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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
advantageous.
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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.
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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
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ard TBhde RIS tto OfnchldeDSheddaY or therapeutic implants, such as vascular
endoprostheses, intraluminal endoprostheses, stents, coronary stents, peripheral stents,
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.



materials, preferably those that essentially have
thermal stability, in particular all materials of
whi ch such inplants are typically produced. Exanples
i ncl ude anor phous and/ or (_p%r tially) crystalline
carbon, solid carbon material, porous carbon,
graphite, carbon conposite materials, carbon fibers,
The eimpivness thas wain besuseddhi thesinvenitive aaéthed nﬁwmmwof almost any

es tes con carhid icon
P e, B8 BREisERybL, hERE iRl R i Biicutar a
maﬂmaéﬁ ofordrldomdlrlm@@ts mtmcallamntﬂ des, metal
oxynitrides and netal oxycarbonitrides of the

trapsiti metal s, such as titanium zjrconium
Exﬁ'&?ﬁ? u‘rﬂ‘:ﬁ\laﬁnélap U%i%@(qynfpleA| erystaimeoffhay, solid carbon
matsriay, pbesusnoarbon) gedphite, CRRBGPERBSOsItE AL, chfb@ﬂ fibers, ceramics

Ryl e T Rar W L. G s

mtrldn,hmq:m m:arbidosjl [m:tal peidbsdinetal witridesmmétali dabonitrides, metal
aﬁilﬂ&umet%&ﬁ#ﬁ‘uﬁ'g AndRicd] o a?%?ntg.ﬁest 61‘@ x‘ﬂﬂ%ltlon metals, such
I rconi um ni um_ vana . niobl um tantal um _

as ¢ [HEaHm Zlﬁ‘iﬂ%@en@%ﬁll%ng@? e AipdiEse, tantahen uehromium,

mdl¥b@l@m|nﬁ0 hﬁigbtennhfahgines@ Odhﬁﬁaﬁm Sicﬁie"cobélf‘ ﬂé‘ltEél* eiétA§ and metal

st ai.nl es r such as, niti
A 81 Beli GhF PPy megin Beh o Bt GHyh luigm, thodium,
paltddinven adsmivma iridiadn, platineypiealds andomerl silkdst etitenium, zirconium,

haﬁlmn%a\}a'n? 910 Hﬁﬁ)ﬂﬁﬁ etgntg lchxa&rﬁlﬂ ?%lﬂie 0§ gﬁ{ggﬁﬂ?ﬁl manganese,

as cal ci’um car
rhenimb oL, @ob@,t, migkel, pepperk st@danepam@amesiammse siegl, snempry falloys

su@ﬁa@ﬁit%ﬁ?rmél&@ﬁﬁamﬁﬂaﬂﬁﬁ/ %Farsﬁnét&‘?e PMls tierd, rﬁﬁlelaﬁs "iﬁltdral or

C i nati ons of the. aforenenti oned materi a
Smtﬁetﬁ%ﬂs m@ﬁbwam@ﬁtbgnebaﬁeﬁémpql@@ﬁtew wResid |‘-‘<§Fb0n@?¢é such
as |cmimtcarhmaeué afagnédi@nt carbdnate, B&bﬁﬁuﬁﬂh&fbdﬁ&teﬁﬂfoﬁh&ﬂhﬁatenals

sucl?lr gfp% Fﬁlgédgbé}g? S%Of %qs Q'/Igfcg é@d @18(:1‘%13 s E{Ea§§ghj}%om§matlons of the

afxghmtlonattm!amlsced radi opaque stainless steel alloys),
cobalt all oys, titaniumalloys, high-nelting alloys,

%. based on niobium tantalum tungsten and
In jpegTomser AEARpdimsBIseohicapresent diyentian, thecimplante yiseds grangtents, in

partisulaP geed | stehits, E}Jréf@bﬁblyfiﬁﬁdmo)ftswhﬂéssosfteél hﬁlaﬁﬁﬂﬁ%ased radlopaque

steﬁ BTSSP ERSS ol LAl Batie b §300er udel oy,
colstitealqysj titapamt iatloysp rhiglemeRing- 411y, Qg.g Masdd' G%GIh.c\ﬂlllimA&'ﬁMlum
3300 oAl s Ay 2 B RASTILE AS00) g g
alloys s apixfrescofdhepliivess steel): stents nmade of cobalt

al l oys such as Co-20Cr-15W I ONi ( L605" ASTM F 90),

5Ni -I 35N' ASTM 562)
Esgidgare feg O%gtww I BRyRRRE: 0%@?mr¢sembmntlc&mb4dssstents
madé o}ﬁrsfairﬂésrseﬁ’bel tintp2utidular & e T8CE- 14NI L 20810 @3 LNV WBTM F 138),
ro ST S g5l hotl) SNSRI AT ¢ 1510,
Fe{23¥na2 ifrratoAN Knickel-free stainless steel); stents made of cobalt alloys such
as Co-20Cr-15W-10Ni ("L605" ASTM F 90), Co-20Cr-35Ni-10Mo ("MP35N" ASTM
F 562), Co-20Cr-16Ni-16Fe-7Mo ("Phynox" ASTM F 1058). Examples of preferred
titanium alloys include CP titanium (ASTM F 67, Grade 1), Ti-6Al-4V (alpha/beta
ASTM F 136), Ti-6Al-7Nb (alpha/beta ASTM F1295), Ti-15Mo (beta grade ASTM
F 2066); stents made of noble metal alloys in particular alloys containing iridium such




F 2066); stents made of noble netal alloys in
particular alloys containing iridiumsuch as Pt-101r;
nitinol alloys such as martensitic, superelastic and
col d-workabl e (preferably 409 nitinols and magnesi um
al l oys such as My-3Al1-1Z. The inpl antabl e nedi cal
devi ces that can be used according to this invention
as RayOlnanitinolallopstuchray nmrteasma,l superelusticTie] ¢old-evvirkabde (preferably
[ LLm. t tuctures. The
40‘?‘2%[1@1%#3&1&3@ %al% agg ﬁ%g%%&éﬁl aZ;er on at |east a
portion of their surface This |layer may consist of

Th@ﬂn?ﬂaﬂiabl%@hédﬁca{lrd@di'é@ﬁ?ﬁaﬁé’dfn%hse& 'a&d'o%lﬁé t@éfﬁ?i Hﬂ@h‘lﬁon may have
bon 0 osi ted carpo on, ap y
SIS RARS B Pt [ PG AR PO WRgd Rprterstribtures

carbon, nmetal carbides, netal carbonitrides, netal

hi d .
Th8 B 57 6 TBA B S I G Pl AR5 R spgce i
laygrmapisousist oS pyralutidajly predusedcatbon \otrecmsyeanplhouse:arbon vapor-
deIBUsﬁE& EaBbY, GRS it b9fC‘l/E}’PV® & s t;fﬁﬂ@ﬁn?é‘ ﬁchf k&, teSphitic

dinents i
Cargp%n%ﬁtal F?Eges énaapea\y Wdﬂ%rm%t?]t @améaﬂ%ﬁr mﬁﬁb lox¥easbides as
welli dshang comblmriofathertof. OFtel dagbdprinded WeleaWbmam ous, partially

car.bon d/ or dﬁ?h
oryBRURHe o it PRI RS AJ215HE of SmiBbrd SR Barbon,
and hesom@bndgnmts dxgayerisale dihmond-Slle teegrperpat-demsited earbon.
especially preferred. Exanples are disclosed in
CGerman, Patent DE 10322187 and/ or. PCT/ EP2004/ 005277,
Impiapisaitioa eatbonbasedo ogatingspraduedr by @pPERE omtaTd gbat produce

cardbfl aﬁ@bﬂ'g&yﬁ’@f' €ilths {FthdQRPRAP BndfHéh Rarbonizing these materials in the
PCT/ ER20 49i3q¥6@hhe di scl osures o

abyeace OF (RYETH Ry © JSMRERHIEs, are; Seriallv relenhe, Bxamples are
disslos¢cainl @ennmnl Rat¢rs D 10822187 nhdor PETEP2004100562(77, iGdrmae Patent

r t
DEP‘?B?%% % ]?a!nftﬁo? %ﬁgEﬁ?@ﬁ@%@?ﬂ ao"kg}éqr?aﬂe orl{iﬁ 1333098 and/or
CHY A0 OO dthe Hdisclogukes, ofrpdi arevvrheasfpwu&a\f@lljc dndpoporated by
refg@ﬁ@é.ngs produced by physical vapor deposition or
atom zation met hods, including sputtering. The
t hi ckness of one or nore carbon-based |ayers may in

Otmrsartaile replanewiih urcfmu)on-bise@lrmaﬁmg immllelcybnﬁav@alalseatsdsraboated

bl ) 5 s o o Pl RS BT e

llkb,emmtetvf whichrhaxaccafl®@ ¢natihgs proditesdr by:l phpiioali vapot slepdsition or
| ;| ae | npl ant abl e nmedi cal devi ces
ato‘xﬁl%ati%%ﬁ&ﬁ ds) Hx\éﬁﬂﬁ%‘)ﬁ&rxet&ﬂg%

al'so have bon- based | ayers of the
sane or different thickness and/or porosity. For

Th@ﬁﬁlﬂl&ﬂl@s dftorieSorpﬁh&ﬁd B&Boﬁ-ﬁaﬁé@ﬂbyeﬁ@ S RE berl¥P4l P HAUS nm to

b t
Ly S B SR B sCE 5 rig kT PPN & 6 mm,
esptepatlyg ipreferably uphte 2rmome irpearticidad teyveden 10 rifn and 200 um.

