat e(? surggj\qte get.?. E.hronboc%%geous. 5 Qovjously the
out st aﬁ%ﬁ"ﬂ@' i ARG aesL dPtigtind - BIPCESES hrRdbEmain afigst covalgntt er abl e
t o covdloadirigy i nmobi |l i sed heparin. In the systemc application in
digsolved formit can fully unfold its properties. But if heparin is not

covalently immobilised, its antithronbotic properties, if at all, is only
shor t - [Tihgseby Bithiepasitand thushibe/gorpeundsof theNgsrefral foimuyla: hépsotahiire t hat
due t o dplitn=l9Ssifdé I8P tBdcAndlns OBy - | Withofifes the
acti .ve_oqaant i tgr onbotic pr ope(r:t I es O@%Yérﬁ@h g?ﬁgcn%)ﬁagrﬁzu(fdgt&guwtgcgﬁr es in
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founded in the passivity versus antithrombin Il and the mssing affinity
| toygrdg foa%h*?otﬂil%%tihﬂiotnisa}ﬁci:or}% processes and remain after coval ent

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

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

3 mg of the deacetylated and reacetylated heparin (Ac-heparin) were dissolved at
~ 4°C in 30 mi 0.1 M MES-buffer pH 4.75 and mixed with 30 mg CME-CDI
30 (N-cyclohexyl-N-(2-morpholinoethyl)carbodiimidemethyl-p-toluenesulphonate).
This solution was pumped in a circular motion for 15 hours at 4°C through the
tube. Afterwards it was rinsed with water, 4 M NaCl solution and water in each
case for 2 hours. ' '

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

In a 1 m long silicone tube with 3 mm inside diameter two 2 cm long formfitting.
glass tubes were placed_. Then the tube was closed with a shrinkable tubing to a
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bondi ng. 15 Thereby Ac-heparin and t t he conpounds ob Notentgerossal
formula 1 in total are optimally suiftable for the canoufl age of foreign
surfaces in contact with the coagulation system 20 3.2. Imobilisation on
silicone Through a 1 mlong silicon tube with 3 nminside dianmeter 100 mi
of a mxture of ethanol/water 1/1 (v/v) was punped in a circular notion
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~ (nunber of experinents: n=3). Also in this dynamc test systemit is shown,

that the activation of platelets on an
3.4 Whole blood experiments on 316 LVM stainless steel coronary stents

20
In line with the biocompatibility experiments 31 mm long 316 LVM stainless steei
stents were covalently coated with Ac-heparin. In case of a total surface of 2 cm?
and a occupancy coefficient of about 20 pm/cm?® stent surface the charging of
such a stent is about 0.35 ug Ac-heparin. As comparison: in case of thrombosis
25  prophylaxis the usual daily application rate of heparin is in contrast 20-30 mg and
- thus would correspond to the at least 60.000 times the value. '

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

35 by more than 80%.

The influence of in the tube expanded, surface modified coronary stents to the
platelet loss is evaluated in further Chandler tests during a 45 minute whole blood
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Ac- hepar| n coated surface is reduced,, Sinultaneously itgmawntyerzoeeor ded,
that the 15 immobilisation of hepar |2ﬁ executes a negative effect on the
henoconpatibility of the utilised surface. Against it Ac-heparin shows, in
accordance to its passive nature, no effects in contact with the
platelets. 3.4 \Wole blood experinents on 316 LVM stainless steel coronary
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PVC tubes 5 and are anal ysed under anal ogous conditions on the by them

' CaUSGdThbaérﬁ-il ed 99Face béatﬁﬂr‘]g{‘s%ﬁ tRé %@arh!és%@téelcﬁ)? narﬁ{@én&hﬁ(ﬁ&?@% gcover ed

-surface IV\{] sol el for about O, e tot test surface,

causes 2B o duCE HRRNATEIAUS d'@ﬁ’@dﬁn Qﬁthehgeﬁﬁ Hdijced plataletnt .
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chfqn cally not surface coated stent yields an additional 10 average

platelet |oss of 22.7% Therewith causes this conpared to the PVC enpty
If the effects of the Ac-heparin-coated stents on the platelet loss are considered,

then good congruent values result. The correlation of the platelet loss in the

perfusate resp. the adhesion of the platelets to the offered surfaces show the

reliability of the measurements.

25 ‘
3.4.1 Covalent hemocompatible coating of stents

Not expanded stents of medicinal stainless steel LVM 316 were degreased in the

ultrasonic bath for 15 minutes with acetone and ethanol and dried at 100°C in the

30 drying closet. Then they were dipped for 5 minutes into a 2% solution of

~ 3-aminopropyltriethoxysilane in a mixture of ethanol/water (50/50 : (v/v)) and then

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

| 35 3 mg desuiphated and reacetylated heparin were dissolved at 4°C in 30 ml 0.1 M
- MES-buffer (2-(N-morpholino)ethanesulphonic acid) pH 4.75 and mixed with 30 |
mg N-cyclohexyl-N '—(2-morphoIinoethy!)carbodiimide—methyl-p-toluenesulphonate. ,
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tube | ess than 1% neasurabl e forei gngﬁurface an appr oxi ativempeczmopar abl e
platelet loss. Adirect result is th the nmedi cinal stainless steel 316
LVM used as stent material induces an about 100 tines stronger platelet
damage conpared to a nedical grade PVC surface, although this test surface
only accounts for 0.84% 15 of the total surface. The anal ysed surface
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4 105.455 | 2.07243E-07 0.74 2.80058E-07 32.10
5 119.061 | 2.33982E-07 . 0.74 3.16192E-07 36.24
6 129.202 | 2.53911E-07 0.74 3.43124E-Q7 39.33
7 125.766 | 2.53957E-07 0.74 3.43185E-07 39.34
15 Example 4

