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present invention relates to a nethod @W Eﬁﬂmﬁmw

medi cal inplants having functionalized surfaces

providing a medical inplant with at |east &g

carbon-based |ayer on at |east a portion of the

.surface of the inplant, -agtivating the carbon-based

| ayer by creating porosity and functionalizing the
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relates to functionalized i nplants obtainable by this

net hod. -Medi cal inplants such as surgical and/or
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mechani cal and bi ochem cal properties, nust not
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Qﬁiéf sense of chronic infl arrmatory reactions with
def ensi ve and rejection reactions, excessive scar
i ssue oducg on or ﬁegr adation of tissue, which in
A& n‘Eet& ¥ mee aleiand reramie masialnfrequentingised for stents
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materials such as heparin or growh factors which

i ncrease the bioconpatibility of the nmetal stents.

For this reason, there are various approaches in the state of the art for coating surfaces

of medical implants in a suitable way to increase the biocompatibility of the materials
used or the functional efficacy of the implants and to prevent defensive reactions, i.e.,

rejection.

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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advantageous.




In addition to plastic |layers, carbon-based | ayers
have proven to be particularly advantageous. - - -
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*000002* - 2 For exanple, German Patent DE 199 51 477
descri bes coronary stents with a coating of anorphous
silicon carbide, which increag8es the bioconpatibility
of the stent material. United States Patent 6,569, 107
descri bes carbon-coated stents in which the carbon
material is applied by chem cal or physical
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1mdﬂ1btlbmithimn@gls, e.g., long-termdelivery of
medi cations at the site of inplantation of the

inplant to potentiate the effect of the inplant or to

Facthtevee, addhppropradte ﬁﬁdﬂlad‘als:hlye deni & addicatkfag@psint FN8IpEants can
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pmmd@;hwgh additional functions, e.g., long-term delivery of medications at the site of
implantation of the implant to potentiate the effect of the implant or to achieve

additional medically desirable effects.

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.



Furthernore, there has al so been a demand for nedica
inplants that are inexpensive to nmanufacture and have
i mproved properties. 3 One object of the present
invention is therefore to nmake avail able a nethod for
producing inplants with an additional functionality.
Anot her object of the present3invention is to nake
avai | abl e nedi cal inplants which can assune
addi tional functions, such _as the rel ease of
Oph ahist eft theaPresemsinypaied i threfors delymalse @relagiont method for
profiudihg sHlan@ Rt &rﬁzﬁcﬁmomﬁﬁldueﬁm?.sed bi oconpatibility
and/ or have a stronger functional inplant effect.
Anot her object of the present invention is to make
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can release p arnacologlcally active substances
that are applied to or incorporated into the inplant
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achieved in a control manner or the bioavailability

can be increased. The inventive solution to the
Appiher Py st pd B 0BiER8 VS (o Biegide smmtablerag s ngisdient depots with
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d|n the i ndependent clains. Preferred enbodinents of

& inventive method and/or the inventive products and

uses are derived fromthe dependent subordi nate
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embodiments of the inventive method and/or the inventive products and uses are

derived from the dependent subordinate 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 1s 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



the inplant and to rel ease these substances
continuously in a controlled manner in the hunman
body. Accordingly, the inventive nethod for producing
medi cal inplants having functionalized surfaces
conprises the follow ng steps: a) providing a nedica
inplant with at | east one carbon-based | ayer on at
| east a portion of the surface of the inplant; b)
act i atln t he car bon- b%sed | ayer, by creating
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homabbodpased | ayer. Wth the inventive nmethod, it is
possible to suitably nodify inplants having car bon-
based surface coatings to nmake it possible to | oad
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bi ol ogi cal physi ol ogi cal surface properties. This al so
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means, permanent surgical or orthopedic inplants, such
as bone prost heses or joint prostheses, e.g.,
artificial hip or knee joﬂﬁgéébgébket joint inserts,
screws, plates, nails, inplantable orthopedic fixation
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atvoahng pathenmkertioncasi ngs, el ectrodes, subcut aneous
and/or intranuscularly inplantable inplants, active
i ngredi ent depots and n1croch|ps and the like. 5
The terms "implantable medical device" and "implant” are used synonymously here and

are understood to include medical 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.



The inplants that can be used in the inventive nethod
may consi st of alnost any naterials, preferably those
that essentially have thermal stability, in particular
all materials of which such inplants are typically
produced. Exanpl es include anorphous and/or
(partially) crystalline carbdn,- solid carbon
material, porous carbon, graphite, carbon conposite
mat er S n fibers, ceranics h as zeolites,
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based on ni obium tantalum tungsten and
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Fe-21Cr-10Ni-3.5Mn-2.5Mo (ASTM F 1586), Fe-22Cr-13Ni-5Mn (ASTM F 1314),
Fe-23Mn-21Cr-1Mo-1IN (nickel-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



ASTM F 136), Ti-6Al-7Nb (al pha/ beta ASTM F1295),

Ti -15Mo (beta grade ASTM F 2066); stents made of

noble nmetal alloys in particular alloys containing
~iridiumsuch 6 as Pt-10lr; nitinol alloys such as

martensitic, superelastic and col d-workabl e
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especially preferably up to 2 mm, in particular between 10 nm 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.



deposited in the nore porous layer. 7 - ACTI VATI ON
According to the inventive nethod, the physical and
chem cal properties of the carbon- based coating are
further nodified by suitable activation steps and
adapted to the intended purpose. Traditiona

car bon-based i npl ants usualty’ have essentially cl osed
surfaces, which greatly restrict effective and
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pur pose of activation is to create porosity in the
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imihetcarbes lofkr bh éseimpMiti Skt Powibilti&d dreiaSailbistd KL ed,
especially preferably at an el evated tenperature. The

activation step(s) may be carried out at an el evated
Omne moesible umashod of agtiviatiogntitOGrban 1a3O0RCIudes, eﬁ)ﬁ%ﬁé}hMe7Q@uthe or

okﬁagwgeatl%ﬁﬁteﬁ% > a%wﬂfcgftﬁé' ﬁg%ylé e%%%@cahgao%ggpes with suitable

rticul ar pl‘ e
ég’v&ﬁ’é‘éuaéﬁ?t? Ola@ﬁfi@kn&:aﬂeéuwswb@e:hydnogee,sqaehnradxbylde water vapor,
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L APSCah Psrgeereasmettiaht coPor- éseﬂd?b%ﬁl% odifisgiy reduction or
o:gdalmmor haperbination of these treatment steps at room temperature. Boiling in
oxidizing acids or bases may also be used to produce a porous surface.

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 controlied release of active ingredients from the
substrate into the environment through targeted adjustment of the porosity of the carbon

layer.



- 8 The coatings are preferably porous after
activation, in particular having a nanoporosity.

Medi cal inplants can be used as a drug vehicle with a
depot effect according to this invention, for
exanpl e, in particular when the inplant itself also
has a porous structure, in @hich the activated

car bon- based | ayer of the inplant can be used as a
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structure and its properties. To do so, the
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ease ca
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iofif@figr nied here. Qther elements may al so be deposited
in this way, such as silicon. Such nethods are known
in the state of the art. Alnost all known saturated
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silicon. Such methods are known in the state of the art.

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; 1o 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.



substituents, such as tol uene, xylene, cresol,
styrene, etc. 9 Suitable ceram c precursors include,
for exanple, BCl3, NH3, silanes such as SiH4,
t et raet hoxysi |l ane (TEQS), dichl orodi nethyl sil ane
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n rating silicon co titanium . co
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stability and oxidation resistance of the layer. In
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into the carbon-based layer, it is possible to form carbide phases which increase the

stability and oxidation resistance of the layer.