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.



ACTI VATI ON According to the inventive nethod, the
physi cal and chem cal properties of the carbon- based
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The pore size and pore structure can be varied according to the type of oxidizing agent
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.



Medi cal inplants can be used as a drug vehicle with a

depot effect according to this invention, for

exanple, in particular when the inplant itself also

has a porous structure, i.ngwhich the activated
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menbrane which regulates the rate of release. In
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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 Cy, 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.
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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



and degrees of hardness by appropriate i nput of energy

and a suitable frequency of .the wultrasonic bath as a

function of treatnent tine. Aqueous ultrasonic baths
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pol ymer filmor one containing fillers and then
The @atbonibaserglaybreispespgaiadly picferatdly napopeowt afte aofiva@lmOvith pore

d&%@&&ﬁphﬁﬁ%ﬁ@@b}ﬁm félab ﬁrfﬁ%gﬁ?? Infh &Y en-free

at nosphere optlona y oxidized in an air -
11 strean1subsequent|y Correspondi ng net hods are

In A8 SEH édikﬁ%_lplfe%rreﬂxéiﬂm(ﬁmehtnoﬁﬁﬁﬁﬁﬂent?&{ qRé a%ali@ﬁ%é%ﬁformed

and/ or EP2004/ 004g nd.in rman Pate DE
g}? oB9p o production of the car on-based ayer, e.g., by applymg onhe 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



and/ or PCT/ EP2004/ 004985, the discl osures of which are

herewith fully incorporated by reference. Thus, for
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I f necessary, in parti cularly preferred enbodi rrents
e activated inplant may be. subjected to additional
FuEtE@m%%u by, ABea SHpdpnEsen < the dBDHGE pslose PoAGer the activation

steph,cthei sugfasé @Rspertick2and porosity of the carbon-based layer can be further
modified. The implants 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



to renove any residues and inpurities that m ght be
present may al so be provided here. For this purpose,
acids, in particular oxidizing acids, or solvents my
be used, but boiling in acigds_or solvents is
preferred. Carboxyl ation of these activated carbon
| ayers can be achieved by boiling in oxidizing acids.
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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),



pol y(D, L-1actide-co-glycolides), poly(glycolides),

pol y( hydr oxybutyl ates), poly(al kyl carbonates),
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poby(id, Lt laetiide- cmglyk:glllﬂas)s poly(abycolides)e gpohdiakirexybuey/iates), poly(alkyl
ca@gﬁﬂéﬁhg&g &91'0}5@5? oll}l;lss&?sr tﬂo‘éghgd )?'?prce?m > é)apyl?lloxcaﬂones,
poafgetwlgmm é@réphtélatq),a@égmnhc mdaowhsétamm@ eddid) pedyanhydrides,

hé Bddenes, palyymhmbméideﬁmﬂnﬂélpﬁoﬂﬂmﬁa@ QF )ib&JBfHd'egﬁdath@ and/or

unc onallzatlon st e. 1T nventive ne

e
ol 31 b BUCHR 2BiOMnoFRIRER.OF CHTPIES CgHings e
espeeidilg Eptreféﬁsd reayh he almmitd: efarfagecng, @ebdxyaietitil cellulose, chitosan,

ncorporat ed into the | ayer.
po&aﬁs s useo?glhbﬂ)ﬁ%f 0118

dlar in cases where active
i ngredi ents cannot be applied in or to the inplant
In Ghé efﬁﬁétibnﬁﬁzdtlﬁnt ﬁ@p S theOfnvERv! ﬁletlfo‘ar ac 5@']9%1%(11&@ such as

pexa arin ter-sol u |c active
n@awéhaﬁl ﬁ %@X%Wﬁ tr%yege &Pléhedd{%f thecagtivated) caphgmybased
layteﬂ offﬁtoai'ﬂdrﬁted; ith ahe $aybf;‘ CEHIS & ﬁsféﬁM ih qm?h(iu%rflﬁ rgdked where active

ingf{HFE 1m0 b 0P it e iviant R o€ B cog of metals, or

exagopler ol | ed. Direct coating of such netallic surfaces
with paclitaxel |eads to maxi mum | oading of
approximately 3 ng/mm2, the rel ease of which under
Fopexasiple, sppeesly @@stplubiﬁshpqphﬂwwgmnwdmts $nehfagpaclitaxel are

difiehly ki Qpsly! @aﬂfétaﬂﬁb um&e& etdugd (R8s %ﬂtﬂoofg)gtﬂr a afzt?g/stalﬁﬁe/%lm

Ushtbog; lﬁﬁl@ah%q% SOVRIER Frﬁdlm‘{Sg‘gP?éJr imsleate §4B9A5 b controlled.

Diropequting f soeli batallic sirfacel ayity pdclitaxkhiRads tomiakienumangsling of

ap%rfom?lg)até’lg1 i %ﬁr?ﬁp mtheg :rgéllé%slre?gil gvh% 0 H?‘lr? r opabsgolﬁgm‘:al conditions in
Phrﬂl@lbswdmuffet SQimlﬁnmlmutSdo veomtrohed desorptitueofupaxa 304 with in one
to ﬁ{,}g&g}gl ent quantities anmounting to up to 100 tines

that "of non- activated carbon-coated or purely

netallic inplants e.g., even at porosities of 51to

Cabidth layers efctivated yac&@rdlrig B hig ﬁﬂv@ﬂo@Vﬁew%ly Ofifte&iis? @m@fphous

carpgf PGHn 1o9eF JREERE i ot Firgt o] S0 o dPdoPPfpraply 190 2m o

5 yowrprefetdbdwith ranmre asige af 5 fhmitot l(lﬂmmfpfefemm)p froai § ym to 1000 nm
caft @;g{eolli B&ie ngfgé&léh@ Ci{ug.ﬁttltﬁééqrﬁl&ﬁltlﬂg 98 q{ﬂ # e280 Itﬂn@sntélat of non-

|nvent|ve e ore Il ze "0
acthgteslqarioncgoatsr orfpyrely aesatic énplawa evi-tayen at perasities of §to 50%,

préféraBlyQ 0a6 30% zﬁﬂ‘"dn' dv@&%b @fé@li&’&fﬂﬁﬂ abi ﬁnﬁ PrdTerably from 5 Jm to
50@urfac s wth a E ckness. of 200 709%.t

Sisbprtiraty 2Ese dhese GEEYS ngsedientsh Beoniialled siagner o a
furiction of thetpoedsitg anden pere side aad /o0 patabiprejrities. r el ease
rate under physiological conditions within 25 to 35
days.
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 pug/mm? 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.




