METHOD FOR COATI NG | MPLANTS BY WAY OF A PRI NTI NG
METHOD The present invention relates to a process and
a device for applying a defined anbunt of a coating
material onto the surface of an inplant by way of a
printing nethod, in particular using a printing
roller. The invention also relates to the use of a
printing nethod, in particular a printing roller, for
appl yi ng a defined, anpbunt of a coating material onto
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pharmacologically effective substances are being increasingly
used which allow a targeted release of the active principle

locally at the site of the use of the implant.

Numerous processes for coating implants are known_in the prior
art. Commonly used methods for applying coatings onto implants
are, for example, Dbrush application, varnishing and, in

particular, dipping and similar processes.

Coating of medical implants of complex; form such as e.qg.
coronary stents, joint prostheses and, in particular, also
surgical implants require 1increasingly a high application
accuracy with respect to the exact determination of the
quantity . of the coating and/or the cocating material to be

applied, in particular if medicinal active principles are

AT

*166166*

WWWWWMNW

*G00002*




11111112222222222 ceeer v rEibl reer ~11~ *166166*

*@00002* -2- applied, but also with a viewto the .

qual ity and durability of the coating. D pping or dip

i mpregnati on processes are frequently used. These

processes have the di sadvantage that the exact

quantity of the pharnmacol egically active agent

absorbed depends to a |arge extent on the absorption

or adsorption characteristics and the coating

condi tions chosen. This nmakes the accurate

determ nation of the quantity of pharnacolog|cally

active agent actually applied difficult and/or it is
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From DE 198 49 467, it 1is known  that stents coated with
carrier polymers can be derivatised with cyclodextrins into
which pharmacologically active agents can then be
incorporated. In this case, the amount of the cyclodextrins
applied on the surface determines the absorbable amount of the
active agent in a manner that is relatively satisfactory to
reproduce. As a.result( the maximum dose of the active agent

to be absorbed into the coating can be determined.

A disadvantage of the process of DE 198 49 467, however,
consists of the fact that the surface of the stents needs to
be coated with a carrier polymer which is capable of binding
cyclodextrins. Moreover, measurements are required in the case
of this process following the manufacture of the cyclodextrin-
derivatised stent surface, which measurements determine the

exact absorption capacity of the cyclodextrin portion for



of this process follow ng the manufacture of the

cycl odextrin- derivatised stent surface, which

neasurenents determ ne the exact absorption capacity

of the cyclodextrin portion for -3- pharmacol ogically

active agents. On actual introduction of active

agents into the cyclodextrgns, discrepancies arise

also here, as is the case with other absorptive

systens, between the theoretical and practica

absorption capacity as a function of the active

agents used. In view of the inaccuracies - of the
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It is a further -object of the invention to provide a
corresponding application method by means of which implants
can be coated singly or multiply, i.e. with one or several
layers of one or different coating materials in an exact and

reproducible manner.

A further ©object of the . present invention consists of

providing a device for carrying out the application method‘
according to the invention.

The solution, according to the invention, to the above-
mentioned objects follows from the independent method and

device claims.



Preferred enbodi nents are obtai ned by conbination with
the characteristic features of the dependent cl ai ns.
A solution, according to the invention, to the
process-rel ated object of the present invention
consists of a nethod for applying a defined anmount of
a coating material onto the surface of an inplant to
be coated by neans of a printing nethod conprising
the steps of: charging the recesses forned in the
jacket surface of a printing roller wwth a defined
anount of the coating material; arranging the
printing roller at the inplant to be coated in such a
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roll er being always arranged regarding the -5- inplant
to be .coated in such a way that the suction and/or
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surf@aceuch a way that the adsorption and/or adhesion forces
which are intrinsic to the surface properties of the
implant to be coated suffice to be able to attract the
coating material present in the recesses of the 3jacket

surface of the printing roller;

- applying the coating material present in the recesses of
the -jacket surface of the printing roller by moving along
the jacket surface of the printing roller and the surface
of the implant to be coated. |

A device-related solution to the above-mentioned objects,
according to the invention, consists of a device for applying
a defined gquantity of a coating material onto the surface of
an implant to be coated wusing a printing roller in whose
jacket surface a number of recesses have been formed in order
to be able to take up a defined quantity of coating material
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the printing roller being always arranged regarding the



properties of the inplant to be coated suffice to be
able to attract the coating material present in the
recesses of the jacket surface of the printing
roller, in order to apply, by nobving along the jacket
surface of the printing roller and the surface of the
body to be coated, the coating material present in
the recesses of the jacket surface of the printing
roller onto the surface of the inplant to be coated.
Preferably, noving along of the jacket surface of the
printing roller and the surface of body to be coated
takes place in an essentially slip-free nmanner.
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materials onto the surface of an implant to be coated in a
defined and, regarding the quantity, accurately metered

manner.

Preferably, printing rollers with a defined surface structure
are used for this purpecse which exhibit recesses in the jacket
surface of the printing roller whicn allow an exact
determination of the volume of the coating material per

surface unit of the printing roller.

The term printing roller is intended to mean in the case of
the present invention, all printing rollers whose Jjacket
surface contains numerous recesses of defined geometry and
arrangement. The recesses in the Jjacket surface of the
printing roller may have any desired <three-dimensional

geometrical forms such as e.g. small cups, groove structures,



roller make it possible, as a result of their known

di nensions, to clearly and highly accurately determ ne

the volunme of a coating material which is being

applied onto the printing roller, based on the

surface unit of the jacket surface of the printing

roller. The recess vol une gper surface wunit of the

jacket surface of the printing roller thus provides

-an exact measure of the maxi num dosage of the coating

material which can be rel eased on applying the coating

material present in the recesses of the jacket surface

of the printing roller onto the surface of the
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cylacdately deteraknes ffomibe | fecess volume of the

printing roller per surface unit, the nmaxinmm coating
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exi sts of using printing rollers
recess volume of the printing roller per surface unit, the
maximum coating material amount which 1is transferred onto the
surface of the implant to be determined on moving the implant
along the jacket surface of the printing roller or on moving
the printing roller along the surface of the implant to be
coated. By repeatedly moving along the jacket surface of the
printing roller and the surface of the implant to be coated,
the dosage of the coating material can be multiplied as

desired.

Printing rollers suitable for use according to the invention
can Dbe selected from gravure réllers, anilox rollers,
rotogravure rollers, ceramic rollers, ceramic anilox rollers,
ceramic-coated anilox'rollers, flexographic printing rollers,

embossing rollers, calendar rollers and other printing rollers



W t hout recesses, i.e. with a snooth surface structure
onto which the coating material is applied by neans
of suitable processes in a defined |ayer thickness.
Such processes for charging printing rollers with
defined | ayer thicknesses of coating material are
known in the state of the grt and famliar to the
expert. Al the characteristics described so far and
in the following in connection with printing rollers
contai ni ng recesses apply basically, if necessary
after correspondi ng adaptation, also to printing
rollers free from recesses and to application nethods
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the coating naterial in the
The coating thickness on the printing roller free from

recesses can be adjusted by methods known to the skilled
artisan, for example by using precision spray technology or
ultrasound atomisation methods for extremely finely

distributed and homogenous spray images.

According to the application method of the invention, the
recesses formed in the jacket surface of the printing roller
or the jacket surface of the printing roller itself are first
charged with a defined amount of the coating material. This
can take place in diverse ways, depending on the state of
aggregation of the coating material, for example by partially
or completely dipping the surface of the printing roller into
ligquid or  powdery coating materials, spraying liquid,
dissolved or powdery coating materials onto the surface of the

printing roller and <the 1like. 1In particularly preferred



recesses 'in the jacket surface of the printing roller

as accurately as possible, possible excess coating

material is preferably renoved fromthe jacket

surface after applying the coating nmaterial onto the

printing roller. In the sinplest case, this can be

effected by using a slitteg_bar or simlar devices to

doct or - bl ade or scrape the recesses back to the |evel

of the roller surface. It is also possible to ensure

an accurate, reproduci ble dosage of the substance to

be applied by way of a very fine pattern of the

recesses and their anilox formation. In preferred
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testrfate of the recesses in the printing roller to the

surface of the inplant to be coated is preferably
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of the recesses is smaller than the surface of the implant to
be coated. The ratio of the top surface of the recesses in the
printing roller to the surface of the implant to be coated is
preferably 1:10, particularly preferably 1:100, especially
preferably 1:1000, 1:5000, 1:10000 or more.

The use of gravure rollers/anilox rollers, in particular
ceramic anilox rollers or ceramic-coated anilox rollers and
the use of gravure rollers of metal, in particular stainless
steel, 1is particularly preferred. Moreover, gravure/anilox
rollers of steel, if necessary chromium-plated, or stainless
steel, are particularly preferred rollers. In preferred
embodiments, stainless steel anilox or gravure rollers or
chromium-plated steel anilox rollers with a pattern of 120,

240 and up to 300, i.e. 120 x 120, 240 x 240 or 300 x 300



using e.g. a nore dense pattern of recesses or deeper
or larger recesses. The recess volume of a stainless
steel anilox roller suitable for use according to the
invention is preferably approximately 2 x 10- SmmB
with a 240 pattern. In the case of ceram c anil ox
rollers or ceram c-coated_@nilox rollers, preferred
pattern densities are of the type 120, 450 up to 700
with recess volumes of 1 x 10-7m8B to 1 x 10-4mB
each, preferably 5.7 x.10-6mm8B each, wherein the
skill ed person nay al so select larger or snaller
"~ recess vol umes, gending on the desired application, .
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According to a preferred embodiment of the invention, charging
of the recesses formed in the jacket surface of the printing
roller with a coating material takes place via a rotating
scoop roller (fountain roller), wherein at least one cylinder
segment of the scoop roller is continually present in a
coating material bath during rotation, as a result of which
the scoop roller is wetted circumferentially with coating
material and the scoop roller trahsferring the coating
material thus received subseguently onto the printing roller.
.Preferably, the scoop roller touches <the printiﬁg roller
during this process such that ' excess coating material is
squeezed off essentially from the surface of the printing
roller. If necessary, the surface of the scoop roller can, as
a substitute or additionally, also be doctored by using a
slitter bar or such like. .



forces which are intrinsic to the surface properties
~of the inplant to be coated suffice to be able to
attract the coating material present in the recesses
of the jacket surface of the printing roller, i.e. to
renove it fromthe recesses of the printing roller
jacket surface and to attagp it to and/or fix it on
the surface of the inplant to be coated or to absorb
it in the pore systemof a porous inplant surface.
According to one enbodi nent of the invention,
positioning of the charged printing roller vis-a-vis
the inplant to be coated takes place in such a way
that a direct contact is established betmeen t he
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roller, it is preferable t hat
According to an alternative embodiment of the present
invention which is at present preferred, positioning of the
charged printing roller vis-a-vis the irﬁplant to be coated
takes place without direct contact. In this case, the printing
roller and the implant to be coated approach each other
sufficiently closely such that the coating material volumes
present in the recesses of the Jjacket surface of the printing
roller can pass from the printing roller onto the implant  to
be coated, preferably essentially completely. The skilled
person will be able to determine the best geometry for a
contact-free application process simply by routine trials, as
a function of the specific properties of the coating material

used in each case and the surface properties of the implant.



t he novenent between the jacket surface of the
printing roller and the surface of the inplant to be
coated is. effected in a slip-free manner. The process
according to the invention can be carried out in such
a way that the surface of the inplant to be coated is
nmoved in a slip-free nanneI al ong the jacket surface
of the printing roller or hat the j acket surface of
the printing roller is noved in a slip-free manner
along the surface of the inplant to be coated. A
preferably slip-free counter-novenent between the
jacket surface of the printing roller and the surface
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_ or di n the j nyventi.on, rticular .
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possible according to the invention, and particularly
preferred in certain embodiments of the method of the

invention.