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



| ayers in an ultrasonic bath, where defects in the
| ayers and thus porosity can be 10 produced in a
targeted manner by admi xture of abrasive solids of
various particle sizes and degrees of hardness by
appropriate input of energy and a suitable frequency
of the wultrasonic bath as al®unction of treatnent
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carbon-coated inplants in an aqueous ultrasonic bath
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car bon- based | ayer, e.gd., by applying one or nore

por ous carbon-based | ayers, by carbonization of
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to 2000C in an oxygen-free atnosphere, optionally

Inpa tebdclayly Opebftiree kb Bod@fe 6f this invention, the activation is performed

during the step of production 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 1s 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



- 11 stream subsequently. Correspondi ng net hods are
descri bed, for exanple, in German Patent DE 10324415
and/ or PCT/ EP2004/ 004987 and in German Patent DE
10333098 and/ or PCT/ EP2004/ 004985, the discl osures of
which are herewith fully incorporated by reference.
Thus, for exanple, adding polyethylene glycol to the
polymer filmthat is to be carbonized produces
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by known net hods in a subsequent carbonization step.

Furthermore, by optional parylenation of the implants before or after the activation
steps, the surface properties and 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
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SBR[ o Qo NRatdaBlof.- tbcﬁéd)rlz?yep roragﬁﬁﬁl Qﬁﬁﬁhpéset %d l:ﬁ%on based

w th active iIngredients. his is E% coating It
layps. ﬁuaﬁblpéaé%tarefﬁéaréoﬁ@leﬁes&&rmmay@va@ﬂogm a@g\feaaar@ﬂ@ms linkers,

naadbﬁgﬁmsaltgs e¢1hadd @amoérymsl 5ﬂg1hn msludRtg RERdh cAlshnddl, cultures
2119(? tlsgulen 'min rallsursgln ts, Cmez:itgfs synthetlc of natural polymers, proteins, peptides,

amino acids, solvents, etc.

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 i1s 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),



cel l ul oses such as nethyl cellul ose

hydr oxypr opyl net hyl cel | ul ose, carboxynet hyl

cel l ul ose phthal ate; casein, dextrans,

pol ysacchari des, fibrinogen, poly(D, L-lactides), 13

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

pol y( hydr oxybut yl at es), poTy%éIRyI car bonat es),

pol y(orthoesters), polyesters, poly(hydroxyvaleric
poq§ Dj%xla Rieyé%' @@]Rf&@s g%lﬂoqfd@) ?&@5&%‘8?%&&1% &), poly(alkyl

I C ac

Caﬁmw%yml}'(@étboestmﬂl, wohwsisha Zeredydiosyyalerrd aodacpalzdioxanones,
pcﬁg@tﬁyh&ier t&@pﬂﬁ!{lﬁ@r 508/'(m998 Riied e&ﬂ@(@fmbﬁcagaé?r Bolyanhvdrldes

sorb part I cul ar anionic

p fog}%aw@é?% eo é@é‘?‘ﬂﬁ@%‘dé)r@ BEpSePAYMETS Y @oBrekeeradable and/or
ab%Srbab&l l’}])atﬁmerﬁahi’ q&@ﬁﬁﬂﬁk aﬁlﬁlh@xﬁﬁfﬁinIinrC@ EHbl@ﬁ@ coatings are

PR B At ot KR A B R AP st ehitosan,

mﬂyﬂibsnwngd@ﬂpbmW&osdehas pharnaceutlcal drugs and
nmedi cations nay be applied to the activated
carbon-based layer or incorporated into the |ayer.
InThes fprctigaalfaation rstgmarcdi dgl Ervenhve arstkodatastioe aimgragdéents such as

phdtghediRat &u@@@ﬂ@tm&ﬁceﬁﬁﬂk B8y bR HblitPd BR LR carbon-based
directly as i he case of .netals, for _exanple. For

a@%aﬂtp}néor@baaﬁ HYP yhensyer - dgp uwéef}ﬂi Bopstisyler Wceasee where active
inghgiiaald einst Belapplrg ipag!tb thx ehmpRhedirdilf fasGhlthe t&ecafihals, for
to tallic surfaces because tﬁey tend to forma
@gpyggalline film Usually the inmobilizable
quantities are limted and the rel ease cannot be

F&PQ{}H&JI& %ﬁ e 5891?63 l:ﬁoﬁlhcs y{tﬁle gﬁérgéh L& st z];saf):aec?ltaxel are

["'eads
dishpHoxe raaplefl ip @enﬁlmﬁt@faqehéaqcema@ey <§¢ndwm échnund@wstallme film.

UBIY(B/ &EQMmié@Téddlddnﬁﬂés hfb hﬂméé 204 QH f‘e@éas@%xﬁrﬁﬁ be_controlled.
sol utions | qg t o uncontr ol tiaon of 30%
DReEhCqan8 A Suely MEFAHEC gk %Cescwlwﬁclit%zgﬁzﬂ@ d5.4¢ iegam loading of
amﬁﬂhditeﬂg 1 mgihing, iy e«ﬂt:asen of m’lﬁif:h? ratdky phiy§ibRRUSI conditions in
pla¥51c§galfzalljl?8utf§e icg ﬂ?nsplF%c}satP B! errlti('a d 4< ?ﬁergtiorll gf ltblg?n 1 ith in one
tphief dayably with a pore size of 5 nmto 100 m
preferably from5 run to 1000 rim can take up active

|ngred|ent guantities anmpounting to up to 100 tines
Corpen Byemorriivaled i apaeeing & Bbis- Byented. grefpabi yitreous amorphous

cAPBbRIWitC a i1 4k ARMtEn@s Gn th€ YL PORASH! ﬂoeﬁm%re”fertagly 100 nm to
50% ?ﬁera Iy 10 to 5Q% and 8§ aver? ore sizé of
S BT IR RO TR /P 146 0] b e 400 ki P Tcraigl D rgéo 1000 mn

cﬂaml«aplhp QO mgfﬂltﬁﬁsﬁlahﬁﬁ}&e amOuhtiey tongp adi 0t Smef that of non-
act 1v Eed c!alrboql coape eorr Q5 la et.’%jrCt L g hev or‘[oS c}sz{ of 5 to 50%
Hore LT dngr oM lfé{{lg oper Y PPRPSHIFS 0 OU7o,
prelﬁfsrelvﬂbfl Weo éﬁmdr@mvevagt ipoee ploe ef $hmeo dfurﬁ,(prefeml:ﬂy} froan 5 nm to
S e. .. . . .
56’@5% g}l f%@&l@na[ E%%;c( H@J ctlgggnp%cg?ggglag %glﬁ’[?&]e% r%anner as a
function of the porosuy and/or pore s1ze an or surface properties.