- 14 In particularly preferred enbodi nents, through
sui tabl e functionalization of any carbon- based | ayer,
pepti des and proteins as well as glycoproteins and

| i poproteins can al so be _i bilized. An inventive
form of functionalization consists of coval ent or
non-coval ent adsorption of substances which allow the

In pa:riculmg% pfef@ﬁidtdgﬁiﬁﬁiamaﬁgtttﬁﬂoﬁgh s@tabmﬁalcﬁiaﬁﬁatﬁ)h of any carbon-
r or. other
basel O RyBli0 3T s DA CRRERE o Lol sam aiso be

lmmohthzed:atl ons, in particular netal cations such as

cobal t, nlckel copper and zinc cations, antibodies

cal rmdul | n, %gl tin, cellul ose, sugars, am no aci
Angnyengivefome of 4ncdighalizatiom consisispt epazeknh%mbﬁ%@#ent alsorption

of raubstaices f ovhidhi AUbWY Y reiding a6k poptidRBP- ﬁr@l@rrisat?&@i)rotems or
Li sub Hclge edoor %&r‘rwotel nVIf odf' ﬁ*’ ée % S—tag | abe

pgRJrB ghled or qtherwiss brovideq with piN (888, o attached by

a suitabl e nmet hod to the peptides, proteins,

Suél ¥1ﬁ)‘§ Qés%l ﬁd@ rfo+1 E{)af?lﬂﬂgt gh{‘%aﬁ&lsbﬁl %ﬁﬂﬂﬁbﬂ fnéﬁfi catlons fsuch as

at t ac ng t erm nus
cohalfe njskel rrﬁ‘PRPeéé%fhélﬁééaU%uwﬂbydW ctalféo%mhgmgnwellulose sugars,
amirRCANIAY, BRRithBABSdticptavRING S’t&@[Td&ﬁn"& omeetrmﬂmit@mmndmg Strep-

ol 0 BT 5% o) 07 S S AT S

etcof five to six argininic acids, polyhistidine tags
(H s tags), a polyhistidine sequence of any desired
length, typically two to ten radicals, FLAGtags wth
Thesve affunijiyetage AvKoEODNd bS: eepiitehigsmethod. to tthe reptidgs, tpgteins,

glﬁg?%%?&ﬁ%}gglog%% 1%@&%&%&&”@ "I‘IEJJ ?ﬁ%htep Iﬁlﬁ%e?ﬁlnus orN

terpapts; ofe they pAMALYSedpepge, Uspaliy bx éﬁﬁurﬁ%{bw& asﬁ%ﬁcmbm%ﬁ genetic

engiﬁedﬂngtdraﬁotfﬁyldt@hmmﬁhlty wgg ,dh @hﬂﬁh{a@ gg@tafg?igtng @igst(mgl fag) are
n S uenc.e |

pregfo el RSB GRB: of 8% B35 s P RS Peivnistidps e

(HisctggoM 4 polyhistidiee sequence of any desired length typlcally two to ten radicals,

W gﬁgﬁ, W‘F‘g’ W b| W%@ mg t'tfx‘@Strep tag II sequence

EK; onises Windheray dbe 2{aR0 apidl ltaé@éISbKﬁa?AﬁgﬂiFERQHMDS
calﬁ{o@hﬁh-lbmdlﬂg’iﬁélﬁfd'eOﬂﬁaﬁﬁul-Wofa&ﬂuM'ée-Bﬁidi @ombids, ial seticular C-

erpe SSmitaRE bt e B seaned SF e Spafite, proein,
ghycapdoteain smrr ﬂlpopmtem: oor s piamisbitized; hthe USBRI tage ithd shet Bedquence

MﬁEﬁTH‘% VQE%A({}EEE{)L rﬁaﬁﬁg&%ﬁﬁ uth@ fpotlyhhlstldlne tag,

togra uncti ona
chk&larhmfhngudom@s,u sglutaﬁnmﬂ i Streusferese tag, antebessthindingf protein,

ba@t@t‘ié;ﬁﬁﬁ@‘f’ﬁ ARG VSUDRbAL BRBalkdad Gthe typdof dTEinf R fdpon- based

['ayer Such that these substarices <¢can enter into a
bond with the affinity tags. Correspondi ng substances
The meddifieatioh @f 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



exanpl e, cations which are introduced into the carbon
layer to permt binding to the - 15 basic
pol yargi nine tag, e.g., cobalt, nickel, copper and
zinc cations to permt bin '%g_of pol yhi sti di ne tags,
for exanple. Adsorption of e anti body ML on the
carbon surfaces permts the binding of FLAG tags,
basi¢ pelgargitiink ragpe.gScokyit, hivkel, nogper sfiPzinagaliaiyetb @@rmit binding of

ggég ption of the S protein on the
po%ﬂ ﬁg@g%{%g % %’ag | abel ed substances. In another
enbodi nent, the functionalization consists of using

AdS&Hp Bk ity Mitﬁ)ﬁz'lﬁltdﬁ th@eca%%%pﬁgeso&rﬁlﬂ@ th@bRhg of FLAG

surface, . Thi es,. it

tags thepHYidin °b§HaP Tgetin ebgﬁﬁéag é?gé\teéci‘“‘%fi}%&ﬁé @dsorpfiqmef the S

pratéin banhdasfade tolyiad S thilabtlee sutdranoes. "ent s, the
functionalization is acconplished by adsorption of
cellulose, so that substance nodified wth cellul ose

In phothiérrgnizheliments theaingsonplization gonsists iof using cehmpédwineshiby is to

be AISIHRY 619 ﬂl(foéar&tﬁ birfick OTIk Elrga,lﬁéé‘ RYR8 Esto H{lf'?d’ cARRdMih Binding

ch |t|n- ing domains. ar 'y, unc ional | zat! on
peptids-lake Wéﬁaﬁ?ﬁﬁ totherraghonrbosed BH. f or bi ndi ng

gl ut at hi one S—transferase t ag- | abel ed substances, or

in Wt o s tre SR PRRiveBon scBulief oy ARerpfith af pelulose,
so \thatl substasct nzodified abthe celfflosei binding sd@maing can der Heunake or it is
acé%ﬁ sfl&ieb)(] %Rébqhﬁd O6f clﬁlﬂf’i‘tto %ﬁrﬁl %%éf&hpéseprb 9§ %{h &u¥m-b1nd1ng

I neer| "t On&t onal uct'ural — prope
domﬁmﬁhe pepti de, protein, gl ycopr otein or |ipoprotein.
For exanple, carbon layers functi onal ized with 0.1-8

adsor bhed .Strep- Tact an b tained froma
slr%e#%% Pﬂl@gpﬁm%me&?r%msiw@ WaHENG (o birling ytaghione
S-tees ferase 21eg-151fe1elx)@ultm99@ ori WithamaRoLRs of YanBflos3086 bindd @¥itose
bm?m%ppa} eﬁﬁ?ﬁ%@ pangs of 1 to 5 mby spraying or

ng ca The carbon | ayer functionalized
in this way can take up, for exanple, 0.1 to 10 g/ MmR

Th%er ﬁﬁﬂédaﬂl lﬁbﬁt %llr | aR1e a?fdﬁgfe%ﬁ\s\n&tﬁ‘ %4 I}n‘?:%orflance with the

I ment car ayer IS
comb%@ns ek raze possiplse é)fb§en€téﬁ [s88ingering, xthp afimgtionsbgnd pigyctural

prépRiticg of tHéfpthlde tp@ot5lﬂ 9toprbRinse lipdprotaint ent ,
preferably to 60% i n vitreous porous carbon

| ayers. At a porosity of 50% | ayer thickness of 500
Fonex4mplé0eiibormlay@rsl finotidRlized mothyd el pipment agdsdrbdib Barep-Tactin

caﬁ & 8[5@&@&‘ %BA &S&eﬁ-ﬁﬁctﬂ?soi@t%o&p]?ﬁo@’ ca%gﬁx ﬂﬁfa@{:s WiR a pore size
of {140 89 B0 et o pesesitpPE 0GR orfe & P RiGmeghet £ dp iowm by
sprayink &% YppMg carbon layers. The carbon layer functionalized in this way can take
up, for example, 0.1 to 10 pg/mm? Strep-tag-labeled recombinant IL-2.

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 pug polyarginine tag-labeled recombinant IL-2 can be
adsorbed by the metal ion doping in the matrix.



adsorption of Iinker substances, preferably

car boxynet hyl ated dextrans, e.g., as a hydrogel,

whi ch permts physical binding of substances,
preferably bionolecules or gctlve |ngred|ents and/ or
have a chemical reactivity so that such substances can
be attached by coval ent bonds, preferably by form ng

AndthieRembbdin@ht tivobieseby éﬁnﬁﬂﬂd’ﬁnetf@ﬁ@ﬁ@tlﬁh lolf ItI@ca!rlﬁbrI figfaces by

b
aaBpic o 15 o Porb oot R Rypefiiad Ssfisenso p e 25 o
hydnogeliwhacth perhyitst playsicat binding p€ substanchbs frefecably badmaleciiles or
act®® {rf %l‘éd%?ﬁs ahd)of hQQ;eefaeJhreﬁﬁica? '?‘E&@*'vﬁ? b Sthata%ﬁ?r ﬁfbbﬁﬂcégf can be

carg xymat yl ate dextran, equent i catlon
attaghiad Py cayale bordspesterselyihy emmg@m%éhlebq ndderyde hond 4

groups into hydroxysuccinimde esters. This nmakes it

TR e SR PTG 0 £ bk R RO Bme of

ligamhcti vat ed again in another step, e.g., by incubation

in 1M et hanol am ne hydrochl ori de sol ution. For

exanpl e, adsorptl on of 1 g carboxynethyl ated dextran
Fopthe neductipn of pp awiro bendy e asshandaysegs Hetfandtigpalizedras follows

in i pFeBéitsl embbaithennd zﬁi@éﬂﬁﬁ@n bifa&ésb cIIBEd YdeRt S, nﬂlﬂbsequent

fu0|onaI|z 1to, 5000
198 S5\t asHhe) B FSTERE taromesrt g s8bor gy Broups into
hymxydwcnhlmniedstag. Furt hernore, the porous | ayers
activated according to this inventi on can be | oaded
with pharmaceutical drugs, i.e., nedications,

