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United States Patent 5,891,507, for example, discloses methods for coating the surface
of metal stents with silicone, polytetrafluoroethylene and biological materials such as
heparin or growth factors which increase the biocompatibility of the metal stents.

In addition to plastic layers, carbon-based layers have proven to be particularly
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There has therefore been a demand for inexpensive, easy-to-use methods for producing
functionalized implants.

Furthermore, there has also been a demand for medical implants that are inexpensive to

manufacture and have improved properties.



One object of the present invention is therefore to
make avail able a nmethod for producing inplants with
an additional functionality. Another object of the
present invention is to makesavail abl e nedi cal
i mpl ants which can assune additional functions, such
as the rel ease of pharnaceutical substances in the
Ohe Mpjert dfhthegprewdrit iabertions ise theasfdret hemedky dnaileble a method for

R S R Rt

present invention is to make available nedical

Llac% éct‘@?'tl?‘pre%f {HvEn d RQS rﬂa‘ké %Vi]ﬁ'b%@dl@él 1ﬂiﬁlﬁh€sﬁbh1ch can

|ve|ngre ents |nt pati ent
asemmc radditipaala fungtiens, sich ﬁ&ﬁ q & ?%r@x@@ greutical éBEStanceS in the

deﬁ/dd rith€ deﬂﬂ -of Y@iueaﬁkﬂi fh@febﬁ' HaGé irRfeaddd bxb@orﬁﬁz&ﬁﬂﬁty and/or have a
entl nis al | abl @ nedi cal inplants which
steqmger Bngtienal HHE’FPH? bgical |y active substances t hat
are applied to or incorporated into the inpl ant in a
tro ner after l. apt at ' .
AjBen gt Bbay ot heerlgR AEFD Bk f e @lableelitBt Alabg which
pétfiriva deng-tephamteatd ef mcﬂlcabathgrlegredwntsdeﬁb@ body ©of thegpatient or
tin e rel ease of
ngcg }\% Fﬁ@'{r&lglnen%t? rrom %(ﬂgey %%E%%dd%k%%lhgr obj ect of

this invention is to nmake avail abl e nmedi cal inplants

YRDL S HA A oﬁﬂ@kfe@&xt@ﬁ‘»‘ynﬁbn '1@&1@!&@5’\?&@%81@ medical 1mplants which

m Cr oor gani sns vectors or cells or, 3ISSU

carhgleasg pbqrmapqa,l@g]cg%y activersybstgnees tb%ﬁreampéla itQ, Of H)gorporated into

tﬂaqm?[hnb aoy corftrdllee hipaedt dfter dhpRatatioaof the imphineiretle himaa body.
rol manner or the bioavailability can be

i ncreased. The inventive solution to the objects
Ahﬂﬂhleﬁ abject ftrhisdneanionds ® ploviderptplanthbdeactive digradient depots with

o R NPl s ISA0E 1 om e

depwentlve met hod and/or the inventive products and

uses are derived fromthe dependent subor di nate

clains. Wthin the context of the gese i.nventi
Anpthenobjsetenf tis swpaiienis amake prBleblsaedical i Hhich contain

feﬁ'a‘ﬁHJ’cfi“in&E‘pdrHﬂéH it BN, oithl wetrcascelil oativiudeso that after

ari of types can, be tili | t
e 10 PP T i S 5 P R Bt Sctived
it Hesand widnaer orthé bxmrasallabﬂltysaprsmclﬁaeed n particul ar

according to this invention to apply therapeuti cal Iy
active quantities of pharmaceutical agents to th
Tha ifventvesolation tpthersbjests indicaterd apeve ponsitnel wmeihed and medical

i ”an%”é;bt Q?IF:%C}I m1§m5&§§?leﬁH&iS‘i@'ﬁfeeﬁldﬁﬁéﬂdbﬂugﬁﬁﬁél Preferred
ipplay rolle

COﬂ manner 1 n
embodmntﬂg lof/,the Havensive rgthad n%’(dlfﬂida‘?o‘lnvﬁ?%@uﬂoﬁbcm and uses are

AR CROmithAPaRhEel 3ibdrinate claims.

Within the context of the present invention, it has been discovered that carbon-based
layers in particular on implantable medical devices of a wide variety of types can be
utilized easily to equip the implant with additional medical physiological and

therapeutic functions.

It is possible in particular according to this invention to apply therapeutically active
quantities of pharmaceutical agents to the surface of an implant or in a layer present on



functionalized surfaces conprises the foll ow ng steps:
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I'p or knee joints, socket joint inserts,
screws, plates, nails, inplantable orthopedic flxatlon
ai ds, vert ebr al prostheseﬂwanﬂa¢E8tificial hearts and
parts thereof as well as artificial heart valves,
heart pacemaker casings, el ectrodes, subcutaneous
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surgical and/or orthopedic implants for temporary use, such as surgical screws, plates,
nails and other fastening means, permanent surgical or orthopedic implants, such as
bone prostheses or joint prostheses, e.g., artificial hip or knee joints, socket joint inserts,
screws, plates, nails, implantable orthopedic fixation aids, vertebral prostheses and
artificial hearts and parts thereof as well as artificial heart valves, heart pacemaker
casings, electrodes, subcutaneous and/or intramuscularly implantable implants, active

ingredient depots and microchips and the like.
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In preferred embodiments of the present invention, the implantable medical devices may
also have multiple carbon-based layers of the same or different thickness and/or
porosity. For example, it is possible to combine deeper more porous layers with narrow-
pored layers above them which can suitably delay the release of the active ingredients

deposited in the more porous layer.
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or reducing agent used, the temperature and the duration of the activation. In
particularly preferred embodiments, carbon-based medical implants activated according
to this invention can be used for controlled release of active ingredients from the
substrate into the environment through targeted adjustment of the porosity of the carbon

layer.
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Almost all known saturated and unsaturated hydrocarbons with sufficient volatility
under CVD conditions may be used as the precursors to split off carbon. Examples
include methane, ethane, ethylene, acetylene, linear and branched alkanes, alkenes and
alkynes with carbon numbers of C; to Ca, aromatic hydrocarbons such as benzene,
naphthalene, etc., and aromatics with one or more alkyl, alkenyl and alkynyl

substituents, such as toluene, xylene, cresol, styrene, etc.