In an nventive 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/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 reiease rate under

physiological conditions within 25 to 35 days.



surfaces with a |layer thickness of 200 rim 70%to
100% of the applied dosage of paclitaxel can be

rel eased in a controlled manner at a constant daily
rel ease rate under physiological conditions within 25
to 35 days. - 19 In partlcularly preferred

enbodi ments, through suitabl &*functional] zation of
any carbon- based | ayer, peptides and proteins as well

Inm%‘%%gg@gkﬁﬁﬁwﬁ"béﬁg Rppotuglh g?nte?ou 2 CL?‘rlcﬁf}n?qgau?n of [ any carbon-

nventive onal'i"za
baserh &iyst, peptides ol prateinsras o @mlarr:@rptemmdtpommtenos can also be
inHostigaces which all ow the binding of peptides,
proteins, glycoproteins or |ipoproteins |abeled or
otherwi se provided with affinity tags. Such substances
Ahngvdati®e féaf oﬁﬁﬁﬁﬁbﬁahz}aﬁﬂﬁ cofadts GﬂSQleéthﬁrrﬁ)hfb@lv@lént adsorptlon

catiops,su a i C copper an
o SRR aRPRBodey” T Heha; ol TERALE, PG Tl Bueopoteins or
lipapgeate s labaivdio ofledrdsse butied hitbraéfinist ragpt avi di n,
Strep-Tactin or other nutants for binding Strep- tag-
or SBP-tag-I|abel ed substances or S protein for binding
Sght Q@sqda@@ue@u@qj Het exameple, i0gs,catiqife de pafticiiiar tmetalaggons such as

cobaft ﬁ‘ltck@lcaﬁ%epé{n@zr%e'cﬁﬁ&lsea%ﬁ% &é?mtohﬁlnp%%h{j ©eHulose, sugars,

profeln % yCcop rotelns or ﬁ@grotelnsto be
amm?o%rfrsp glanthigpe, aFé‘l?PWdlqlﬁeSté?Pr ing qeother; rapignisfer Bindpg Strep-

tagebmSBPSta?flaHeﬂ'@l PiHstRbYs SEQURBEE forstialiing DyagtiRBeled substances,
met hods of reconbi nant genetic engineering or

CtBiotinylatlon Affinity tags, in particular
pol yarginine tags (Arg tag) are preferred the latter

Tl%ﬁ%f %ff%{ﬂ&yta 9 na?rI Sét'talggﬁ? f fi a’ 1{a%l etﬁ% | ? : fite | Cgeap%des proteins,

tags
glye@mem cxnﬂlpam;otqjestorlwmmighhed tatyzprhm thy ettlm tho Cttenminus or N

terﬁmu@ 3(l)fsthe ;Exlﬂﬁ%ytsgﬁlémet hushaeys geﬂuenﬁeu@}r@@%m%mpgemnc
et

qui@gerwﬁl% ﬁnqltglryf%pophé Bloé,cllnd) en?%rd?cgyargmme tags (Arg tag) are

pﬂéEEMAKEEB@ﬂMlSerabt}ad:dm&uhg I‘Og hvadi 9ig af.’gemhlcﬁ}ibadsl; @lyhlstldme tags
ose- ar C

T b0 R nP R0 5P b ol ST Tongh PRCHRGH o acats.

Fké@u@gs evithf the hequeept DASCDPEIIE] Strep gky,copr teeitreparg I sequence

R NS T TR

g BIOiAiEbindiTEoperasle. tiniamih- of fiuResecondinagiomains, in particular C-

t&ﬂnﬁﬂa@tmlt&ﬂﬁnﬁ Jrl ARST SIsRRRs 1ifehe %ﬂhﬁ@sﬁ @éd&g'o@ ghe Peptlde protein,
roteln @pterlo phag T7 an

ﬁ9pr(9f0rﬁrer°rt B@pr@feuaftp tymfnﬁ 1zq€heﬁ]§0§%§“ é%& l%‘ﬁh dghe sequence
MIDEKS WR@VVEGI&A@EDEMARLE]EHPQG@REBD&? g&ghistidine tag
on,.surt,aces [ S e usual 0 at
SRl HR5E R AL RRR I8 LR el ol oS ha i potin
badiemopiiaeg T aphd & Sl edbtebe gt also any other type of affinity tag.

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 1s 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



Functional i zati on of the carbon surface is
acconpl i shed here by adsorption of corresponding
substances in and/or on the carbon-based | ayer such
that these substances can enter into a bond with the
affinity tags. Correspondi ng substances include, for
exanpl e, cations which are ihtroduced into the carbon
| ayer to permt binding to the 15 basic polyarginine
cobalt, nickel, co r zinc cations
bos e orBining g k- B Ricke P e it Gog e binding of
poé\ﬂsmqam ©gs,dbr txmmpElat i body M on the carbon surfaces
permts the binding of FLAG tags, streptavidin or
Strep-Tactin or SBP tag-label ed substances or
Adspi g plotheoantibedy M1 pndheicarben sunfaceupérads the bividwmp 6f FLAG

tafaGtregaaderos yhep-aneds or 8P QQ@qﬁ%fedeﬁiB%hé@ rbtr ad\%ﬁtl%n of the S

unctiqnal i zati on consis usi ng cal modul i n
proein gn thgesu agbVH@Hggﬁa&Hédﬁiﬁﬂﬁﬁ“§9$face Thi s makes

it possible to bind cal nodulin-binding

DL, BTGP AR
bea@dﬁ@rh@ldlcsh@d daybadswfape.i Tns afakes it possibe; to siad tchiaiodulin-binding

pe@aﬁﬁgoung‘a sﬁBQhﬂé&% Yﬂetc*arb%ﬁ agéeogl%g bi ndi ng donai ns can

acconp y ‘adsor pti on of
chitin to blnd substances provi ded with chitin-binding

InchH@ﬂ di$bodth Btk athb Yuncfn%ﬂé]h'a@&@hs ZRbin %ﬂ sHE@lyb}bﬁis&%Egﬂ’ LI ulose,

ut at ni one |n|n | ut at hi one
SostftarI a*ﬂ‘g?té?%s@qdaf&q 2 |%‘au&§63‘t’n&ﬁkf’@sd0@alnw qap heabewak or it is

acobmplisledsyy tdsobptitch FREHIOS € bHNSIRGNBECHR Ml ahe] &fltin-binding
substances. Those skilled in the art will select a

AU PYpl e affinity systemin accordance with the
conditions that are possible in genetic engineering,

Slhﬁﬁrlfyuﬂﬁl(:hQMJzaﬂ&g nfay g}e%%ed Wll@nlpg[l{altlﬁgr%eofor tbhr}%mo glutathione

petl proteln oteln o
é%a#slraée tagriabhsied] ayRstancesy et wethamattesp \Mtdm\OOSI:-& bind maltose

biH@hao Bl M EHsibst@PesTact in  can be obtained froma
Strep-Tactin solution on porous carbon surfaces with a

pore size of 100 to 900 rim a porosity of 30%to 60%
Tlaosd <killedyi@r thiehdrc kaSﬁleﬁn‘ a buitabld afifiniby Svﬁﬂﬁa)}[ia@gorﬁﬁnce with the

coqlldﬂfc{hng gthﬁf”‘l rapé) }os?‘% e Tni Ueneq%cc aeglgf)%g%%r?% e{ha En C%I r%gae;nldz gtructural
mug@ﬁnQOSbﬁ@pmw#gphabelQdumemgmbwdammnnmnz I n anot her
enbodi nent, the carbon | ayer is doped with cobalt

i ons, where the porous  carbon matrix has a cobalt ion
Ferontaate. oareen fayer Bootigrlizek vidl Pds8 eefmmntdsorbed Strep-Tactin

caltRf BRIl a Sﬁe;ﬁ@%@tid"so‘i’dtwne&“ﬁorﬁﬂ 9&%§orpﬁfrﬁ‘€5‘s with a pore size
# ers (ﬁ a porosity 8@) &i | ayer thickness

0 i P B RPFOSIY Qf 70118 QJ/Q aﬁgﬂ,}]a(va{ mlﬁ@ess of 1 to5 um by

sﬁr@gng abeippthgr @elbdirbiapent THe cab@lay Befunctionalized 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% 1n 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.