For as 1long as moving along of the jacket surface of the
printing roller and the surface of the body to be coated is
not effected in a slip-free manner, the conditions of the
transfer of coating material from the printing roller onto the
implant should be adjusted in such a way that a reproducible
amount of <coating material is transferred per movement
process. For this purpose, the hydrodynamic conditions should

be appropriately adjusted in the case of liquid systems.

In a particularly preferred embodlment of the invention, the
implant to be coated itself has a cylindrical form such that

the preferably slip-free movement of the jacket surface of the



In the case of non-cylindrical geonetries of the
inplant to be coated, the preferably slip-free
novenent of the jacket - surface of the printing roller
and the surface of the inplant to be coated al ong
each other can take place in such a way that the axis
of the printing roller is ppoved in an equidistant
manner al ong the surface of the inplant to be coated.
In this way, a quasi scanning of the surface of the
implant to be coated with the charged roller takes
pl ace. The inplant to be coated according to the
nmet hod of the . invention can, basically, adopt any
pridesinrgedrd bems, apdotihdedsuife- erebBodhes agh Usteded Nbe coated
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invention can, basically, adopt any desired forms, provided
the method is adjusted in terms of the device technology. For
this purpose, the skilled person knows several possible
arrangements of the printing roller and the charging system
for the recesses in the jacket surface of the printing roller,
which he will select as required.’

The term “implant” i1s used within the present description in
such & way that it comprises in general medical, diagnostic
and therapeutic implants such as e.g. vascular endoprostheses,
intraluminal endoproestheses, stents, coronary stents,
peripheral stents, surgical and/or orthopaedic implants for
temporary purposes such as surgical screws, plates, nails and
other fixing means, permanent surgical or orthopaedic implants
such as bone or joint prostheses, e.g. artificial hip or knee

joints, joint cavity inserts, screws, plates, nails,



are intended to be used in the human or ani mal body
and/or are intended for application on or in the
human or ani mal body. According to the invention, the
i nplant to be coated consists preferably of nedical,
di agnostic or therapeutic inplants such as vascul ar
_endopr ost heses, stents, co[opary stents, periphera
stents, orthopaedic |nplan s, bone or joint
prostheses artificial hearts, artificial heart
val ves, pacemaker el ectrodes, subcutaneous,
per cut aneous and/or intraruscul ar inplants, surgica
nails, screws, fixing agents, pins and the IiKke.
impoavevasl e basocahdyaaniy desiinethdodymdaram car\;éle;eqﬁ@tled body
t.he me I f the |nven ion
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carbon-coated stent, for exanple as escn
103 33 098, and manufactured according to the nethod
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pins and the like.

However, basically any desired body form can be coated by
means of the method/device of the invention, the method of the
inVention being characterised in particular in that the
quantity of the coating material applied can be determined and

predetermined with great accuracy.

~According to a particularly preferred embodiment of the
invention, the implant to be coated is a stent, in particular
preferably of a generally cylindrical <form, particularly
preferably a carbon-coated stent, for example as described in
DE 103 33 098, and manufactured according to the method

described therein.

The implants coatable reproducibly by mears of the method of

the present invention can consist of almest any desired



e.g. zeolites, silicates, alum num oxi des,

alum nosilicates, silicon carbide, silicon nitride;

nmetal carbides, netal oxides, netal nitrides, netal

carbonitrides, metal oxycarbides, netal oxynitrides

and metal oxycarbonitrides of the transition netals

such as titanium zirconiupm_hafnium vanadi um

ni obi um tantalum chrom um nol ybdenum tungsten,

manganese, rhenium iron, cobalt, nickel; netals and

metal alloys, in particular of the noble nmetal s gol d,

silver, ruthenium rhodium palladium osm um

iridium platinum netals and netal alloys of
matéetionl umin zpgcondwimr ke mlummateanisdisumE Wholkihummplants can
pbe t@di&al um: chrom um nol ybdenum tungsten, nanganese,

rhenium iron, cobalt, nickel, copper; steel, in

particul ar stainless steel, shape retention alloys
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tanium tant al ?atlnun1 al T'oys such as ni
meﬁaéﬁm and metal alloys of titanium, zirconium, haInlum,

vanadium, niobium, tantalum, chromium, molybdenum, tungsten,
manganese, rhenium, iron, cobalt, nickel, copper; steel, in
particular stainless steel, shape retention alloys such as
nitinol, nickel-titanium alloy, glass, stone, glass fibers,
minerals, natural or synthetic bone substance, bone imitates
based on alkaline earth metal carbonates such as calcium
carbonate, magnesium carbonate, strontium carbonate and any

desired combinations of the above-mentioned materials.

Depending on the coating material to be applied, the implant
to be coated can consist of any desired substances provided
the material 1is able to absorb and/or bind the coating

material or fix it at the surface.



titaniumalloy; bone, stone, mneral or conbinations
of these materials of which the inplant to be coated
consists. If necessary, the inplants to be coated
consi sting of the above- nentioned materials can al so
be coated already with one or several |ayers of one
or several of the above- nqntloned materi als. The
coating material for use in the nethod of the
i nvention can be a solution, suspension or emnulsion
of one or several active agents or active agent
precursors in a suitable carrier material, an
undiluted liquid active agent or also one or severa
Preafdineel agerdS A Atdéhvehagenk lpr eCUrsed scdn, panegiostic or
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Th&aLBAXYAR! hukeelibul osa phidal At @heCasiHby deXt £E8BS invention
can be a solution, suspension or emulsion of one or several
active agents or active agent precursors in a suitable carrier
material, an undiluted 1liquid active agent or also one or

several active agents and active agent precursors in powder

form.

The term “active agent” should be understood to mean,
according to  the invention, pharmacologically effective
substances such as medicines, medicaments, pharmaceuticals but
also micro-organisms, living organic cell material, and
enzymes as well as biocompatible inorganic or organic
substances. The term ‘“active agent precursors” refers to
substances or mixtures of substances, which, after application
onto an implant to be coated, are converted by thermal,
mechanical or chemical and/or biological processes into active

agents of the above-mentioned type.



pol ysacchari des, fibrinogen, poly(D, L-1actides),

pol y(D, L- lactide coglycolides), poly(glycolides),

, pol y(hydroxybut yl at es), poly(al kyl carbonates).,

pol y(orthoesters), polyesters, poly(hydroxyvaleric

acid), polydi oxanones, poly(ethyl enterephthal ates),

poly(malatic acid), poly(tartronic acid),

pol yanhydri des, pol yphosphazenes, poly(am no acids),

and their copolyners or non-bi odegradabl e and/or

resor babl e polynmers. Anionic, cationic or anphoteric

coati ngs such as al gi nate, carrageenan,

car boxynet hyl cel | ul ose; chitosan, poly-L-1ysine; .
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coating such as alginate, carrageenan,
carboxymethylcellulose; chitosan, poly-L-lysine; and/or

phosphoryl choline are particularly preferred.

Active agents or active agent precursors that can be used as
coating material according tco the present invention can also
be markers, contrast agents or the like which can be used to
locate <coated implants in the body, e.g. therapeutic or
diagnostic amounts of radioactive sources of radiation and the
like. |

In certain embodiments, in particular in the <case of
subcutaneous/intramuscular active agent depots or stents, the
charge of active agent can also be temporary, i.e. the active
agent 1is released after implanting of the implant, or the
active agent 1is immobilised permanently in or on the implant.

In this way, medical implants containing active agents can be



Active agents suitable for use for this purpose are

bi oconpati bl e i norgani ¢ substances, e.g. hydroxyl
apatite (HAP) , fluoroapatite, tricalcium phosphate
(TCP) zinc; and/or organic substances such as

pepti des, proteins, carbohydrates such as
nmonosacchari des, oligosaccharides and pol ysacchari des,
| i pi ds, phospholipids, steroids, |ipoproteins,

gl ycoproteins, glycolipids, proteoclycanes, DNA, RNA,
signal peptides or antibodies or antibody fragnents,
bi or esor babl e pol yners, e.g. polylactonic acid,

chi tosan and pharmacol ogically effective substances
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In the case of dynamic charging with active agents, the
applied active agents should be released after inserting the
implant in the body. In this way, it is possible to use the
coated implants for therapeutic purpcses, wherein the active
agents applied onto the implant are released locally,
successively at the site of use of the implant. Active agents
suitable for wuse in dynamic charges of activeé agents for
release of active agents are, for example, hydroxyl apatite
(HAP), fluorocapatite, tricalcium phosphate (TCP), zinc; and/or
organic substances such as peptides, proteins, carbohydrates
such as monosaccharides, oligosaccharides and polysaccharides,
lipids, phospholipids, steroids, lipoproteins, glycoproteins,
glycolipids, ©proteoglykanes, DNA, RNA, signal peptides or

antibodies or antibody fragments, bioresorbable polymers, e.g.