In vivo examination of coated coronary stents (fig. 5)
4.1. In vivo examinations of coronary stents coated with Ac-heparin

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

The target of the experiments was primarily to evaluate the influence of the Ac-

!5 heparin coating on the stent induced vessel reaction. Besides the registratidn,of
: pqssibie thrombotic events the relevant parameters for restenotic processes like
neointima area, vessel lumen and stenosis degree were recorded. For. the
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10 three times until dryness and taken up in 1 nml de-gasedvati@r f00bt er ed
~water and neasured contra an al so hy%rol ysated standard in the HPLC

desul phat. + desul phat. + desul phat. + sanple reacet. heparin area reacet.
. heparin reacet. heparin stent area /samle cnml /cml nol/cm 1 129.021

2. 70647E-07 0.74 3.65739E-07 41.92 2 125.615 2. 63502E-07 0.74 3.56084E- 07
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3.43185E-07 39.34 15 Exanple 4 In vivo exam nation of coated coronary
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, ntis unamblguous The generatton of a distinct neointima layer is in case of the

uncoated control stent very well observable. Already after four weeks the
20 _profiferation promotional effect of the uncoated stent surface on the surrounding

tissue occurs in such a degree, that uitlmately the danger of the vessel occlusion

in the stent area is given.

Contrary in case of the Ac-heparin coated stents a clearly thinner neointima layer

is observed, which argues for a well modulated ingrowth of the stent under
25  maintenance of a wide, free vessel lumen.

The detailed histomorphometric and coronary angiographic data substantiate this
conclusion, as it can be observed congruently, that via the Ac-heparin coating
(SH4) the neointima hyperplasia (,restenosis®) was repressed by about 17-20% in

3_0 comparison to the uncoated confrol stent. This result is unexpected and

' remarkably at the same time. Surely it is not demanded of an athrombogeneous

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

35 , .
'On the one hand with a dense, ‘permanent occupancy of the stent surface with Ac-
heparin a direct cell contact to the metal surface is prevented. As iin technical
literature the emission' of certain metal ions into the implant close tissue is
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During the stent inplantation as well_as the foll ow up 9November 2006
coronary-angi ographic data sets ver 4scert ai ned, which permt an
dinterpretation with regard to the vessel 15 reaction to the stent
i npl antation. The difference between the uncoated control stent and the
Ac-heparin coated stent is unanbiguous. The generation of a distinct
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f j RaRee of ; ¢ | i ti
ot fect < Medind SRpRRRRTOR 2 ot ot RicRing GbERRGE Ronfs 3id & BRHHCR e 2t e

re
i npor t &7 Pedwaenistent arshsPRY Velwedheisient istsnraved with theepardiolar ispiay
~prol i f esohitiorn After tihe tihyig (ABOUEISTRINRISs) at room temperature and proximate in

20  the fume hood over night it is balanced again.

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

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

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

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

30 and incubated in the drying closet at 37°C. After expiry of the chosen time
intervals in each case the excess solution is depipetted and its UV absorption at
/306 nm is measured.
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Coating of the stents with taxol by t sprayi ng nmet hodoNegembeazamganpl e 1
and exanple 2 prepared not expanded stents are balanced and horizontally
hung onto a thin nmetal bar (d = 0.2 my, which is stuck on the 15 rotation
axis of the rotation and feed equi pnent and rotates with 28 r/mn. The
stents are fixed in that way, that the inside of the stents does not touch
the bar. At a feeding anplitude og|gjhsm and a feeding velocity of 4 cnls
. and a distance of 6 cm between stent and spray valve the stent is sprayed
with the particular spray solution. After the drying (about 15 m nutes) at

[) olom tdgpeﬂtdedlcal dodicpy Qmei‘ainfeat hmeaétoohél%afrltl'&{ th@OQJrﬁ%’er oF'tHBtnfe&da?

al anced a ri i e S sol uti.on axol are

di ssol ved ?)?\}gse E%%8§g$ Iffl")ﬁec 5§toernt”‘?"n§{rfT topne dBfé’ﬂ?ﬁe'atng@rSt%ati’W/@batl n
mas8 1 0. oimdeyrademeotaser with28 lieraopbmpatiblet leyer kel at headt! (mé on

behavi our i Mf tent in a sufficient small flask 2

PBS- buf f er c|6gﬂ3added ft@%aﬁﬁﬁd‘@mfh para-film 30 and incubated in the drying
closet at 37C. After expiry of the chosen tine intervals in each case the"
excess sol ution is depipetted and its UV absorption ay 306 nmis neasured.
HEM PO1071W0O|SG01Appl i cation 30 9 Novenmber 2006 O ai 1. Medi cal |devi ce,

wherein at |least o part of the surface of the nedica Hjew ce is{coated
directly or Vi 3 i j M 5 bi odegradabl e

| ayer wit gt t he
formula I Iq@ 9

n represents an

i nt eger betwge angd 1050 epxese a resi ) , - {POC2H5,
- COC3H7, H® _ nos

0 wherein
n represents an integer between 4 and 1050,
Y represents a residue —CHO, ~COCHjs, ~COC,yHs, —COCsHy,
—COC4H,, ~COCsHy4, ~COCH(CHa),, —COCHCH(CHz),,
~COCH(CH3)CoHs, ~COC(CHs)s,- —CHzcoo —~C;H4,CO0°, ~C3HsCOO,
5 ~-C4HsCOO,
as well as salts of these compounds,
and on, in and/or under the hemocompatible layer the active agent paclltaxel
is present

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

compounds.