adsorbed by the netal ion doping in the matrix. 16

Anot her enbodi nent invol ves, for exanple,
functionalization of the carbon surfaces by

adsorption of |inker substances, preferably

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

whi ch perm ts physical binding of substances,

preferably bionolecules or active ingredients and/or

have a chemical reactivity so that such substances can
ApethenemboRipekr yniobeal @mtexztmpws funstiefidizatudry obihe fcarbwnrsyrfaces by
@%‘rﬁﬂm to?“ l%ke?rsuﬁgtgﬁ&)ﬁd f %r cyi)%??m%]ﬁwa e%ddé)ﬂraﬁxlge e.g., as a

sel ect a suit
hf/‘éfﬁéflb (whleb PeHeity )Pbké“%@f] blnqhglan%f syhsranggse pmf@r@bkyt bigma¢cules or

a&ﬂve?molﬂ&:hQQQde/foh%a@@rab%éﬁlééﬂefeg@@ﬂt){)% ftﬁHﬂ%hbl@@@bétﬁ&Qs can be
as OoWwWs odl nent s. sSor on of
alaghgd oy faY ﬂw@w& sé‘? f\y SURR ERNO; %ﬂ.onafdm Shbesfs-

nodi fi cati on in NHS/ EDC t o convert t he carboxynethyl

SRR o M AR AP AL b e o

ligando bonds nAth the esters. Unreacted esters can be

i nactivated again in another step, e.g., by incubation

in IM ethanolanine hydrochl ori de sol ution. For

Fay Siepgrradugipagiism asping ond,ghe carbioniges cany bafungtigeslizedns follows

P& p Mne@fenﬂ)oﬁ%é}g§ %%M@ﬁ%r&ﬁ Qﬁﬂyta@ed @E)@t‘?arpf subsequent
eous car and ca es yi el d

ARG TS O e LS ol <Dpvegt e FHBRET HEroups into

f@é@kydﬁﬁnmmﬁmuaunplecular wei ght of 60 to 90 by

coval ent bonding. Furthernore, the porous |ayers

activated according to this invention can be | oaded
Thigt akgshapesddutd alabrbdigagds whieh enteraniocavalemsimino bonds with the

?@efsr %&%wdsggfers %QA L)é n?a%?(/é)((ed ta'c’élﬁl“lﬁsdnbtlﬂext Qﬁp %Hbv incubation 1n
u gy

nctional 1 zati on ep 0 he 5FOCGSS or
1M e\rpedamipe hhmra@m@rs@q cSpHen.s Ukt  X8mpigs ked@r@tnon “of 1 HE

cﬁ%&m@ﬂqy@@ Qlef(l‘i’éfn Ihef dhhZid10a GRAGRAcArBR-BAkS ddinpdife layer of

S o Bt e BSEIREA E S RIS wich cm b

ol N@BDDEI}[@/I@Q&BI@WdS wigr aéfrmﬂe‘oathr evdidioffe®ts90 bneovalent bonding.
i npl ants activated according to this invention are

| oaded with active ingredients in the

Rugthem@raathie zerdusriagare petivatad acsoidaeg wdthsringenyay cbe be loaded with

HhQﬁ%@utléﬂt&}u% ont ﬁleﬁnﬁtl&?sr %ﬁr&ﬁ’g sr‘h@y&'ﬂs B¥id/or tissues in the
sul t abl e sorpti've nethods sdch dsorption

fapionplizasion sym b %pmqewrotbew@mMrpfln%wmhrmgf@sm aids such
a@lrﬁa@k&%r ¢ahRact itRlya fastdaﬂzir@aﬁ)@&dhmpldnfmmg@aédp@ Of even with
& % based coat.j.n g a? actlvg PB%redlent

t%FIEFt”PBr% 1%&‘9?%‘1‘1%@? cira AGNEFEPLRUFE or active

|ngred|ent suspensions in suitable solvents. Coval ent
or non-coval ent i@?ﬂﬂﬁ i j Lents in or
on the carbon- basg i EﬁEN%(k&Q%ﬁ@b

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



- 17 be a preferred option, depending on the active
i ngredient used and its chem cal properties. In
preferred enbodi nents, the active ingredient is
applied in the formof a solution, dispersion or
suspension in a suitable solvent or solvent mxture,
optionally with subsequent dr'yirng. Suitable solvents
i ncl ude for exanple nmet hanol , et hanol, n- propano

|sopr but di | ycol butoxyet

b, e PR Bl AeP Tt fr Bisa e et ey ussricawouts chemical
piopbttiey! al cohol butylene gl ycol , butyl octanol,

di et hyl ene egcoI, dinethoxydiglycol, dinEthyI et her,

di propyl ene gl ycol, ethoxydiglycol, ethoxyethanol,
Ireptgft:mgi(amédqiimentsQn@mmtivehbpgaqd}é@it a$ applied 1n the form of a solution,

displrsPnh X 30&Jehigh »in e XNkta Rl CQh@ént (!?egﬁf{'é?ﬁ Cnt)&Oloptionally with
|sobutoxypro anol , |sopenty nethoxybutano

%méwgmg/é&rtable ﬁ%lt"ﬁ%%y@% H%@lr exgraplR e haebredipaabm-propanol,
1§aspfdp@iswmbhwb<p&4 Uﬂiﬁi@@m&naEGbikawsUﬁbbﬂl(ﬂ' butoxypropanol,

gge%}lg Plco%éetzput Erélrcggelt gé&?l-rf:gg r ze;c:jclémblg}g_{gg_ecggnol, )éi.mthylene glycol,
dRE€EhOx yiglpyd], @intestiy,] eplesnt yipﬁdﬂ@/lg{eygod:ol 8REx ydiglycol, ethoxyethanol,

e@@gge%arpe%{uﬁt gly%?lhegfa%éé?u ﬁé)ﬁaget{lﬂlp%%(%%@t oll,p %{%}?{t‘{n’e glycol,

i@bh@mypq@p@rpﬂnedl abqpeptydeipl,ene @Hyctbbxqu@tamyl ene nggth@oldiglycol,
r c

1o gﬁﬁl @l nf?:'ﬂ'Rﬂ%’Arslgﬁlg) a%lﬁ et x?f?ﬁé{hﬁd?ﬁ{ol methoxy PEG-10,

rof ur an exanol
ey anamethyly Pih clhgs, FRathyIREOPRBRAL, némqn&ﬂaglwyol» S REG-4, PEG-6,
PRGLY UPEGY, PPEGD SIPEG - R 1 dehed, nahéh@ ool UPIES-70PPGLNButeth-3,

f or ement i on eferre i ncl u
P Qs SRR LR b2 tvﬁa%fénlfﬁéﬁ@m Feher YE0S hlRbitlg. pro-2
pedpyl eti@nplopaneiog) ppaytine glypslopespolene diipecpytiteinether, propylene
0 t e ut nQ
g f¥’§ [Lrogg :aeﬁheré E#ﬁﬁg@%r&g tﬁ?@é ﬂfé}%&?et rhg y dro zer:réeh toluene,
xmhrenoas wel emwetne Optlonz@lém@ mwvr@rveth perefrgprbldg apt hésaghixtures of

t}hesﬁlafé?lﬂ)éh'ﬁ%ed fibRkARAnol and/or  di propyl ene glycol
nmet hyl ether, in particular isopropanol and/or

n- pr opanol . Active ingredients with suitable
Pal¢faBB8 is6lventdBNclades Ond or At Linlgthid ﬁblp@me&?rohn tﬂ;ehgroup cormstmg of

ctlvated s car bon- hase coa ngs
R R s ke AT S TR
bamyv&e)pmpgncddi(é,ﬂtprnmlendaeglyecblems@ylafeﬂer) i mpdabpdrafirem phenol,

b%ZJnQﬁem‘?é %amgﬂ C?ae%rera“oﬁ? %&h%e lsﬂgrr gghoq”t ;B?é!pa%l and/or

perna I'n-or on the carbon-b
diprepyleng glvwﬁ rgetiuglyethar, inqum@slaIbB@r@mﬁmbaramrcreprr@dn@lal
i npl ants containing active ingredients with static,

dynami c or a conbination of static and dynan1c active
A%Q’Fe'd’béeﬁitenltso&’d@ supgple (Ipenpons ney faliec Pe gisgluded n pores in the

a60dtbd gsrobasaboBadeci@ og@iidion- based | ayers produced
according to this invention.