i ke. Hydrogen may al so be added to the correspondi ng
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In another preferably embodiment of the activation step, carbon-based layers, even
sputtered carbon layers, for example, can be worked mechanically afterwards to
produce porous surfaces. For example, controlled abrasion of these layers by suitable
methods leads to porous layers. A preferred option is abrasion of such carbon-based

layers in an ultrasonic bath, where defects in the layers and thus porosity can be
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and/ or PCT/ EP2004/ 004985, the di scl osures of which are
T}&r @bdhbaset [1xyer i @ipé@iaﬂy giefehaylyr admperne afthactjvafion with pore

Finrprsas e o PRl BT admT B b 800 B8 £ LT (e

pol ymer crossllnklng which in turn produce a porous

Ig%bg%elég ger; g& %ﬂ)%ﬁﬁ@nt O?in'lts, 'Tg?éntxgﬁ HeSKBVHiAPid Performed

or os
during the step of productlon of the carbon-based layer, e.g., by applying one or more

porous carbon-based layers, by carbonization of substances that produce carbon, by
coating with carbon by CVD or PVD and/or by applying suitable layers of porous
biodegradable and/or resorbable or non-biodegradable and/or resorbable polymers.

It is especially preferable for one or more porous carbon-based layers to be applied by
coating the implant with an optionally foamed polymer film or one containing fillers
and then carbonizing the polymer film at temperature of 200°C to 3500°C, preferably
up to 2000°C in an oxygen-free atmosphere, optionally partially oxidized in an air
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modlﬁed The 1mplants here are first treated with paracyclophane at an elevated

temperature, usually approximately 600°C, with a polymer film of poly(p-xylylene)
being formed on the surface of the implants. This film can then be converted to carbon

by known methods in a subsequent carbonization step.

If necessary, in particularly preferred embodiments, the activated implant may be
subjected to additional chemical and/or physical surface modifications. Cleaning steps
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According to this invention, the suitably activated implant can be functionalized by
making it more biocompatible before or after a possible loading with active ingredients.
This is done by coating it with at least one additional layer of biodegradable and/or
absorbable polymers such as collagen, albumin, gelatin, hyaluronic acid, starch,
celluloses such as methyl cellulose hydroxypropylmethyl cellulose, carboxymethyl
cellulose phthalate; casein, dextrans, polysaccharides, fibrinogen, poly(D,L-lactides),



especially preferred, such as al gi nate, carrageenan,
carboxynet hyl cellul ose, chitosan, poly-L-Ilysine
and/ or phosphorylcholine. In the functionalization
step of the inventive nethodl3active ingredients such
as pharmaceutical drugs and nedi cati ons may be
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LOSh{y of 5% for exanple, and with a load of 0.5

t?ﬁ g g§ i g/ MR paclitaxel and hydrophobic carbon

surfaces wth a layer thickness of 200 nm 70%to 100%
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500 nm, and can optionally release these active ingredienfs in‘a con rolled manner as a

function of the porosity and/or pore size and/or surface properties.

In an inventive embodiment with a pore size of 50 nm and a porosity of 5%, for
example, and with a load of 0.5 to 3.0 pg,/mm2 paclitaxel and hydrophobic carbon
surfaces with a layer thickness of 200 nm, 70% to 100% of the applied dosage of
paclitaxel can be released in a controlled manner at a constant daily release rate under

physiological conditions within 25 to 35 days.



of substances which allow the binding of peptides,

proteins, glycoproteins or |ipoproteins |abeled or

ot herwi se provided with affinity tags. Such substances
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tags, exanpl e sorption of the antibody M on
the carbon surfaces pernmts the binding of FLAG

The modification of the substances to be applied to the functionalized carbon surfaces

corresponds to the usual methods that are possible in purification and in particular

chromatographic labeling.

Functionalization of the carbon surface is accomplished here by adsorption of
corresponding substances in and/or on the carbon-based layer such that these substances
can enter into a bond with the affinity tags. Corresponding substances include, for
example, cations which are introduced into the carbon layer to permit binding to the



tags, streptavidin or Strep-Tactin or SBP tag-I| abel ed

subst ances or adsorption of the S protein on the

surface to bind S tag | abel ed substances. | n another
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In another embodiment, the carbon layer is doped with cobalt ions, where the porous
carbon matrix has a cobalt ion content of 0.1 to 50% of the solids content, preferably up
to 60% in vitreous porous carbon layers. At a porosity of 50%, layer thickness of
500 nm to 1000 nm, 0.1 to 100 pg polyarginine tag-labeled recombinant IL-2 can be

adsorbed by the metal ion doping in the matrix.



i gand. For the production of an am no bond, the

carbon | ayer can be functionalized as follows in a

preferred enbodi nents: adsorption of carboxynethyl at ed
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In preferred embodiments, the implants activated according to this invention are loaded

with active ingredients in the functionalization step. Active ingredients may be loaded
into or onto the carbon-based layer by suitable sorptive methods such as adsorption,
absorption, physisorption or chemisorption; in the simplest case, they may be loaded by
impregnation of the carbon-based coating with active ingredient solutions, active
ingredient dispersions or active ingredient suspensions in suitable solvents. Covalent or
non-covalent bonding of active ingredients in or on the carbon-based coating here may



di met hoxydi gl ycol, di nethyl ether, dipropylene glycol,
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bsorelepsed; after implantation o the medica ice or ’the ac 1ve 1ngre 1ent’ may be
permanently immobilized in or on the carbon-based layer. In this way it is possible to
produce medical implants containing active ingredients with static, dynamic or a
combination of static and dynamic active ingredient loads. This yields multifunctional

coatings based on the carbon-based layers produced according to this invention.



e.g., polylactic acid, chitosan as well as

phar macol ogi cal |y active substances or substance

m xtures, conbinations thereof and the like. In the

case of dynam c active ingredi8ert |oading, it is

provi ded that the.applied active ingredients will be

rel eased after inplantation of the nedical device in

In hetathodipading  wishs actpesy ingrediepia: ¢he | #HIVENINErsHigNtH g segentially

1Mﬂbﬁlﬁ§ﬁ?}§ﬁﬂ&ﬁ&ltlp 4h BPSRIhe Ybdting! Aetiacini gt«éﬂlentsﬁwe@ dorethisSpurpose