active agent conbi nations which are selected from
heparin, synthetic heparin anal ogues (e.qg.
fondaparinux), hirudin, antithronbin Ill, drotrecogin
al pha; fibrinolytics such as alteplase, plasmn,
| ysoki nases, factor Xlla, prourokinase, urokinase,
ani strepl ase, streptokinase; thronbocyte aggregation
i nhibitors such as acetyl salicylic acid,
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prednicarbates, prednisones, prednisolones, triamcinolones;

so-called non-steroidal anti-inflammatory drugs such as
diclofenac, diflunisal, etodolac, fenoprofen, flurbiprofen,
ibuprofen, indomethacin, ketoprofen, ketorolac, meclofenamate,
mefenamic acid, meloxicam, nabumethones, naproxen, oxaprozin, .
piroxicam, salsalates, sulindac, tolmetin, celecoxib,
rofecoxib; cytostatics such as alkaloids and podophyllum
toxins such as vinblastin, vincristin; alkylants such as
nitroso wureas, nitrogen dichlorodiethyl sulphide analogues;
cytotoxic antibiotics such as daunorubicin, 'doxorubicin and
other anthracyclins and allied substances, bleomycin,
mitomycin; antimetabolites such as folic acid, purine

analogues or pyrimidine analogues; paclitaxel, docetaxel,



mltefosin, pentostatin, porfimner, -aldesleukin,
bexarotene, tretinoin; antiandrogens and
"antiestrogens; antiarrythmcs, in particular
antiarrhythmcs of class |I such as antiarrhythmcs of
t he quinidine type, e.g. quinidine, dysopyram d,
ajmalin, prajmaliumbitartgate, detajmumbitartrate;
antiarrhythmcs of the lidocain type, e.g. |lidocain,
mexi |l etin, phenytoin, tocainid; antiarrhythm cs of
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growth Factor (bFGF), non-viral DNA, viral DNA, endothelial

growth factors; FGF-1, FGEF-2, VEGF, TGF; antibodies,
monoclonal antibodies, anticalines; stem cells, endothelial
progenitor cells (EPC); digitalis glycosides such as acetyl

digoxin/methyl digoxin, digitoxin, digoxin; heart glycosides
such as ouabain, proscillaridin; antihypertonics such as
centrally acting anti-adrenergic substances e.g. methyl dopa,
imidazoline receptor agonists; calcium channel blockers of the

dihydropyridine-type such as nifedipine, nitrendipine; ACE

blockers: guinaprilat, cilazapril, moexipril, trandolapril,
spirapril, imidapril, trandolapril; angiotensin-II
antagonists; candesartan cilexetil, valsartan, telmisartan,
olmesartan medoxomil, eprosartan; peripherally effective

alpha-receptor blockers such as prazcsin, urapidil, doxazosin,



bunazosin, terazosin, indoramn; vasodilators such as

di hydral azi n, diisopropyl am ne dichl oroacet at e,

m noxidil, nitroprussid sodium other antihypertonics

such as indapam d, co-dergocrinnesilate,
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bosent an, fludrocorti sone; (?hosphodlesterase
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anti hypotonics such as, in particular, adrenergic and

dopam nergi ¢ substances such as dobut am ne,

epi nephrine, etilefrine, norfenefrine, _

nor epi nephr.i ne, oxilofrine, dopam ne, mdodrine,
buphpbedt, ne,temmdin, UWIHEHbybmland paetballators such as
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goserelin and regulatory peptides such as somatostatin,
‘octreotid; bone and cartilage stimulating peptides, so-called
“bone morphogenic proteins” (BMPs), in particular recombinant
BMPs such as e.g. recombinant human BMP-2 (rhBMP-2),
bisphosphonate (e.g. risedronates, pamidronates, ibandronates,

zoledronic acid, clodronic acid, etidronic acid, alendronic

acid, tiludronic acid), fluorides such as disodium
fluorophosphate, sodium fluoride; calcitonin,
dihydrotachystyrene; growth <£factors and cytokines such as

epidermal growth factor (EGF), platelet-derived growth factor
(PDGF), £fibroblast growth factors (FGFs), transforming growth
factors-b (TGFs=-b), transforming growth factor-a {(TGF-a),

erythropoietin (Epo), insulin-like growth factor-I (IGF-I),



factors-b (TGFs-b), transformng growh factor-a
(TGF-a), erythropoietin (Epo), insulin-like growth
factor-1 (1G~-1), -21 insulin-like growh factor-11I
(1G~11), interleukin-1 (IL-1), interleukin-2 (IL-2),
interleukin-6 (1L-6), interleukin-8 (IL- 8), tunour
necrosis factor-a (TNF-a),,tumour necrosis factor-b
(TNF-b), interferon-g (I NF“g) col ony stinmulating
factors (CSFs); nobnocyte chenotactic protein,
fibroblast stinmulating factor 1, histamne, fibrin or.
fibrinogen, endothelin-1, angiotensin Il, collagens,
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cefpodoximproxetil, cefpodoximproxetil; aztreonam, ertrapenem,

meropenem; f-lactamase-inhibitors such as sulbactam,
sultamicillin tosilat; <etracyclines such as doxycycline,
minocycline, _ tetracycline, chlorotetracycline,

oxytetracycline; aminoglyccsides such as gentamicin, neomycin,

streptomycin, tobramycin, amikacin, netilmicin, paromomycin,

framycetin, spectinomycin; macrolide antibiotics such as
azithromycin, clarithromycin, erythromycin, roxithromycin,
spliramycin, josamycin; lincosamides such as clindamycin,

lincomycin, gyrase inhibitors such as fluoroquinolones such as
ciprofloxacin, ofloxacin, moxifloxacin, norfloxacin,
gatifloxacin, enoxacin, fleroxacin, levofloxacin; guinolones
such as pipemidic acid; sulphonamides, trimethoprim,

sulphadiazine, sulphalene; glycopeptide antiobiotics such as



l.i nconyci n, gyrase inhibitors such as fl uoroqui nol ones
such as ciprofloxacin, ofloxacin, noxifloxacin,
nor fl oxacin, gatifloxacin, enoxacin, fleroxacin,
| evof | oxaci n; qui nol ones such as cipem dic acid;
sul phonam des, trimethoprim sul phadi azi ne,
sul phal ene; gl ycopepti de aa%[obiotics such as -22-
vanconycin, teicoplanin; polypeptide antibiotics such
as pol ynyxi nes such as colistin, polynyxin-B,
ni troi mdazol derivatives such as netr. oni dazol
tini dazol; am noqui nol ones such as chl oroqui n,
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In particularly preferred embodiments of the process according

to the invention, pharmacologically effective substances
incorporated into microcapsules, liposomes, nanocapsules,
nanoparticles, micelles, synthetic phospholipids, gas

dispersions, emulsions, microemulsions or nanospheres can be

used as the coating material.

Suitable solvents can be used as a carrier medium for coating
material solutions, suspensions or emulsions. Examples in this
respect are methanol, ethanol, n-propanol, isopropanol,

butoxydiglycol, butoxy ethanoli, butoxy isopropanol, butoxy
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According to the method of the invention, the surface of the
implant to be coated can be coated partially, essentially
completely and also multiply. A multiple coating is effected
by multiply moving along the Jjacket surface of the printing
roller and the surface to be coated in a slip-free manner,
wherein drying steps may be applied, if necessary, after each

coating step.

It 1s particularly preferred to coat the implant to be coated
with one or several pharmacologically effective substances and
subsequently with one or several coatings of one or several,
if necessary, different materials modifying the release of the
pharmacologically effective substance or substances. Release-
modifying materials suitable for this purpose are, for

example, cellulose and cellulose derivatives such as



It is particularly preferred to coat the inplant to be

coated w th one or several pharmacol ogically

ef fective substances and subsequently with one or

several coatings of one or several, if necessary,

different materials nodifying the rel ease of the

phar macol ogi cal |y effectiveq substance or substances.

Rel ease- nodifying materials suitable for this purpose

are, for exanple, cellulose and cellul ose derivatives

such as -24- hydroxypropyl nethylcellul ose,

hydr oxypropyl cellul ose, poly(neth)acrylates,

carboners, polyvinyl pyrrolidone and the |Iike.
hypapYyYRUPRY1 Yy prsftéydedlenbode ment hywsfradyerppgdent cellulose,
po&?Yﬁ@EhP@gr§E£%@§ﬂt@QrM§§9§L3rp§@99959§t??§§§lidone and the

i Intralum nal endoprostheses) such as steéents,

c%fonary stents, intravascular stents, periphera

stents and such |like. These can be bi oconpati bl es

PathargedriP &Mty iyedhe et hiod g&e BE¢ invention
i nvention, as a result of which the restenoses

aXfr equetitdyOccur FRAGUFAT t he EISPRIOSFEREGFaneousintralumninal
entipanstunesas) anghops astyntusi ngoeconyent sodad s St Bt Savascular

stEALSSXBUPL ne FRN DSy By GYENGE, hgarti cul arly
enbodi

preferred ments, stents, in particular stents
provi ded with a carbon-contai ning surface | ayer, can

Thb@g QhargédbMdd%n@ﬁ@ﬁﬁEé@}QQE%QEBYiﬂfﬁe%ﬁh$Qe manner by the
_substances or. mxtures of substances. The stent

m“éﬁ??a@és“ggh,lQ%Entﬁﬁﬂﬁﬂ%i ab§e§aggpﬁédWﬁ tHj¢ restenoses
freaheoid ngoacticvenpr incitpeesafsar ¢hepé ocat ansuppressh®huminal

an@ﬁoﬁ@&gtﬁdhﬁﬁhﬁﬁaCEHQQHPPSHEP Qﬂﬂﬁﬁﬁﬁti98r ﬁﬁ&ﬂﬁhﬁﬂenEan be
activation and/or inflammtory tissue reactions or

PrEZPPiEiol i feration: Heparin, synthetic heparin
anal ogues (e.g. fondaparinux), -hirudin, antithronbin

IﬂIﬂaréﬂ&&ﬂﬁﬁggiﬂré%é¥¥5dfé%%&&?%Xﬁégﬁ stents, in particular
stents provided with a carbon-containing surface layer, can be
charged with pharmacologically effective substances or
mixtures of substances. The stent surfaces can, for example,
be equipped with the following active principles for the local
suppression of cell adhesion, thrombocyte aggregation,
complement activation and/or inflammatory tissue reactions or

cell proliferation:

Heparin, synthetic heparin analogues (e.g. fondaparinux),
hirudirn, antithrombin III, drotrecogin alpha; fibrinolytics
(alteplase, plasmin, lysokinases, factor XIIa, prourokinase,
urokinase, anistreplase, streptokinase) thrombocyte
aggregation inhibitors (acetyl salicylic acid, ticlopidins,
clopidogrel, abciximab, dextrans), corticosteroids
(alclometasones, amcinonides, augmented betamethasones,

beclomethasones, betamethasones, budesonides, cortisones,



(al tepl ase, plasm n, |ysokinases, factor XlIa,

prour oki nase, urokinase, anistrepl ase, streptokinase)

t hronbocyte aggregation inhibitors (acetyl salicylic

acid, ticlopidins, clopidogrel, abciximb, dextrans),

corticosteroids (alclonetasones, antinonides,

augnent ed bet anet hasones,.7shecl onet hasones,

bet anet hasones, budesoni des, cortisones, - 25

cl obetasol, clocortol ones, desoni des, desoxi netasones,

dexamnet hasones, fl uci nol ones, fl uoci nonides,

flurandrenolides, flunisolides, qutlcasones

hal ci noni des, hal obetasol, hydrocorti sones, nethyl
cloheddficdol oneSlorpREPASDARS, pRewdn kdrbat es,desoximetasones,

de%HMﬁHHd%%&%%u predninsal-eses, ﬂﬂddﬂﬂﬂdﬁ%ﬁ%@es)ﬁlurandrenol1des,
SQ-C oi dal _anti-i dr ugs

non- f
£ B BLEF LT SaP bt gt Al TG A T og halobetasol,
hydﬂaﬂdmtpﬁ@meﬁﬂ i bupmetlen] i ndoredihasdlnndeet opr otemetasones,

préﬁﬂfﬁé¥ﬂ%%esnecbQESH§EBE§s,nﬂ&?@@ﬁlgo &H@é’ 'F%fgﬂcgﬁghones

nabunet hones naproxen, oxaprozin, piro

so-Qldqcht BN~ SHPF ARl F%FﬁeﬂnﬁlaEEPé86X|bdr?%ﬁedé&FQPfenaCr
di fiyitrostedt, | CSat(cﬂid(LalcOI dsf earagh ripd@op hy | 4wt @tiofens UCA ba® rofen,

1n&6ﬂg%ﬂggln, &ﬁiﬁrorgégg£ﬁf%é ﬁ@%lg gg%rgso mefenamic

ur eas, rog odr et anar ogles;
acidu dﬁ%%@%lcaa?hturtﬁweéé@@éh asanfm umx@apﬁrozm, piroxicam,

saldoxerddy,ci n sSﬂCir@iah,_er aieacygl i n%eqr&oaallgl Ied rofecoxib),
st.ances, opyci n, m_tonycin; tlnet@ olites

Cytsousc%watlcsf ol i'¢ ig%?%l,d ur FRE a %?%%}?}é% T oy PEAPdi neuch  as

Vl&hﬁﬂ&ﬂyﬁes Wacihitsgiel; @d@&ﬂameb siuchdl | mss; niglationumreas,

ndeﬁdeﬁﬁh%%@@D' atdprsiRP! atdk 1Ygues; cytotoxic
ansacrin, irinotécan, imtinib,

Ia tin;
Riﬁﬂﬁ S??ﬁer?%roﬂaHPBﬁﬁbiﬁlnfntQPF@FBHlﬁ+%haaQB other
wnmﬁqy@y@aﬁbammde alpiiktief osbatapens ostiatéanyqpor,f i mertomycin;

an@lasdukids b%&%%Ot%ﬁﬁ £ohriel i nQiin;, a?ﬁ&@%grog%ﬁﬁoaﬂgs or
antugftrogens For systemi ¢, cardi ol ogical effects,

pYE%ﬂ& rghtsageégg&ﬁﬁg tooaclltaxel docetaxel, sirolimus;

platinum compounds such as carboplatin, cisplatin or
-oxaliplatin; amsacrin, irinotecan, imatinib, topotecan,
interferon-alpha 2a, interferon-alpha 2b, hydroxycarbamide,
miltefosin, pentostatin, porfimer, aidesleukin, bexarotene,

tretinoin; antiandrogens and antiestrogens).

For systemic, cardiological eifects, the stents according to

the invention can be charged with:

Antiarrythmics, 1in .particular antiarrhythmics of class I
(antiarrhythmics of the guinidine type: guinidine,
dysopyramid, ajmalin, prajmalium bitartrate, detajmium

bitartrate; antiarrhythmics of the 1lidocain type: 1lidocain,
mexiletin, phenytoin, tocainid; antiarrhythmics of class I C:

propafenon, flecainid (acetate); antiarrhythmics of class 1II



the invention can be charged with: Antiarrythmcs, in
particular antiarrhythmcs of class |
(antiarrhythm cs of the quinidine type: quinidine,
dysopyram d, ajmalin, prajmaliumbitartrate, detajm um
bitartrate; antiarrhythmcs of the |idocain type:
l'idocain, mexiletin, phenytoin, tocainid;
antiarrhythmcs of class I"C. propafenon, flecainid
(acetate); antiarrhythmcs of class Il -26-
(beta-receptor blockers (netoprolol, esnol ol
propranol ol, netoprolol, atenolol, oxprenolol),
antiarrhythmcs of class 111 (am odaron, sotalol),
(bestitH merdeipytiohm @S oefketlsas s(re¥ ordillbotli, aZ%‘Bmd&%ﬂ.@parﬁr'opranolol

I t h t d ,
e GBLLBEM! ), BLDEL, SMLREININ €5 AUCD 55, SOEDES I

II]St|ﬁﬁmaPﬁﬁgogngléﬁémkkﬂléfin @hélm@rkxwmmlnﬂ vascula@rass IV
dle_Lr’cq_CHM | ale rGRAWLN , f%‘%athrop(ﬂ"ﬁ(ﬁf) RESIC Jdtq Qj%lh%hmlcs such

g ‘fact or (bFGF non-viral DNA, viral
eﬁ GPR&FT™  GFGwPRSD &P%rleﬁéﬁrfplPE¥=%FOWE§§2 Jggnts for
St-JalntJJdCtOCh%S amgrnegeoralis antinbodités, amjcaldidies;: St @Escular

encﬁ?&ﬂesllaqndﬁkg%lthal fQEQg'fm W}EGPFG' |k§’ ggc)f[lg:f'g}:;l@%r growth

cardiacs are: digitalis &%’COSI

fa%ﬁ%bX|HFﬁE}hyP°@|défﬁﬁ |t8%Fﬁl dﬁHbX|ﬁ¥d0Fﬁ?%h@¥ growth
fadeard, glBaroesi,desdmugbaivEGHr ostdH;l ardh i)odiAsSO monoclonal

anéﬂgédﬁﬁﬁﬁrtQﬂkﬁé?EQﬁQEfa'%é% geQQSantl_gd£§nf{§ﬂ(:DrOgenlLor

t'ance azoli'ne recepror
celggoni $EBC) calEPHH¥%hanﬁéFdleécké¢§ ofdifdigalis glycosides

adg%pﬂjrgﬂﬁbkﬂhﬂﬁety | B SUCRxas, nldﬁ&&ﬂ%ﬂ%% digoxin), further
ni trendi pi ne ocker ui napril a azapri |

hedidexi priOtY© ?Féﬂaalaprlr %ﬁ?ﬁhprll PFRPEA E?F £ Also
antt yrayekof tapriids; @ﬂmﬂxﬁbhwlnctLnanmagoﬁwgvsnecgmdesamsaancns
methy EXQbbk, ValSHiAMmne t ebpbgaptang &ll"@:sﬁrt 881cium channel

doxom | ,_ eprosartan; peripherall effective
o JFOROM L SBLOSALl A BELL DSl I STV, renipine,
ni goxadiosing buna2b5|nplbek3265|n,qwumapmﬂlmue, cilazapril,

moé’}@ﬁg)zgii,at‘%&%hdolapril, spirapril, imidapril, trandolapril;
angiotensin-I1 antagonists: candesartan cilexetil, wvalsartan,
telmisartan, olmesartan medoxomil, eprosartan; peripherally
effective alpha-receptor blockers: prazosin, urapidil,
doxazosin, bunazosin, terazosin, indoramin; vasodilators:
dihydralazin, diisopropyl amine dichloroacetate, minoxidil,

nitroprussid sodium), other antihypertonics such as indapamid,

co-dergocrinmesilate, dihydroergotoxin methane sulphonate,
cicletanin, bosentan. Further ophosphodiesterase inhibitors
(milrinon, enoximon) and antihypotonics, in this case in

particular adrenergic and dopaminergic substances (dobutamine

epinephrine, etilefrine, norienefrine, norepinephrine,
oxilofrine, dopamine, midodrine, rholedrine, amexinium
methyl), partial adrenoreceptor agonists ({(dihydroergotamin)

and finally other antihypotonics such as fludrocortisone.



di hydral azi n, diisopropyl am ne dichl oroacetate,

mnoxidil, nitroprussid sodiun), other

anti hypertoni cs such as i ndapam d,

co-dergocrinnesi |l ate, di hydroergotoxin nethane

sul phonate, cicletanin, bosentan. Further

phosphodi esterase inhibitors (mlrinon, enoxinon) and

anti hypotonics, in this case in particular adrenergic

and dopam nergi ¢ substances (dobutam ne, epinephrine,

etilefrine, norfenefrine, norepinephrine, oxilofrine,

dopam ne, m dodrine, phol edrine, anexinium nethyl),

partial adrenoreceptor agoni sts (di hydroergotani n)

and finally other antihypotonics such as

To f1MEFroOCcHs ! t§@n€155u@7ad5@siiwre§§9p59€1&u§§yeﬁn tFe case of

eri phera

Egﬁfl%p articular in the ca S
P cShp éntsc%ﬁo?%%“é&tfﬁ%eF Gl af* ???&4“lar matrix,
filydyraomieiat,i rpolpdmdly@sneaLh@'tliapleenzammln)dceetcaeieat e,nflammatory

| t eSp ﬁh T P
cyﬂbg&mlg&y 2 &y @@hﬁés B @ﬁev GE%éF @g'%u %g%» GM-CSF,

r%w%?ﬁhﬂwn%%e% a5 QBIErggt%dﬁé§m9%essu5§tﬂﬁéés@ﬁnﬁ@heSlve

sum@tam@awoamwlﬁescymwﬂyllum@r Heriyga igan oke siused. can be
us{%ﬂther substances suitable for this purpose which
ave a systemc and/or local effect, are growth
factors, erythropoetin. Hornones, too, can be

FuPf 1oV d%@ﬂs‘ﬁaﬁﬁ%s“@@it@@% QQ%rSUEih@S pEdbse which have a
cortlcotroglps gonado rop|?§ ?onatropln _ .