The loading with the active ingredient may be temporary, i.e., the active ingredient may
be released after implantation of the medical device or the active ingredient 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.



- 18 In static loading wth active ingredients, the
active ingredients are essentially imobilized
permanently in or on the coating. Active ingredients
used for this purpose include inorganic substances,
e.g., hydroxyl apatite (HAP), fluorapatite, tricalcium
phosphate (TCP), zinc and/orl®rgani c substances such
as peptides, proteins, carbohydrates such as

mnosacc garlde ol.i gosacchari des an o] %cchan

Iny ISEIUGS oa ﬁbl BICBI Smggetdé?rgf d |a|cg6€ Wééel eg)ts are essermal]y

mgh@!}mbm’(b}b@maﬂent@l ool Orpﬂhdfipa@mg)tm'qleyn@eél,en@hh%ed fd?NAis purpose
eptides. or antjbqdi / ihbOo . R

11’1],2111%8 1n0 gS ]Cbl g)a ag(c)?sbaeoéé%ggﬁ);xr@:hg),ag{ee@A?)ngﬁ%agég{tﬁc tricalcium

p}msphiate chT(EIb)s anings andlor argapharsvhelenegi cath yascpaptides, proteins,

caﬁL PREL R  as ﬁHHéga@&ﬁﬁldgﬁ X&l@o@%chﬁﬁ&@' ard b&?sc'accharldes lipids,

ereof and the |1 I'n the case of dy nan1c active
P‘?%B’f*@mléﬁwtstqr@lééu h@ommemsS gpreapiodaes, tamo PHE, AppEg@rans, DNA,

RB@I |s¥g@1al pepideslbeittfboties land©r beliRSSfaghhdrd, bioabsorbable polymers,
ntation. of the nedlcah devi.ce in the
t

c £t BSTVAEYE ol LR (Amphalt & il B Rgpive Substances or
sithanhapmiktines puongosatons thdaréo fiand ticlikare i ngredi ents
applied to the inplant being released |ocally and
successively at the site of use of the inplant.
InAtheei aase phdymainieract ve irgredient lbeding.eid 1$ prajydeanthat the tappked active
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sulfonamides, trimethoprim, sulfadiazine, sulfalene; glycopeptide antibiotics such as
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of the inadequate load capacity which leads to inadequate bioavailability, inadequate,
1.e., incomplete release of these active ingredients 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



Especially preferred enbodi nents of the present
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nitrosoureas, nitrogen lost analogs; cytotoxic antibiotics such as daunorubicin,
doxorubicin and other anthracyclines and related substances, bleomycin, mitomycin;
antimetabolites such as folic acid, purine or pyrimidine analogs; paclitaxel, docetaxel,

sirolimus; platinum compounds such as carboplatin, cisplatin or oxaliplatin; amsacrin,
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Angiarry Semie i inanarantar-glas | e dyihees gantiangxihpugs of the quinidine

t)(;Q:l bﬁfl@lﬂ@c dyﬁ gféﬁﬂﬂ&  adjmaBh®dPapRaliunh QJ"t@ﬁf&@é €dbtajmium bitartrate;
flur rof en, lgdonetha0|n ﬁ% r of en,

ARATEN acs of éwsﬁaé&ee A i A<l e 1“0}8‘3@5}1(? class 1 C

aﬁﬁzbbhl 5R| hiaRs; mlaparfdemen ﬂwaapai@zdanetatlep)) rﬂxeijsca]’nantxarrhythmms (beta-

sal sal at e, I nda cel.ecoxi

E5pBR bhickes) el st Hobig mirraletrlsiin bagrenoton.
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I nter ron-a carb
dentin)s togter rcarcp:m ghymdesdpd@gﬂuel,;j(pqulll@@@)r & addition the stents may

g’ 442! Qmuh@ghémog@ng %%@%h%&ﬁ&grﬂen%bsmﬁc@@t $hethyldopa,

activated ac rdln% to this inventio | oaded
iRIEF7OHAY TSFPIOh ST GRICHED FBFINe H’@erféﬁa Q%deropyrldme type such
a@aﬁﬂfe@l}ﬂﬁ& C&Jltr@fdﬁ]ﬁﬁé S:AGPt iiakibybRm q&na}bﬂﬂaparctlhﬁllphﬁr moexipril,

antiarrhyt antiarrhythm cs .of t.h
hatarhe b e e R GRaCkpbll pe, amasoniss
@haq:sﬁﬁhmdﬂ]m(bmlt ar\taﬂﬂt‘(em, dmlmurmam bidimetaratmpdoxomil, eprosartan;
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m plagtfcglzar adrenergic and dopaminergic substances (dobutamine, epinephrine,
etilefrine, norfenefrine, norepinephrine, oxilofrine, dopamine, midodrine, pholedrine,
amezinium metil), partial adrenoceptor agonists (dihydroergotamine), and finally other

antihypotensives such as fludrocortisone may also be used.

To increase tissue adhesion, in particular in the case of peripheral stents, components of

the extracellular matrix, fibronectin,, polylysine, ethylene vinyl acetate, inflammatory



verapam |, gallopam|l), other antiarrhythm cs such as
adenosi ne, orciprenaline, ipratropium brom de;
stimul ati on of angi ogenesis in the myocardi um
vascul ar endothelial growh factor (VEG-), basic
fibroblast growh factor (bFGF), nonviral DNA, viral
DNA, endot helial growth faetaorss:- FG- 1, FG--2, VEGF
TGF;, anti bodi es, nonoclonal antibodies, anticalins;
stemcel |l s, endot hel i al enitor _cells (EPQ). Oher
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etilefrine, norfenefrine, norepinephrine, oxilofrine,

dopam ne, m dodrine, pholedrine, ameziniumnetil),
Fpaetdnaple &dr epadd ptrdrodagon] sasuladithyldne exgodahwitk actianeld carbon
l%}{eﬂ%&%ﬁ 8? g({}@g% é@eﬂtehagtiﬂg%:ﬁgghlv&ﬁal?eg%g i usinésthelgl as a substrate ina
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| euprorelin, triptorelin, gonadorelin, ganirelix,
buserelin, ORTHOPEDIC IMPLANTS

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 um, 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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In addition, the implants, stents and the like that have been activated according to this

invention may also be provided with antibacterial-antiinfectious coatings or
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
(B-lactam antibiotics: p-lactamase-sensitive penicillins such as benzyl penicillins

(penicillin - G), phenoxymethyl penicillin (penicillin V)); B-lactamase-resistant