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

5
4. Medical device according to one of the previous claims, wherein the
hemocompatible layer is directly placed on the surface of the medical device
and onto said hemocompatible layer paclltaxel as well as mlxtures of these -
_ active agents are deposited.
0
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- COC4H9, -COC5H11, - COCH(CH3) 2, - CH(CH3) 2, COCH( CyiRp¥eitsr 200€0C( CH3) 3,
-CH2000 , -C2H4000 , -C3HBCO, 5 C4HB000, as well as salts of these
conpounds, and on, in and/or under the henoconpatible |ayer the active
agent paclitaxel is present. !0 2. Medical device according to claima1,
wherein Y represents the residue -CHO -COCH3, -COC2H5, -COC3H7, as wel |

| t f . ds. ‘3. Medical devi di t l.aim?2,
wher o rov 1 MedEAFagRERR R Ting do Al 0E e BRNiEE: BRIES: WA SAYBREST evi ous
cl ai s, wheh@nacempatibleripyempabebtiesr byeheansoatimpatibly ipjeas ed leastt dvee sur f ace
of the ”edilﬁéétaﬂﬁav%n?&fﬁr BB@eQFﬁd%b?@i ef gg’ﬂ@ti bl e | ayer paclitaxel as
t hese n

well as m xtures o ctive adents are deposited. ;0
HEM PO1071WOSGOTAppl i cation 31 9 Novenber 2006 5. Medi cal device according

to gne @f tiedibP\Ueite WRbfing Wi dHeN dfNERY PrBGioul CBRAREPAHEIR kyer or
bet ween th‘ hermcongﬂt%'l BI e I.ayerge(fslt I e&%t on 1 ost abl e and/ or

" bi odegr adattENPERMAEPATRIe JayaldRcoatedscomplgiely orgng bsoapletel i Wt ablegst of t he

previ ous claemsddititvealeabovdyindisivebipand/ ot eiddueadatsie tpgred conpl etel y

or/and inconpletely with at | east one additional, above |ying biostable

and/ or bi odegradable layer. 7. Medical device according to one of the
previ oubs clidedisal deviotactording toasne ofithe e vinessi claimsg émivhichyatrleast grae i t axel
s qpr esent el wesibrthgydl oF (ARG SHDRERH r di cal
device accaording 10 Qng of tph'gglprxgwsoh)g&cqrgi ns, I@ﬂagdnef)éﬁ)s%aga\éﬁa[nggte é\/:es

~ bound covali@'i’ﬂ?‘?gp’ﬁl%ﬁt&? l3@hesi vel y in and/or on the henoconpatible |ayer
15 -and/ or the biostable and/or the bi odegradable |ayer. 9. Medical device

' di t f.th ' | ai ps, ch terised in, th

i odegrianedEakdruch SeBibing eoris Bt pgabS T, Tyt Fones,
pol y- s- dec dicamtiotmealently ghaélot adhesizelydin mod/pgloycthd hemocdmpptiblel lager des, 20
poligal ycol igesar (RARAL B artliof 8 HSLeYBGLbRSSy&Nd pol ygl ycol i des,

- 9. Medical device according to one of the previous claims, characterised in, that

as biodegradable substances for the biodegradable layer polyvalerolactones,

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

as polymaleic anhydrides, polyhydroxymethacrylates, ~ fibrin,

25 : polycyanoacrylates, polycaprolactonedimethylacrylates, poly-b-maleic acid,
| polycaprolactonebutyl-acrylates, multiblock polymers as e.g. from
oligocaprolactonedioles and oligodioxanonediolés, polyetherester multiblock

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

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

35 ~ polyhydroxypentane acid, polyanhydrides, polyethyleneoxide-
© propyleneoxide, soft polyurethanes, polyurethanes with amino acid rests in
't'he backbone, polyetheresters as polyethyleneoxide, polyalke_neoxaiates,
polyorthoesters as well as their copolymers, lipids, carrageenans, fibrinogen,
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pol y-s- caprol act one, pol yhydroxybuta &ic aci d, pol yhydr @xsssiner adoss,

pol yhydr oxyval er at es, polyhydroxybut§ at e-co-val erates, poly(1, 4-di oxane-

2, 3-diones), poly(1l, 3-di oxane-2-one), poly-para-di oxanones, pol yanhydri des
as polymal ei ¢ anhydri des, pol yhydroxynmethacrylates, fibrin, 25

pol ycyanoacryl at es, polycaprolactonedinethylacrylates pol y-b-nmal ei ¢ aci d,

I | act butyl - | at |,tiblock pol rs as e.