SYFHYPOT r opRPH ©F deshBpfessi A TEEFI i pr 88§i n, PR Dci n,factors,

eryetraredtin. corticorelln, Ieuprorelln triptorelin,
gonadorelin, ganirelix, buserelin, nafarelin,

goserelln as well as reqgulatory peptldes such as
HoWBoR st PPN &R& d1S oRFPELIFUein| fFithes e BRarges such as

e.gur giocal candopi hhppaediaciotmpbants, sampltants.n, Wi tiyrotrophin,

deIRGHLPOLOYs surface,lgyeLs;are fre%%“;‘z%' ypused. Their,, o1iy,
pore sizes are in the region of 0.1 to 1000p
Coﬁké?%?%%%? 1 toleuprorelln, triptorelin, gonadorelin,

ganirelix, buserelin, nafarelin, goserelin as well as

regulatory peptides such as somatostatin and/or octreotide.

In thé case of surgical and orthopaedic implants, implants
with macroporous surface layers are frequently used. Their
pore sizes are in the region of 0.1 to 1000pm, preferably 1 to
400pm, in order to support better iniegration of the implants
by in-growing into the surrounding cell or bone tissue. These
implants are particularly suitable for application and
impregnation with a wide variety of different active agents

and active agent precursors.

For orthopaedic and non-orthopaedic implants and heart valves,
pacemaker electrodes or artificial heart parts, essentially

the same active agents can, moreover, be used for the local



400pm in order to support better integration of the
inplants by in-growing into the surrounding cell or
bone tissue. These inplants are particularly suitable
for application and inpregnation with a wide variety
of different active agents and active agent
precursors. For orthopaedig and non-orthopaedic
i npl ants and heart val ves, pacemaker el ectrodes or
artificial heart parts, essentially the sane active
agents can, noreover, be used for the |ocal -28-
suppression of cell adhesion, thronbocyte aggregation,
conpl ement activation and/or inflammtory tissue
suppggStsiion or ofcel ¢elpk ol iabdeatiioon asthnomhecstent aggregation,

coﬁﬁM@da%ﬁt'Q@@l§E¥¥6A bggd/époﬁﬁhzﬂ%HHQQ%QQ éf%éﬂé MULALeion or
ti Ssue&gr owt arti cul ar case of

celdr ¢ RGP éFEalﬁﬁPan$§ thetpﬁlléﬁﬁﬁﬁ AR Ve Hgetss @ggcribed
abdve .used for a better inplant integration: bone and
‘cartilage stinulating peptides, bone norphogenic.
proteins (BMPs), in particular reconbi nant BMPs
Moy Edivhi hantS & HiHert SBVPL 2S¢ ¢ hBVIYWER, bispRespheHdss in the

cas(ee @t br@ledps@@@t@s;mpp@mﬁ,roaaée$olubamﬂ@oaaw$e agents can

be§1 edroni ¢ 3¢ geL lﬁggrnLclgglga cgtidronic acid,

endronlc aci oni ¢ "ac *¢1Uori des
bonali su umamtudre@p‘-ho%hmléats@qu unﬁptu@@me)bone morphogenic

rc?cgiclt(-‘rlsl OnBMPst| hydr o1 achystaw e@@coﬂfber\llvt@r# . ggtp%tr h(rcégmolnant
nueta, A er VB GPon hoE BT OPBRPPRES . 4 B ol st donates,

pa@mdnmdatk&ctonba@&ﬁﬁsate$xaagﬂ@ﬁabngcgrammd1 thctioosibd acid,
etﬁ&?&%ﬁgﬁaci&anéﬂ%%@EgglgrQ%ghjfaEEQEaﬁoxﬂgFa@Zd fluorides

erythrop0|et|n (Epo I nsulin-1ike growt tor-l
(diqagiym Llhl@movﬁowk@tar oWt PR of SAPOTIERL{ |) caleitonin,
dihyd ert seethy sryr rel- 1ﬁhe i afLér | gubiwnh2 fddtd@)s and cytokines

eﬁfﬁ£¥$§¥‘#fb£kglfa§%9 (%é%ﬂ ezéigtéﬁééldeépqedt%ﬂg§”£n factor

necrosi s tactor-a necrosi s factor
(PDGFE), fibroblast growth factors (FGFs), transforming growth
factors-b (TGFs-b), transforming growth factor-a (TGF-a),
erythropoietin (Epo), insulin-like growth factor-I (IGF-I),
insulin-like growth factor-II (IGF-II), interleukin-I (IL-1),
interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-8 (IL-
8), tumour necrosis factor-a (TNF-a), tumour necrosis factor-b
(TNF-b), interferon-g (INF-qg) , colony stimulating <factors
(CSFs) . Further adhesion and integration promoﬁing substances,

apart from the inflammatory cytokines already mentioned, are
the monocyte chemotactic protein, fibroblast ’'stimulating
factor 1,  histamine, fibrin or fibrinogen, endothelin-1,
angiotensin II, collagens, bromocriptin, methyl sergide,

methotrexate, carbon tetrachloride, thicacetamide, ethanol.

In addition,_ the _implants can -'be provided also with

antibacterial anti-infectious coatings Dby means of the



(TNF-b), interferon-g (INF-g), colony stinmulating
factors (CSFs) . Further adhesion and integration
pronoti ng substances, apart fromthe inflamatory

cyt oki nes already nentioned, are the nonocyte
chenotactic protein, fibroblast stinmulating factor 1,
hi stam ne, fibrin or fibriyagen, endothelin-I,

angiotensin |1, collagens, bronocriptin, nethyl
sergide, nethotrexate, carbon tetrachloride,
t hi oacetam de, ethanol. In addition, the inplants can

be provided also with antibacterial anti-infectious
coatings by neans of the -29- printing nmethod of the
PTiTHét i Naher | of howt REeREbRE antks épl1lgubeyangestances or
suldB vdrdee snibeiuig ss Wetiabl eufieabuse ras ©@at aRY Btehhahaterial:
sid Hyer((BgQ§), tiitanium dioxide, antibiotics and anti- .
HiMfect i veST T n pareletlar ‘181 46 am HhtibiBrices, and  anti-
infBYigsanabe- psensfelye fehbcihhi peitidiohias, bemzybctamase-
ser@N Gid | hasi dpeniG | Hinen Qs B'a%a%yrgs%h%'im%FC!(%'ehnicillin
(pgﬂ%Cl| in " 13-1 act,amase- resistant penicillins
'sUdP FSO R TIIPENI AT 1tich @eNigndRilei | M), B-lactamase-
resimiagit | | penbachpici | bhoh acy ashnogeniicdllling  ssedh  as
amc%&dr’]ﬁej]zl'i%c,' | LDy o P ‘q{,acbéjzérﬂ%'EﬂPPNpS@ ¢ S enicillins
cephal ospori ns ?pe azolin, c %urpxynl cef oxi i, o
SUGefotdam Meetetbrincef aFRBFICL el exignrboxypenicillins,
ceplylacaydefns cefdedanolieef urcedursaid, | , eefliiiByten, cefotiam,
~£efpodoxi mproxetil., cefpodoxinproxetil or. others -
“Sslch ds agg?g%ﬁéﬁ%l%ktrag%g%ﬁ?gPﬁbrop&ﬁéﬁfaﬁﬁ?%her cefixim,
cemdbirgiiass lare 13- | actdfddaitiathi bitors (sipdsietiaproxetil,
ce Spd M Aot 10T | At ) ot Atd agYEhi BES o AARUUENC! IR rapenem,
n1nog¥clln , tetfagﬁngne,,chlorotetracycllne, o
MeISRAET acyTHi MY &t ndgicEs des § geht@nerese inhibitors
(swdomycim, streploagcehllimbranydiosilam kacin, tetracyclines

(Aefdydm Cid), RAMYMMMGHE, FLARKESL Dne SPEGH NG ey el ine,
macrol i de anti biotics (a2|th onycin, clarithromnycin,

r
OX%ﬁ%ﬁ?ﬁ?ﬁﬁﬁﬁQf)’roxi%WﬁQﬂﬂkﬁq?Sldes (gentamicin, neomycin,

streptomycin, tobramycin, amikacin, netilmicin, paromomycin,
framycetin, spectinomycin), macrolide antibiotics

(azithromycin, clarithromycin, erythromycin, roxithromycin,

spilramycin, josamycin), lincosamides (clindamycin,
lincomycin), gyrase inhibitors = (fluoroguinolones such as
ciprofloxacin, ofloxacin, moxifloxacin, .norfloxacin,
gatifloxacin, enoxaciln, fieroxacin, levoflioxacin; other
guinolones such as pipemidic acid), = sulphonamides and
trimethoprim (sulphadiazine, sulphalene, trimethoprim),
glycopeptide antiobiotics (vancomycin, teicoplanin),
polypeptide antibiotics (polymyxines such as colistin,
polymyxin-B), nitroimidazol derivatives (metronidazol,
tinidazol), aminoguinolones (chloroquin, - mefloquin,
hydroxychloroquin), biguanides (proguanil), quinine alkaloids

and diamino pyrimidines (pyrimethamine), amphenicols



spi ramycin, josamycin), |lincosam des (clindanycin,
i nconmycin), gyrase inhibitors (fluoroauinolones such
as ciprofloxacin, ofloxacin, noxifloxacin,
nor fl oxacin, gatifloxacin, enoxacin, erroxaC|n,
Ievofioxacin; ot her qui nol ones such as pipemdic
aci d), sul phonam des and _spri met hopri m (sul phadi azi ne,
sul phal ene, trinethoprin), glycopeptide antiobiotics
(vancomycin, teicoplanin), polypeptide antibiotics
(pol ynyxi nes such as colistin, polynyxin-B),
nitroi mdazol derivatives (netronidazol, tinidazol),
am noqui nol ones (chi oroqui n, nefloquin,
H%Rﬁ%my@nﬁgpéqw|ﬁndbpgbahid@§ﬂ@§ﬁ¢g@&mI;ifamuﬂiﬂmedapson,
fufl &al Qi ds s @ang di aﬁbag)orp;yéllrm di ns§f(19xnuret hamehe) hromycin,
henlcols -30 échlora glcol and ot her
f‘*%ﬁ:f? Y0 i dSEFW AU | REGAPLGANS FddiSEthreNaLRd, Tifampicin,

tadwosfighne, n,a tivaguainel,, ltieleizohndiny ciine fmmmﬁwmnyrneed to be
mer(tof‘cfr%alc' DnoR&nt agdi ngs fqét%eél@sonalaélghgbiz@p' C\%‘gnc1clov1r,
ng

taur di ne, atovaquone, |1 nezol ollo

fameitl TG the  nent FOTERFHFong t he %PPE%P%tlcs acidémepirpnol-4-
ac@@d}ﬁllcﬁdkﬁz\ﬂzb,atef) ancivel o¥héicI®star nefa1ddiasider, cidofovir,
brlvlgﬁp qﬁ untedagen§n]98g§nzoaéegl Val%anCICkovblra; active