[

penicillins such as aminopeniciilins, e.g., amoxicillin, ampiciilin, bacampicillin;
acylaminopenicillins ~ such as  mezlocillin, piperacillin;  carboxypenicillins,

cephalosporins (cefazolin, cefuroxim, cefoxitin, cefotiam, cefaclor, cefadroxil,
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1neﬁJd>é( gby Ce%hlgﬁes)polml M&;&}}zsf}m&y%mk%es%unpOAcvﬁlaﬂekad n-N-alkyl-

car bgnat es), y(Cortho esters)
AGBRPYASelr 0990@@?¢t6ylé&ruyropps@wd%ra%ahon&&lyw methyl-N-isopropyl-
a@?iaﬁﬁ@é)h}éblﬁm -IT- pr%ﬁ}élrrteﬂ{a@@hléxﬂi@') QOIyWISMﬁ@&IaGrthﬂ):} poly(N,n-
rtronic a

A et maadnay R O REE0) Pa Ay §iopipey facrylamide),
p@@@@kymnﬁﬁndﬁhﬂenon hkmﬂagﬂagabh&nﬁaw%mmdQ I nclpsdha™N-methyl-N-
etl?lvlaxx(v?anq}ge?npol I(quclvcl%}%reotp?facr lamT el)I GR&S 'polymers with thermogel
characteristics include hydroxypropyl cellulose, methyl cellulose, hydroxypropyimethy!
cellulose, ethylhydroxyethyl celiulose and pluronics such as F-127, L-122, L-92, 1.-81,
L-61.

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



acrylic polyners such as polyacrylic acid, polynethyl

acrylic acid, polyacryl cyanoacryl ate; polyethyl enes,
pol ypr opyl enes, pol vam des, pol yurethanes, poly(ester

ur et hanes), poly(ether urethanes), poly(ester ureas),

pol yet hers such as pol yet hyl ene oxi de, pol ypropyl ene
oxi de, pluronics, polytetranthyl ene glycol; vinyl

pol ymers such as pol yvinyl pyrrolidones, pon(vinyI

B RTL RO YL R, L el PR LSS, chemic

layarolpe rchescal en@lificaion (eimic, camrcmgueema]m it possible to modify the
rel%@:{ b%)@/,nﬁte{]ﬂncﬁg){: lok’” ?Is%bqtrahe.gget bP Qalrﬁ%rgqh& COn?zml Banh ingredient

al(qoh@g@hmg/lanﬁbtn nra;hceaﬂn b@nmlb@ue@@apsulfés dpperimese mgnocapsules,
nahBParBBledPPhni@Hed, O stylﬂﬁle%wf}ﬂ%pl%llﬂl el 3d]§p%r%8ﬁ’s Ma¥nulsions,

cover them artla tirel
MiCEPERE S Op» dﬁé?%ﬁhé@s (‘}¥ > Wb‘éﬁta}r@é ff%qda&ﬁ&r@e mea?fnﬁhﬁgarbon layer
an@dn Qir@rthﬁﬁ)f &1@@§ddvmerage@m@dyle NB$, adfgemdli @ow‘exﬁe@enﬂ@movalem
or. .t er ure epen el eas rtie
i EUB Y SERPY NG dHaPYES R O BPgREHco Py D Badip iaarediont
arEpenpited Pobsiphiiseinsiudevke atpoleymentoned pblydeecharides, lipids, etc., but
ﬂﬁo}%%%ﬁ&%ggﬁwgﬁ&%%Zﬁ%gederlvatlves t hereof, e.g.,

ol y(am nocar boxylic acid),
poly(acrylic acid), poly(nethyl acrylic acid) and

Tlgeqpi%lrey NRI $hd RBGEBHal Thithgl ®f ahs Opdrbie Bfbon- baﬁe% llayeirs produced

sacchari des such as ceIIquse acetate
ag§Q @g(ypp}@bwvmq{ywn@eqq ijlapak ! 3YREsh 4|dagtmction may be made between

waapwﬁre@mhfr}swyherﬁ Qixédélgﬁtﬁﬁblesblﬁﬁtaﬂaése( podell - MBS € fibronectin,
C@%}Sﬁ@%ﬁ{l’g%‘cal&t@ fBlIQ?(@)]((‘ﬁ.ﬁﬁ: %c%sv arr-[erer IXtteSferl;]lg}lf tblevseterlcally
hmddzryr(g\l-maecpﬂ@pWhamr ywteaphgee lmaicalldi bhimactivated and which permit the
re?e%%y ?I_a%u?(ﬁ 1{& {{%t@%xd/y C[fléﬂ‘ %1@3})5 Examples include enzymes which

acryl

mlgéqay“(tﬂqe ﬁ@p:ﬁy] aquyatgdp@l@gypl.ly g@tr\yq Salhﬁtg@)es or bind inactive coatings and
1eRQ :t(y EDbRuRIF Wﬂl@l&l@ﬁ%‘i%‘tﬁmmﬂs spec1ﬁc mechanisms and properties listed

i SO crvl am de (N, n-_diet
h%{& r%?P g 168 F}8|t6? R rcaé%ﬂnnl@y%/]raesr Wegrﬁsd%,‘gy tional layers applied
theedty.( N- cvcl opr opyl acryl ami de), pol y(N-et hyl
-acrylam de), poly(Nethyl-nmethyacryl am de),
pol y(N-net hyl - N- et hyl acryl ami de),
Bpaipy(yhag thel relprsspybdidy in b sl yoedr . la@rh evenpronegnabose wnd/or by adapting

thtegﬁrgggﬁéture ngtatﬁn@%&%robsﬁa]isgé ldy@ﬁllyggpclgylgfe%ywn%y khe release of the

ose pro
agipiel ingrsdientserany Fhﬂ/’(ﬂmﬁi%}léﬂ ﬁwldé ahnegl @)@ée‘égkf rslqas%hﬁné%mclude up

tSHedv@Bolrs 1/ 1o direldZmote Whrs, lprddrablyl2Hhourd ey ﬁ@ﬁﬂsv% hours, one
i ngredi ent's nay be agggrbed in the pores of the

“@%#BBW‘Hﬁééde§V§F %Iy non-coval ently) in
whi ch case their rel ease can be controlled primrily

Tﬁg arﬂ\%@?lgg% %gw r?t%?naf&lq S%gF gcha 8@ ﬁ\g éveI celil¥ gr'é_\r(}jlgbc;yrgamslms in special
appiemaiioad ambodby be Atrictionglamed onitlos wagt These cpllsrakmidrborganisms may
f&?nsgé)lghf%s 59 SHPA%N }50110'[1? carbon-based layers and the implant colonized in this
way may be provided with a suitable membrane coating which is permeable for
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.



rel ease, e.g., as a function of pH The rel ease of
carriers that contain active ingredient also
constitutes another application nanely m crocapsul es,
| i posonmes, nanocapsul es, nanoparticles, mcelles,
synt heti c phospholi pi ds, gas di spersions, enul sions,
m cr oenul si ons, nanospheres 2€t ¢., which are adsorbed
in the pores of the carbon | ayer and are then