I
13@1@%3@%@9 %@Stﬁﬁ@ggitetgeeb?gro ee l?dﬁ]j%?’ﬁopﬂz{mapgtlte tricalcium
phesphae | (TOPgdi £né Saﬁdﬁ@t drgimibeswstcesn siyinaas cpeptities; e proteins,

?.ﬁ)%&lgg(agﬁ:%lc %gﬂhn sacfc ?rligaﬁpk(%%&ﬁl g?%si&{(d églg§acchar1des lipids,
phbéyholipfdsy steegpds, |ltpepro:tcms;aglmqmtpmg,sgiugql@l@rmteoglyms DNA,

I@g é%tﬁn rp%ﬁﬁhe%o%‘ ﬁf)@cﬂgse&cﬁ(gr%ﬁ]tjlﬂédy RRRHEAS Biod¥sSbebIRDolymers,

€S such as nonos
ecd.j gnogdwhaacldegzhgg@n 933|%h@éhabqr@égologlpﬁ]yd§ctwe substances or

ALES combffafibASthetcoPART Bk k8BS, gl ycopr ot ei ns,
SSP %Rllg?{ﬁi;x r, cgrotélogl ycans, DNA, RNA, signal peptides

or anti bodi es and/ or anti body fragnents,
IH'tH@@%r&&Wrﬁnﬂ@ th%Hﬁgreﬁxe@t loagdivigy litais tprevidezi ﬁhat the applied active

Sleroar AL S e By AR LS00k 7 ooy, n

\pé}artmas@hsegl ﬂ'ﬂ{bths amhy Viee sisdak tfam dlesapentis ngp@aqsewnh the active

/
1}1@:8 ‘;SH a%’lpg gﬂi ¢ al&py})slbg{e ng rg%:g%'a" C}Scdl%é?iél%cégsswel%at the site of
usavofrthe omplanhchctive mgradienty thyt ean batusedin gg@qm]@ active ingredient

lbgcgﬁﬁ Ghe @ﬁeh cQBRENGH é&ﬂf% i%@*e%ﬁﬁl%dlrfch@m f@Péxtaniple, hydroxyl apatite

etic heparin anaos rinu

( Amdﬂﬁoragaﬂtp{tﬁp@lﬁmnhplpqsphata K’E@?%gw 47 épfﬁ?&?c substances such as
Hflésnog(l otdi e §é%§6hy@l$atéé tsaph a@se,m@io@amhmdebysﬁ)dgomslmzdes and
ctor

I
rsquseﬁ‘%l@wﬂﬁgéw%ppé.?%h@‘ﬂ 5 g A BB RS R P BRUARE ehycoliics,
S%b ylysals, ONAL RAA dsifwed (pieptidds, ot amihopleammd/or antibody fragments,
o SRS b B pg i SRR 0 o el o
Wﬂﬂ@ﬂb@‘é@ibeaﬂwbenb%mﬁw@%héan%éﬁ’a‘%% asone,

budesoni de, cortisone, cl obetasol, clocortolone
desoni de, deSOX|%$tasone exanEthas

Snitehle mbarmreolqgisally AFfig SHpsiances of &Hf)) %qce&lggc G 0 and/or

J}lridhin@ 354Mey of ah@)ldhmhil@l medhﬁl dbeicess obatedhydronding tto sthiseinvention
pr.edni sol,one

%P@Eﬁ@&jﬁ% mypgﬁmssgr gﬁtéve {r}g]redﬁ%nltg o%“é&%g?&ﬁﬁ ed OIfrom heparin,
ﬂreuSt @tlﬁlainamgtsl(e ignffoadapationx), dirudin, (anﬁmrqml)ms]@b Hirotrecogin

di BARY |
}eﬁatfctgplgf)&?s Suglﬁ as & eﬁl%e’ P dat lggokmd‘s e?g%r&g Rglﬁ prourokinase,
tlnekmlasﬂ a@pistreplase, WBUEMDEMQMt @latﬁglf CFEERGERLIaR | dnhlbltors such as

ﬂggdll%gm %P’Pn}f&?ﬂ?n] NaRIdPpiERe, Ol‘léﬁlﬂ@éﬂeﬂ, abc1x1mab dextrans;

prroxic Sulindac, tol neti
¢cn'fl@czs¢mp1§ls syelos st alglometasane, g amoipon dég raﬂ'geé) {aghmethasone

W&aﬁ%%ﬁ%égﬂ@at%rﬂahﬁéﬁh asudedonhleastorisoneyi clobétasal,neslocortolone,
desomde desox1metasone dexamethasone, fluocinolone, fluocinonide, flurandrenolide,
flunisolide, fluticasone, halcinonide, halobetasol, hydrocortisone, methylprednisolone,
mometasone, prednicarbate, prednisone, prednisolone, triamcinolone; so-called non-
steroidal anti-inflammatory drugs (NSAIDs) such as diclofenac, diflunisal, etodolac,

fenoprofen,  flurbiprofen, ibuprofen,  indomethacin, ketoprofen,  ketorolac,



such as nitrosoureas, nitrogen |ost anal ogs; cytotoxic

anti biotics such as daunorubicin, doxorubicin and

ot her anthracyclines and rel ated subst ances,

bl eonycin, mtonycin; antimevabolites such as folic

aci d anal ogs, purine anal ogs or pyrimdine anal ogs;
paclitaxel, docetaxel, sirolipus; platinum conpounds
meglofenamaiar msienania, aeids preloxicamy n%&laﬁt%}eat Rgproxen, - oxaprozin,

pRORR&M| Nsalshlatd) OffiHdA, tdli%tulill beleé@@l@t ﬁﬁf&cfbmb cytostatics such as

erferon-a i nterferon
SOl SEToSRARIGR, ok ol bl g igine ogns
s@élﬂ%hm@kcbtneasbﬁkﬂfgeh dost analbgs i aypotoxicantibimtids Slg'éln‘rE daugorubicin,

CERAER, 398 e TR MSE ph iR, pEb Sl mitomycn
afftimeiatiolites tsypke , asq folivi almdeanamgownam agelogs aprayiimedine analogs
pg%lflhxnal ﬂ&{%z%eggsﬁrjo ﬂ}tuﬁepl?ﬁ ﬂh@oﬁ%ﬂoﬁh&@ﬁch%%mboplaﬂn cisplatin or

rary ocal ype g
okaldflatan; n@nsaﬁm;u irénotesany Hed i b; qqpoqegeglallﬁt,eﬁferograég}ga g% interferon-

mﬁta'ﬁ h Hyﬂa?l‘?amx%e OmiltefoHiR) peBSAtin, porﬁmer aldesleukin, bexaroten,
ecal ni df aaet ate); class Il antia

tstinsiny oeEngoer i croseivest ARibTNBRE T pigplar class 1
aﬁflﬂﬂiﬁm(ﬁid)éuch Fﬁetaﬂﬁm@h)dhmmatcﬁ‘ nhd qhinidingtypeoquihidine) dswpyramlde