Thig oakss ntgroskiblesto adedrb élgamb/winclt ctgsua@ ¢qvatenéammo bonds with the
est@fén%féa&%h'e%téﬁ QR ﬁQctRfatetdrh‘:‘gaﬂlr RCESthePStehN ¥§ 'Egﬁnaﬁ)atlon in

1\}&)6‘% ded with dlcgi;nostlc al ds suc as mat kef’s _or
1M ghpnoiaminge diydrachforidge olutiong Eofat @dmme| Adsaptignt9€ 1 pg
cafbofymetByRted @emmmpérhmrﬁzh@f apsorbie cél*boﬁuba&fdoﬁémﬁosne layer of

iR PBR ST R BHGF B PeleL AR AL atiopjghich can bind

0.01rp 15869 9gﬁmmf pepitidds wﬁhannbln@IarovmghtS)f i6Ave A0 by cowalent bonding.
| oaded w th active ingredients in the

functionalization ste Active ingredi ents may
Furthermsice, thnpeross laysesgiciivuied aganeding fosthis inygrtiontian be loaded with

h&%a{caﬁlc@l %ﬁ[g%t S MEdiEHidas, hh‘fd?o&%atﬁﬁﬁ@r&%llsoﬁld/or tissues in the

AT N R G e
as hiaeketpobeontlasismedia dort looglizig doatedt impanitigr thdibedy, e.g., even with
Rl BP0 AL Yfand AOF LRy ABERRLGTS O aCt Ve

nsionsin Vents. Coval ent
or non-covalent bondi ng of active ingredients in or
on the carbon- bage¢r¢RMGREDIENT CBXTING’ be a
preferred option, dependi ng on the active ingredient
used and its chem cal properties.

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



In preferred enbodi nents, the active ingredient is
applied in the formof a solution, dispersion or
suspension in a suitable solvent or solvent m xture,
optionally with subsequent,4rying. Suitable solvents
i ncl ude for exanple nethano%, et hanol , n-propanol,
i sopropanol , butoxydi gl ycol, butoxyethanol,
be b tpoefgired mptipa,n depentinigo sy pthe petiot , ingrediett Yisedlagd hidd .chemical
pn%;g yl al cohol, butylene glycol, butyloctanol,
yl ene glycol di met hoxydi gl ycol, di net hyl ether,
di propyl ene egcoI et hoxydi gl ycol , et hoxyet hanol

In ?Hfé’llr&eéﬁﬁ&ﬂh&hts %ey §<vae 19?%%1%9?& %Pgheii in the f(;/r(r:no Pf a solution,

-hexanetr.iof, hexyl ene g
dlspgrawat O SPPERsieRIin 4 suibie polyeny or §9WEF%6¥W}% aeRsionally with

sutsedenk sidigg. Banhble soédtoKicaids emoémw Ilﬁ@ﬂfl}ihcﬂoah&ﬂﬂﬁﬂbropanol

L T i —

n-hyitylc @HCOh@E@bﬂtyl PEGOI®R)], bREGIR, gHECL 8butﬂ§®aﬁol diethylene glycol

dnﬁﬁﬁ%xg'dg%%’ml dl%ﬁhﬁ{l) SE} ncz)ﬁfoﬁpfeng ?‘081 lgggf gﬂé LP/co eth%xgethanol
ethyphgxanedialnglyod heranciink 152 %@pwetra Hagxyl pioghol, herpye glycol,
isoBlifoR ropmaneduwpen@mayl enes ﬁiemlybutﬁﬁ&PW engetlbyFdblycol,

ﬁ?fﬁqt’& ihgRlor e RRPR RGN HERLABICHEaRoL balesiay, PEG-L0
metpilale meethyl Xlydxgh etheaspmﬁiylprqsan\ambhrneopmtyb ghicby PEG-4, PEG-6,
L

P Péh?—: butyl pthele PRy b1 sbey SRGs2 mezﬂml tether, ARor3 roethyl ¢h¢rnBPG-2
Gyl eﬁ{e{"aﬁ}‘éhane'dﬁﬂ fn%B?l%ﬁé %ut VoR2B8RN8he lg@‘ﬁ@f Byl @ffr, propylene

er and ox I sopro ol
gb(%@f/ zﬂeﬂbge 9f|hs'he ydsprugan,  ippetisylhexanol, | phangh, bengeng. o fpluene,
xylehenslwell &senaern 6pt1dinhllly&m mlxtmﬂ ®hE dispéionraady ahdedflsbamiltures of

i ropanol, n-propanol and/ or dipropyl ene gl ycol
ther%%?%%egg?lhegrsyg?tﬁncﬁg'rti cul ar i sopropanol and/or
n- propanol . Active ingredients with suitable

PréfEAEDSAI00Rs RYudd! G (g'emQ% éﬂggﬁg sbiveRQr 'tﬁ‘e ?Hﬁg con51st1ng of

act| vated porous car coatl ngs.
cthanely tigeprapanohke mrijpRAObNt dipagpyien rﬁb@P‘ar yme thyk. € mse and
bumyisulﬁopw edll,@@toﬁwe %@cb?'rﬁ&t&@ﬂ &hérgr tétfﬁhly?ﬂif@%horbhenol

i cal .device .or e actjve ingredient m

ber.a&?P HJ?P G | PRebIY | GHRGD | FoPEHeROh. Bas oF andlo
dlpramécne glyncdl imeshyd@ther,tin partipolasisbprepamn] apd/ordnpeopardi. cal

i nplants containing active ingredients with static,

dynami c or a _conbination of static and dynam c active
Adtifg ringredisnts| with ssuitable sdipiensions malyt 3lseubet ocshuslied in pores in the
actiidd pHISuskABRM-Bited Q@dﬁq;l?g bon- based | ayers produced

according to this invention. - In static | oading

with active ingredients, the actlve i ngredients are
The $cedivig wdth Yhe dctive® higrédzlaﬂ ni beRemIpblayy, iife., Ahic gotivehggredient may

becrglaegsleﬁgaﬂe'rb‘q}np ta'tlrc])gro%dthg rtlltle%lc% gwfcg for tﬁé AV gl%lse%ient 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.



i ncl ude i norgani c substances, e.g., hydroxyl apatite
(HAP), fluorapatite, tricalcium phosphate (TCP), zinc
and/ or organi c substances such as peptides, proteins,
car bohydrates such as nonosagchari des,
ol i gosacchari des and pol ysacchari des, |ipids,
phosphol i pi ds, steroids, |ipoproteins, glycoproteins,

In gétatooo| loglinis , with odctivg| jnpaeent)Nthe aBiNA 1ﬁg1@dllahtspefbt Ied:&&tlally

1m91roPﬁﬁ'éﬁ gggﬁa%%nﬁ}p f‘y &r lfﬁltg tcggtgﬁ/a% A&?iggﬁ %dlgn*%s Weor I 15 gurpose

mqémvr m@égﬂnugusu@ﬁtweac@ Bvydutsyi apetite (AP ubsarepatite, tricalcium
ph&3pkhter Q?CPYOQJH{J‘ 3RS oﬁéﬁﬁfce%ﬁbﬁﬁ%efg h?uc'h' k- tpleﬁhcielge proteins,

caliP R WAl FivBostsHRTARS ciBosEcharigs il st sagaberidese lipids,
phb&plhehpldsi adronls, lippprewim) Igl}ﬁomi)tdiﬁbﬁ gﬁﬁdllpﬂh ﬂl@VdO@B/chlﬂls DNA
t t
RSB e o AR SO0 B B G
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su%@%ﬁktﬁ?és}’c&ﬁblhﬁﬁ)rﬁ 'tﬁe,‘f’e&fan WRApf the inplant.