b1 Boonpr ol Tl eHIAGEE: aHIPR, fATech HRMBAIG! 2aIINg o RGeS PERMEH ¢ i bl ock
pol'ymers aspodyamineEeciasd zeol, ymbdﬁwuemhemmmmtyeﬂéanoatdsymeoﬁbohadt ones,
50 Sehyl gl AR At ”E%:E A" ARG SorPO MEAES' EhANS- ShCOLkdsR, POl (9
pol y( bi sph&%bowmethmby alleyming srgrepvan ﬁt!'em,ac @@dy@am@ne@mbusj
tri B'Ft hyl - Q@rﬁ@ﬂ@é@s IPI@b&Fafris | éé|33r bé’r’i@][ esltst POl yd a'ﬂ@é@r bo ? 8 pol y(N-
ol bt o o cPonda i Ighdes adranodrsiadbREEn copohmers: wih PEG dnd
ol Yot hyie "““’W"p“emw'p@“ﬁ“?hﬁ@mm ”d?‘y”umr : "ﬁé‘?"@myﬁ‘?ﬁgﬁ?ﬂﬂidw o

ol ye e
o o aci o PRAtp SRR DL BroSBho sy Hdeligts R [idRBES de.
pol yal kene@(@V(mmsqturep@:If)at&m‘ehneBmmr@ sishstehdesaaret Uraeidy copol yners, |ipids,

cangageenans, fibrinogen, HEM P01071W0- S@7Application 32 9 Novermber 2006

star ch coI | a protei n based pol yners, polyam no acids, synthetic
pol yanilfe (ﬁga ' davice aprsudingds onei ¢f thadirgvigus §l@}‘85k@1ﬂ5§6@§36@&tthat acid,

aCtlbnl C aﬂ?@ U’(f%iablbe%ﬁlﬁgm&@ﬁ Eﬁ}d'tﬁéeﬁldcs'télflénzom Cﬁé@@bﬂhc aflgs ar!]"néi and i ts
~ car boxyne su al bumi

5 deri'zati\VéLy, H@ﬁ%ﬁansu@sphat leyg?ﬁjﬁ}?l tﬁ%&ﬁ’(ﬁi@lvespo I‘?Ih ?

chondr oi t i pelyachdtmidalext rmﬂyadvyiommledext r pﬁ@anﬁ@é&}l ynﬁfcﬂyeﬁhéﬂanlﬂﬂﬁsand "

I I |ne col | agen-
¥ oy oo PO ABRamMT. ARG | Bilcartifidenr o; pERGaEREPBromar <
and/ or mi xmbwydifet@mm,e nem(DIWIﬂwlhai@D@nmes ar @owwlidemamgemdds,cal
devi ce accebfiftyidtAce o Rﬁélfbd@ﬁlé US [%IWIH% al'o‘?ﬁ@t[eé(:t eﬁéliﬁﬁyl‘e@?réhat . as

bi ost abl e suBNt ances_for bi ost a yacrylic

pol yacry| aPeYVEYIREP ﬁ%’f‘?ﬁﬁl net Hﬁ'&’PW@?ﬂWIQﬂﬂsybut yiretdetramafindeaeoxide,
pol yacryl apoliethylehs,acr yblgpiopyienes. polytetafittoc®9larel hepafuishanes,

20. polyetherurethanes, silicone-polyetherurethanes, silicone-polyurethanes,
- silicone-polycarbonate-urethanes, polyolefine elastomeres, polyisobutylenes,
"EPDM gums, quorosiIicones_, 7 carboxymethylichitosanes,

polyaryletheretherketones, polyetheretherketones, polyethylenterephthalate,
polyvalerates, carboxymethyicellulose, cellulose, rayon, rayontriacetates,
25 - cellulosenitrates, celluloseacetates, hydroxyethylcellulose,
' cellulosebutyrates, celluloseacetatebutyrates, ethylvinylacetate copolymers,
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones as
_polysiloxanes, poiydimethylsiloxanes, p_olyvinylhalogenes and copolymers,
~ celluloseethers, cellulosetriacetates, chitosanes and copolymers and/or

30 mixtures of these substances are used.

11. Medical device according to one of the previous claims, whereas instead of

~ the active agent paclitaxel one of the following active agents is used:

simvastatin, 2-methylthiazolidine-2,4-dicarboxylic acid and the correspondent

3 sodium salt, macrocyclic suboxide (MCS), derivatives of MCS, activated

' protein C (aPC), PETN, trapidil, B-estradiol as well as mixtures of these
active agents or mixtures of one of these active agents with paclitaxei.
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15 pol yet hyl enam ne, polyim des, pol ycarbonates, pol ycasbowndichaes,

pol yvi nyl ket ones, pol yvi nyl hal ogeni des, pol yvi nyli denhal ogeni des,

pol yvi nyl et hers, polyi sobutyl enes, polyvinyl aronmates, polyvinylesters,

pol yvi nyl pyrol | i dones, pol yoxynet hyl enes, pol yt etranet hyl eneoxi de,

pol yet hyl ene, polypropyl ene, polytetrafluoroethyl ene, polyurethanes, ?0

pol yet herur et hanes, silicone-pol yet herurethanes, silicone-polyurethanes,

si | i cope-pol ycar bonat e- ur et hanes, pol yol efine el astoneres,

pol yi sbbut yMEHisa! devigsrgcgiding t9 poe obia previaes claes iheyanieriaadon, hettees,