B B B0 LSSl o o o
tyies, apgrilidocgiae,| opaitetin, phdngtouantqcamndayttlm bos agiiarthyskmics, e.g.,
ade %f’(ﬁpﬂﬁ]ﬁaﬁﬁﬁg& &Hﬁj ERS 11 Mfa%?ﬁﬂlmaﬁ Q8ePRr AGERESsuch as

genesi s ocardi um such as
maspmloa,r wmﬂolhelpr%nrargﬂ@im meterrplol, (e\vmh) pagiegolol; class III

Wl‘?}%@?& sUtp é\.@‘ &nfo@ﬁlto% dobdt6¥; }:laasd’lmanﬁ/d hridb¥suchi dsaliltiazem,

othe| rowt h factqrs. -2, . VEGF, . .
VFGPﬁImlangﬁ’lB?Péﬂﬂcs%ﬂan%l Fmyes | B‘l’f&l ag‘?ﬂqs’@gi i fgiprenaline,

ﬁﬁi bfomige:dgiens forlstipfubgizg dnguogead:dms in (HEP@yocardium such as

vapggﬁgal | a@ﬂ %/lcos er%xbtoa @Epﬁ b%gl% Oﬁﬂroblast growth %ctor (bFGF), non-

viday dOINA¢ledrab L[ONAasemiuﬁiehaln grcmrtbsfacmrsir FGF ri, FGF 2, VEGF, TGF;
agﬁ%fg?lg;ﬁ Crgég&%na?%nﬁy&?%sa%g%n@f%nﬂeﬁnacz oFt bAEHRARI PrSgenitor cells

I.ne recept or
(EGC dtgstahs: gll)@pgndf:s:; malnh eds Qqe@d kdigexigmetidigoxin, digitoxin, digoxin;

%@@%129%5@@5{;&, éy&ﬁbﬁﬁch as nifedi pine, nitrendipine;

Itors qU|napr| ate noexi

apr
nreseHipsidans r antihyRetensyEs such ocargﬁ Ia}c%v y hﬁ‘HF%\ gic; gubs{ahces e.g.,
rﬁ&ﬁylﬁbﬁﬁshﬁldaholu@dﬁtﬁbgepftbstsgonmnd&amttrmnchamebt blockers of the

art t el m sartan s X .
dé%f‘g )@grf e?salnffy&g ine;’ § 3 t?eaqlagﬁﬁl@ R@E nhlbltors quinaprilate,
di)llaza;kﬂ,r Snwmnlastrqndalapsl n$p1mpab| dmdapn]dotxqui@bqpﬁl angiotensin II

aggnggleﬁ Sar ﬁa}lgésggtgr?dllgxetilndWaﬁ%% VasRRhka at Qhsathhhedoxomil,

am ne di chl oLacet ate,
aprosaxtamnti b ;:rlpheralbprag@g,ei @h)hgdgq:qntﬁr blogkers such as” prazosin, urapidil,

c@%ﬁi@rp ef)ﬁrgﬂﬁélg eSerastfsth, afhdo AR A ab&lilatord e61@4C b$ Ndihydralazine,
mes

ylate rOGngt dxi n _pet hanessul f onat at e,
diisepropzianmine boé@ﬁ{%’#e at¢,u d rBEgKIGs o itroprusside

naspedsioss ed'u@ﬁeaﬁ NintiBaindide, caurekgoaanen mesylate, dihydroergotoxin

enoXli non _and anti h ensi ve u in
Iagthétpféﬁlgfqgla%&l B%Eni’ﬂ@“@“ ?]éxag)scpgﬁgg% %}f?gﬂﬁodgéé étlse inhibitors
Sheh Utk 3Rl ieon, epexigphrdndentiayptedsivasesncnes fre paticulae adrenergic and

dopaminergic substances such as dobutamine, epinephrine, etilefrine, norfenefrine,

sodium; other

norepinephrine, oxilofrine, dopamine, midodrine, pholedrine, ameziniummetil; and

partial adrenoceptor agonists such as dihydroergotamine; fibronectin, polylysine,



nor epi nephrine, oxilofrine, dopam ne, m dodrine,

phol edrine, ameziniunmetil; and partial adrenoceptor
agoni sts such as di hydroergotami ne; fibronectin,
pol ylysine, - 20 ethylene wviatyl- acetate, inflammatory

cyt oki nes such as: TGF(3, PDGF, VEGF, bFGF TNFa

NGF, GWCSF, IG-a, IL-1, IL-8, I1L-6, growth

esfaylonst Vinalh asemteindammalerk cafRkitessveh agis TOFp, PDOFTVEGE, bEGF,
Sula(ﬁ oﬁ@T‘Y lcaVESSF, aeiR, |ILUmILS8 IILCa: gré‘\ﬂﬂx I%rﬁ‘ibh@ 4s2%¢10 128 adhesive

eryt hrdpoetin, hor nones sy
soBFERSESt ?‘{‘}Bl As cyawﬁ%%%pb%lhugbnﬁf %p%’s growth factors such as

drihfdpoe RN RSrmohes NBdtes ag n,coﬁtﬁbtrbphgssgdmad@mfﬁMI rsomatropms
tEetro I|x corticorelin roreI| t.orel,i

YQuQBRine, (P.FSHIQQFHS?I& e;(hpr%ﬁgle ngﬁon F%{?I&\’f r?mcorelm leuprorelin,
tgpmlm igonadiselivg | danmelix, @gwrahmrr}afarpbrptgodeslls,mmdt as regulatory
pseg sﬁ{ ﬂtésnsbm%fc}sga‘?ﬁt b%reolaanSorﬁnrﬁndcé‘i’rﬁfakégﬁnulatm% peptides, bone

nor pno enetrc pr ot
r(l@mhggenenn pmtcms: u(BMPs) eiro rnﬁm@mry BREOmbinaGE hBYPs , such as