Active ingredients that can e used in dynamc active
ingredient [|oading for the rel ease of active

In itteg¢aR 6l io€ @iBarhiClctidle mgfrememamhge it fsyp%omya tl?d@&lﬁé bplied active

R T RN R NG N
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loéalingafﬁr' &9%%5@69@9&@‘3{@&9&%5 11‘5@119&93 hs examplg hydroxyl apatite

sor babl e I ynmer ol.ylactic acl
(th’s)’t AP el 1 lvmWQO%i%lats%TiCPiszm s oreEsAtig pubslapges such as
pepctddqubrauhst aﬁﬁb@ﬁydlﬁtes ufighans Qnamoshwhaﬁdes&mtg%bé&handes and

e b R T T e,

proteqglyeans bD N AyeRIN Aa ki gdalvpaptides on tstibaiesoandi/ergarttiboti |fsagments

bldaﬂé’(ﬁﬂﬂilé’ﬂ?ol&lﬂgﬂo 8 gi'o S))i ng&ﬁd' RBssanOEm@CﬁlEVﬁke as well as
conbi na

|ngre Cected ron1hepar|n
phawapcplogically agte; ﬁﬂbaﬁmeéggsqbétagce mpdWERpar i nux) ,
hi r udi n, antlthronbln III drotrecogin alpha

SRR R S AT

dysamie pkoadhng asfennpdhraalﬂé ahedicayrdegrbs eoated icbortimgstos thid im&ntion

1n&|‘[fcﬁ:t X(laﬁ%l inﬁéd&egltsagk dac{)@es Eﬁe%{%(ﬂlmt %dn%lﬁ&i qll ns%%ected g'om heparin,

ogre corti cos
sy@b@tw h@paanncmmsa@cmefonémrm@h) durudiny gatirembin 111, drotrecogin

alﬂl’ﬁt ﬁﬁﬁﬁ(ﬂ?ﬁ&nﬁlch eH-pABL, NAKANR, 1yRSiAIRE NBSBP &IIa, prourokinase,

desoni @ , ortisone, . ¢l obetasol, clocortolone,

Ri CRUStEEREASS: ritteRiokingse;d dafpist hagmrgation| (jBRPHetsorfech as
acétbllsaifi.‘dylhonl gbed flhspinmidr aivddpidiae, tlopidoged, debciximab, dextrans;

SR LR b, DAFRGEE eithon
beglpmdthasanse, bgamdthasonk o nsydesanidayc contisoneg; clobetastl) eclocortolone,
degH?ﬁHI f: ﬁh&%ong %xa{rﬁfﬂa ehg&%@iﬂf&%&%ﬁé) fiftdfilirenolide,

enac unlsa
ﬂumsollde ﬂutlcasone 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,



fenoprofen, flurbiprofen, ibuprofen, indonethacin,

ket oprofen, ketorolac, - 19 neclofenamate, nefenamc

aci d, mel oxi cam nabunetone, naproxen, oxaprozin,

piroxi cam salsalate, sulinggac, tolnetin, celecoxib,

rof ecoxi b; cytostatics such as al kal oi des and

podophyl | um t oxi ns such as vinbl astine, vincristine;
mealofgnaatatey g mefematsc  aoid; h needoxicdm,o swbumetene,ninhprogem loksyjirozin,

p1rgﬁ@£rﬁg%als&lﬂemsglﬁh{faﬁant%w tﬁjr' g%sfec ﬁ)h t%fecgﬁ% Jg}tj&ltaa‘f cb’ such as

orubi ci nés an
alkglpidss and epodoph by dexins mlqhowﬁmhlastnmwmlmmsabw alkating agents

suc?ﬂé?shnr%]ﬁfg?cﬁ@édscgliﬁg Sh i aik S; Q%t&aﬁzo%gﬁg}g% sﬁgtll ra% ldlalhrllj)é'ublcm
o R iy PR A s e aae eovascct, moinycin
antinetabglited isnch assflit i atid ianklogs,epurine amAdgsNob pyrimidine analogs;
paﬂﬁ%&ﬁ e(fo%gtaé msg&lfnﬁﬁ? rﬁlﬁ#ﬂ%@fﬁéﬁpo ﬁ% %[l{he%lé) ﬁarb%%lgﬁi rré%’platin or
oxalipletist cunciaerin, isinatecars rimatinibe tongbionn, aterfesoriteipherds, anfesferon-

alpAR b ERYdrOBRARanAN, nFlte kg ﬁe?ltds'ihtlﬂab&fﬁﬁ’éraildgélm Ibexaroten,
antiarr hyt(?m C SUCE as_antlarrhyt hi
n

trefpRin; AnHangrogens 3 aaﬁl%gogwsowagm%&@cs igj articylar class 1

aniﬁh[rﬁiyﬂﬁhllctsmts]lb ad alﬁtiagrﬂiyﬁ]mldﬁgﬁﬂm duiRiBink aype; uidine, dysopyramide,
tiarrhythm t | docain ty

s TGS R Bt iR B aics éRr i halos af th ldocaine

typente. gy lidg¢am, cmﬁxﬁatly, ,phemrtmpaftecmmd, class Ic antiarrhythmics, e.g.,

prc&JaFe%@h NheeAR& C‘ag%tgt)e?( c%s@‘cﬁ ahﬁalﬂ{vtllnﬁ]cg et hl‘q;ccpior bloFk?rs such as

eta rece tor
mqéqnsglpbncﬂsmololnep@praé\plﬂl @@@mﬂl@t a@nﬁpbncﬂmrenotqlasglass 11

anﬂldrl"hytlﬁﬁfcb Siidh st aRiTb @4 0i5d) Sba RS, cﬁ‘d’ﬁh W%ﬁﬁl@hytﬁﬂc@.'sﬁbh as diltiazem,

I V. anti rrhthmc;s as diltiaze
Veva?laﬁan%aﬂopga £ |anti ﬁ)@ﬁmémt isueh ng% FaiieRQsing, c grojarenaline,
ipratiepiomi bremids; (ngnlte rfat btiveulating aagioggiesinib thernd@cardi@mtsach as

bl SHATHA AT CISEHS s DR IOBAL HGAGHCRS non

virhi BINoA) asal Mo h:nd@tbelml grbwm:)factmn FGH- i,alFm VBEGER| TGF;
an%wse 'i‘xﬂjcﬁfo@ﬁvlnhlaﬁntﬂfoﬁ% harftﬂ:ﬁﬁ  Sstent @E%él’enﬁgﬁeﬁal ﬁfgg:mtor cells

antinplo mnoc ona ant| b ant | cal
(E%% n4181é41}Ss glyewa%qsh &nshaps geeil digosi/ metiidigoxmpigitoxin, digoxin;
cardiagi glpdosidlegbnch@siodstuin,such as acetyl

K e AT L
medimtlddpap e mhidazolines rsmptoraag@hiﬁlsacwlaiemamhiaanhlemdmyers of the
dng}dﬁﬂnlt@ﬁﬁl%s%'g?m ﬁl?n ag@%%ﬂ% F@gﬁhﬂgﬂ@z %'t(%ﬂ‘ tndi6t618! Qhinaprilate,
cﬂaﬁanyblr m@ymai,n@a@%@lﬂu@nlrwlnurr&npﬁﬂ,néranqlnleprénoﬁqgm’@SIn I

anfEbnibieNi RhddREStandlléRAp! | bﬁﬁa@san CItcll,lﬁﬁﬁ&anl : Pﬁi’&éﬁﬂ[m&doxomll
Il ol apri |

trandol I rapril im
5% areipherilly iR R reeenton hipdkers, S e pprdsin, urapidil,
domﬁzlosmr ttamazdsal, niesaosian, 1ndﬂrﬁiﬁﬁﬁrVa%BﬂMﬁmmﬂshch as dihydralazine,

dii%ﬁ{gg@ﬁ%% p(ﬁ&llllglt&%ét‘}!el y %ﬁﬁé <%1 al plﬁﬁ"olé{ﬁgs(?@é or sodlum other

) such™ as prazosi pirdi | 0Xazosi n .
anplypertersives tsmlazaSS |1mﬂapamdi9r acm dﬁrgmd mesylateor élhydmhrgotoxm

m@RaridsYEh AL &k Reanin, bosentan, fludrocortisone; phosphodiesterase inhibitors
such as milrinon, enoximon and antihypotensives such as in particular adrenergic and
dopaminergic substances such as dobutamine, epinephrine, etilefrine, norfenefrine,
norepinephrine, oxilofrine, dopamine, midodrine, pholedrine, ameziniummetil; and

partial adrenoceptor agonists such as dihydroergotamine; fibronectin, polylysine,



di i sopropyl am ne di chl oracetate, m noxidil

ni troprussi de sodi um other antihypertensives such as
i ndapam de, co-dergocrine nesylate, dihydroergotoxin
met hanessul fonate, cicleta , _bosent an,
fludrocortisone; phosphodi €St erase inhi bitors such as
m | rinon, enoxinon and anti hypotensives such as in

ethybent ivenpl acetatds erftanghatopnclytokingasicheasg TGFBY PRIGH CEEGF, bFGF,
TW?\‘@FE éﬁpégﬁni(ﬁ?a ﬁpll nﬁpg' ang og(r?f’vk4 ﬁ&ﬁ%on%d S%Xﬂlrflg adhesive

nefring, ’ norep
subﬁa@g@ﬁ sweh ap h@{a@mqrﬂetes,ahngilmm;mm anchrglowha fagters such as

