Drug delivery materials nade by sol/gel technol ogy
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implantable active agent depots require biocompatible materials having sufficient
mechanical strength if support of tissue is required, for example, in the case of stents

25  or bone implants, and, on the other hand, implant materials in some instances need to
have bio-active properties such that the surrounding tissue may form an interfacial
bond with the implant. For implantable active agent depots it is often preferred that
the materials used are dissolvable in the presence of physiological fluids or being
slowly bioerodible.
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possibilities to vary the material’s intrinsic properties, it has been found that, for
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European patent application EP 0 680 753 A2 describes a sol/gel derived silica
material, containing a biologically active substance such as therapeutically active
agents, where the release rate of the active agent is controlled by the addition of
penetration enhancers such as polyethylene glycol or sorbitol or other modifying
agents which enhance the release of the active agent by aiding dissolution by
swelling processes or by inhibiting diffusion in order to modify the permeability of
the matrix. Such modifying agents used for more exactly adjusting the release rate of

the active agent are, for example, water soluble substances such as sugars or salts of
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detrinmental interactions of
present invention is to provide controlled release delivery materials suitable for the

production of medical implants. A further object of the present invention is to
provide controlled release drug delivery materials which may be used for coating of
medical implants such as aortic valves or stents and the like. A still further object of
25 the present invention is to provide a process which avoids detrimental interactions of
the active agents with the sol/gel materials, allowing for the use of sensitive drugs to

be incorporated in sol/gel matrix without deactivating the active agent.
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the like. Especially preferred are active agents comprising one or more targeting
groups.

20 The sol used for preparing the inventive materials may be formed in a
hydrolytic or non-hydrolytic sol/gel process. For encapsulating the active agents in a
polymer shell, bioresorbable and biopolymers are especially preferred.

In particularly preferred exemplary embodiments of the present invention, the
material produced in accordance with the present invention is dissolvable in

25  physiologic fluids or has bioerodible properties in the presence of such fluids.
Particularly preferred are inventive materials providing for a sustained or controlled

release of the active agent when inserted into the human or animal body.
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mixture in a mold or applying the sol onto a substrate in the form of a coating,

gelation of the mixture, whereby the colloidal particles are linked together to become
a porous three-dimensional network, aging of the gel to increase its strength;
converting the gel into a solid material by drying from liquid and/or dehydration or
25 chemical stabilisation of the pore network, and densification of the material to
produce structures with ranges of physical properties. Such processes are described,

for example, in Henge and West, The Sol/Gel-Process, 90 Chem. Ref. 33 (1990).
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20 The active agents suitable for being encapsulated and incorporated into the
drug delivery material may preferably be therapeutically active agents which are
capable of providing direct or indirect therapeutic, physiologic and/or pharmacologic
effect in a human or animal organism.

In an alternative exemplary embodiment of the present invention, the active

25  agent may also be a compound for agricultural purposes, for example a fertilizer,

pesticide, microbicide, herbicide, algicide and the like.

Therapeutically or pharmaceutically active agents for the production of drug

delivery materials are, however, preferred. The therapeutically active agent may be
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a drug or pro-drug conprising a targeting group. The
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In a preferred exemplary embodiment of the present invention, the
therapeutically active agent is selected from the group of drugs for the therapy of
oncological diseases and cellular or tissue alterations. Suitable therapeutic agents
are, e.g., antineoplastic agents, including alkylating agents such as alkyl sulfonates,
e.g., busulfan, improsulfan, piposulfane, aziridines such as benzodepa, carboquone,
meturedepa, uredepa; ethyleneimine and methylmelamines such as altretamine,

triethylene melamine, triethylene phosphoramide, triethylene thiophosphoramide,



triethylene nmelamne, triethylene phosphoramnm de,
triethyl ene thiophosphoram de, trinethyl ol nel am ne;
wa@eeoeasd2ed nitrogen nustards such as chl or ambuRCT/EP2006/050622
chl or naphazi ne, cycl ophospham de, estranusti ne,
i fosfam de, nechlorethanine mechl or et ham noxi de
hydr ochl ori de, nel phal an, genblchln phenest eri ne,
predni mustine, trofosfamde;®lracil nustard; nitroso
ur ea- conpounds such as carmnustine, chlorozotocin,
fotennustine, |onustine, ninustine, raninustine;
dacar bazi ne, mannonustine, mtobranitol, mtolactol;
pi pobroman; doxorubicin and cis-platinumand its
defrinvahylvlsclarfing; sorealled kitrogen fistazds suoks aﬁﬂdb@fnbucﬂ
derlvatlves of a % of the foregoing. In a furth

ex@Hpmaphaz phemide, estrnausting, ifosfaamide, dnechiqﬁ@thamme
t hﬁk@tﬁ@fé&ﬂaﬁﬁh&éﬂd@@&é{&ﬂ&% 'Ineﬁgﬁlaﬁenocﬁ%hﬁ?éh%j I%Ex%’:ehﬂ@
group conprising antr-viraf antiobact er P& agent
S upﬂedmimmﬁhea cl:ﬂonfasdiymnda,, uradt mostaydc nitrosa utdarcmrqpomds such as
azaseri ne, I eonycj cuctl no cin, carubi.ci

5 Ca?agnHatﬂ}ﬁ F Hroze w I}?OH%}SHHG rammustme

dagRaryabing Iﬁamﬁ)nﬂisﬁﬁ@ na':itd?%ﬁlﬂoi RREAISMET: Bip ogﬂa?ﬁ%lugbfdrﬁblcm and
epi rubicin, mtomycins, mycophenol saure, nogal Gnycin,

oI civwftn}mum angddts| d@nya:u\ms, qoiditherlikes icombipetiés anior iderivatives of any
'ﬁm streptonl grin, streptozocin, tubercidin,
ub® 8YP%ost atin, zorubicin, aninoglycosides or
pOl ye nﬁlsa mﬁ'thBiB@Jeﬁipllaﬁ‘y aftbb&int¥int 665the prdentifivdntibf, the therapeutically
conbji nations and/or derivatives of any of the
10 f opadiys |aggnt may be seleeteddrone thergspun gorenrisentl antinyiral and puti-bacterial
P SRS suk AR dhF AL BES ARSH iRV SinB I mycin,

e se n§| I'zer- drugs,

or cmnoﬁlyemmamlatblclamarmmﬁ}hmrdhtmmny&krm@ﬁ ductinogeint s
referring .to angi ggenesi s, such as e.g. endostatjn,

an@"r"é@f"é’ﬂ‘il% 6-(igeqsp {QBAIONBY 1euGia e QRYDIF e eRIFUDICIR UGy Cins,

t1 ER SRR mddiRy i DIRGPE A bpSALE pIRE ein,

15 - 3pérTikdvRydin, puPoraywin,-sieptonigfind stteptovacnyabe@idin, ubenimex,
o S 20T s ABUROLLYCREIORS ORRhiSs LT RBl SRtbictics, and the
| Fl}ke[ %bﬁhﬁhtloxﬁ'\ﬁh?&%ﬂvat% of iﬂyéf%h@ﬂﬁe%di@éz and the

|'i ke, conbinations and/or derivatives of any of the _
f or egolnryfurther exeimplary embestionept af the rdsentiineamtionfthe therapeutically

&ctive tagenq\ﬁ?argltbeosrel:lec%eg%rom radio-sensitizer drugs, steroidal or non-steroidal

20  anti-inflammatory drugs, or agents referring to angiogenesis, such as e.g. endostatin,
angiostatin, interferones, platelet factor 4 (PF4), thrombospondin, transforming
growth factor beta, tissue inhibitors of the metalloproteinases -1, -2 and -3 (TIMP-1,
-2 and -3), TNP-470, marimastat, neovastat, BMS-275291, COL-3, AG3340,
thalidomide, squalamine, combrestastatin, SU5416, SU6668, I[FN-[alpha],

25 EMDI121974, CAl, IL-12 and IM862 and the like, combinations and/or derivatives of
any of the foregoing.

In a further exemplary embodiment of the present invention, the

therapeutically-active agent may be selected from the group comprising nucleic



therapeutically-active agent may be selected fromthe

group conprising nucleicacids, wherein the term
woeebesx2aci ds al so conpri ses ol i gonucl eot i desSPGITEP®061050622

at | east two nucl eotides are cowalently |inked to each

other, for exanple in order to provide gene

therapeutic or antisense effects. Nucleic acids

preferably conprise phosphotf éster bonds, which al so

conpri se those which are anal ogues having different

backbones. Anal ogues may al so contai n backbones such

as, for exanple, phosphoram de (Beaucage et al.