@&H&Hhﬁl"ﬂ}ﬂﬁn USToHP- ﬁM{Bgﬁ( oY) %@hggphol%té QSHEHH'F&{a@e pamidronate,

., risedronate, drona bandr onat e,

@‘1 sk Y zplg@rpglc é‘f‘@df’]@ﬁ’é?é‘é‘?‘%e gteqraps(gﬂgea&leéldronic acid, tiludronic
AR BN AWt des asio, aL‘l Higediami Gluo&iphd)sphafd uwdludﬂsﬂaou@de asalcitonin,

di um f | f
S huerontaeiats wep ot L s Rl i
@@fep'vlﬁémﬂe@mwwacfamor (REES), ﬁbmbblbtetgrm| daetors (FGFs),

L N D R e
dryﬁmfomtm ﬁ?gpog,r iosulin- hlaecgmrwth fecrarl dGF-Deinpulfir-bisogeawth factor-II
@PCI} ;i t]@ﬁEl!\th'll {Itel)gﬁrRMéﬁkfr@Qt(Pﬁgh_, ﬁxke@%uklh 6 (IL-6), interleukin-8

tact or
@Lt&’lt}mqr eeroE RFAT2 (TNE-2)) tuqutr@ncwoéﬁkf?ﬁ%% ((TN%E%) iérferon-g
| estsh P -s8mufdting ShetofsUTBF siiembAsdyte thenid@sictiz protein, fibroblast

.TN t uno 0Si act o f
55 tg% feiPiorly Rttcs ol ot P&é?%?@gf'azs%%%oth B Ardotensin 11,
ddhlagmsactbrombnpmaw metﬂxysﬂnglds, nsdthotrdxatej ngpaftmat ortetmchlonde

gH)ac% 'ﬁr];ci ?{haﬂ%lglra ; éi)lr M‘Qi r%Jcﬁl@fo&'tlci‘x‘fil.n’nndl;l.)x1de antibiotics and
Miﬂmwg Idd%s smeht mnrp@xtwutar Bclaetbmramlgtqﬂa&; It 8or }-tpstamase-sensitive
ééﬁi&ﬁﬁl@t %g&}geaéngmﬁ&pa@mlllﬁﬁ \Qﬁédmﬁﬁm sG), v eﬁd)@ﬂfelhylpemcﬂlm

tani um oXl , anti otics antl-i1nfectiv

@enighlin Yon ﬁéaqtﬁnwrrﬁmtsmarpe(nsmﬁ@ét SHnds pAGinopenicillins, e.g.

ﬁnékmll(@ |aﬁﬁi@msebaﬁ:&m§icilllme adyimhiabpdnidiins usithass mezlocillin,
enz%l eni,cil lins

SREA W&W%l‘l#?em ﬁa(lf)sé)r?flg? %\I‘lc}has\ciffazolme cefuroxim, cefoxitin,
deBotiame,t avefsdter, estfatmnil, peefalcxinl,l horaganbdf, asefixim, cefuroximaxetil,

%aﬁébu em lccile podo%fmﬁ%mgétll (fofdrhngrexetﬁnp' &itllet)h'ﬂn ertapenem,

am nopeni cl
memlpcmml i B-lactpinpssr amhml‘iorﬁ éla%hboﬁsjpéh]b@@tﬁmi nsultamicillintosylate;
t%&?%%hﬁésoosrdcﬂs fa§u89xn)1@§cl?rﬁf aﬁﬁﬁdc@@l’m& etdia@ydlite, chlorotetracycline,

cef acl or cefadraoxil, cefalexin,
oxsteitasypléne; @BNROElYROSIdRY UFUSRI PEx GERBMICIRCfiCPBYEEn Streptomycin,

fo B AR | Ak 2048 Hetilmiee, ﬂﬁ%drﬂﬁﬁ@xi@émﬂ'cetlﬁ,zslpl‘e&ﬁ){mmcm macrolide
ertapenem . meropenem gﬁ mase. lnhl ptors. suc

DB arflich UPS afR BRI oRyRins UESkififomycin,

spiramycin, josamycin; lincosamides such as clmdamycm, lincomycin; gyrase inhibitors

mycin,

such as fluoroquinolones, e.g., ciprofloxacin, ofloxacin, moxifloxacin, norfloxacin,
gatifloxacin, enoxacin, fleroxacin, levofloxacin; quinolones such as pipemidic acid;

sulfonamides, trimethoprim, sulfadiazine, sulfalene; glycopeptide antibiotics such as



tetracyclines such as doxycycline, mnocycline,
tetracycline, chlorotetracycline, oxytetracycline;

am nogl ycosi des such as gentamn cin, neomnycin,

streptomycin, tobramycin, -agiltkaci n, netilmcin,

parononyci n, franycetin, spectinonycin; macrolide

anti biotics such as azi t hromycin, clarit hrorrym n,

vengomhyodmy teicoplanty i plypaplide rﬂntlb@ﬁiﬁ" Shgteian pgl ww&l fg., colistin,

pbWﬁW Hﬁ%uﬁﬂ%ﬂ)l@% el %é’!ron'xda%l‘é”ﬁﬂltlﬁ‘zolébﬂhﬁﬁ@qumolones

tofs uoro no ones, e.g.. .
suehrasf Fligeasiuin, wefloguini fyd BT PRORID: blgﬁ%’&*‘i‘% SXelias, proguanil;

qufihd AIRXIBEds hnd ARG Primidi s Ruete wpylﬁrﬁm&rhméaﬁmphemcols such as

oflar P SOl DR oSG s i fhid EsTemysh) SRERRE, Jgtithromycin,
fadfalﬁhx{glmt fosfonsyetd) Eentamidihe dnaiaﬂmryad:a rnfam@lcnmplaamhmn atovaquon,
l@ éipcﬁ p\hru%estgr]lnct 'sx?éhogg; %ﬁlcﬁ)l\'/flh (ﬁﬁ %{‘{ngﬁ‘laaél'ovﬁ' Yoscarnet, inosine-

erivat es
(émgspxanvbmamtauad@eazom)n i \@égp@prélovarm Yedagiglagr.o ﬁh@fo‘% chrivudin;

afttir %lvﬂﬁlogdﬂv@ 1ng§%31eﬁﬁl{hﬁcle&‘{&" M&g‘f&%ﬁ@ﬂhﬂscrﬁit%amh@i%rs and

Stch “as proguan oi ds an

ul ni.n
dgrisgH veshuchras demad digg crleiteh Bfr éﬁéﬂ?ﬁmﬁ ﬁé‘ovsﬂﬁh@HP@aif stavudin,

abHGR i Pon-plit1Ies AP Bgild £ Rlverstitfaabiriptase iAMIPRON: amphavie, indinavir,
acid, fosfonmycin, nifuratel,. telithro

sAQBAiR i [RPINFYE GHIPBRYIT, st r?&laa%gbet hitbAYige, zanamivir,
oséltamRircind lathBudink) aki wicll 28t amyaguiiinatiohs amkmixtdres herens.