BSERRE ph@ﬁnﬁﬂs@ NigtR SHC rbo?t?co%?ﬁﬁg r 056&\??%?1% somatropins,

f|b netln acet at e,

thyrﬂrq pg éx¥q{bgre§q§é,rpxggocm;@ptrgreﬁ licqpelys leuprorelin,
trifné1€hn, go’HNEﬁrehN@dmx@M( Osilserelifgnafarelih; éoseielhnSas Wt Gas regulatory

R B3, by A B R M e b
mofplngenstics proteins (BMRShr opopartieylatyo reeomalsnguic BMBs , such as
rec%ﬁib’iﬂaﬁ?ﬁﬁlﬁﬂi B¥MP- QQHWPIZ? pdlﬂﬁlospﬁfﬁﬁ%r (eB! ?ﬁcdrox;/ate Cpam1dronate

E%‘notro ins, esm)&r essin, ter res
ibandtongtee Zpledronis @pide cladronsiyrgy sﬂ@rpefquﬁe, al@mdrgmér@ld ntiludronic
acigpn Adordsi @uclg ad'sl ﬂﬁiod?ﬁm bﬂh&ﬁé}ﬂidsﬁhaté] atadighl rﬂuc)rlde calcitonin,

dlhg’g r?g Cgll Lo ol grow %8% ag‘g oqyg?(é%ea %&B: :;mldgs ggrl#l:aq growth factor

(EGF), npﬂlawlatwgrlp@btgrd\em finore (PRGEFNR h fibeobdsi @rpwth eacters (FGFs),

b R, BB VTSR LB it efii e rm
ery(tlerogmetm (Br)y swalielike grevdhdaetee] (IGHBn msyhathéte growth factor-II
(ICEDH?dlh&@leﬁklﬁcl' gﬁ 13) qg&ﬂaﬁ@me(mﬁzt) ﬂﬁé}[b%ﬁﬂf 6 :(IL-6), 1nterleuk1n—8

QLS B mieerii BnbepttIED). Sumt otk b GRS guererons

(INH-By dowhacdtiyatyting facgjr@m:ﬁFs‘)ﬁﬁioﬂwytaraHerﬁWaedm pﬁﬁelﬁuﬁhroblast

sti?ﬁlaﬁ?%dfﬁ ! r’glE %‘j at:ﬂSrg (%I (%tlcr}d ﬁ&}tg%l{n- anglotensm II,

colfzmems ) , bromasriptine, m mgthysewide, fan@tbmtsemteg T@:agb@) tetrachloride,
thlbic"éfbﬁ‘fl@é Ghd Qtﬂh@l‘\'ta@, warLe rs1‘1?e: C(;f(ﬁ: ), ikt 1@ )‘lgoglf&p%ﬁlslbﬁcs and

po), Insulin-ITke grow
anti RS drygssugh P it jagtany mblqtqcy e-g-nBdaqtamagerpensitive
peritillirk) , sublt @s | Betedyh- Bedibillind) | (pénitidlid ea! P( pHenétyméhylpenicillin

R, BBl TR O3k 3 it <.
am@KNFIhg,) , anyotitiny bacampnaﬂmngad}dmnmoperﬁmﬁs) sucip mscynalocﬂhn
pip% mﬁ %}B&W%ﬁ&ﬁiﬂg ce{ph@r 9@69% Euchsa{s dﬁ?ﬁﬁ@fﬂh@ giliu?&&fﬁr cé'fox1t1n
cefgﬁgpot @q{g¢lﬁr,| |cefadrqxil, aggﬁqbexnbr d@m@q:rbgﬁ i gefixim, cefuroximaxetil,

ceffBlifaM S eI @HfsiRloxHRproREt1EX aéﬁpod“o@d xEtﬁ@lt raghtednh®e: ertapenem,
t hi oacet an} de and et hgnol silver
d

R R IAGTRS SPRPRR 0 i §ibestaiy s spbargBilitosylac
tetoheydmes usithasisi dopgaycling | atindtychad, ameteney¢liviept ciisrotetracycline,
oxgtegac%cﬂbééﬁcat ﬁéo%%%g 'mgl!(l:c N asp @Hiéih,nsne%%%inés streptomycin,
tohgﬁgmmm&hgnp@qﬁﬂmmmﬂparor(lqzmmm arhycelin; spectinomycin; macrolide
antibiBGds2"RER - 5§Shz°1ﬁﬁ5‘ﬁ1 Q8N Qhfithtddyci!C Rrftfiromycin, roxithromycin,

amnopenicillins, e.
spiramycin, josamycin; 11ncosam1des such as clindamycin, lincomycin; gyrase inhibitors

o

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



anoxicillin, anpicillin, bacanpicillin;

acyl am nopenicillins such as nezlocillin,

pi peracillin; carboxypenicillins, cephal osporins such

as cefazoline, cefuroxim_cgfoxitin, cefotiam

cefaclor, cefadroxil, cefalexin, |oracarbef, cefixim

cefuroxi maxetil, ceftibuten, cefpodoxinproxetil,
varehiyoilo xeiopplaniaf ipblypaprtldee antébioticsr sugh mepmlymye‘mp elpgtolistin,
poléA‘rﬁr% él?ng?lﬁﬁ?l {f &{nﬁzatseg C%'% alzlgt?cl}ngﬁ%ﬁ %azole aminoquinolones

I nes SUC
suclio g cshdorogwin, i hwiroxs@h}oa@yum,l higuanids such as proguanil;

quﬁtﬂe%l@él&% a6y BlahlifopyriBidied SRANS |p'yﬁ?netlﬁfﬂlﬁ‘@ GhiphesicdRSuch as

chggﬂ%}%@ghntfaﬁ}tﬁ%g‘aﬂgo%gg%q@mna&d; rfg% %ﬂn,g}tfprﬁtel telithromycin,
fushfumginG dbsfomysipe pentamidine ralilsmonab,l fiéampicih] Pdudblidia, stoedquon,
lin&1id¢ IVrlﬁg %[Q(l% dlich Czlsaé ﬁg%/l 19“}’ (liov%r yf{aﬂlr %E%g ;}g%aa%eé, inosine-

roxrth ¢im,
(dlmpmnals4-@¢¢tmuai¢ymz¢ateb,l M@lgmy:@qlnwr gyalagelownhldmdquvis, brivudin;

anl%‘éﬁsw?a‘i afzh{f@{r%?éﬂlélﬁi Gﬁﬁfeosﬁe gmalo P 2§d-@XREFiPrase inhibitors and

oxaci n, npxifloxacin, norf cln, gat t1f1 oxaci.n,

eré\%ws@.sr}c 7% lamiyuding, zalcitatyne, cs&%?élpﬁne iy eno&ardn styudin,
abfvapiehdh-guciedsille anglolgfrevase-dascriptatdhibderd: Mmprenavir, indinavir,

sul f adi 2| ne. sulfal ene cope e..anti Qi ot 4 cs such .
Sa“é‘é“a‘”rzl ORI o my PRV ITy eF‘E‘g{B%‘QFﬂ ng“?ﬁgi“l) Peptft zanamivir,
osdnatiivir atd lamisudihe, as wetllag ayx corabinatians,and mlxmtesrthereoﬂ

pol ynmyxi n-b, nitroi m dazol e derivates, e.g.,

nmet r oni dazol e, tinidazol e; am noqui nol ones such as

chl oroqui n, nefloquin, hy3EENTEhI or oqui n; bi guani ds

such as proguanil qui ni ne al kal oi ds and

such p t.ham ne; heni
EsheEAlYaBre 0o PIRGRERTIEOPE el FLRBt| IRV TaR ORI Spco ascular
endaprokthdses f (nyaluminahi Endopresthesés)| istiklr oag/cstants, coronary stents,

VB e, o B el BE B Rson, ~ 1 nezol i o vi 7 us

static such as aciclovir, gancicl ovi r, fanticlovir,

Th@&s&ﬁrerdﬁ bé Hﬂl%hé&% 1zédjir{7§3fo€‘81‘ﬂ at 'l @@E&%@Accordmg

val anC| | ovir al acl cl ovir OVIr rivud
to s ipiepiiey isp dhateibe residyah gleaefee mhsclx frequeatly |°&é“ra1ﬁd?eé‘§ltan°°“5

trah SN 2k didplagy mthaslitidhal Qedtotsn Y stevaled. vat i ves)
such as | am vudi ne, zal citabine, didanosine,

zi dovudi n, tenofovir, stavudin, abacavir;
Byn dmrmnbiiim isdlidabden adctige ringledisntst omrmmuSpt:aﬂoen-based coatings, in

pa#ﬁﬁla??&&[téxel aﬁg&ﬁg&}{% br d %:{Meﬁ%&‘;fe thesl%Gé’i Cfﬂf’}éﬁhifnauon reaction in