Tetrahedron 49(10): 1925 (1993) and the references

Ci i(ﬁd’s iherein the tér@i suchge aclds] als@‘:@mpl(ﬁi'ée 6‘11o§cﬁlu8ﬁﬁﬂdes wherein at

70) Sprinzl et al Bi ochem 81:579
( 1@?5%)tw0 neelsetifss .areeqovaﬁlentbr\ﬂaeked ta,sphsothgrs for gxamplg n order to

338t 5yt o R85, S0 A A

et pladsphodiésteriboadsSevhigit a:-lstﬁ)Iﬂptise 9138 6yhjich are analogues having
5P hg@%h or gziqgcg%?et:se (.ﬁ({ﬁl Sé mp&also %gtlaugll %&Qg@ggfu%%sds for example,

qﬁﬁgﬁ’érﬁﬁil ! Qﬁ(ﬁg& @Lr 41U Tefral¥ldron 4b( 1(@“1192 9993) §9@ the references
21 (1989), Ofet hyl phosphor oam npounds

( s@eedabmme Lntsm@elr, dodtg: Chomi aﬁé 8CQhd 972Ma Splgmé stalp Eur. J.

peftachER 1P B 0090 kbbb MR AR RS C g N igso: Sawai ot
(SﬁeCE&’ﬁoLéﬁ 805 (1%4&%3&\1 gepefal., ¥1A4inl 886m( $&02) 0:4M40 @988); and
et al., Chem Int d. Engl: 31: 1008 (1992): N el sen,

10 NaPawvecls eigh; Ebemica Sonpta 2@a1r411§d8&6)éxph@59h0r togteg(Mag et al.,
381%@191% A{i&gﬁ%s 1%‘25? g%ﬁ?%ﬁ& o} §f1%rt NG %Ssﬁr(ﬁsgl ogues

I ncorporate nce’’hereri further”

arphdstediﬂauatean@ltﬂ bamklb@hem S@ﬁelDeBI:m:meQ) a-.
Proc. Natl. Acad. . Sci USA 92 6097, (1995)
nowstha}nhesm%@éwaﬁlé@n@e@n@ gge Er&ﬁtelmlgosueéwds%nd Analogues:

% 3520 0, A A 98683 it

15 SOaIttﬁBelt t6@pdunds déceiBphoim, gt Aai. Cheth. SAen 11€8HEAS (B2); Meier et al.,

N Ehs e Gkt 3 i 95 R NS 450 l: Cartsson e

Sy A0 AnE38E 20 P $1 @%@ whe?élh I%%'Qé! %f@&ﬁce’%@% iﬁlb&gbfa@é@oy Rference

Anti'sense Research S. Sanghui
Cobdierinviariies raaalogmesaﬂre thoa hﬁynwnmc backimaies; iseea IDe@hexnet al., Proc.

ki el SR S LIRS €15, BEos

20 n051-386 b23 &, 637008405,662 24@@1@9141%&& AH9I85H; Kiclrowshi et al.,
described in U.S. Pat. 235,033 and 5, 034, 506,
anﬁngwﬂm dntd. Exl. gﬁghsh 35}423 (1991) Letsinger et al., J. Am. Chem. Soc.

110:4470 (1988); Letsinger et al., Nucleoside & Nucleotide 13:1597 (1994); chapters
2 and 3, ASC Symposium Series 580, "Carbohydrate Modifications in Antisense

.I'

Research", Ed. Y. S. Sanghui and P. Dan Cook; Mesmacker et al., Bioorganic &

25  Medicinal Chem. Lett. 4:395 (1994); Jeffs et al., J. Biomolecular NMR 34:17 (1994);
Tetrahedron Lett. 37:743 (1996), and non-ribose-backbones, incluing those which
are described in U.S. Pat. Nos. 5,235,033 and 5,034,506, and in chapters 6 and 7 of
ASC Symposium Series 580, "Carbohydrate Modifications in Antisense Research",



ASC Synposi um Series 580, "Carbohydrate Modifications

in Antisense Research",Ed. Y. S. Sanghui and P. Dan
W@wk/082Phe nucl ei ¢ aci ds havi ng one or nore caPGDERI0€050622

sugars are also suitable as nucleic acids for use in

the present invention, see Jenkins et al., Chem ca

Soci ety Review (1995), pages, 169 to 176 as well as

ot hers which are described Th"Rawls, C & E News, 2

June 1997, page 36, herewith incorporated by

reference. Besides the selection of the nucleic acids

and nucl eic acid anal ogues known in the prior art,

al so any m xtures of naturally occurring nucleic acids

anBd.nyics. Safiglag iafld anBho Goels. The niickidkcids Hakingussle & enod€ tabocylic

anal ogues may be used. In a_ further exenplary

e ntHEaTSHEe alse puitable zf;rr@g@hq aci¢ffenvsedn the present invention, see Jenkins

PRI iRV 90, By 1 SEL AR SR §s wichae

P(Tfesbﬁﬁsﬁi/ ma&ms, (PETE NE86/ 2 hged 99Pcp'ﬁguseﬁie155iﬂ7imn¢orated by
with i corg rated.b fe nce, el n .suc

5 ‘t‘rgncree sldeg thejspleetiq eigpgids f“il‘{/?'f“}}el‘éf‘c EHB?IPg“eS
t akx&ﬁ;&n ﬂh@ﬁﬂb@&s al%b%f hﬁ?ﬂuYestf%ﬁkaﬂEr o%@ﬁx*ﬂm%%m@l&?c)’a[éﬁ% and
Preferred t erapeutlca y active agents may al so
annucleit geidtaoalpgucsror imigtuodsi df eneleicasidoanalogues may be used
i Mmune: su ssive, ;anti-infla or or, . . .

o ondBhBFE G Do diment BEhS plesht inyrarign, the horapauticall

t aé‘dti% la Bt ma BeQdelodted  froty a2 Nl @ﬁ@lé’ﬁ&% edsl descnbed in PCT
cln, (lJ)aclltaer acti nonyci ne D, Betln

10 ba S 46317 PCIUSR1 6377, B@@JS WDQ&CB Aé?%and herewith

ﬁw{)lgg%té Iw Ile¥e“?'§nc% h s%gﬁ' g%e%ntf fé{lﬁ&e& n%c?ﬁfgtre tﬁedblgﬁcqlvﬂy of
actrve agent’s or ons actrve agents

s ethefrtt@gdet moletuley) @fdfé‘rabl?)pﬂ(b@mts isachs@arymeaanal ogs

(e.qg., fondaparlnux hirudin, antithronmbin 111,

dr ot r eRisérreddhesapeuticallt actiye 9g¢né%m§n é]ﬁo be anfiymigraiary, anti-

urg%ﬁ%%tle\%eyozgflﬁ?@g %P%regs{i’\?éé tg{lté éﬁ) nas r(}F eﬂ@?[ﬁehatmg agents
15 aggxchgua,td gme\'remsiiﬂnils; tacsolﬁmushsmmmetrybslhholagel-mofeah irgpamycin,