Varaci clovit, i dot°ovi ir, brivudin’ ed “a
prxmﬁﬁﬁiﬁﬁwazﬂQR?%ﬁﬂﬁhdﬁetr@m@ﬁa@oaétlvé€V§ﬁﬁﬁC|ph@@nscrip*ase

J.nkﬁf'}b‘i:‘l@ﬁss'éjﬁj M%&JﬁVeﬂ%%ltvru@ﬁ%cr |zf%1tJ_Q:SQ:abln, d1 danosin,

i, nhi ors_and _derivatives am vudi n, , zal ci t abi
2190y |n,teQPa8vbafn,fiéﬂ%PoFl ePaGatt hi aﬁﬁﬁb@PFleOSld°

anmbmgMM£lea&W@eseanatmgoaerBWe$se tiamsScrtiqtase amprenavir,

lnﬁfm%$ﬁior§aq@fmg@ﬂﬁv'Eoo ﬁ@@LﬁﬁVkEtoﬁggyfna%%ﬁflnav1r), and
[ opi navi r, Fitonavir, nelflnaV|r)‘ and oth

otRP¥ ustiddscs tdGén égcﬁnéﬁiaépﬁntFPBQV|thDa%hﬁHHIVF@“alel
osesehitan viandandniamdiudi n. I n particularly preferred
enbodi nents of the present invention, the inplants

can be suitably nodified regardin
In particularly preferred embodiments of the present

invention, the implants can be suitably modified regarding
their chemical or physical properties by means of further
agents, e.g. in order to modify the hydrophilicity,
hydrophobicity, electric conductivity, adhesion or other
surface properties. Substances suitable for use as coating
material for this purpose are biodegradable or non-degradable

polymers such as e.g. regarding the biodegradables: collagen,

albumin, gelatin, hyaluronic acid, starch, celluloses
(methyicellulose, hydroxypropyl cellulose, hydroxyprooyl
methylcellulose, carboxymethylcellulose phthalate; aiso
casein, dextrans, polysaccharides, fibrinogen, poly (D, L-
lactides), poly(D,L-lactide coglycolides), poly{(glycolides),
poly(hydroxyputylates), poly(alkyl carbonates),
.poly(orthoesters}, polyesters, poly (hydroxzyvaleric acid),

polydioxanones, poly (ethyl enterephthalates), po_y{maiatic



their chem cal or physical properties by neans of
further agents, e.g. in order to nodify the
hydrophilicity, hydrophobicity, electric
conductivity, adhesion or other surface properties.
Subst ances suitable for use as coating material for
this purpose are biodegradgbl e or non-degradabl e

pol ymers such as e.g. regardlng t he bi odegr adabl es:
col l agen, albumn, gelatin, hyaluronic acid, search,
cellul oses (nethylcellul ose, hydroxypropyl ceIIquse,
hydr oxypropyl nethyl cel | ul ose, carboxynet hyl cel | ul ose
pht hal ate; aiso casein, dextrans, polysaccharides,

acifd)br i prolger,a ppodop(il, lacidict | meky)gnalni(ddsl,- I@adtyipdesphazenes,
p (ghyc
pO%P€$¥Mydf%§§%uty%gpegfx QE%Q% %ﬁ@ l%%ﬁ onat es),
pol y(orthoesters), polyesters, polyy(hydror.yvaleric
Theachét)bi @mmma&cmﬁey( eidiyl (eeniyereeRhthalyat egetates) ,

Sljpouxgnalatléegﬁ ?3%% %$%Iy(gartron|c amggsa %ﬁﬁ acid,

yan ydrl azenes pgly(a
pOkwmﬁQﬂMl their agﬂﬁﬂyvners Fhednon- b|u@@qugmuﬂQQynoacrylate;

poli@%%&kéné%ﬂY(gkhWb&%%beﬂﬁg ace§?1§§&lde§|||%Qﬂ®%rethanes,
i c po S_su as I C ac

po%& %%ﬁ%f"20|£n%58pﬁﬁ ryId%€H6§§$V¥ateureﬁgFQ%ghyleﬁ@’y ester
ures ypr ppyyenesys polugdni despopek iy téhanesidepolpdlestirempylene
oxfﬁ@thﬁﬂﬁﬁknlggly(55b§£et*ﬁﬁg@@ﬁﬁ§%z B@|%Q§Ste§lnyie%%hymers

pol yet hers such pol yet hyl’ene oxi'd pol ypr opyl_ene
sugi des pl lH%erVclsnylpol }PtyéFPéﬁ@PH?Fene @‘Pjykib‘}’mﬁ(ﬂt nyjalcohols),
po PPl yiverls aittitcaaohrolaywicayl. pyrrol i dones, pol y(vinyl
al cohols), poly(vinyl acetate phthalate). It is
general |y applicable that polyners with anionic (e.
It aligi marer et ageehanabEar BORFmRNWIREE!S ul bste) apponic (e.g.

algatdod) C cé{Erfgeehdt OSatarpet yndrilyisidlanlese)) @r baldtionic
e g@gg_erch'i%ésarﬁPho%%*i?,lx'-ﬁg%é?e) £an, be 3dvantagequsly, ;e

{phosphoryl choline) can be advantageously used.

To modify the release properties of active agent-containing
coated implants according to the invention, specific pH-
dependent or temperature-dependent release properties can be
produced by applying further polymers, for example. pH-

sensitive polymers are, for example, poly(acrylic acid) and

derivatives, for . example: homopolymers, such as
poly{aminocarboxylic acid), poly(acrylic acid), poly(methyl
acrylic acid) and their copolymers. This also applies to
polySaccharides such as cellulose acetate phthalate,
hydroxypropyl methylcellulose phthaiate, hydroxylpropyl

methylcellulose succinate, cellulose acetate trimellitate and
chitosan. Heat sensitive polymers are for example bpoly(N-
isopropyl acrylamide cosodium acrylaté - ‘co-n-N-alkyl
acrylamide), "poly(N-methyl N-n-propyl acrylamide), poly (N-



To nodi fy the rel ease properties of active
agent-containing coated inplants according to the
i nvention, specific pH dependent or
t enper at ur e- dependent rel ease properties can be
produced by applying further polyners, for exanple.
pH sensitive polymers ares, for exanple, ooly(acrylic
acid) and derivatives, for exanpl e: honopol yners,
such as poly(an1nocarboxyllc acid), poly(acrylic
acid), poly(nethyl acrylic acid) and their
copol yners. This also applies to polysaccharides such
as cellul ose acetate phthalate, hydroxypropyl
metethyl cel IMerS@Ipmmlal at e, dydylewyideqpyl poly (N-n-propyl
ose at. | os
meiﬁ%é%% d'J=| %H%SJH~ gﬁmﬁﬁgéﬂ %Mﬁ%ﬁve poly Doly(N n-

trine I|tate and chltos sensi
dighly ¥ of CEXER E Jpol BN WsloiﬁR)EﬂHYladﬁ*%H“@rﬁrd’ea@tiﬁi@dlr poly (N-
cy@rsyt @ e cmmﬂaﬁﬂ%é aquclyl}am—ctﬁ;)hyWDOLakbl(er@Iﬂ&Bé| poly(I\—
Q a o] 0
et T BAMOL AGEYL AARd) . PRAN SR ITE Lo Bl PO M ams e

acr n- pro yla

Po bl %¥¢%ﬁﬁ¥ﬁb@4 ac@?#%#ﬁmkge pol yFrhedi et bpllymers  with
t h&Ehygani de)ch@f)écyt(é\flsstgpfsoPyl yﬁéhacrwcafagﬁa Jﬂiﬂafe(ﬂhlose,

metofir§£ﬂ£¥% acaﬁ¥§€%g%%$?$ yéggggpgelf égp1 vyl hydroxy

etippl y¢N-hetdad - M@t hybhravci gk asiude) ,as pot AN ckel dpy opyb2, 1-
giacrysamde). Further polymers with thernoge
characteristics are hydr oxypr opyl cel | ul ose,
net hyl cel | ul ose, hydroxypropyl nethyl cellul ose, ethyl
In hydeoxyse ebhytheehd&@i@ﬁ@nwdc@éwroﬁ (0553 Sdl(‘eh 1&1@@1%&237,charged

acéo}ggn%nagzth% 1§%Enk%g%helnc} ¢ iGa3¢,.0 n ca conse eﬁtly be

diti coati ngs o | ant S Char ge accordi
magy tHREWaffenPRphical du%amrﬁ@tru%nsegh mséqaﬁﬁtIJ@/‘Qfeegradable

sulbmden bet weepophys+Tasi b@rrleﬁbrﬁuéhtﬂﬁ I N@htitcsan, heparin

i pd dable .substance ol y-l -l ysine, . fibronectin, .
etp ?tgggﬁ %ﬁe a?§ & ?c G %% b¥8F5 |callfnbct vé% can  be
stga%@@b}% Théﬂ@gg@@r C@@pqﬁyles whlcn are bioactivated

physioclogically and permit the release of active principles
and/or their carriers. Enzymes, for example, which mediate the
release, activate biologically active substances or bind non-

active coatings and lead to the exposure of active principles.

The implants coated according to the invention may also be
charged, 1in particular applications .with living «cells or
micro-organisms. These can settle in suitable porous surfaces
of the implants, it then being possible to provide the implant
thus colonised with a suitable membrane or membrane-type
coating which is permeable to nutrients and active principles
produced by the cells or micro-organisms, but not to the celils
themselves.



sterically hindered nol ecul es which are bioactivated

physiol ogically and permt the rel ease of active

principles and/or their carriers. Enzynes, for

exanpl e, which nediate the release, activate

bi ol ogi cal |y active substances or bind non- active

coatings and |ead to the eyposure of active

principles. The inplants coated according to the

i nvention may al so be charged, in particular

applications with living cells or mcro-organisns.