Opln VIT
the figsagiof ithe vaseules walh ¢an bwélhl@rh anidéor énppm%sﬁd \hydiemporagy; local

relel ofafiesRNattive FiirBdREAS TPhiéh £ﬁdxéﬂﬁbﬁ§y b QicBodctive Il dents is
Es |aII referre errbo&lﬁmentso thesgfent tv has b

suffictratly il KRRYD cadinget® (s sialp 2f ¢ Ao BFb Stenisability has been

linfitedtdueltel tienmlatieg sippnmssidoeriasy) toshie Staofsheat,Sin particala bycause

of %]#e maﬁ%la{e.rf?g?/c%éaé: | arlél%fl ?eagg ’t? Iﬁaéiteﬁlgqié ﬁ 02'12%}? %Elﬁgaﬂl%equate
i.ehiincommiete irblleasenefhthese lephggncréueh@d)raotpdﬁrglmqq:gbetween 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 um, pore sizes from 5 nm to 1 um and porosities of 1% to 70% are produced and
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amezinium metil), partial adrenoceptor agonists (dihydroergotamine), and finally other
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To increase tissue adhesion, in particular in the case of peripheral stents, components of
the extracellular matrix, fibronectin,, polylysine, ethylene vinyl acetate, inflammatory
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(EPC). Oher cardiac agents,include: digitalis
gl ycosi des (acetyl di goxin/ rre%i | di goxi n, digitoxin,
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finally other antihypotensives such as
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In tlenenrse of vargicak sndotledpedicvitripddnts, 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 um to support
better integration of the implants by incorporation into the surrounding cell tissue or

bone tissue.
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fl uorophosphate, s CI tonin,
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impregnation instead of or in addition to pharmaceutical drugs, in which case the
following substances or substance mixtures may be used: silver (ions), titanium dioxide,
antibiotics and antiinfective agents. In particular these include beta-lactam antibiotics
( -lactam antibiotics: -lactamase-sensitive penicillins such as benzyl penicillins
(penicillin  G), phenoxymethyl penicillin (penicillin V));  -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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glycolide), poly(glycolides), poly(hydroxybutylates), poly(alkyl carbonates), poly(ortho
esters), polyesters, poly(hydroxyvaleric acid), polydioxanones, poly(ethylene
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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
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pol ymers with thernogel characteristics include
Byhip@lyiigy/ e aplghsecabditying polyfRt Miykersaféntioned @bove and/or by adapting

it SRR AT ethbom e et T BOBIE G BGBLST W ptease o te
activedfgredien® fronT e iagllant én b mgderinge tashieuyblé ecleats tintes dndlnde up

to Evb\ﬁv@ﬂ&ﬁ?,etﬁ{ ﬁo;(gh%i (ﬁ'%v\ﬁfé?ﬁgtggglgf%rﬂﬁﬁ b4 }{o‘ﬁpsv % %Msy 8(65 hours, one

non- cova I rel’edse can
wegloriwpayaeks) opeimantl|three mp@thst hr ough pore size and pore
geonetry. Additional nodifications of the porous

chem cal, | ayer by chem cal,6 npdification (anionic, |, )
The dYepfiy e implaks may %&h@%ﬁ@edt Wi FElls framicroqrganighs in special
apligtionssgmdamiyibe funotiomdlizpdin thirewiiye IThesecedls o afitiodfganisms may
aj Lve | edi en EYo) nsti . «
tork) P kP ftaB) botfod BRRLORRL it BT bl ESippized in i
wayamey dyes pravided wathopasuithblk ememhiape| dosting syiicings i permeable for
nuRRARPHA B¢ ingRSieHisSPRhSANdy &N & MSroorganisms but is not
permeable for the cells themselves. Thus the cells or microorganisms can be supplied
from the organism through the membrane coating.



m cr oemul si ons, nanospheres etc., which are adsorbed
in the pores of the carbon |ayer and are then
rel eased therapeutically. By additional coval ent or
non-coval ent nodification the carbon | ayer, the
pores can be occluded so tHat bioactive ingredients
are protected. Possibilities include the
Fonbxangplerghyt nging thepinivyistivecteelmiothgy, inl thigi wisy, ieiscpossible to produce
: p r ahgye in.th
im e, WARLPCOUER RoTBR bl AEReT B el BB G, RydgdE insuti
acqording tete prayedingighurosoleveli @ter heaemmplanmdumtludmdw onal
| ayers, a distinction nay be nade between physica
barriers such as inert biodegradabl e substances
(poly-L-lysine, fibronectin, chitosan, heparin, etc.)
and biologically active barriers. The latter may be
sterically hindering nol ecul es which are
physi ol ogi cal | y bi oactivated and which permt the
rel ease of active ingredients and/or their vehicles.
Exanpl es i ncl ude enzynes which nediate the rel ease,
activate biologically active substances or bind
i nactive coatings and lead to exposure of active
ingredients. Al this specific nmechani snms and
properties listed here can be applied to the primry
carbon layer as well as additional |ayers applied
thereto. By applying the rel ease-nodifying polymer
| ayers nentioned above and/or by adapting the pore
structure of the carbon-based layer, it is possible to
control the release of the active ingredients from
the inplant in a wide range. achi evable rel ease tines
include up to twelve hours, up to one or nore years,
preferably 24 hours, 48 hours, 96 hours, one week,
two weeks, one nonth, three nonths. The inventive
i nplants nmay al so be |oaded with |ive cells or
m croorgani snms in special applications and may be
functionalized in this way. These cells or
m croorgani sms may form colonies in suitably porous
carbon-based | ayers and the inplant colonized in this
way may be provided with a suitable nmenbrane coating
which is perneable for nutrients and active
i ngredi ents produced by cells or microorganisms but is
not perneable for the cells thenselves. 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 nedical inplants
havi ng functionalized surfaces conprising the
followi ng steps: a) providing a nedical inplant with

t, ] t rbon- based.lfgyer on at |east part of
PﬁﬁgP?@?#é@@%g%%t he i npl ant; ﬁ%) activating the
carbon-based | ayer by creating porosity; c)
functionalizing the activatgpMsar bon-based | ayer. 2.

The nmethod according to Claim1l, characterized in that
t he carbon-based |ayer is selected frompyrolytically
. pr oducedhedhribo produsy -nkstiesd | ingdendsairtaoing denddionalized surfaces

appl:blggngﬁggﬁgqoug\yggg sputtering, netal carbi des
metal carbonjtrid mg | oxynitrides or

ta
oxyé&hr bi BE¥idjas Aanedical igplang @dthy @ deash ope Caitogrhgsed layer on at
t heteagf partdof tHheurfmet bﬁmeaﬁlpmhcjl ng to daim1l or 2,

chatacteri,zed in that the nsists. of a
o eb g e Rfonted Fhe e RRR kS
con‘pb3| t Gunctiomalizalg the actbated chitvertmsedlayer ¢, gl ass,

pl astics, netals, alloys, bone, stone or mnerals. 4.
The met hod accor di ng to any one of the preceding

- ¢l ailhe meghpdrageordingte Clpim 1 rharacteriged inghatrthe icgrbgmb@%qdé@wer is
fr oe@lsa@d FRIm Pyrdl aﬂ@%d&ceﬂ%'r@ﬁlt Sa @@&bp@&te@%ﬁbﬁr carbon

T AR B0 5 b gl Gt PR B Do e, metl

pr oskeskies or mietal BiyqafbjﬁésfﬁWI asahy Idésmeld&lonfmﬁmtlbﬁs thereof.
artificial heart valves, subcutaneous and/or
intramuscul ar inplants. 5. The nethod accordi ng to any

- one To¢ methodmceeniitienty Clrimh iy 2cthearacterized aw thet thetinplant consists

act iy atnh A& fwii e iCRILRA-fPéka R9rdofty Slrbdrs c B¥BH P '}E'Qel‘i\élt Barbon
sui t.abl e oxi di zj ng agents and/ or redu0| ng agents. 6.