RG] iR Oy BeiRPoRU ot el O, statines and

angﬂlg@mhgﬁdeﬁ%%%&gaﬁﬁgg@g@t hasone, becl onet hasone,
bet amet hasone, budesoni de, corti sone, cl obetasol,

c I ocor Furthen erefereestars defjvedigstix ompenabioatéonsdd nelinst dgasts welected
| i de
1 fPURRmas Syphe i ErBER e ek cRMAEAR olipidia gptithrombin

20 hym Qﬁafécbgﬁwphaﬁﬁbfiﬂdl?ﬁ@cﬁlbﬁ@é SRplasePIEaH APSokinases, factor
pre&nlcarbate predni sone, prednisol one,
Xlla, prourokinase, urokinase, anistreplase, streptokinase; platelet aggregation

inhibitors such as acetylsalicylic acid [aspirin], ticlopidine, clopidogrel, abciximab,
dextrans; corticosteroids such as alclometasone, amcinonide, augmented
betamethasone, beclomethasone, betamethasone, budesonide, cortisone, clobetasol,
25 clocortolone, desonide, desoximetasone, dexamethasone, fluocinolone, fluocinonide,
flurandrenolide, flunisolide, fluticasone, halcinonide, halobetasol, hydrocortisone,
methylprednisolone, mometasone, prednicarbate, prednisone, prednisolone,

triamcinolone; so-called non-steroidal anti-inflammatory drugs (NSAIDs) such as



tri anci nol one; so-call ed non-steroidal
anti-inflanmmatory drugs (NSAIDs) such asdicl of enac,

waledobisa2grl , et odol ac, fenoprofen, flurbiprof ePCT/EP2006/050622
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I bupr of en, indonethacin, ketoprofen, ketorolac,
mecl of enamat e, nefenam c acid, nel oxi cam nabunetone,
napr oxen, oxaprozin, piroxic sal sal ate, sulindac,
tolmetin, celecoxib, rofecoxtb] cytostatics such as

al kal oi des and podophyl I um toxi ns such as vinbl asti ne,
vincristine; alkylating agents such as nitrosoureas,
nitrogen | ost anal ogs; cytotoxic antibiotics such as
daunor ubi ci n, doxorubicin and ot her anthracyclines and

I edialofehas Ldiftigissl stoddlhe denoprdten, Mlurbipyoten) ibuprofen, indomethacin,
anti nmetabolites such as folic aC|d anal ogs, purine
ankgterefess kejgrolas meplofenamptsy mefomamiq Qca%éne O¥iEaB NppEMmetone,

si b4 ro)[Hﬁsoxa?)kox d%ﬁ%%&%e SURRIRS1oHAEAPL QE]@E&)&I’) rofecoxib;

cisplatih ati h; ansacrin, irinotécan,
I negttostatics sudpm‘ a:‘lkaslmdes andqm‘deph)ylhm ‘mlxms%ach as v1nb1ast1ne
i nterferon car bam de ]thf os

h
o HPGEEIE] HEY B fasnts S hEN GO ACRspalaRen b alogs: cytotoxic

tr gitibiis su@H"és‘ BRASABRAS dakthubiRin £ldHRI BRthrac chnes .and related
antiarrythmcs 1n partlcular class | antiarrhythmc

S umbsaacanbluegmyhyt mitbwgciof antimectaholitisdieteas fppie ac1d analogs, purine

o1 PR RO TRARD el e PPy Rlingm pompounds

t hguchiad egdbpiatih,Ylati. & oxalip e %hﬁ@crlﬂ%dt@ah nhmatlmb
phenytoin, tocainid; class Ic antiarr hyt hm cs,

pr ©pafcess mteqfcpr@@-gipha@@al@@@(@y-alpbq 2k §1y[hoxycarbamlde gmlltefo sine,
a”{aén%sftzﬁ%{ BS@fﬁr?er baei{ié‘sleru%ﬁle BL:O) r?118+ Qe Pglpﬁfﬁf I;Sfi?osgens and

opro propr ano

at m&k@bgen@mneﬁsbﬂhﬁhcs ialpagiulak blast amiafrhythiic achsch
as am odarqne, sotal ol ; class_ IV antiarrhythm cs_such
asanfiershythmies ofthe awaidine tyge quinidings dysepyarpide, ajmaline,

an S

i faﬁlagg% E}ﬂ%ﬁ'ﬁte %&Q agen?tgﬁfc}a%éf %g%ll arﬁ{cﬁ BRtHe Hetocaine type,
ang g fidoaines merilétirg phgmytandiotamisls) cllassds auaamhythlmcs e.g.,
SP&%&) }mlgg ltﬂ& altlﬁt&@gfa?e ! ?.‘ssﬁ/fng} aschb%zlﬁ b{g%g\tor gfockers such as
enﬂl@fo!ﬁﬁhblaksrﬁélﬁ%ﬁpfrﬁﬂl&rﬁetoggfol dtend16F oRpre&i6T; cla¥Fl

anti biotics, nonoclonal antl odi es, antl calins; stem

c eant@rrhytmmmmm ab amiasigrames sotalole tlass I(\Ea@arrhmhgnmsuCQ as

t?a?%%ﬁsérapadlau ’1!1 i&g! O}E:aagl?el X)é}bdlaﬁ@x' n/*‘mentci lg%é os)élgeﬁosme
0 ua;laﬁiréhahlaé Apfatropiuhd BHothided ragéﬂwﬂﬁrsﬁﬁlﬁ&ltmg &n ug&ae@s NS
active antladrenerglc subst ances,

i Minyagasdiupesuch e passrlap enseitheligl gr@aaﬂt fa@tﬁr éHEﬁ‘rA%l basic fibroblast
bl &%W ?ac?ofr (ﬁ:‘@F), non-viral DNA, viral DNA, endothelial growth factors: FGF-

1, FGF-2, VEGF, TGF; antibiotics, monoclonal antibodies, anticalins; stem cells,

endothelial progenitor cells (EPC); digitalis glycosides, such as acetyl
digoxin/metildigoxin, digitoxin, digoxin; cardiac glycosides such as ouabain,
proscillaridin; antihypertensives such as CNS active antiadrenergic substances, e.g.,
methyldopa, imidazoline receptor agonists; calcium channel blockers of the

dihydropyridine type such as nifedipine, nitrendipine; ACE inhibitors: quinaprilate,



di hydr opyri di ne type such as nifedipine, nitrendipine;

ACE inhibitors: quinaprilate,cilazapril, noexipril,
w0 e@ndgd2april , spirapril, imdapril, trandol apPCT/EP2006/050622
angi otensin Il antagoni sts: candesartancilexetil,
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val sartan, telm sartan, ol nesartannedoxom |,

eprosartan; perlpherally active al pha- receptor

bl ockers such as prazosin, %pldll doxazosi n,
bunazosi n, terazosin, indoramn; vasodil atators such

as di hydral azi ne, diisopropylanine di chl oracet at e,

m noxi dil, nitroprusside sodiun other

anti hypertensives such as i ndapam de, co-dergocrine
mesiydzaprel, maexipell, dandeligii spiraptil) ankiaptil, tranddlgpril; angiotensin I1
cicletanin, bosentan, fludrocortisone;
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besdtbhdrpidland dbpadine@isubkianbad shédsobufasiife, @pinephrine, etilefrine,
erythropoetin, hornones such as cortlcotroplns

gom&ne bn@rep@eplmneopxllﬁnnq, [dppasningpmidedrine, pholedrine,
co rrﬁp zah) rﬁﬁﬁﬁé?ﬂ qtn%r kR Sﬁr‘% 15‘cepR)’§ Xgé’xﬁétp suchs rﬂg@r&égotamme

deror er

gafiblroabcttm, polyBsine| ¢thy1emfrlayleddefa1e gﬁmmtbw cydekitig!shckass:
ul at orég r%tl des such as somatostatin, octreotid;

bo GFHBDEr VECTgbIGT RYFeit NA. BfiSdeiGFgollel, 1L, IL-6, growth
TORRARBEIE R GBI WA BERL o8 & o EESBINL AR HorfHHER, sica;

b| sith@epttofidtoss (Rhds erythrspsbtidNhérénonpastict a Baitiotropins,
i bandr.onat.e, zol edronic acid, clodronic, acid,
et £QNAGAITEPIAS SematzeRiny thyrpEoniinsy demqpa@%nreéhg@ssa} pxytocin,

fl

£ S5 SR Crefs, IOl R ERIRRRAIAS gard i Blserelin,
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Iat | et - de ed wth facto PDGF) , ., .