pol yar yl et heedicatdkeice ruesn prixdsy pidsthieidac ki) e@sséle] ¥ekthy) redreiarBthal ate,

p0|yva|eralﬁﬁe&Qﬁ?Qﬁ%%ﬁﬁkﬁMEFﬁﬁb%h@?ﬁbe&?hb \E%Bem%%%ﬁﬁ?,ﬁ@%ﬁﬁhééﬁ%&tates’
%gs cel’l yrose

e o)LL S b1 b iy A U o Apob s

cel l ul osebu
copol ymer s, PAGSRI3KEH: pHsisering p dxgdiaesthromat®saplesi mediPDMrgmatograptyi cones
as lpol ysi Icmhanmﬁ iécﬂia@tmigghhwi@i I Opéﬂ§,sseri§éwv\itrd1\)ésh&iﬁﬁ?ﬂﬁw &%l%ers,
copol yners, - ates, chitosanes an

rec@/f‘ér ORAbSpes, ﬁ%!g’%mﬁkﬁ%@g%

copol ymers and/or 30 m xt ures ese hces are used. 11. Medi cal
device according to one of the previous clains, whereas instead of the
act i veldageriflegdisal idesicel acomrdafg thecldiot 11@QN ohgracterived dgemhst e wsedical
si mvast at i iHevite®kIYdthi azol i di ne- 2, 4-di carboxylic acid and the
correspondent 35 sodium salt, macrocyclic suboxide (MCS), derivatives of
MCS, activated protein C (aPC), PETN, trapidil, f3-estradiol as well as
m xt urlds oftemesascouting Ve dejent!S, ovhareint theepolymenrie ddpdsited dnaambuetsagent s
wi th pacl i bexelen Bﬂﬂ\?g QL7 SV [fiep) prabired LRNEULTERS 8096 1 i bAd
ical de : revious clains, characterised in,
EEEEAG HLEIEG bR 9 m%gg%gﬁg.s}eu

that the evi ce conprises gYeloy gans, vessels, aortas,
heart val ves, tubes, organ spareparts, inplants, fibers, hollow fibers,
st ent 5. holStent acwutieg,to slgin rigesr 14erhamtesiseti inneshiowedsctivel 8gsht is

cont al ner susbitihi AqanhaBbdt @y a@RRESRtraiBASH 0089 M8l fg per om?
alyzers, COHI’]%XI on parts,

chr omat ogr mat ogr aphy col umims, di

sensors, vaFévHéss, %éeeﬁ?r}(ﬁp‘%fgg’ferchanbers, recuperat ors, endoscopes, filters,

punp chanbers. 13. Medical device according to claim 12, characterised in,
that tbe mahecslent de¥bifing3odrid 8Nthe claims 13-15, characterised in, that the

' medical device comprises paclitaxel, simvastatin, 2-methylthiazolidine-2,4-

dicarboxylic sodium salt, macrocyclic, suboxide (MCS), derivatives of MCS,

activated protein C (aPC), PETN, trapidil and/or B-estradiol.

17.  The medical devices according to one of the claims 1-16, characterised in,
that the hemocompatibly coated surface of the medical device is a surface of
micro-titer plates or other carrier media for detection processes.




~14. Stents according to claim 13, wherein the polymer isnNdepmsitoed in
anmpunts between 0.01 ng to 3 ng / layer, preferred between 0.20 ng to 1 ngy
and especially preferred between 0.2 ng to 0.5 ng / layer. 15. Stent
according to claim13 or 14, characterised in, that the active agent is
used in a pharnmaceutically active coggentration of 0.001 - 10 ng per cn®
‘stent surface and per |ayer. 16. The"stent according to one of the clains
13-15, characterised in, that the nedical device conprises paclitaxel,
si nvastéat i nTheomesicay devicas @ccdiding &y dne dif dbe lotaiylsi t ts 6 dharsalerised in,
macr ocycl i ahatstletdndecdnbtibly 86xted autfaes of thdViredicaf Bblika & thaPé e ofC
(aPC, PET%dsBFt?e?'n?éc%i %?%Hme(té'n%%&ﬂ%ﬁ%,' 17. The nedi cal devices

R AR , C

according to one o acterised in, that the
henmobconpati bly coated surface of the nedical device is a surface of

ni cr o-19. t erMgthed dsr the Indrhecorpdtibles CoatRdi 6F Bidtogial 8Rd/0P BrtRCRE SeFaRses &
Novenber ZQQ@diCé)lqie%%esEeﬁlpﬁﬁﬂfﬁé‘f&lﬁmré‘aﬁe cording to one of the clains 1
' In, that t

to 16, char:j\cterls , e henpconpati bly coated surface of the
medi cal dewV ce PTG agiriage of gme ?fg@f*lﬂ’éﬁ aRddi a  or chromat ogr aphy nedi a.
19. Met hod b or denesitiehot shisast ohe comapiing obthebgeneargi foahulant Aocordingitbi ci al
surfaces of  mewim al agiearh6&sm SATHAS la§eNéh tHiesdrPddeoW Ng steps: a) providing a
surface of a nggjppl device and b) deposition of at |east one conpound of