These can settle in suitable porous surfaces of the

implants, it then being possible to provide the
Inioplanvayt hus ol oed sidd e tdy aisitid alilee tmithrdngyyOraccording

rane-typ c [ Lch i:s.p :gﬁggle t, 0, nutecier .

togﬁ Va?@ﬁvg%ﬁﬁfﬁcﬁg%QQQO%Q%thggrbsgt é%||§yopkﬁh°955 with
SUFReR L OtPawifsmsNS BT RO iTHe CEIHILS, t hBpbanryes.containing
ins@Bintprddicineay ceillisi, s RPASEHDI earbyrusimghd€ing into the
bc)(%ecrmol e%mrdh1sgoggi#p§mgq1t@éno%gg 1

or BXAMpre, Cé/)rpelrji“n g W s Ferisi it F O the glucose
levabub i ntlpr cdusiovgddéekl-s, i npl ants cont ai ni ng

i nsul i n-producing cells, which, after inplanting into

t he gogﬁ, groduce an relﬁase iasulin as a function _
InofhendoglQEoRe: fePefiBF T Ehe BhPrOlIRAF NGt FRSt REthod of the
inVehtownh nganda of eftdrer edeenbodiafenthef ireemetdnodfot tdmlying
actpyﬁnghgﬂtén@ngg Eﬁ% qgﬁﬂﬁﬁmpf%§h?té?ﬁ@”&k?”d&%%ribed as an

applyl ng

active agents onto the surface of stenis are’
exgBBER bedha8eandebxahpl ereTRELENAet APPs FEFAPARAGORheC an

- exexplapat | amfdiakntexeapear yi etdodidieninedee yi Nt epded further
il?ﬁég%%géﬁéi%ﬁrggﬁgdBE%%¥§£¥§élQQEO%héh%ngghgglgl%ﬁl fdo not
present a restriction o
rephesgehepaleshventioe ephoGght Jegeagalcdmvgingive thought to a
ceenbodi eRpbaifgure 1 shows two views A and B of an :
enbodi nent of a device of the invention for applying

a defined anbunt of a coating
Figure 1 shows two views A and B of an embodiment of a device

of the invention for applying a defined amount of a coating
material onto the surface of an implant to be coated by means

of a printing roller.

As shown in 1, an implant, in this case a cylindrical stent,
which 1is arranged on a drive shaft which is driven in a slip-
free manner against the printing roller 2. In the embodiment
of Figure 1, the printing roller 2 is a precision
anilox/gravure roller with a drive 7 which permits a slip-free
movement with respect to the drive shaft of the stent 1 in the
form of a movement counter-current to the precision
anilox/gravure roller 2. In the preferred embodiment of the
device according to figure 1, the transfer of the .coating
material from the precision anilox/gravure roller 2 to the

stent 1 takes place in a contact-free manner.



material onto the surface of an inplant to be coated
by nmeans of a printing roller. As shown in 1, -an
inmplant, in this case a cylindrical stent, which is
arranged on a drive shaft which is driven in a slip-
free. manner against the printing roller 2. In the
enbodi ment of Figure 1, tfe printing roller 2 is a
precision anilox/gravure roller with a drive 7 which
permts a slip-free novenent with respect to the
drive shaft of the stent 1 in the formof a novenent
counter-current to the precision anilox/gravure
roller 2. In the preferred enbodi nent of the device
according to figure 1, the transfer of the coating

as MBLerbal steamithe Jr eci sl %@JWIAOMWHES &0' 't%f %re%lsm

the stent 1 takes place in a contact-free
anikop/WAVUAP hEOLEBR ih the ¥ dELFEEw Acwtq:rtgurvétm scoop
rolh@rplewhsbbndumm|abdlﬁéﬁuwﬁaftﬂéfiy21h§o|B @tb@ﬁbe vessel

100%H59g|ﬁy Jﬁ.%? r8$$§¥n%lmaﬁ%rh% gﬁrat L east material

artra 0 a s orage VESS CopiPdd
%hmtoaﬂmﬁg maverear orf cohei ngcaer erticdllersofutiaores place

coer@evrmyLeﬂeéHtwqf tclae SO0preeh kebnd drkesk Hrd¢8re roller 2.
Th o%rter cu%rﬁgf % t e precision anllox/ ravure

Foli%dF L2 Tevel of"%i P35 "Phe %B%f%%b At erhia storage
vessel hel starages Vvedsedtel igartheassidudiciavwed iof tfHegure 1, be

eqel@seyiewyA of i Hye levbe  eQiispped by fhhh' ng; | e}.{&L_ the
sensors 5 and 6 for the determ nation

de LM R ePél e f PPSEN AMfe i@WSFadé“V%ss@f —?Hé in the
stbrade ngelseeal. sensorsilsiand Becah henseapacbtiatel 06 can be

cagggyw vi 5%899&8&&3{&9{6@6@%@ s,andf iy ST ed.ng in

‘oper ati on, ular p of
aukeme aRfe Vé§§@hiimlMAFhQanﬁﬁﬁginaFé@PéFr ek ilngvehpofof  the
stbhege coatsisrg nabeniiadh | Botbengt Afzage ivessethdeilRgel of the

CO?ﬁipéa'ﬁgger e;meen the leyels, of f¢llsepd|cated quntalned
between the ievols of fill indicated .by the filling level

sensors 5 and 6 by way of a suitable automated control.

The coating material taken up by the scoop roller 4 is
transferred to the precision anilox/gravure roller 2 by
contact, the recesses 1in the anilox/gravure roller being
filled with coating material. Excess coating material on the
precision anilox/gravure roller 2 is doctored with a doctoring
device 3 such as a slitter bar, in order to obtain a defined
quantcity of coating material pre-indicated by the volume of
the recesses of the precision anilox/gravure roller 2. The
precision anilox/gravure roller 2 rotates counter-currently in
a slip-free manner to the stent drive shaZt 1 in such a way
that, defined by the number of rotations, a certain amount of
coatlng material is transferred from the precision

anilox/gravure roller 2 to the stent 1 with every complete



sensors 5 and 6 by way of a suitable automated
control. The coating material taken up by the scoop
roller 4 is transferred to the precision

ani |l ox/ gravure roller 2 by contact, the recesses in
the anilox/gravure roller being filled with coating
materi al . Excess coating na}erial on the precision
ani |l ox/ gravure roller 2 is’doctored with a doctoring
device 3 such as a slitter bar, in order to obtain a
defined quantity of coating naterial pre-indi cated by
the volune of the recesses of the precision

ani |l ox/ gravure roller 2. The precision anilox/gravure

rot@ti@m ZIhOt@ﬂ@ScﬁﬁMﬁE@Lfﬁéérfﬁﬂddé§§1 @h§élﬁz&b§e place by
er to the gtent dri.ve shaft

SRR TRed 7t hE huntise Gror orBF FoRs L a” cdPral nebfoudt <oision
anpiox toma Ve mavbi¢al 2i onttrarngferseent r bmatshea presilki onf the

ad§8£${¥éﬁr§MHV§rr%B%eélgntQo&%@§“ﬁﬂﬂcﬂ MIhiBVEIYsic to the
SUFEQE ete -35- rotation. In the contact-free process,

t@k@%eﬁfﬂa%% By CPFah@PLRPbf CPhESCERATRG miieri Mutfice,
duér om theuprtebilsi arraagehext gravihe malineringd aotloethe vis-a-

viStent &ﬁcaﬂ%uﬂaé of. e t@%é’r%ieo”*@”ad{@a&d'l%% %atlng

orces h“are intrinsic to the surface propertie
maperiqk PAPFant LB BBecE&ERESHRI ER §@ﬁfn@§keud@é*¢@ca of the
pretttapl eovargamgenent of the printing roller 2 vis-a-
vis the stent 1 to be coated to be able to attract the
coating material present in the recesses of the
Asj gekebesweface rofthehef rqurt ritiarg Bol Fee 2tems tamsbeeld on a

sh&eenihn shhe of et ivigew1Bckshe Sér?cm tdel Stbpt dspRsA 1 or the
aft in shaft aring bl ocks nd the stent shaf

a“bhnjot‘ﬁ%ra‘é‘hﬁ oX/gr&vure ol e?‘o’ée r Ve agaFhst §Eh in a

slobhéreé mannst i pid recammseondiiagarcerciespondiinge 7.
precision drive 7. In the enbodiment of Figure 1
described, the shaft Dbearing ocks 8 are .
ac@bﬁmﬁﬂﬁ?ghmrﬂta%ous%%‘b“i n \M?%%?Fﬂ?éadst ofifye Shaft bearing

blocks 8 are accommodated in a housing in which the storage
vessel for active principle 10 is also provided as an integral

structural component, resulting in a compact construction.

In. a particularly preferred embodiment of the ©present
invention, a suitable drying device 9, such as an air nozzle,
for example, can be provided in spatial vicinity to the stent
1 in order to subject the stent to a flow of heated inert gas
in order to evaporate solvent or to dry the coating material.
As an alternative, the drying device 9 can also be a thermal

radiation device such as an infrared lamp or the like.



vessel for active principle 10 is also provided as an
integral structural conponent, resulting in a conpact
construction. In a particularly preferred enbodi ment
of the present invention, a suitable drying device 9,
such as an air nozzle, for exanple, can be providedLOYDWISE
in spatial vicinity to the stent 1 in order to
subject the stent to a flow-86- heated inert gas in
order to evaporate solvent or to dry the coating
material. As an alternative, the drying device 9 can
al so be a thermal radiation device such as an
infrared lanp or the like. LLOYD WSE -36 CLAIMS 1.
A net hod for applying a deki anmount of a coating
material onto the surface %¥g§g%edical i npl ant to be
coated by neans of a printing nmethod conprising the

steps mé&fnod char ghpglyhegrecessesnt@r bt the 4 coating

j acket surface of printing roller with a defined
anmoun eg%aihéxmébaFﬁ%g%ﬁﬁ%ﬁ%ﬁl? aFraﬂﬁ%h@a}hémplant to be

pri eeehgdr by | eeans oheai ppianing ondtghod oatrgelr i irgyiathen steps
way ofFhat the adsorption and/ or adhesion forces which

are intrinsic to the surface properties of the

inplant to be coated suffice to be able to attract

t he-coat thargimerite meeserts ifortnhd ineckssgsclodt thierface of

j acket Sgrfﬁﬁi éthZh%o@ﬁEEtiwgthr(Hl %kfi%%@lygﬁguﬁge of the
coating material present In the recesses of the
j acket stP?ard d¥4He Jriinting roller by noving al ong

the jacket surface of the printing roller and the

surface Qéréﬁfh%fptﬂgtp&9n9§n§o§%§QEr at the implant to be
coated in such a way that the adsorption and/or
adhesion forces which are intrinsic to the surface
properties of the implant to be coated suffice to be
able to attract the coating material present in the
recesses of the jacket surface of the printing

roller;

- applying the coating material present in the recesses
of the jacket surface of the printing roller by
moving along the jacket surface of the printing

roller and the surface of the implant to be coated.