{ B Ser s e e o e Thorphpdeneipintpins GNP o2

E aféEQﬁlBanm(ﬁ_ﬁﬁ@ Buoh s rddpltfihdt Remah BWTLY ﬁfﬁl\qp'ﬁ blsphosphonate

TGF-a), erythropoietin (EPO), insulin-li ke gr om
f a@tg;,rnsed(dnaé pymidronete, ibantiokategraledrbnit acldo¢10¢1110n1c acid,

(1 eC%F dron1 ac1d glgﬁérgl%lé IaE:]ld tlfudrom(? acid), fluorides such as disodium fluoro-

phosphate, sodium fluoride; calcitonin, dihydrotachystyrol; 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), insulin-like growth factor-II (IGF-II), interleukin-1 (IL-1),
interleukin-2 (IL-2), interleukin-6 (IL-6), interleukin-8 (IL-8), tumor necrosis factor-



interleukin-2 (1L-2), interleukin-6 (IL-6),
interleukin-8 (I1L-8), tunor necrosis factora (TNF-a),

W@ eovosn2ecr osi s factor-b (TNF-Db), interferon- gPCT/RIF200§/050622

colony stinmulating factors (CSFs); nonocyte

chenotactic protein, fibroblast stinulating factor 1,

hi stam ne, fibrin or fibrinogen, endothelin-1,

angiotensin Il, collagens, bfboho criptine,

met hyser gi de, nethotrexate, carbon tetrachl oride,

t hi oacet am de and ethanol; as well as silver (ions),

titanium di oxide, antibiotics and anti-infective drugs

such as in particular b-lactam antibiotics, e.g.,
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or BRYOAARES et SR PG gk %wwowﬁpmq gatifloxacin,
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[ oranpheni col ; rifabutin, dapson, fusidic aci
f o‘sﬁmﬁwprnn, snlfadmanelsulfalem tglnrcopgpﬂdn anfibieti¢asugh as vancomycin,

%}Cgp Cl n gg:?ghglotlcs Such tag ngpyrar}y?dnsrel: fga%)ﬁs%in,n polymyxin-b,
n1tr01mldazole derivates, e.g., metronidazole, tinidazole; aminoquinolones such as
chloroquin, mefloquin, hydroxychloroquin; biguanids such as proguanil; quinine
alkaloids and diaminopyrimidines such as pyrimethamine; amphenicols such as
chloramphenicol; rifabutin, dapson, fusidic acid, fosfomycin, nifuratel, telithromycin,
fusafungin, fosfomycin, pentamidine diisethionate, rifampicin, taurolidin, atovaquon,

linezolid; virus static such as aciclovir, ganciclovir, famciclovir, foscarnet, inosine-



linezolid; virus static such as aciclovir,
ganciclovir, fanticlovir, foscarnet,

w0 p@sioseédi mepr anol - 4- acet am dobenzoat e) , PCT/EP2006/050622
val ganci clovir, valaciclovir, cidofovir, brivudin;
antiretroviral active ingredients (nucleoside anal og
reverse-transcriptase inhibitors and derivatives) such
as | am vudi ne, zal citabine,” df danosi ne, zi dovudi n,
tenof ovir, stavudin, abacavir; non-nucl eosi de anal og
reverse-transcriptase inhibitors: anprenavir,
i ndi navi r, saquinavir, lopinavir, ritonavir,
nel fi navir; amantadi ne, ribavirine, zanamvir,
os @liteprans]r4-adetdnaidbbuictbate), valgandclyvie ombicividvin oRlofndr, brivudin;
m xt ures .t hereof. Encapsul ation The active agents as
d edHHPIHRErah BEVE lasréd%ts gnyclgoside apalgg &verq@etrqnﬁvmse\mhlbltors
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SRR SAFAP S AL ity DRIOBL B0 el fcin, et
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be achi eyved b vari o nerisation techni

5. | anVHI'e 1151ngav1r aélun@lvg;]ép&a ntogq}glb 8 ﬁnaY]ll' a&ilaglt edsne rlgavmne

emynaii¥it, Q)@élYaﬂiﬁ’ifir%ﬁdnﬁQudlﬁé &he raﬁﬁ doiBnafiss Al intdtures thereof.
pol ymers "are bi opol yners as furt descri bed herein

beEoeapsulatisor y| i c poI ymers such as

pol yne t hacr ot h | at e orm
Pl i sofiE 4B deRg APt ne d sl ol process
C OdricapsulitbinaCpdly@eRsitlior i EsidleN, lipegonkes, ﬁwenm thy/like. The
nmodi f1ed, for exanple by crossllnklng t he capsul es

10 anencepsulationes thesantiap egenis ingmpelymarsgeaycheachisved by vasous

po [ S i
Db TRerisabRE AR AESS | RN /1o REUUIIRIS: sulension: or
an&nmay)nkmlﬁﬁﬁﬁs@ﬁ&d Pieforradl em@paulatingepolpeers Ia&miﬁp(ilymérs as
the individual conposition to be used in the inventiyv

pr BE®ssdeserped hegeip pelowe gpacty e eelymersisyeh %gleq%methylmethacrylate

g%gpf ﬁﬂ%@ﬁgEﬁ ncapsul ated active

agents acﬁ%?gaﬁ% or gﬁrﬁbut ed in a sol/gel

15 pr ocesthevestitng pelygico oapsales, nghlcﬂ'bmtancthqamuivaagmns @hn further be
t he actjve ts can | e d to
nopeBoL Bt SFeup b s Sy as Reenbulesngion frsr
0 neﬂ&ﬁsdlﬁﬂin%1%§éveﬂ@§lﬁ'll‘s af ﬁo :}ﬁﬁg TERhidued rﬁbd’iGy e tpBlymers, if
the sol, the encapsul at ed ive agents nmay be
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20 ”Ehlh@ﬂ’tﬁve%ﬂbée@b' 'Bhd @ oFleRddpSiilB@d Qttive agents prevents aggregation and
the encapsulated active agents can be uniformly distributed in a sol/gel process
without agglomerating.

The encapsulation of the active agents can lead to covalently or non-covalently

encapsulated active agents, depending on the individual materials used. For

25  combining with the sol, the encapsulated active agents may be provided in the form
of polymer spheres, particularly microspheres, or in the form of dispersed, suspended
or emulgated particles or capsules. Conventional methods suitable for providing or

manufacturing encapsulated active agents, dispersions, suspensions or emulsions,



manuf acturi ng encapsul ated acti ve agents, dispersions,

suspensi ons or enul sions, particularly preferred
worReve/0g22ed si ons, thereof can be utilized. Suitedi/8P2006/050622

encapsul ati on nmet hods are described, for exanple, in

Australian publication AU 9169501, European Patent

Publ i cati ons EP 1205492, EP 1401878, EP 1352915 and EP

1240215, U. S. Patent No. 6380281, U. S. Patent

Publ i cati on 2004192838, Canadi an Patent Publication CA

1336218, Chinese Patent Publication CN 1262692T,
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Pat ent Publication DE 10037656; and in S. Kirsch, K
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rization: trons a M/naterla
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K oh S siab R PSS B BT ablp griniemulsions,
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Landf ester, D. Nagy, Sudol, V. L. Dinonie, D
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Se iR ERisisyinds RABisRenfiSOn BOuHoHaon WaShalccnles 2000, 3, 9228-
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Macr onol . Svnp. 2000, 155, 63-84; D.
"Miniemulsion polymerization: Applications and new materials" Macromol. Symp.