t he general ,.for mul at 1 C%Edsiﬁf%% to, claiml as henoconpatible |layer on this
surface andordeRPsjtiqneplor iiastable angd/asikiedegsadabigdayvar o Bwesiiasedfdheayer on
the surface of medical dedie ar théshentecompatible thgeroconpat i bl e | ayer. 20. Met hod
according to claim 19, wherein the henoconpatible |ayer or the biostable

and/ or,,bi o abl e lLayer is.coated, via dipping or sprayi net hod with
at | &St oﬂ‘ﬁ%?gaﬂe‘&r"éﬂ' H Lf’ sl 0pwherginy 1 nsthocamiatible Juer pedhe

pacl i t axel bisiabPeneng/anbiastegaadabley i yer bsundaterll viavidipitg aerc spdiving t o

cl ai m 19 ometfodowithi sit nigatheorfariibeegrsideple )andlor dRBSBbld QY& vaehi t axel

i n and/ or ganémsgg%gg%%gggy Bﬁéf/%Fgéfﬁeéi_{bgyg Wit abl e and/ or

bi odegr adabl e T ay accordrng alm 21, wherein paclitaxel
I's inplenmented and/ or
- 21.  Method according to claim 19 or 20 comprising the further step c):

c. - deposition of paclitaxel in and/or on the hemocompatible layer or the
biostable and/or biodegradable layer.

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

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

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

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

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

d'): -

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

d) deposition of at least one compound of the general formula 1 according to
claim 1 as hemocompatible layer on the biostable and/or
biodegradable layer or the layer of paclitaxel. ‘




deposited via di pping or spraying netﬁgds on and/or in ¢Keeh®smoapati bl e
-l ayer or the biostabl e and/or bi odegradable |ayer and/or is bound via
coval ent and/ or adhesive coupling to the henoconpatible |ayer or the

bi ost abl e and/ or bi odegradabl e | ayer. 23. Method according to one of the

cl ai m2419- Method epeodinggtoldie Sfthé RRIMSIED- 28, compriding the fuldieRaibs i on of at
| east one bi odegradabl e | ayer and/or at | east one bi ostabl e and/ or

bi odegradatﬂ B ayer on the henoconpatible |ayer or the |ayer of paclitaxel
respectivelgy, dﬁposdudn dﬁﬁﬁé?dl'taﬁl iaf apti/dreastthengt wuaoong wibdegradaener al

formul a. 1 accaqrdj ermco atJ | ayer on the biostable
and/ or  bi odeg)"]“'ziJ }a%%faygfo{ﬁlie?w Qgﬁfﬁﬁfca 35 9 Novenber 2006
24.5Met hod accordi ng to one of the clains 19 - 23, conprising the further

step 28.)- M@thddiem;%}dm%lb @Ifanﬁ@ql Whéﬁérh pbalutaﬂéll@eeﬁébnfehear@f/oﬂ east one
bi odegradabl e and/or Dbiostable |ayer or the henoconpatible |ayer. 5 25.

Met hod accénglangertedcviai dipping ohepeaying mathedscen and/gejivtie ad leasi/asie

i mpl enent e@iddeyrad BBIENSN@Or %Ris’%ﬁb!@:gla?ﬁ BPése ‘h@nﬂﬂﬁ/n%aﬂﬂib‘l radnd/BR% one
bi odegr adag nd/.or bio

ayer _or .the he r and/or S
bound vi a eﬁ{'aaﬁﬁ)’ﬁlﬁa“gdﬁﬂg}qre dnGsiven gcup rir'?‘E'Ie "’%a Z

bi t@legr adabio&ie@nddmletﬂmﬂcbrahbetdbwm’y@rortﬂilﬁhbmomm‘bldﬂla?ehayer 26
Met hod according to one of the clains 19 - 25, wherein the biostable and/or

- bi odegradabl e layer is covalently and/or adhesively bound on the surface of

t he nd@i caMethad aecardingttn ©@ne«fdbe plgamsHI%- 2 ydierein thebiosiableyansidond to t he -

ﬁﬁcé‘hﬁfé?ﬁ?@d@%%?”% BRIy AR of AnERAY Und S SitacBof
char act er i $&gmegdical ggvicenand H@&rb@mmmmat@lq: lyer iz enpalpsiy besar torther -
nalg ve oriBioBtdbie I efidase! BRideyPAdablé0 18y hesd Sedvagy | i\fatdd{*ﬁﬁleiél?(d'cfrf erent

sul phation_coeffi cb,ent s and acyl ation coefficients i n the nol ecul ar wei ght

range of t'RE° Pt cchar | de which is

| 27. Method according to on'e of the claims 19 - 26, characterised in, that the

| - ~ hemocompatible layer comprises heparin of native origin of regioselectively
20 synthesised derivatives ‘of different sulphation coefficients and acylation
coefficients in the molecular weight range of the pentasaccharide, which is
responsible for the antithrombotic activity, up to:the standard molecular
weight of. the purchasable heparin of 13 kD, heparansulphate and its
, derivativés, olig%- and polysaccharides of the erythrocytic glycocalix,
25  desulphated and N-reacetylated heparin, N-carboxymethylated and/or

partially N-acetylated chitosan as well as mixtures of these substances.