static such as aciclovir, ganciclovir, fanticlovir,
foscarnet, inosine- (dlnepranol 4- acetan1dobenzoate)

val ganci cl ovir, val aci cl ovBZENIXof ovi r, bri vudi n;
antiretroviral active ingredients (nucleoside analog
reverse-transcriptase inhibitors and derlvat|X

Espedialiys prefarredientheodiments iof 4he peesent fasaippdnclude coated vascular

RS LEERs t(ﬁl'ﬁ@fl@Mhﬁl, dridopiedihBses) abahavdsr ;stents, coronary stents,
non- nucle05|de agmg§%¥ ﬁ%fﬁ b anscrlptase
iptseyaseyl rdent ppr enty 4 saqui navi r,
| opi navir, ritonavir, neI finavir; armnt adi ne,

i bavirin r
o7 S Ly o SNt A AP PP B g BBconcing
tEsthlsonaédtly»npsoeﬂet thecresidal ditenesesswhichtfrrsupntlys egaur in percutaneous
1;%?1‘5?1?:{ |'1 gﬁ?iagﬁagﬁﬁﬁ'ﬁcﬁ?io?{ﬂ%&ms%an bepelRhRat heses

prost heses) such as stents, coronary

[ s

stents, |ntravascular stents, peripheral stents and
E elrﬂdl(hﬁhm eﬁl@taﬁl@”a(ﬂ%@' in‘grd@l@erﬁynﬁﬂ iporvak | &elbr-basad coatmgs in
|oc nner

ot L8, RS e LoD 06 et Avcin i
tﬁé mmbﬂ theoasceular walp e bt anlsibited and/ansuppndssed by temporary local
5L LT s b, T B D AP s
smétfidientlb szt ckrowar acegeding ito tlpmstlatecgig the mcbutttaszélsablhty has been

rﬁﬁ@c{m& {53h€t ﬂﬁé%pﬁ%ﬁ@%@&ﬁdl g'?@tﬂeos@ﬁ!e of ﬂfe' Wbéxﬂ@ular because
FRRet i onin: % h

vasc

ofithe Bhadsquate deask capapipy adicdgle goewﬁgqo&py\l\@%%ﬂa&hty, inadequate,

i.e., incomplete release of these active 1ngred1ents or intolerance between the coating

system and the active ingredient due to unwanted physical or chemical interactions.

In preferred embodiments of the present invention, vitreous carbon layers or composite
layers with the addition of carbon black particles with layer thicknesses between 80 nm
and 10 pm, pore sizes from 5 nm to 1 um and porosities of 1% to 70% are produced and



rel ease of these active ingredients. The use and

efficacy of such active ingredients is sufficiently

wel | known according to the state of the art, but the

usability has been Ilimted due to the coating systens

according to the state of the art, in particular

because of the inadequate | oad capacity which | eads

activataddprglexeldy Biyomimeidneibg Ifilleys andy thfagigatoying theg from the carbon

15%&%&%@11 rt@é SaaxnRE of LEBEn Bldck \arddiay l%i’ir%né SpHefical or ellipsoid
eran e

tween the coatjn em a he ac
qrrepdeshppest mATRhQlOEY) AN f Bﬂtlﬁ]ﬁy%?ecaklslbrmf?h@n% afm thést§ particles
drB4tBigaLporoiS malrik, B6 Eiat bEtded mQﬁEdtémtEBdahS)e@i:cdmmw"iteck and sufficient

R e DRSS Bl RN R BAT L
thi cknesses between 80 nm and 10 m pore sizes from 5

2pre e&ed e ogj Meh tgsdftt'hgﬁsmg ntloﬁ) tb?' %pu 4&@5&3 ]pp 'ilfbdl:'acrﬁgn g&‘éd layer,

efera
¢.p.e witheainat mgelemm ferrmmtwe, &varlwdmphnlsg/nrppmy phihesgating can be

1&1@%@&"\\?&&1‘{ fa tlgfn Qcﬂfll@ﬂ{éllgllﬁ&gaﬁﬁﬁé GilbESmPABIIRY, While on the other

eri cal r od- shaped hol og :ildh%
lpmﬂtm@ltlég Sierlayestbelier s (o upoke ﬁ?ﬂvf‘fﬂﬁ%@ggﬂgr i gaflilar hydrophilic
sdtivatngdiedient9or ous matrix, so that active ingredients
can be accommopdated in a sufficient anount. The
surface of the stent inplant may be increased here up
InOesg@Qﬁllyﬂﬁ{efé}redl gmbdéirheuts, estergsyiho dantientas carbnarfyistents and peripheral

' nvent ' Ho%(%éld%\glih él’?atnlnroagolf}%lcé}ﬁﬁa&% gelgbtr e@?&’rhéu%é(t%ﬁce mixtures or

eva érat u
WH roehh bt cell pultyres by thef mf:thedca@mrdn@ todhisiaventingr Berse@mple, the

%ﬁ%&préﬁfl %‘&F sﬁﬁgéets'lﬂﬁfllbleﬁdl eﬁe@ﬁﬁsthé ﬁﬂlowmg actwe 1ngred1ents to

conpat i her %
loggllsyr sbppress callbl@hssjore»pplal@éetaéga%atmﬁgP@@Pm%ﬁ HvaﬂOﬂ and/or

Hl@lﬁfrﬁﬁd{{)ﬁrtlsgﬂéjfeﬁamnls lo§ celﬁﬁﬂo’ll‘f&athdigr edients. In

especl all'y preferred enbodi nents, stents, in
partl cul ar coronary stents and peri pheral stents may
%‘rﬁﬂdg@htmtfb hhé¢pasinmaeddgg{cal | fgndaparinex)s tinsitlam caditloombin 111,