2000, 151, 549-555; N. Bechthold and K. Landfester: "Kinetics of miniemulsion

polymerization as revealed by calorimetry," Macromolecules 2000, 33, 4682-4689;
B. M. Budhlall, K. Landfester, D. Nagy, E. D. Sudol, V. L. Dimonie, D. Sagl, A.

25 Klein and M. S. El-Aasser, "Characterization of partially hydrolyzed poly(vinyl
alcohol). I. Sequence distribution via H-1 and C-13-NMR and a reversed-phased
gradient elution HPLC technique," Macromol. Symp. 2000, 155, 63-84; D.
Columbie, K. Landfester, E. D. Sudol and M. S. El-Aasser, "Competitive adsorption




Col unmbi e, K Landfester, E. D. Sudol and M S.
El - Aasser, "Conpetitive adsorptionof the anionic
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Langnuir 2000, 16, 7905-7913; S. Kirsch, A Pfau, K
Landf ester, O Shaffer and M S. El-Aasser, "Particle
nmor phol ogy of carboxyl at ed p%y- (n-butyl

acryl ate)/ pol y(met hyl nethatt¥YTate) conposite | atex
particles,” Macronol. Synp. 2000, 151, 413-418; K
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ChemPhysChem 2001, 2, 207-210; K. Landfester and H.-P. Hentze, "Heterophase

polymerization in inverse systems," in Reactions and Synthesis in Surfactant
Systems, J. Texter, ed.; Marcel Dekker, Inc., New York, 2001, pp 471-499; K.

Landfester, "Polyreactions in miniemulsions," Macromol. Rapid Comm. 2001, 896-

936; K. Landfester, "The generation of nanoparticles in miniemulsion," Adv. Mater.
2001, 10, 765-768; K. Landfester, "Chemie - Rezeptionsgeschichte" in Der Neue
Pauly - Enzyklopédie der Antik, Verlag J.B. Metzler, Stuttgart, 2001, vol. 15; B. z.
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| at exes, " Adv. Mater. 2001, , 500-503; F. Tiarks, K

Landf ester and M Antonietti,’"Preparation of

pol ymeri ¢ nanocapsul es by m ni enul si on

pol ymeri zation," Langmuir 2001, 17, 908-917; F.

Tiarks, K Landfester and M Antonietti,

"Encapsul ati on of carbon bl ack by m ni ermul si on
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t hereof, incl ng pre-polyneric .
easily polymerized, and wherein the particle size of the emulgated droplets is

between about 10 nm to 500 nm or larger.
Furthermore, mini-emulsions of encapsulated active agents can be made from
non-aqueous media, for example, formamide, glycol or non-polar solvents. In
25  principle, pre-polymeric reactants may be selected from thermosets, thermoplastics,
plastics, synthetic rubbers, extrudable polymers, injection molding polymers,
moldable polymers, and the like or mixtures thereof, including pre-polymeric

reactants from which poly(meth)acrylics can be used.



reactants from which poly(nmeth)acrylics can be
used. Exanpl es of suitable polyners for encapsul ating
w0 b@oagP2eve agents can include, but are not | iPCT/BER0DE)50622
honopol ymers or copol yners of aliphatic or aromatic
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pol yvinyl s such as pol yvinyt *¢hl oride or polyvinyl
al cohol, poly(nmeth)acrylic acid,
polynethylnethacrylate (PMA) , polyacrylocyano
acryl ate; polyacrylonitril, polyam de, polyester,
pol yur et hane, pol ystyrene, pol ytetrafl uoroethyl ene;
part i cBkafiplys ¢ff suitable polyaicts for epcpyuleting the abtiiSagents can include,
col I agen, al bum n, gel atine, hyaluronic acid, starch,
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polyfluorocarbons Xphenylen pol yaryl at e,
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polypropylene, polybutylene, alkyd resins, epoxypolymers, epoxy resins, polyamide,

polyimide, polyetherimide, polyamideimide, polyesterimide, polyesteramideimide,

polyurethane, polycarbonate, polystyrene, polyphenole, polyvinylester, polysilicone,
25 polyacetale, cellulosic acetate, polyvinylchloride, polyvinylacetate, polyvinylalcohol,

polysulfone, polyphenylsulfone, polyethersulfone, polyketone, polyetherketone,

polybenzimidazole, polybenzoxazole, polybenzthiazole, polyfluorocarbons,



of any of the foregoing are preferred. In certain

exenpl ary enbodi nents of the present invention, the
wEologs281 f or encapsul ati ng the active agents PEIEPR206/050622

sel ected from nono(neth)acryl ate-, di(nmeth)acryl ate-,

tri(nmeth)acrylate-, tetra-acrylate- and

pent aacryl at e- based pol y( net {%acr yl ates. Exanples for
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a & rg}f[feg ?l? f%f:f%@fro?n ?(ﬁ @%ﬁﬂg?%}@ﬁﬁgﬁéﬂe] PH % utane-

acryloxy
diol-diacrylate, 1,4-butaned101 d1acry1ate, 1,4-butanediol-dimethacrylate, 1,4-cyclo-

hexanediol-dimethacrylate, 1,10-decanediol-dimethacrylate, diethylene-glycol-

25  diacrylate, dipropyleneglycol-diacrylate, dimethylpropanediol-dimethacrylate, tri-
ethyleneglycol-dimethacrylate, tetracthyleneglycol-dimethacrylate, 1,6-hexanediol-
diacrylate, Neopentylglycol-diacrylate, polyethyleneglycol-dimethacrylate, tripropyl-
eneglycol-diacrylate, 2,2-bis[4-(2-acryloxyethoxy)phenyl]propane, 2,2-bis[4-(2-



nonyl ene- bi scar bamat e,
| ~-cycl oheanedi net hanol - di net hacryl ate, and diacrylic
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fromtris(2-hydroxyethyl)-
I socyanurate-trinethacryl ate,
tris(2-hydroxyethyl)i socyanu%(?t e-triacryl ate,
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*)éﬁtédé@lit&deﬁt@ﬁ; amPhsite@Ec@P6lymers and any combinations thereof.
y(styrene-but adi ene- styrene) pol yur et hanes,

10 p oI y c hinonepied pepligasions, blombmm oraaryiqsanay, beguraferablie selected as
aSPcﬁgﬁfngrfgpél%g%dl%Qﬁlﬁstﬁe 9&% rrer It %%@%%ﬁm {ther non- n?edlcal

CopSFY | Patlons

anypplicatidis, 4cpyl&kgPitagh-bakel a@bllmasmﬁbﬁ pOBynelemay be preferably
encapsulated in elastoneric polymers solely or in
mi selesteckasgrolymers fossmeapsplating theaicH¥s 8868#S ¢ pol ymers or

inas
t her mocf B Y ARl SaciMChiay B LEENR ki PAfERb.
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S o eh 0 e SRR B B b e
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pol yneri zation, including a pol ycondénsati on Feacti on.