- 28.  Method according to one of the claiﬁws 19 - 27, characterised in, that as

biodegradable substances for the biodegradable layer polyvalerolactones,

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

3 as polymaleic  anhydrides,  polyhydroxymethacrylates,  fibrin,
' polycyanoacnylates polycaprotactonedimethylacrylates, poly—b-male:c acid,
polycaprolactonebutyl-acrylates multiblock polymers as e.g. from
oligocaprolactonedioles and oligodioxanonedioles, polyetherester multit;lock

+
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responsi ble for the antithronbotic ac?ﬁvity, up to: the9sbesncter 20060l ecul ar
wei ght of the purchasabl e heparin of 13 kD, heparansul phate and its
derivatives, oligo- and pol ysaccharides of the erythrocytic glycocalix, 25
desul phated and N-reacetyl ated heparin, N-carboxynethyl ated and/ or

tiall h f b t
a2 o ol e DR GRERIE
as bi odegr%RJ)ﬁ%'V@Df!ﬁJWt%ﬁﬁwthﬂfcarh@aiﬁa.d@gfy@dabi!actbayqﬂycohdes poly(g—
pol yval erol atbyinasmatdp PObY(HRRSHIAGIADSatcRO EPRERIE o Bfil Carbliale] VCO! ! ©

acid, polyla de p col I des copo s :
" pol ygl ycol |[Hf§¥ ‘%@ ?é‘"g?;iéP i, pﬁpﬁmpgﬁﬁ%ﬂt an@@WQW@D[ﬂC acid
pol §hydr oxythutethyitashonatesy bWMEMWI@erﬁétes polyimmocarbonates poly(N-

| yhyd
DY XA A Skl B IiSiooR ek e Allepa ahisaletoh Bobissiprs,
pol ymal ei ¢ mlmlm pestars) yholypbagpledtenesy | @b%p—cbrthmyphenoxy)propane]

pol ycyanoa HBdPSxy pr ol nedi at es - aci d,
pol ycapr ol acﬁcog% ebut pltéﬂé%rﬁél at egewhul ti @?‘5@%"%@# rs aEBQJeg] %ﬁ#
ol i gocapr olpé‘&'?)gﬁ@‘?ﬁ’ﬂﬁﬁes %m%ymrgﬁmma@@hemtbae@ with yammeramd gesisuint i bl ock
HENS ' 01071tNmﬁ3kﬁDﬁéatMl @lﬁe?eé‘@ﬂse@%e o%ﬁ@der&?ﬂ)&(&@rfyo ﬁ?’ie%xa%'t:& and

|

| y(butyl | at t ol act d
Pri et hyl - BOfEhEBRsts 38333%' e MRl GaRRIIEe DIty ( @af@gg?ﬁgﬂl‘%ﬁ,amt ),
| DO: yg ETH' Ihﬁbm@mmonwrem mlaﬂéaTﬁimtelﬁ)TbﬁQéd)? plyers, polyamllno acids S &
0 i s oest e colic ac
!torl ?/net hylo car onapmﬁ {)%%?Pﬂj Qﬁé‘i‘ﬁ%‘i&?& b’iWF ‘?%t':&c!“cpql y(N-

~vinyl) - pyr2eid; d@ﬁﬁmcpoﬂmyda nm@d!ﬁeﬁlolaasl man y esddifiedn digsin ghyd olcatseih,

82:5;’([3? ggfc%@gk%ﬁ%oxy)aggopane ngr%?ﬁ%g Cea%gi 8?“%%%%%{/5? | des,

- pol yet hyl e %’ﬁéﬁ% tess of tansbl y dtset hadarivatives,yur diépaties wi t h
ami no aci dchicﬁﬁir&utm@u[b@aat@edbﬁﬁhhoﬁﬁcyd?%é’)&ﬁﬁ@f eapphndts I1 y iy | gRgoxi de,
pol yal ken we r copo yners |'1 pi des, -

e Iate ol orthoesters as
carrageenaﬁ@g f%gﬁ@lng Uy, AIRbicka,| Gi¢arh gelatineeiGollpaendcolaganeNs
pol yami no ldydmrixysucyimitiiéé, dipids, y phosshalipidds, mé@iﬂ%atuﬂﬁﬁ“ bh@dcasbmers

nog! 17 a1y S AL ok Saodingy ShelahereBiieed;  al bumi n,  mor cover
“hyal uroni ¢ acid, chi tosane_ and its derivatives, heparansul phates and its

d?r i pgt i V-Methditf@éédr&ing to one of the claims 19 - 28, characterised in, that as
biostable subs_tances for the biostable layer polyacrylic acid and
polyacrylates  as polymethylmethacrylate, polybutylmethacrylate,

25 | polyacrylamide, polyacrylonitriles, polyamides, polyetheramides,
polyethylenamine,  polyimides, polycarbonates, polycarbourethanes,
polyvinylketones, polyvinylhalogenides, polyvinylidenhalogenides,
polyvinylethers,  polyisobutylenes,  polyvinylaromates, polyvinylesters,
pO[yv_ipylpyrollidones, polyoxymethylenes, polytetramethyleneoxide,

30 polyethylene, polypropylene, polytetrafluoroethylene,  polyurethanes,

' polyetherurethanes, silioone-po!yetheruréthanes, silicone-polyurethanes,
silicone-polycarbonate-urethanes, polyolefine elastomeres, polyisobutylenes,
EPDM gums, - fluorosilicones, carboxymethylchitosanes,
polyaryletherethemetones po!yetheretherketones polyethylenterephthalate,