The IREHIEBICE Bla%H RESHGS: BiSiAlo AOYS! berce StoRe el IHERLS.
claims, characterized in that the carbon-based |ayer

. Ioil t | Vglho&i? %(}9316%1 2l Onrg\é\cdftlotge plbeﬁ}(a(ihgﬁ ngris, ctrlllia%{(f%li!lséed in that
el et mnplmmnpescmmddrorﬁ méldmmlrmttherdpMcanﬁﬂanys swchassy vascular
one ef?éotpﬁ'va d3bs %?e‘ﬁ‘csn go I}{erggenrf %@%@?&ﬁrétéﬁg s'u% &h %& orthopedlc

t he oﬁlsber asion i
ul t iraelgntsc bb@ﬁ Bragthepest WeJonatdmosﬁhmsmrt@lcwmmmrts, artlﬁc1al heart

si | 'vSlQrE@%u@dﬁ%a@Bu@éﬂdVBrﬁﬁ%ﬁﬁuscula@ dp1§nts The net hod
according to any one of the preceding clains,

characterized in that activation causes the
. car [Tha nixiselladcaydig tooaryeaenss the peadsding rcbii@s,adbayacterized in that

gggé&ﬂ%lgﬁl t%f \éﬂ a%rl?oq{ ﬁasg& Zﬁﬂ%} ?srp?erfo?mgﬁ] %lﬁl%%gblgfox%lginé %gents

and/or reducmg agents

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.

by prestructuring the substrate. 9. The nethod

according to any one of the preceding clains,
characterized in that activation causes the

carbon- based | ayer to becqgge-nanoporous. 10. The

nmet hod according to any one of the preceding clains,
characterized in that the activate porous

c alhe mezsleat comlyeg toi my&mtascefqhe ptecyding wuims sehdraateized in that
Se@étﬁgﬂopycﬁg& %ﬁ/ 9£rb%/ ) acc e?t {CJ et{e%&gl%n p%rous,ofpr{s%erably

subst ances. 0 an one
> BGRAPAG e Mfvore SitHTeiss Brthe el Do 100Haum, oprionally also

f ubg prestradtiatdd theRuldiratdle activated carbon-based | ayer
conprises loading the |ayer with at |east one
subst ance sel ected from pharnmacol ogi cal active
i nghe dieghmdsgccdidimgetosanyninerafdhe) ﬁrdcsd‘(ﬁg chhﬁmtokﬂfacaﬂgizﬁmﬁn that
ce I an

e écéﬁgh@%&%%?%s ff HABA-pG S l§¥er% bgc% trﬁéf)facglrog? Satur al
pol ymers, protei ns pept| des, am no aci ds, solvents,

l OTRe nfeﬁidd%%ordhrfg focdnlyl Si¢l cﬁfrthéTBfe@Edmg 2lai8 Sch%fh%tkr@éd in that
nc.catl ons, ant | bo I es,

i cke
c o bR BOrSuh pPRE-Stter oy b LS bacHRY compirssedcingior sealed
gI by &V emtor GVI eptalatildionganf3t subptadast i n or ot her
mutants or S protein, dextrans, as well as their
derivatives, mxtures and conbinations. 12. The
meThomethodacaonding to anyyonsrad the prenedipg elrirds, mirarcterized in that

Ch&%%ﬁ&fdnﬁﬁ%iatmﬁ dfhad actﬁ@fedfébglg 3d-0084 147 18R h§%§ loadltng the

perf or meol_t ? sorption o tances corres

af BYER tWith s leapt é’ﬁ‘&/ ghbstance h@@%&%aﬁ%%‘;ﬂégwal active
whigigeddyerits) Einkers, R BpSYgarigns, g)m bARMIRR] 1R i86LERESNRA cells
{08 PR, AR PR Al st i potymers,
c hprotetnse rieptides, rantinat adidse iMestsanony, sjations/ ar @aaipplar enietal
t Oca%'&ﬂé Qct 'Egoﬁiblaltzﬁf&kgln ctoﬁé S?ggﬂ%o Qat%§eqRﬁ@c¥d?és t&Slmodulm

adsqr ption sorption
el @EW sl aEOiS@ Sc]] @lmn%m rgglt@ihlmmnstrqumhensuep Tactm or

bostlbmghutahth orT$ @roveinh QektAmS 04swB ak ehéd BirNalives, mixtures and
char cterl zed in that the at |east one substance is

esEMIPGS. per manent |y | mobi | i zed on the
carbon based layer(s). - 32 15. The nethod according

subS Befod e IR o R8RS ok hARIAE o, chBaRRE in tha
p atlhfv‘ |f@mﬂt1@nalszapha isper&irogil bal adserptipn of subptandee adrrespamling to
beafﬁﬁit? Qa?ﬁdmf 51917&)5 be tfléi)é%oh 'Baé’edcﬁg%] ! Ueeh n@tfrresﬁ&ldmg

herre r |n alm aractelze
! PSR greselee Ogheh ey Canceaiar eto dchowe atiluibe afanty togs.

| ncor por at ed i nt 0 m crocapsul es, |iposones,

%ﬁl%ld%%mrdmg 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.

nanoparticles, mcelles, synthetic phospholipids, gas

di spersions, enul sions, mcroenulsions or nanospheres

whi ch are adsorbed in the pores or on the surface of

t he carbon-based | ayer andiycan then be rel eased

t herapeutically. 17. The nethod according to any one

of Cains 14 through 16, characterized in that the a

codb¢ meethéd @hcardingutn €dsint Hé, chireatsrzel i hieataghei ateleast one

| ngfREh&N ﬂ)l?cda{os ?heapzm)br? gased 51‘3!/&0 §£ %af't[c% harmacological

pH sensi ti ve and enper sensi't a[;I/)mars
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18. The method according to any one of the preceding
aracteriz hat he functionalizati _

i nc*1 nglggmgpaﬁf:?/rd @8 rlgdglﬂraectt%?ié? 45 phagmaco Cioglca“y

poacylrvsrssbmrmhs ae lnmrbalgtad intl thichodapsiged, dibbsomes, nanocapsules
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cennnqw%@élSloe&r%o&anﬁmh@mswhmhl ygeadshibied| iat te perseion,on the
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CaTlhmmaﬁle)i acpmtiingdo tthpest ef Llaimeoll ¥ esbegh 16, characterized in that
%%%ﬁm}{ﬁbgfé%& n?g %!rsl@a&l ¥>9 Fh%xa% ]%] 1eng£l 1%t is also applied,
f@&lrt FOn| @Ha‘iﬂnwlve patd/em Hymmna@w -sensitive polymers and/or

poélmgnzanpaémmer@@haﬁmnﬁﬁn@scl ds) and their
copol yners. 19. The nethod according to any one of the

precedi ng clainms, characterized in that the
f URied meﬂnatilazadrdmg tblwattﬂlefaf@mbbébélﬂng@lﬁnﬂé Qﬁ%&t@ﬂ@&i B that
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patojyruerg|sich asicdllagen) ylbmlnhyl gehﬂnyhyaﬂummcdamd}(Htatalﬁ:,rqellluloses
CYﬁ@Ra% yﬁl%fhg/(l) Qéﬂtﬂ gﬁfb‘?@g 0?81( YRIRR%E egﬁ%roxggfopyhnethyl

am des yure ester ur
poqe;{" u %élp}!@@é%t@r cageidadyxtirans] pelybasncharides,

pgf:ibtﬁio@h!ﬂl ep %'(]21 |I_dl%ct1d€9| ¥)B[}QD}L &Bﬁd@&? ‘éﬁlcog&éélrj%'lﬂélzycohde)
DT RET bV Glon, corRpch) igoayoesin,” polyester
pqioys((hydixbkyvmm ataeig)ht mﬂ}&mwanaﬁe V\Bbd)lymh}tlé’tﬁﬂ I' terephtalate),
C S, avi n

7 URBIEE P acit)” dori(Crtile  FROF D el RthBHidh rebmbagptarenes
oprl}{(h@lrp)r@é@dm@tl@ﬂreﬂonglyn@ls The i npl ants accordi ng

to Caim?20, characterized in that it is made of

math cha st ai nl ess steel tltanlum tantal u
WE‘#}P GesAding 4p |anyionenof H1q rgecdingclajas; chatartgrized in that

meher Yurgtibaylizations h igdudest iapplyif AorekRUdegraliaé Udhd/or non-

ala!bggr%algl a}&%‘e’rr% 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,

fibers, solid carbon material or carbon conposites.

22. The inplant according to any one of Cains 20 or

21 conprising nultiple carbon-based |ayers optionally

| oaded with active ingredignt. 23. A device according

to any one of Clains 20 though 22, also conprising
anionic or cationic or anphoteric coatings sel ected

f r ém igipdan dreingcafimagemhiaed surfae poodusifleytcozding b @ag one of

pomééq}lg’leg?x%&q%ﬁhg; es, chitosan, poly-L-1ysines and/or
ory 0

phos Ine. 24. A stent coated with an active
i ngredi ent according to any one of Clains 20 through

20 ot i w0 e A
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subs he ¢ 54

rtute In oracic or ée?‘region of the
spinal colum. 27. An active ingredient depot with
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d/ or | ntranmuscul arl ccording to any one
ggcargm-bagjﬂ?@gr s %!On#ﬁ%ﬁ}aﬁﬁd WHE aglivingfediento any one
of Cains 20 through 27, conprising applied and{ t)r
' t ] Cr.oQr gani . Vi vectpors or cells or. .
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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 a 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.