Thsilieongl andomixturgs, gpmlymr@r@pnbmpemmfww of MomplﬂgeThe
in the f f
<y ab g R L B PR B The soldng i i s of
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e

gusted as required. The surfactants nmay be anionic,
ca Wﬁmthemnl@sepané glagtomerig palymsaiskellsur f act ant s

The polymerization reaction for encapsulating the active agents may be any
suitable conventional polymerisation reaction, for example, a radical or non-radical
polymerization, enzymatical or non-enzymatical polymerization, including a poly-

25  condensation reaction. The emulsions, dispersions or suspensions used may be in the
form of aqueous, non-aqueous, polar or unpolar systems. By adding suitable
surfactants, the amount and size of the emulgated or dispersed droplets can be

adjusted as required.



or any conbi nations thereof. Preferred anionic

surfactants may include, but are not limted to,
waomp®s222al kyl benzol sul phonat es, al kansul phonat BGT/EP2006/050622

ol ef i nsul phonat es, al kyet her sul phonat es,

gl yceri net her sul phonat es, a-net hyl est er sul phonat es,

sul phonated fatty acids, al kﬂnsul phates, fatty al cohol

et her sul phates, glycerine ether sul phates, fatty acid

et her sul phates, hydroxyl m xed ether sul phates,

nonogl yceri de(et her)sul phates, fatty acid

am de( et her) sul phates, nono- and

di al kyl sul f osucci nates, nono- and

di al kyThai$rBastaatsimaned fonis Waliohit, Avijteeionitas non-ionic surfactants

am dsoaps, .ethercarbgxylicacid and their salts, fatt

acPRnysompinatigpe thereohRrofegred anigpic surfagiants may dpglyde, butare not

C o i o . . y

acHEER, SR Al A DORIRORHED aRan A B ) iR Biphonates,

al &iyethergdphermats] glgcdrinethessulphooates, m-thethilestarsutphonates,
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Suifiphd, f BRCARS YLphhRE HyBARRKY] AdRdicther ShlbRdEs,
enbodi nents”of the present invention may be sel ected

f r monoglgceagide(ethenfsulphates fattyr cid amiviel atherisuinbetesduomni@hd di-

as_di hyl di st earyl a [ hloride, Stepantex(r) .VL
oo FudFEE Rl it 2o PR Salg Tl B pmals S RE P Fpbtghricks,
f ajrhidsedps dethércabbaniRhaidiane ted saRdll fhtty adid lsothi®ates, fatty acid
| ong-chain primry anines, quaternary ammoni um

10 ¢ oprsesinates, fatracistanddesdNeaeytamineackd such apraenllaptyiates; peydtartrates,

ég%%%lﬁa}ﬂg}e%% g%és&)%{t%tféfﬁ?@gogﬁ%ﬁMa@sf }g'gtein fatty acid
(| eonidghgdiespinbnldingrpiatt dstived produitobdsed on Ghgat and

Furt her specifically preferred surfactants may be
| etlky(sthsalPhophaesners, i.e. bl ock copol ymers of

et hyl epg: 0xl ' . . .
ovn | oEfit dRrRRRPGARML KonCafisfriof rdicidddh Bertain
15 pl embadiments of theqiresstnthipvertionanaycle seldeGiNFom shecgybup of quaternary
et hoxyl at e based ,surfactants from the TWEEN .Series,
o AR BET ¢ a S SHE s G PRy KR BB ITSb i, Blefaitex®
| NQL 90AREEphAE edibifBats, RtV Gu2RIR18Ed 28 aBR tAMUESblaminester
gth

before or "during the 'start of the polynerization
r esalts] saits nfilongychhio pringary demihessquatethary emsiamiym eompeunsis such as

2 onteae g eisfort dnarde BradChnBRleP CalrntSnium-

20 anghloride, Cognis), or Dehyquart® LDB 50 (lauryldimethylbenzylammoniumchloride,

Cognis).

Further specifically preferred surfactants may be lecithine, poloxamers, i.e.
block copolymers of ethylene oxide and propylene oxide, e.g. those available from
BASF Co. under the tradename pluronic®, including pluronic® F68NF, alcohol

25  ethoxylate based surfactants from the TWEEN® series, available from Sigma
Aldrich or Krackeler Scientific Inc., and the like.
The active agent can be added before or during the start of the polymerization

reactionand may be provided as a dispersion, emulsion, suspension or solid solution,



m xtures thereof. The encapsul ati on process can
require the polynerization reaction, optionally with

W@ b@oge2nf initiators, starters or catal ysts, PUITEP061050622
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20
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an in-situ encapsul ation of the active agents in the
pol ymer produced by the polynerisation in polyner
capsul es, spheroids or dropl;%s is provided. The
solids content of the active“agents in such

encapsul ation m xtures may be sel ected such that the
solids content in the polyner capsul es, spheroids or
droplets is at about 10 weight-%to about 80 wei ght-
of active agent within the polyner particles.

Opbi soiitlonyof thidwetiae biamts mgavitableBylvahtse sbvemdttirafdrany
conpl etion of the polynerisation react.ion, elther in

s omixiures therent. The encRpsyiation PGS qan reqrits the pelxAeEZatins reaction,
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enmbod he in suI ation of the active
o oRR RO ach V8 e B FF BABTE Bk | bpear od
| east Opgénally, hdatfiveiperts nidif A6 be 40968 aﬂéﬁoonqilétﬁﬁmi“ftﬁe
or pre- polymsrlc agents after conpletion of the first

poPelimerisasion sepctnr tben iatspbd farmegr. inpylignid fosmsin sygle instance the

' ch‘%Nle 'g&ﬂs é}e%&eéééﬁgr Ce%k?éA? g@)%u‘hh{ hich a?eoﬁ{lg ﬁggg}ri] {IHe

can I've agen
popmﬁm Siheryidy (d‘&irqﬂeiﬁ coydledts ammnhﬁvﬂlﬁﬂm Pudfaiably, the droplet
subsequent | y addi ng. nonomers, ol jganmers

or 820,61 BArppIECrL Akt palidS GOBFRY Q/AVE Pesnifs pelectabishghat the
Wi { fid aﬁoﬂf?eby Ofthe Q&F\%Lq Ents 'ﬁel@%é fa'n Qopﬁoﬁltﬁ%Put'?&/Q&ﬁt -% to about

st eps s to nu ayere r capsu
c oS wieightrpo, réferrangtto viee tatpd melghAnf/the fentdpsuleted active agents.

encapsul ati te b conblned t.h each ot her. )
- o ethyereliriey shRsERndhe foth Hemmtlayan SR active agents during
engRpRYnarRetGHdan'tR rasaRidst ?Ja@t Jﬂéé bY@l diEieR b firet onomers,

rel ease nodi fying agents.In further” exenplary

enblaghnmmospr@fpoamrm@eﬁmﬂcmmmlctm ofithefimsd| yner
l.ated, activ

?28‘38@,}%%?%@“/@?1?8%%%‘2 setgﬁt) SBy a‘%’tqeam‘.3 one repgﬁlronest g as%?c’:ff %hlS
multilayer coated polymer capsules can be produced. Also, active agents bound to
polymer spheroids or droplets may be encapsulated by subsequently adding
monomers, oligomers or pre-polymeric reactants to overcoat the active agents with a
polymer capsule. Repetition of such method steps leads to multilayered polymer
capsules comprising the active agent.