Se%:ﬁﬁg & pet%ggr 5{13&)}}1 téaﬂeﬁlﬁéel IP?JS i&) Pg%ﬂlﬁééé%s Bdor  Xlla,

I nve
pﬂmarol@msb,omdjmd, amemplwr fsaeetgkm*;e)b@latqﬂﬁti ga&rsgwomhmhlbltors

éa%?tly sﬂlg#ﬁ}@ ngcigct rgxﬁPhrgfﬁabﬁar& t Qlopidtl! Y aBIRIAASS dextran),
esi on, et’ aggregation, conpl eme
erticosierpists anédl @J‘PmeFaﬁPmeamTaP@W‘o{‘i@s ue W%Pﬁeans Bytamethasone,

g@élém&h%dnfe er i Réthadoae; arbddesdiﬁ’dﬁ h ebm@orhﬁ palobetagiial dgsortolone,
ondapar i nu i rudin

@S@pid@cg@oﬁlx%qtﬁqae 4qx6p1f3%§wr ggoc‘(lgqlpé% ']ﬁlgglnogxldg,st;l#randrenohde
Fvsieklid Ricadone} halcibhide, halolatasoki malsecortinooki mety|prednisolone,

| t ok
S L e o
idedi dintiel g al n
g%{ g}o‘f?rﬁt erfﬁfrﬁﬁr({{?ﬂ cl opBi-eRANE. ingfkbMasinde, kasabRA! edketorolac,

asone ecl onet’hasaqne, betarret hasone
medlofonaimate, owfanasuneacid GRAPXIGHN, RADBEISIONG) Jlzgroxen, oxaprozin,

piroxicam, salsalate, sulindac, tolmetin, celecoxib, rofecoxib), cytostatics (alkaloids and
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carrier systemfor celf culftures. Sultable nethods

In the case of surgical and orthopedic implants, it may be advantageous to activate the
implants with one or more carbon-based layers so that the layers are macroporous.
Suitable pore sizes are in the range of 0.1 to 1000 pm, preferably 1 to 400 pm to support

better integration of the implants by incorporation into the surrounding cell tissue or

bone tissue.
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antibiotics and antiinfective agents. In particular these include beta-lactam antibiotics

(B-lactam antibiotics: B-lactamase-sensitive penicillins such as benzyl penicillins
(penicillin  G), phenoxymethyl penicillin  (penicillin V)); B-lactamase-resistant
penicillins such as aminopenicillins, e.g., amoxicillin, ampicillin, bacampicillin;
acylaminopenicillins ~ such  as mezlocillin,  piperacillin;  carboxypenicillins,
cephalosporins  (cefazolin, cefuroxim, cefoxitin, cefotiam, cefaclor, cefadroxil,
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The active ingredients may be adsorbed in the pores of the carbon-based layer

(covalently, non-covalently) in which case their release can be controlled primarily



These pol yners can be applied to the surface of the

i npl ants and may cover them partially or entirely. To

nodi fy the rel ease properties of inventive inplants
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rel eased therapeutically. By additional coval ent or |
Therinvaiat émplantsouay alsabr deaded withelivesahls or migroprgapisms in specia
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nutrients and active ingredients produced by cells or microorganisms but is not
permeable for the cells themselves. Thus the cells or microorganisms can be supplied

from the organism through the membrane coating.



Therefore, in the additional coating of the porous
carbon-based | ayers produced according to this
invention with additional layers, a distinction nay be
made between physical bar¥izgs-such as inert

bi odegr adabl e substances (poly-L-lysine, fibronectin,
chitosan, heparin, etc,) and biologically active

Fasamxample; byTweng the iaventhip tsehnologyi ’é’a‘lhlsywaihllh Hcpgssiple to produce
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whi ¢ch mt the Iea e of, active i di ent,s ,and/ or
aceshne Bah preaelling ehirBFO Vel hiier Rinb AEhAEd o Ferbods.

nedi ate the rel ease, actlvate bi ol ogi cal ly active
substances or bind inactive coatings and lead to
exposure of active ingredients. Al this specific
mechani snms and properties listed here can be applied
to the primary carbon |layer as well as additiona

| ayers applied thereto. By applying the

rel ease-nodi fyi ng pol ynmer | ayers nmentioned above

and/ or by adapting the pore structure of the
carbon-based layer, it is possible to control the

rel ease of the active ingredients fromthe inplant in
a wi de range. achievable release tinmes include up to
twel ve hours, up to one or nore years, preferably 24
hours, 48 hours, 96 hours, one week, two weeks, one
nont h, three nonths. The inventive inplants nmay al so
be | oaded with live cells or mcroorgani snms in specia
applications and may be functionalized in this way.
These cells or mcroorganisns may formcolonies in
suitably porous carbon-based | ayers and the inpl ant
colonized in this way may be provided with a suitable
menbrane coating which is perneable for nutrients and
active ingredients produced by cells or mcroorgani sns
but is not perneable for the cells thensel ves. Thus
the cells or mcroorgani snms can be supplied fromthe
organi smt hrough the nenbrane coating. - 29 For
exanpl e, by using the inventive technology in this
way, it is possible to produce inplants which contain
I nsul i n-producing cells that produce and rel ease
insulin according to the prevailing glucose |evel
after being inplanted in the body. PCT/EP2004/ 005785 -
30 CLAIMS 1. A nethod for producing nmedical inplants
havi ng functionalized surfaces conprising the
follow ng steps: a) providing a nedical inplant with
at | east one carbon-based | ayer on at



| east part of the surface of the inplant; b)
activating the carbon-based | ayer by creating
porosity; c¢) functionalizing the activated
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sputtering, netal carbides, netal carbonitrides, netal
oxynitrides or netal oxycarbldes as well as, an
dAs intetitbdc dorb ipnaxtuictngs medegad oitmplants Th?é’lﬁﬁetfhéfél%gﬁdd iSHgfaces

té’or@r@t@&leg&l&vmg@%@a erized in that the i mpl ant

erral which is selecte

car bonprowidies P reedieal PR il Holgast fqnﬁe‘ia§ lg?sﬁﬁ‘n?%yer oh at
9ie§§t§mrt@f@1§é dugface Hﬁﬂ@hﬁxplamlt ;l oys, bone, stone or

pwecedaqsaaena%wa%e&aaeféﬁé%h”. A ARBRS Tl ant

i § sel pgteschdlizing theditbatedorartiduebaapélayes i npl ants such
as vascul ar endoprostheses, stents, coronary stents,
peri pheral stents, surgical or or t hopedi ¢

bﬁherrmﬂw@tahesrémgdp Glaimni, ghesastarizsd én that thefqaeboalrbaseg layer is
&Itéd ﬁ%ﬁf g&{' all?eﬁ‘bﬁuceﬁaééfﬁ&i ﬁé}b’@ﬁ-ﬂ%ﬁ&@t@&&aﬂﬁﬂ @arbon