For @iﬁﬁﬁl@%} hﬁﬁgﬁﬁéjﬁﬂv“cﬂ l,'é/ tecﬁ}{?l@gg ih 1R8 &k a r?fcc?tv R ﬁggl{)% to produce
non- coval’ent fication o e carbo

impiapis s WHEH S%Htéﬁbllﬂﬂ’é’d' wedyqing gsileathat vmodmgr et eslesse insulin

accdfdin@lothe ptadilifpoggiddelé el 8fier H&@A%Jﬁepl&h@d in the body
above- nment i oned pol ysaccharides, lipids, etc., but
al so the polynmers nentioned above. Therefore, in the
addi tional coating of the porous carbon-based | ayers
produced according to this invention with additiona
| 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 ecules which are
physi ol ogi cal | y bi oactivated and which permt the
rel ease of active ingredients and/or their vehicles.
Exanpl es include enzynmes which nediate the rel ease,
activate biologically active substances or bind
i nactive coatings and |lead to exposure of active
ingredients. Al this specific nechanisns 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 pol ynmer
| ayers nenti oned 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 may al so be |oaded with |ive cells or
m croorgani sns in special applications and may be
functionalized in this way. These cells or
m croorgani snms may formcolonies in suitably porous
car bon-based | ayers and the inplant colonized in this
way may be provided with a suitable nenbrane coating
which is perneable for nutrients and active
i ngredi ents produced by cells or mcroorganisns but is
not perneable for the cells thenselves. Thus the
cells or mcroorgani sns can be supplied fromthe
organi smthrough the nenbrane coating. 29 For
exanpl e, by using the inventive technology in this
way, it is possible to produce



i npl ants which contain insulin-producing cells that

produce and release insulin according to the LLOYD WISE
prevailing glucose |level after being inplanted in the

body. LLOYD WSE -30 CLAIMS 1. A nethod for

produci ng nmedi cal inplants3Baving functionalized

surfaces conprising the followi ng steps: a) providing

a medical inplant with at | east one carbon-based | ayer

on at least part of the surface of the inplant; b)

activating the carbon-based | ayer by creating

porosity; «c¢) functionalizing the activated
car bon- based | ayer. 2. Tgﬁi&f’nod according to Caim

1, characterized in that the carbon-based |ayer is

sel ecte r.ol produced carbgn, . .
- vapor™h gBé)séjotr eg%gg?l 8 mea‘&%ﬁbb‘ﬂp A PrEge bﬁ’n@fﬂah% sgpfaces
spubmprising tharillavicastbpsdes, mnetal carbonitrides, netal
OXY, |tr| t
desired® n%B aawﬁ%g%apﬁ%{e& Qr{tb\k'ggsat éy\grrlléét 80122%589 c}?ynegr] on e
to 1@Shp4ﬁ qft(b? sorfaeritbeelanted in that the inplant

NSl st sctiedtind tH@Eaﬁbbt@-ba%ﬁ |lz§3\}&r b$ cﬁ-ﬁhﬁ%b@f&sfti om car bon,
ers, ceramc,

rbon 0Si ter al ar bo
§ AT CM C AL IRE A Sk
nlnerals 4. The nmet hod according to any one of the

. |s S:eldrlxél%ﬁ%cg ?co%n%ég‘@ﬁa‘?‘ tle h%rggteﬁ?edt E%at tfle!‘?arf)(m){)a?s% |}1ayer is

as sehested| fiom pyrobypicaly Ipe&h@@d @tdémns vap@rdﬁpaangcds@aemrs carbon
per éﬁ}h&i 8 8§D 31“§;tht9 af &ﬂgﬂ@g'rﬁ al' {ﬁ’t%cﬁﬂhﬁes metal

# {

pros heses or joint % %eses
heawgltrléfrsmrfrmtalacrxyﬁ@rmes as/aflel} agany é%r@ti &ﬁ@éu@tlmﬁdh@rﬁof
i ntramuscul ar inplants. 5. The net hod accordlng to any
one_of the precadin |.ai aracteri ze

. act FWRFORI GFoqT e ds ClER: 3geucq1a5fvéePZF% "b&a% e il qpsiss
sui éfabinatesial dAhzahnlg salgetet Sronanakbon, ¢agbhicéamypage miasseriab,. carbon

Theﬁt%% '18% 5&' glgg Q. A1 Ry Af pdddes BBeegxexﬁin

eri Re Cat b aseg ayer
| s act i vat ed by oxidation with air, oxygen, nitrous

. OXi G meARd/ &Eoﬁmodﬂozdxggon@%fcﬁe %@Edhﬁ@ %lajuiﬂs aéhaf%t@terlzed in that
el evated t enperat Ut e F accord

onethsfimpi oF eleeergras aekcal o é‘i“%{éﬁ%‘r“icz‘gd’ am?ﬁ BekeS vasoular
t heefobtostHes@N stefitsPESroRArBEENRY palpithlodientd; LsGRaVbBbrthopedic

implants, bone prostheses or joint prostheses, artificial hearts, artificial heart

valves, subcutaneous and/or intramuscular implants.

The method according to any one of the preceding claims, characterized in that
activation of the carbon-based layer is performed with suitable oxidizing agents

and/or reducing 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.



10.

11.

13.

14.

31 8. The method according to any one of the

preceding clains, characterized in that activation |, qoypyse

causes the carbon-based | ayer to become porous,

preferably macroporous with pore dianmeters in the

range of 0.1 to 1000 m optionally also by
prestructuring the substraBe.- 9. The nmethod accordi ng

to any one of the preceding clains, characterized in

that activation causes the carbon-based |ayer to
beddsemeihodpetoodisg td any Theoftichprgcalinpeldimy cheraatryizohe that

of ERCaRHeCeMBT el ahffon-had aghef | t%eq)el:cg}n& throutr‘ hepreferably
activate porous carbon-based | ayer i s subse

COMPAEREL AR BPreSeaneers pyneAeaREL drto d:OPO et optionally also
volwtprégruefgiaritee Sbbsitances. 11. The net hod accordi ng

to any one of the preceding clains, characterized in

that the functionalization of the activated
cariemtthsédcdoagieg tc am:p pis e§ thopatalng bieimd, aheractuirizhd in that

2 5ot QA8 AUhoL AL 8k o8Pk bLAMADALIRGR! 0! cal

active 1ngre ent m cr oor gani pl ant or
animal cells |nclud|ng, human cells or cell cultures

andrifel ﬁ&%@d aBidPehaks anpdht of tﬁ%@k&mg ¥AIHE dhGra@lerized in that
pr ot ei am no aci ds

nat ral ner s,

sol oAty atel %H%US %‘f%%sed ?%Yebéﬁ%‘ﬁ%éiﬂ“&m I EREPTeSSEd gy sealed
Sudly @¥DcldadrtCVInfeictdtile e:@ppRrsubzthicescat i ons,

anti bodi es, calnmodulin, <chitin, cellul ose, sugars,

am no acids, glutathione, streptavidin, Strep-Tactin

or Tiethethodatamtimgaoo afy pnopéithg paesdingnkimashasdcterzsd in that

t hq‘ L éasir&gmmyaﬁs&of XS8R %CB{E@& n@g& %Bﬁlgpl@s 10h88s the

cor to any one O
chd?mft afithy af Ieﬁstt 203 SUﬂDﬁfénWJnftﬁtlﬁ! | fromt p}mmagoloc’lcal active

perihefeARAsDMniads AiBtdoPEhnmsS %bﬁﬁ ap Qﬁﬁla@ Qélrs%aqagllar}gmm cells

affinity in_and/or o carb

whet et C&l?ﬂé*%é&w LSP6nERg? etk Sm etsce@rer{%ral pglymers,
t hairotehsy peatidentagtind rdcaisa sbbreghtsi 1bhs t MOﬁﬁ f imipayticular metal
ta . d_agcgording to

{29yold Do TR REEO NG LA AL od camaauin
to ﬁnw,mellummwm,e@tnmn achds, @mtbthmrmaste@m\agner Sby:p -Tactin or
ads@h gt imBhints &@%F&&hoﬁcxt ¥ShS QLR QReir Qgﬁfgtﬁ@g P @Bres and

el ectrostatic coval ent I'ng or non- cova

bontitARJn2teAs. The net hod accordlng to daiml1,

characterized in that the at Ieast one substance IS

, essentia ernmanent |y i I|zed .on the

Car@b%mﬁg?é(f%l:% tg)any 1908 BEeceding c aims, characterized in that
the functionalization 1s performed by adsorptlon of substances corresponding to
affinity tags in and/or on the carbon-based layer, whereby the corresponding

substances are selected so that they can enter into a bond with the affinity tags.