35 polyvalerates, carboxymethyicellulose, cellulose, rayon, rayontriacetates,
cellulosemtrates celluloseacetates, hydroxyethylcellulose
cellulosebutyrates celluloseacetatebutyrates, ethylvinylacetate copolymers, -
polysulphones, epoxy resins, ABS resins, EPDM gums, silicones- as
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chondroi ti nsul phate, dextran, B-cycl oggxt rins, copolynmegfovdnitar #ge and

pol ypropyl enegl ycol, gumm arabicum guar, gelatine, collagen, collagen-N
Hydr oxysucci ni mide, |ipids, phospholipids, nodifications and copolynmers 20
and/or mxtures of afore nentioned substances are used 29. Met hod

according t he, n

bi ostabl e s %Igtggorﬁjsésf &i@h{%h%lg )Eﬂ%% W %Iﬁ %Ca%(?:rﬁfpo?ﬂners
pol yacryl bt €@iu O%Gt'a@lr?y nﬁﬁWpﬁ@ﬂﬁaeta}qew & ltgaawut Wtﬂre@ﬁla@'yfﬂeé% eand/sr
pol yacryl aniil@ureRooiinesy lsabktaricegare Rkyan des, pol yet heram des,

pol yet hyl enam ne, polyi m des, pol ycarbonates, polycarbourethanes
polyvigglketones pol yvi nyl hal ogeni des, pol yvi nyli denhal ogeni des,

pol yvi 8§ et Methodpdoprdiog o gne nbthe gaimsvi Dy Par cimaeterisainy tdiyhest er s,

pol yvi nyl py, p t 0

pol yet hyl en&eéﬂdé ’?&g?’ZSy ? Qﬁﬁgpékgr&%&grﬁéﬁﬁ g‘?&’%{’@uﬁ’ ﬂ?ﬂﬁ 1531’3

pol yet her uraghieyes vigihyd Meractionse Maander, Vﬁaalscf@meq;(ﬂl?drmtam]es

si | icone- p%éfrﬁbth&i@ %gf‘érh%ﬁés IB%Mﬁfe‘?éétfb%seE ﬁ'gfﬁ nd/or covalent

pol yi sobut yl engs, guns, fluorosilicones, car oxyne chltosanes

pol yaryl et 'P%r ket ones, pol yet heretherketones, polyet hyI ent er epht haI ate,
351pol yval er at es, carboxynethylcellulose ceIIquse rayon,

~rayont,i ac cellul oseni,t eacet at es

g o8t n apedinglp SR hiabE biips a8, Seren Susen ok tha attea es,

et hyl vi nyl @genhipacttyxel pmer of, thqoﬁjnmwm@mnee ,agEmxys medns;m%ameszns

EPDM guns,

pol ysi | oxar@éétwtgmﬁgghd!ﬂ?k? SENFEan '%Wﬁigt'ﬁ%g%ﬁ% é\@ gcfﬁge g\gég&s[ S,
cel i ul oseedREVa Wﬁtﬁepf M%e@mlv@&@! prefein a%)alﬁﬁ%TNnttapldﬂoﬂmedmm/ or

m S Ur es olwelgs files ATMESa! it o EHIARAGE 8l S(HiReRtvS the
clains 19 - char acteri se deposition of e
pol ysaccha@ﬂ@@gs ‘U'Ithtﬂ"i’&'%?ﬁul a % according to claim1 is achieved via
hydr ophobi ¢ interactions, van der Waals forces, electrostatic
interagti omh%d ogen bonds ionic interactions, cross-linking andfor
coval % gf.ev availableyoenewstial aecardingrie ope af tlee claimsd 91931, 30,
“wherein instead of the active _
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agent paclitaxel one of the follow ngzgctive agents is gsRtemisrpoodSt atin,
2- methylthiazolidine-2,4-dicarboxylic sodiumsalt, nacrocyclic suboxide
(MCS), derivatives of MCS, activated protein C (aPC), PETN, trapidil,
13-estradiol as 15 well as m xtures of these active agents or m xtures of
one of these active agents with paclitaxel. 32. Medical device available
by one nethod according to one of the clains 19 - 31.

HEM PO1071WOSGA Appl i eation 38 9 Novenber 2006 Abstract 5 The invention
rel ates to the use of pol ysacchari de8bstraght conprise the sugar buil ding
unit N-acyl glucosanm ne, for the preparation of henoconpatible surfaces as
well as nethods for the henoconpatible coating of surfaces with these
polésa har,i des, which are classified to be the common biosynthetic

pr etur sUIe 1RYRIORN FRlatest thdbar use afdpelvpacchasideph shalscompsisei thed sugar
medi calbulleinigs asit M-aepialedsantins dididhk PprepaRitoh0sF, h&nBeSphliYleSt&Mdes Whi ch

of Theat Jdhes”FEindFe BF B, Aebic-arpaEE restie. of mwriRees rwity Bosed
Appl i cgadlysaccharides, which are classified to be the common biosynthetic precursor
substances of heparin and heparansulphates. Described are medical devices
10 coated according to invention, especially stents, which comprise paclitaxe! as
antiproliferative active agent as well as the use of these stents for the prevention
of restenosis. '
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