. d d
ompr ta@dnuhi'ﬁéVg'é’ ,Oﬁép\gpca}qgsm gep.éaéc?eér%% ! prnogﬁg? AMetal

agkymi@4de®br l%ta! BRysatibeyashaclbah dngr}chslra:csccpnblhammdh@moh
suitabl e oxi di zing agents and/or reducing agents. 6.

The nethod according to any one of the preceding
ciraé Ef&tho@lfh%baxfdixfg foz@dirh 1 driPathara¢terizedribghatishe indplenlyeansists

Bﬁf g gxtla{teréah ayq-B{ﬂY iS.S deci?cld ﬁl&n"\ﬂ cﬁrboﬁ)i% sitd'hriale@d$ carbon

iz ng acl opt |ona at an
eﬁbm;cﬁedamwnglesaplﬁshcs mtal$Wé1°K’5eﬂ3ﬁ@%l S%@@F dﬁllﬁﬁra{so any
one of the preceding clains, char acterized in that

the activation_.is perforne abrasign_in_an ueou
(T T Caas RIS Bt HF L P g LA Py 2 A R hat
sild maslas i8ndleatedafrowi medieal. or- thadapedtic Fhplantstsuoll as vascular
accor di to an oneofth P

R L s
C&hbl@ﬁtslo aoeel prasyteses or fieinb peosfisen, srtifiviel bearts, wrtificial heart

opor.0 he range of 0.1 to

A e A R e e e St
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The method according to any one of the preceding claims, characterized in that
the carbon-based layer is activated by oxidation with air, oxygen, nitrous oxide,
and/or oxidizing acids, optionally at an elevated temperature.

The method according to any one of the preceding claims, characterized in that
the activation is performed by abrasion in an aqueous ultrasonic bath with the

addition of alumina, silicates and/or aluminates.



10.

11.

12.

13.

14.

the activate porous carbon-based | ayer is subsequently
conpressed and/ or sealed by CVD and/or CVI of

vol atil e organi ¢ substances. 11. The net hod accordi ng

to any one of the precedimg-clains, characterized in
that the functionalization of the activated
carbon-based | ayer conprises |loading the layer wth
atThe mhod)mosdmgt@meombfem preckding cidimsnelvodaerized|in that
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met hod according to any one of Cains 14 through 16,

characterized in that
The method according to Claim 11 or 12, characterized in that the substance(s)

is/are applied to and/or immobilized on the carbon-based layer by adsorption,
absorption, physisorption, chemisorption, electrostatic covalent bonding or non-

covalent bonding.

The method according to Claim 11, characterized in that the at least one
substance is essentially permanently immobilized on the carbon-based layer(s).



15.

16.

17.

18.

19.

the a coating which influences the rel ease of the

active ingredient is also applied, selected from

pH sensitive and/or tenperature-sensitive polyners
and/or biologically actiyge .barriers such as enzynes.

18. The nethod according to any one of the preceding
claims, characterized in that the functionalization
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cel l ul ose, carboxynethyl cel |l ul ose phthal ate; casein,
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osphazenes, po amno acid and their
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one ‘of Clains 20 or 21 conprising nmultiple

carbon-based | ayers optionally |oaded with active, )
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A gl mp 20 LH0E, 2%nc1MR0 HpIRAS S hBEbHeRRidSble and/or non-
absorbable polymers such as poly(ethylene vinyl acetate), silicones, acrylic
polymers such as polyacrylic acid, polymethyl acrylic acid, polyacryl
cyanoacrylate; polyethylenes, polypropylenes, polyamides, polyurethanes,
poly(ester urethanes), poly(ether urethanes), poly(ester ureas), polyethers,
polyethylene oxide, polypropylene oxide, pluronics, polytetramethylene glycol;
vinyl polymers such as polyvinylpyrrolidones, poly(vinyl alcohols), poly(vinyl
acetate phthalate) as well as their copolymers.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

or cationic or anphoteric coatings selected from

al gi nate, carrageenan, carboxynethyl cellul ose

pol y(neth)acryl ates, chitosan, poly-L-Iysines and/ or
phosphoryl chol ine. 24. Agfent coated with an active

i ngredi ent according to any one of Clains 20 through
23. 25. A heart valve coated with an active ingredient

a@&q 148 hfaomgrwme@omlzéa airfie Poducihloageording togny pre of
ﬁnla t acc |Sng to any one of Clainms 20 through 23

i Hernseced \ ‘Bfn an orthopedi ¢ bone prosthesis or joint
prost heS| S, a bone substitute or a vertebral
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offibersasatisl %doqnﬁ%tﬁﬂﬂ OZfarbg’B PAPEP'NG" appl i ed and/ or

|ncorporat ed m croorganl snms, viral vectors or cells or
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of the inplant in the human body.
A device according to any one of Claims 20 though 22, also comprising anionic
or cationic or amphoteric coatings selected from alginate, carrageenan,
carboxymethyl cellulose, poly(meth)acrylates, chitosan, poly-L-lysines and/or
phosphorylcholine.

A stent coated with an active ingredient according to any one of Claims 20
through 23.

A heart valve coated with an active ingredient according to any one of Claims 20
through 23.

The implant according to any one of Claims 20 through 23 in the form of an
orthopedic bone prosthesis or joint prosthesis, a bone substitute or 2 vertebral
substitute in the thoracic or lumbar region of the spinal column.

An active ingredient depot with controlled release that can be used
subcutaneously and/or intramuscularly according to any one of Claims 20
through 23.

The implant according to any one of Claims 20 through 27, comprising applied
and/or incorporated microorganisms, viral vectors or cells or tissue.

A use of an implant according to Claim 28 for producing a therapeutic effect or
for increasing the bioavailability of the implant after implantation of the implant
in the human body.