Any of these encapsulation steps may be combined with each other. In a
especially preferred embodiment, polymer encapsulated active agents are further

coated with release modifying agents.



m celles, or overcoatings. Suitable surfactants for
this purpose include the surfactants descri bed
wabweesaed conpounds havi ng hydr ophobi ¢ gr oupsPGIERI906/050622

may i ncl ude hydrocarbon residues or silicon residues,

for exanpl e pol ysil oxane chai ns, hydrocarbon based

nmononers, oligoners and pol ygers or |ipids or

phosphorli pids or any conbi h&ations thereof,

particularly glycerylester such as

phosphat i dyl et hanol am ne, phosphati dyl chol i ne,

pol ygl ycol i de, polyl actide, polynethacryl ate,

pol yvi nyl but hyl et her, pol ystyrene,

pol yc yni mﬂﬁéﬁ adinphyy embbdiyHennrdf dhioymosent Pekbitivng fhel paidner
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Al ﬁg} jures from hydrophobi ¢ or hydrophilic polyner
materrals or lipid polynmer conpounds may be used for
encapsBirgteirmgre, B€pending Barthe pelgnmetié elﬁbllaearifacean&gibn tficabsulating
vesi cles or for further over-coatlng t he poly
entéls wgmnaetr eAgpPselpted @ctypagents inyeri¢les ﬁéﬂﬂlC?atS %the like may be
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tion wth suita oups or
15 c ohydrnpjslmpolgmem sack appdily sty teosul fomidacidi pdlyiNrelkyblinygpyridinium-

WP%%&%O% G elh Bt i BOD ARinoRa FURYN-Gpylpyrrolidone,
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20 di ApRhikeirey frothRarpheobit of Hydﬂziﬁlhlﬁabbbynﬁ@ hfae&ﬁm lipad polymer

the particle size and particle
compounds may be used for encapsulating the polymer capsulated active agents in

vesicles or for further over-coating the polymer encapsulating active agents.
Additionally, the encapsulated active agents may be chemically modified by
functionalization with suitable linker groups or coatings which are capable to react
25  with the sol/gel forming components. For example, they may be functionalized with
organosilane compounds or organo-functional silanes. Such compounds for
modification of the polymer encapsulating active agents are further described in the

below sol/gel component section.



size distribution of the particles of finished
encapsul ated active agents, and have e.g. a

w@e@nioga2eant i nfl uence on the rel ease propert i BGI/BP20D61€50622
drug delivery material produced. The encapsul at ed
active agents can be characterised by dynam c |ight
scattering nethods with reg &ﬁ to their particle size
and nonodi spersity. Sol/gel”f0bfm ng conponents The
pol ymer encapsul ated active agents nmay be conbi ned
with a sol before subsequently being converted into a
solid or sem-solid drug delivery material. The sol
utilized in the process of the present invention can
be pr ePhs pattitle sircany phryipk sife disttib@iin dfahdrenivgpsulated active agents
conponents in a convent| onal manner. The skill ed
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pr of essi.o know ed The sol/ formn 0 nen
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boron, magnesium ziTtconium t| tanium al kaline
meSdVgel foxindng icompenents netal s, or tranS| t| on netal s,

o R B S T e B e prrr

C h§ubRkgiidhtlyBEIHA 08HRrted 6 b UBld bff Rhi-sORd drugSdelivery material.
copper, ruthentrum rhodium palladium osm um

10 | ant haBhasal wtilizesinitapraesss of thepsesentigvensionican be prepared from

e o A TR LR LR S

s ebﬁ@dn?ﬁhlf Fdupemdih@bn thel ddsised pfﬁpél'heslﬁfdlledlﬁﬁemm (&ﬂ the material to
nitrides, nmetal oxynltrl des, netal carbonltr| des
mebepied ygegr—bqellﬁggt esaitahl %g%pqqe,n@e( §o s zfpp;jcombmatlon with the polymer
rre nmet al s,
R pRUAEY AR K bl o AR DSt b e e

15 rray beThensd]/lgel foonmgaompohérds thaly bp aelected rom akoxides, oxides,
reacted wth o & en containin ounds, .e.g. .
al REEPB1HHaLsS >$( 10pSJRIAlged 8- § }Coﬁa ufpinuy &’QEP%aE“agneSl“m
fi yik@mnfmh ftithREmi Aketle ReER)] alfc;ﬂﬁfé‘ehﬂh RS, BHBARIGH dietals, and
enbodi ments of the present invention, the sols nmay be
defromeuatinuomnzalybdeagmn, idiurs oantghim, fommnthqungsmmonmadlum cobalt,

Seﬂeﬁ%u%j ngorb?ummaéh%&)r(llu% Sn’iamganeasle rhenium, iron, gold, silver, copper,

20  ruthenium, rhodium, palladium, osmium, lanthanum and lanthanides, as well as
combinations thereof.

In some exemplary embodiments of the present invention, the sol/gel forming
components can be selected from metal oxides, metal carbides, metal nitrides,
metaloxynitrides, metalcarbonitrides, metaloxycarbides, metaloxynitrides, and

25 metaloxycarbonitrides of the above mentioned metals, or any combinations thereof.
These compounds, which may be in the form of colloidal particles, can be reacted
with oxygen containing compounds, e.g. alkoxides to form a sol/gel, or may be

added as fillers if not in colloidal form.



al koxi des, colloidal particles, particularly netal
oxi des and the like. The netal al koxides that nmay be
wais@dose2s0l / gel form ng conponents nmay be conREREP29OE50622
chem cal conpounds that may be used in a variety of
appl i cations. These conpounds have the general formula
M OR)x wherein Mis any neta & froma netal al koxi de
which e.g. may hydrolyze and %ol ynerize in the
presence of water. Ris an alkyl radical of 1 to 30
carbon atons, which may be strai ght chained or
branched, and x has a val ue equivalent to the netal
ion val ence. Metal al koxides such as Si (OR)4, Ti(OR)4,
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from Degussa AG German
ethyltrimethoxysilane, methyltnpropoxysﬂane methyltributoxysilane, propyltri-

methoxysilane, propyltriethoxysilane, isobutyltriethoxysilane, isobutyltri-
methoxysilane, octyltriethoxysilane, octyltrimethoxysilane, which is commercially
available from Degussa AG, Germany, methacryloxydecyltrimethoxysilane

25 (MDTMDS); aryltrialkoxysilanes such as phenyltrimethoxysilane (PTMOS), phenyl-
triethoxysilane, which is commercially available from Degussa AG, Germany;
phenyltripropoxysilane, and phenyltributoxysilane, phenyl-tri-(3-glycidyloxy)-silane-
oxide (TGPSO), 3-aminopropyltrimethoxysilane, 3-aminopropyl-triethoxysilane,



(n-butyl)-3-am nopropyl tri met hoxysil ane,
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t he e r o tes at.es . .
iz bt sl et w B Dt SR B VLR Bited raight chain
S abi Krithehe@ Fluofaligl fdsRine of bSsit A1t 20 chiben aloMmses. tridecaﬂuoro-
sul fonates, and ani nes, as well as acids, suc

10 phbd Pebtetiabydrepeltrigthomysilanecand mbSesheenctave ﬂqurQﬂH@dﬁlpxanes
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e. P88 15; acwell abhey mixtakes sbihve abregoidg. L&lcﬂsbls\rﬁyWe easily converted
matrerials include, sols nmade from magnesi um acet at e,
calnéq splidposeusiasrogslsdyphvingus acid, P 06 as wel | as

trieth
1o R Bl b B IAeh: e AIGIENEd ey e
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CaPB Silisge- v e SRGERE. 20T PLoRi oS, el SomBlsaIeE witaates,
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o 10, or preferably abol . In"Sone
exmc}ﬂmmys @mulaﬁemds so¢h aszOpplwelm acidsypentoxades, phasphates, or
sols ca ared fr,om oII uti ons, ich
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20 SOfhdt maybe dsefans &rin® §bl§For BUS Bﬁﬁﬁidi’cﬂe oPdiBeYIwbl®drug delivery
nonpol ar sol vents, including aqueous sol vents as wel |

asmatenialninchide yols magifesvin BBENSHIUIR RCAtRe, CalHNTR acetate, phosphorous

acid, P,Os as well as triethyl phosphite as a sol in ethanol or ethanediol, whereby

biodegradable composites can be prepared from physiologically acceptable organic
or inorganic components. For example, by varying the stoichiometric Ca/P-ratio, the
25  degeneration rate of such composites can be adjusted. A molar ratio of Ca to P can be
about 0.1 to 10, or preferably about 1 to 3.
In some exemplary embodiments of the present invention, the sols can be

prepared from colloidal solutions, which may comprise carbon-based nanoparticles,



pol ymers as precursors, such as alginate. By addition
of suitable coagulators, e.g. inorganic or organic
w@eiod®snel bases, including acetates and di acet BEEBP2006/050622
carbon containing conposite materials can be produced
by precipitation or gel formation. Optionally, further
additives can be added to ad#fst the properties of the
resultant drug delivery nmate The sol / ge
conmponents used in the sols may al so conpri se
col l oi dal netal oxides, preferably those coll oida
nmet al oxi des which are stable | ong enough to be able
to combine themw th the other sol/gel conponents and
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about. 80me pbhees calionfat e B o aiedt sl o %n%ytherefore when
enpRdidiBng y&%lﬂsﬁen RS SR be L8R Rﬁaddtdaﬁnﬁ)ﬁhlsacﬁﬂt% thée
made of sol form Ng conmponent’s such as net al

h ahych‘elersmfmetdhan Metes¢ eolkoddateels camaldo bbpreparedfby ehvasietly of
Lgﬁfef?ga \gﬁ)& g}bag{}#ﬁg,ﬁg[a&gg? bg\ﬁglg a pal%cle size in the range of about 5 to