The method of claim 1,

characterised 'in that the recesses formed in the jacket
surface of the printing roller are charged with a defined
amount of coating material by filling the recesses with
coating material, and subsequently removing possible

coating material excesses from the jacket surface.



2. The method of claim1, characterised in that the
recesses forned in the jacket surface of the printing
roller are charged with a defined anount of coating
material by filling the recesses with coating LLOYD WISE
mat eri al, and subsequently renovi ng possi ble coating
mat eri al excesses fromthe jacket surface. LLOYD W SE
-37 3. The method of claim 138+ 2, characterised in
that charging of the recesses forned in the jacket
surface of the printing roller is effected with
coating material via a rotating scoop roller, at |east
one cylinder segnment of the scoop roller being

3 contiiau JE= the coating material bath
durlng ?%%M??O%P é§gld]qres %" of which the scoop

r ol FBATREtREL PR igj tBahf ehemeiiapl piwithle costdssgps formed in

natEhbabaaHQttﬁﬁkﬁéééﬁbfrdﬂé rintansf eLih89 {0 frected with
coating naterlal ﬂus taken up. onto the printing

rol FeF et hod dF &R &9 F£CEPRI Aglic¥ o %t least one
chaﬁaé@éﬁﬁSedselgmetmatOf héhposstdami nglbért e ipig NEdMPinually

rol bees¥hs- ﬂnviﬁet$5éé¥ﬁg‘%%ﬂéﬂ@aana?hlﬁm§1g§ P?Ea%&on as a

cont act nﬁéhod of any one o al_ns
chaf SELeFi se8 in tHACR he 956si t iS6MORy off A& Tpri rits ng wetted
rol kércunerencsaihe coatedcoaphiamt dakas Al a@ﬁdlntﬁe scoop

Con&@ﬂ.e{’r%arﬂyfré%lng t}tbe %gp?ﬂ%(ﬁn{a}%%}élaﬁ té}'nésf oﬁaken up

clains 1 to 5, characterised € Movi n
of PRECj BRRePTIREFFRCFe-he printing roller and the
surface of the inplant to be coated takes place in an

4.ess%ﬂgl§££M0§|$P-a4;(%%éﬂ% %ﬁaims 1 to 3,
characterised in that the positioning of the printing

roller vis-a-vis the coated implant allows direct contact.

5. The method of any one of claims 1 to 3,
characterised in that the positioning of the printing
roller vis-a-vis the coated implant takes place in a

contact-free manner.

6. The method of any one of claims 1 to 5,
characterised in that the moving along of the Jjacket
surface of the printing roller and the surface of the
implant to be coated tékes place in an essentially slip-

free manner.

7. The method of any one of claims 1 to 6,
characterised in that moving along of the jacket surface
of the printing roller and the surface of the coated
implant takes place by the printing roller and the implant
to be coated being rotated in the opposite direction

around two essentially parallel axes.



7. The nmethod of any one of clains 1 to 6,
characterised in that noving al ong of the jacket
surface of the printing roller and the surface of the
coated inplant takes place by the printing roller andLOYD WISE
the inplant to be coated being rotated in the
opposite direction around two essentially paralle
axes. LLOYD WSE -38 8. The3fethod of any one of
clainms 1 to 6, characterised in that the slip-free
novi ng al ong of the jacket surface of the printing
roller and the surface of the inplant to be coated

t akes place by noving the axis of the printing roller

in e t apt n t-he rface of the
'|np?§ﬁt%#ggga 4 ?Hg 5%? éﬁ2ClaﬁWu3 gne of the
preé’é‘&FﬁﬁtEFaFﬁé ighdhadt efhisedlin- fh%ﬁ nteingphanhgt ©f the
be gaaked issirgabected trer YRIRAICAl AN LNeRAPEMHd Csurface of

i mpl.ants such as vascul t heses, stents,
coroﬁary g?en s, p%?l%ﬁéﬁ%ﬂ(%%k%%ﬂP acsr PHopawtRg the axis of
|ﬁp¢éﬁtsprb@hen®r jgilstr phost Aesesquidirdtafnitci ahnner to the

heatis£aaet bt chal i figaide V@l YRS Raeamaker
el ectr odes, subcutaneous and/ or intranuscul ar

inplants, and the like. 10. The nethod of claim?9,
.chafTaet metBed ofi ¢thatof hehd nplearidithg beatmat ed i s a

Ste%harabeepéééacyﬁa%hé%.%ﬂkb%_&ﬁ%ﬁkeQOSBS”EOaééd is selected

met hod of any one of the precedi
chaf&blerT@EFah Ohat ERIARAY TG ngmpéﬁneﬁ isicde| est ethscular

fr Oﬁhdbpﬁﬁsghayﬁéﬁ r alteeres, antbpans®) | egents, eripheral
rot Qgravure J %Ihlo% cer anﬂ c.rollers, ceramn.c anlllD

ol Fers, —teram 6 coatled LTSS 1 oP PR s OT f 1B a%ﬁ?%thesesl
prlﬁFFﬁélﬁéﬁler@eaéﬁﬁosgﬂﬁgflc1al heart wvalves, pacemaker

electrodes, subcutaneous and/or intramuscular implants,
and the like.

10. The method of claim 9,
characterised in that the implant to be coated is a stent,

in particular a carbon-coated stent.

11. The method of any one of the preceding claims,

characterised in that the printing roller is selected from
from gravure rollers, anilox rollers, rotogravure rollers,
ceramic rollers, ceramic anilox rollers, ceramic—coated
anilox rollers, flexographic printing rollers, embossing
rollers, calendar rollers and other printing rollers whose
jacket surfaces exhibit recesses for receiving coating

material.



rollers, calendar rollers and other printing rollers
whose jacket surfaces exhibit recesses for receiving
coating material. LLOYD WSE -39 12. The net hod of
any one of the preceding clains, characterised in
that the coating material is a solution, suspension
or emul sion of one or several active agents or active
agent precursors in a suitabd® carrier nmedium 13. The
met hod of claim 12, characterised in that the active
agents or active agent precursors are selected from
phar macol ogi cal ly effective substances,

m cro-organisns, living organic cell material as well

2as l@hecr@m%ahi@ rgani 0 b 14.
' The ggthod of clé#%?f%ﬁpéﬁagggtggggé lﬁ% é%gﬂgthe

phafRRERF BYTLIRT yif PRt | vof Sedfsthdratesii@l is a solution,
I Nncenppeds Boh | it Oehh e Dort IS WS, or | sPOSHTESSctive agents or

nan I e synthetic
phosohors o gt RS EeSTand. SRR g U eann
m cr o- enul si ons or nanospheres. 15. The nethod of any
13QneThé héEehdd esedingincliai,ms, characterised in that
the_g o) he_i npl nt Lo b coated is co
parfl f ggg%?%%%t?%l&@ ?o et 215 Ahdr g™ t%qulﬁéglve agent
16. PTReURRR TR daEE cﬁ&dlemtﬁg fotvar apharmaerl dgl aeidly tdfefective

|nphaﬁété§c§§atﬁﬂcﬂ%1$k§hﬂﬁﬁﬁg I¥V£H§36¥g§ﬁ¥ﬁﬂégll material
pharnacoLfglc eff d&;ve subst ances

sub8&qle 1&evEPLEPaPAGePE %?9%R&Fcﬁub5tances
several, if necessary different materials nodifying

14theThgeﬁg@§@acgftgwéﬁthnacologlcalIy effective
subsgance or ] .
aracterised in that the pharmacologically effective

LLOYD WISE

substances are incorporated into micro-capsules,
liposomes, nanocapsules, nanoparticles, micelles,

synthetic phospholipids, gas dispersions, emulsions,

micro-emulsions or nanospheres.

15. The method of any one of the preceding claims,
characterised in that the surface of the implant to be
coated is coated partially, essentially completely and/or
multiply.

16. The method of claim 15,
characterised in that the implant is .coated with a layer
of one or several pharmacologically effective substances
and subsequently with one or several layers of one or
several, if necessary, different materials modifying the
release of the pharmacologically'.effective substance or

substances.



substances. LLOYD WSE -40 17. A device for applying
a defined anount of a coating mnaterial onto the
surface of an inplant to be coated using a printing LLOYD WISE
roller in whose jacket surface a plurality of
recesses have been formed in order to be able to take
up a defined anobunt of a coating material, the
printing roller being arranf@d at the |nplant to be
coated in such a way that the suction and/or
adsorption forces which are intrinsic to the surface
properties of the inplant to be coated suffice to be
able to attract the coating material present in the
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roller, in order to ap novi n ng, i1n
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an roller and the surface of the body to be coated, the

coating material present in the recesses of the 3jacket
surface of the printing roller onto the surface of the
implant to be coated.

18. A use of a printing process for applying a defined amount
of a coating material onto an implant to be coated with an

anilox roller.

19. The use of claim 18,

characterised in that the implant to be coated is selected
from medical or therapeutic implants such as vascular
endoprostheses, stents, coronary stents, peripheral
stents, orthopaedic implants, bone or joint prostheses,
artificial hearts, artificial heart wvalves, pacemaker
electrodes, subcutaneous and/or intramuscular implants and
the like.



20.

21.

LLOYD WSE -41 20. The use of any one of clains 18 or
19, characterised in that the coating material is a
solution, suspension or emrulsion of one or several LLOYD WISE
active agents or active agent precursors in a
suitable carrier medium 21. The use of claim 20,
characterised in that the active agents or active
agent precursors are sel ect#bt from pharnmacol ogi cal | y
effective substances, mcro-organisns, |iving organic
cell material as well as bioconpatible inorganic or
organi ¢ substances. 22. A coated inplant, producible
according to the nmethod of any one of clains 1 to 16.

The use of any one of claims 18 or 19,
characterised in that the coating material is a solution,
suspension or emulsion of one or several active agents or

active agent precursors in a suitable carrier medium.

The use of claim 20, _

characterised in that the active agents or active agent
precursors are selected from pharmacologically effective
substances, micro-organisms, living organic cell material

as well as biocompatible inorganic or organic substances.

22, A coated implant, producible according to the method of

any one of claims 1 to 16.