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. The nmethod according to Caim1l, characterized in
that the at | east one substance applied to the LLOYD Wisg
carbon-based | ayer, in particular a pharnacol ogi ca
active ingredient, can be released fromthe layer in a
control |l ed manner. 16. The nethod according to C aim
15, characterized in that-the -pharmacol ogically
active substances are incorporated into nicrocapsules
pasones, nanocapsul es nanopartlcle

synTh%tm%h%égim mepiid;leigast Lo dgErrgrd meﬁﬁf dPprg, least one
m cabertts| lap;msedoto nmesrrbbﬁnﬁsed/\ﬁruyeh 1ar1maelﬁlaf bxeﬁharﬁlacolomcal
the or.es i% @ﬁ' car boqﬁgﬁﬁed Iayer
and® 25 THEN BectLheislased Aars Su%YFE‘eE’l*i‘%P THE®
met hod according to any one of Clainms 14 through 16,
cha egd [

16 o BEFRIAH bl & €1 5 BARMERRY Bk U pHiBRE TR osially
sel @Qgﬂ@d;ub?tmﬁepppes]@ﬁgﬁpprq}z@i e myerocapsules, hposomes nanocapsules

t eMRAHGRhMIcRs S emEildsV %yﬁ@l'eMErEﬁh%sé‘i&ﬂ{éﬂ{ s 0P ERLY emulsions,
active bar@lers such as enzynes

accBRUPHGUSERa Ry Bﬁ@salrer%é%%@éﬁ.aﬁéorgfdallﬁsthe pores or on the
chag@gdcenif Zrtatbont hiatd 1dyeeatdiot thembe teledsed theraputielasy.
appl yi ng bi odegradabl e and/ or absorbable polyners
such as coll agen, albumn, gelatin, hyaluronic acid,

17.st afbh metheld agkorsierg tosanyhoresofifeletnyd 14 tirdugdhob®@ characterized in that

hydfk@(aywaﬂgy lwhgcffll ﬁlﬂllglﬁc%F t}téy TP%@’ Bf t‘B@éka Tk ?edlent 1s also applied,

cel ['ul ose, tarboxynet cel l ul ose pht case
dexb¢lasied E@myﬁ&éwtti‘tfesan CFi BPPPRIGEFE-sensitive polymers and/or

pol y{ddicdIRGictidebarrRed sicPab chAghdsde- co- gl ycol i de),
poly(glycollde) pol y( hydr oxybutyl ate), poly(alkyl

carbonate), poly(orthoester), polyester,
18pol Thbyebteody abelihg taahydne pﬁthwbremn@elaimg, characterized in that
pol ¥1{te Lt?o%&a‘%{o%p%&hﬁ% e%lﬁﬁg%{s‘a b5a85 Dand/or  absorbable

pol ronic acl d)
pol svpbmhazcén@scollagm ya(llamnmo cabtld,sf}yaéwgmch@qm starch, celluloses

COPQYLITELS métﬁyl TReumREN 99d1%99191rog‘v1n 9:@11910@93/ W&oﬁpr&ﬂ&%nethyl

precedi ng claimnms, characterized

f unet:hh&ﬂ%ﬂ, icarbox yRethyiqeligiose @éﬁ}a;lﬂtﬁgcaﬁ@ﬁ» prtaérgss 2Qhispeshandes,
andferinbedt, RRED, hakdtRiepoby DY -Fidtife- a@» gbrloyidey, h%dl?(@?ycohde)

vin crylic s sug
pol &89’?@&8"3’% ydatei)olgﬂié@w a%iiﬂﬂ“?tg 'ac I?Oge %gﬁoﬁ%ﬁel})w polyester,
cyampobthydratyyalepiol yatidy,| empetydipahnyps, oppbdlgheylene  terephtalate),

po' ﬁg{( e u?cg%i hgwﬁﬁ?ﬁlgé; st‘%(%% Al )k‘c{r?&e'éa y}g(fl%%hosphazenes

poIWQbNyh@ﬂ@Cm&)@Eiﬁ@ukypp rene oxi-de, pluronics,
pol yt et ranet hyl ene glycol; vinyl polymers such as

poI i nyl pyrrolidones, poly(V|nyI al coho] s)
pol ;yf(h?urwﬁ d ageerding tpRAPHAPE e fFhearregreine a’sanflﬁeqharactenzed in that

copa@hy MamstiondliEbIW Bicludes applying non-biodegradable 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.



-33 20. An inplant having a functionalized surface
produci bl e according to any one of the preceding
claims. 21. The inplants according to C aim 20,
characterized in that it is made of netals such as
stainless steel, titanium3Bantalum platinum gold,
pal | adium alloys, in particular nenory alloys such

LLOYD WISE

~as nitinol or nickel titaniumalloys or carbon

20.

21.

22.

23

24.

26.

27.

28.

fibers, solid carbon material or carbon conposites.

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

21, conprising nultiple carbon-based |ayers

optArinaplint Havaed fwictinnalized \serfagryprodieihle. acpgrdingyig any one of
[ g i to any one of Clainms 20 through 22,
fgﬁﬁiﬁ$cgﬁﬁ%§?g$%g anionic or cationic or anphoteric
coati ngs selected from al gi nate, carrageenan,

CarRXHPRLnRY hecoedihyl @ $Raimp0 ydnedchrived \ih alta St is made of metals
chi t osan, | y-L-1lysi nes and/,qr h h I i ne. :
o sugpa pBResyteat e Ty 2R B, pRAEORY B, PARAGR, alloys. in
22, pavailei membey aipysamichi s nitmabiod nitkeh thanismealloys or carbon
I ngredi ent Ly&Kiidgent depot. 25.
Thgh¥ﬁ%F§h u%?°€ﬁ%¥ﬁ§&%%m é?g%nythe inmplant is a
drug-coated stent. 26. The inplant according to any

O”Q};}?ef i@lﬁhﬁﬁcc%%ihgrte%ly & ob dkliens 20 By af1, admprising multiple
ort hope r ost.hesi s, a bone

b st }.0i nt
Ut e e A pan o BRI I ERIRE ¢ hor aci ¢

or lunbar region of the spinal colum. 27. The inplant

of aim?24, wherein the | toi iy e e

e
us eghisnib eutcariemio Siryangrhdieoic doatingsrsdeni¢dafromp, algigateT parrageenan,
[

L:%%Pé%ﬁé%ﬁé%ﬁq%é&%a?Q%@%&%@?{@S?’Q?@aﬁ%} PIPIsiaés andlor
mi ¢ poaphenyi

ne.viral vectors or cells or tissue.

The implant according to any one of Claims 20 to 22, wherein the implant is

loaded with active ingredients or serves as an active agent depot.

The implant of Claim 24, wherein the implant is a drug-coated stent.

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.

The implant of Claim 24, wherein the implant is an active ingredient depot with

controlled release that can be used subcutaneously and/or intramuscularly.

The implant according to any one of Claims 20 through 27, comprising applied

and/or incorporated microorganisms, viral vectors or cells or tissue.