20 150 nm can be prepared by the acidic hydrolysis of titanium tetrachloride, by

peptizing hydrous TiO, with tartaric acid and, by peptizing ammonia washed
Ti(S0s), with hydrochloric acid. Such processes are described, for example, by
Weiser in Inorganic Colloidal Chemistry, Vol. 2, p. 281 (1935). In order to preclude

the incorporation of contaminants in the sols the alkyl orthoesters of the metals can
25  be hydrolized in an acid pH range of about 1 to 3, in the presence of a water miscible
solvent, wherein the colloid is present in the dispersion in an amount of about 0.1 to

10 weight percent.



agents to formthe desired sol. In this case, the
sol /gel form ng conponents may be oxygen-contai ni ng

w@ovposes, e.g., al koxi des, ethers, al cohol s BPET/EP2006/050622

acetates, which can be reacted with suitably

functionalized pol yner-encapsul ated active agents.

However, normally the encapsgéated active agents can

be di spersed into the sol Ui t abl e bl endi ng net hods

such as stirring, shaking, extrusion, or the I|ike.

Where the sol is fornmed by a hydrolytic

sol / gel -process, the nolar ratio of the added water

and the sol/gel form ng conmponents, such as al koxi des,

oxi desln seaftextmplary einbodiaRnlof iy reseat indBstidnl) eHedofs,can be made

may be in the range of about 0.001 to 100, preferably
f r Bfsol{sel forming compgrentsBich apmetal halidesof Hia mefalses @Peztlt)’éﬁd

3Oabdvg @hic e%&ct&y &t Hloxg%eélcﬁlﬁaldngﬁéedg{ 3’5{‘7 ng%)sulated active

procedur e |ch can I'n exe
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wth the tionall hem c o fle sul ate
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f UL R reRQb %ﬁfl %ul%{b Ofﬁfh%ﬁér?aﬁz&&‘ﬁél?ﬁ@r -erdPédhted h’étije%rgents

additives may such as surfactants, fillers
anHowheer] anallaehm@epsuMed aativeregentsieandiel dlswmd matb tler sol by
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st r engipthefd the s6ius Fdifled BYA Hyldv$ticsotBeBSro6és8the ko rtio of the
may be added, as wel|l as catalysts for controlling the

10 hyeﬁd@ﬂy@t@r ang the sofl/gelfermipe compprents sweh as| alkaxidesexides, acetates,
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C r ﬁ&es Q# cgrgléi[nal (Fns t}?ei%gf %le 3{1‘? % oql a%gutq?(%:lr to tl%g

rther herelh rocessing is

SI mefmbly GroaDaboan0.i1a0 80, moﬂd;gefened Gofssbion0.2 to 30.
Non- hydrol ytic sols may be simlarly nade as _descri bed,

above, %M}cak@fdyolxeyeﬁevg%lmreﬁeﬁﬂng R@C%%W@é:hd’tan\bﬁﬂlé‘? in
. Oﬁengﬂﬁgr%g{ggkslgn%l?sr {)ﬁﬂe E’Xreﬁtl erkl\()g’g% o ?ﬁents are blended with

c othp doptitinallyvchdmiaally mbé1ﬁ,ed) dmamlllaied aumve agafts inlthe presence of
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100, particularly preferably fromabout 0.2 to 80. In

n omryniafwry Thesdwint geiy gontatresadte.shuffersesugh es BBShwffaf or the like to

or B BT VoS hg Rl e BRLAS Aheh A SR B ot

may be added, as well as catalysts for controlling the hydrolysis rate of the sol or for

controlling the crosslinking rate. Such catalysts are also described in further detail
hereinbelow. Such processing is similar to conventional sol/gel processing.
Non-hydrolytic sols may be similarly made as described above, but likely
essentially in the absence of water.
When the sol is formed by a non-hydrolytic sol/gel-process or by chemically
linking the components with a linker, the molar ratio of the halide and the oxygen-

containing compound may be in the range of about 0.001 to 100, or preferably from



active agents may al so be suitable. Suitable
carboxylic acids include acetic acid, acetoacetic

w@eiod/osf2er mi ¢ acid, naleic acid, crotonic aci dPCT/EP2006/050622
succinic acid, their anhydrids, esters and the I|ike.
Non- hydrol ytic sol/gel processing in the absence of
wat er may be acconpli shed bygieacting al kyl si | anes or
net al al koxi des wi th anhydrotS™ organi ¢ aci ds, acid
anhydrides or acid esters, or the |like. Acids and
their derivatives may be suitable as sol/ge
conponents and/or for nodifying/functionalizing the
encapsul ated active agents. In certain exenplary
endgtaait 0Hb 140 fevieh énopé pResrhbly Moaniboun ). 1ttb & 08 YPartivayarB/ preferably
be forqed fromat |east one sol /gel form ng conponent
i nframaeap? $80-sol / gel processing, and the reactants
can be A
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pically, according to the degree o?

enpl oyed >
10 resdy awra.anévcus@s pRerid psieimeor b6 ke Asidson thair derivatives may be
{[ﬁfaﬁl%ta's% 1c§191 or?éﬁgs ﬁ F@%g&lﬁg ygfgl.[ncﬁgna?]%ﬁ%ttﬁe encapsulated

OF Dbasi ¢ ca
pamﬁheugaﬂby in hydrolytic soI/geI processes. Suitable

inorganic acids include, for exanple, hydrochloric
aci d, Syfertain exempiagy e@h@@ﬁﬁ@ﬁ.@ ﬂ&cwrasenﬁmm%ona&}ecs%@ay also be

v s o 4 BNCDELBE e Ehflon il 2B AARTS S0l
15 captooesaing, aigl the Iréac’aatsmag ba |se:le<a‘ed frem. anﬁgldrtoab bganic acids, acid
cat al S i nno drol yti.c sol/, 0G sses i ncl ude ..
C P HIBHS: Rl b o it tid el 6 BB Radqufyaeit succinic
A' 5did, méﬁb@agldoﬁrofﬂlﬁé &Ui&sacf}hi%ra@f?lf metaciit @6id, pdifally or fully

hydrol ysis in hydrolytic sol/gel procéssing steps of
t hﬂucprm@narququ a¢ids thenh@hardddesu apd esterss egyvmathyl-roagthiytesters,

us edd anynrﬁfx es GF tﬂai'o%g_orﬂlgs is o%en pre\fe(;"rg']etdS to use acid anhydrides in

20  admixture with anhydrous alcohols, wherein the molar ratio of these components

determines the amount of residual acetoxy groups at the silicon atom of the
alkylsilane employed.
Typically, according to the degree of crosslinking desired in the resulting sol or
combination of sol and encapsulated active agents, either acidic or basic catalysts
25  may be applied, particularly in hydrolytic sol/gel processes. Suitable inorganic acids
include, for example, hydrochloric acid, sulfuric acid, phosphoric acid, nitric acid as
well as diluted hydrofluoric acid. Suitable bases include, for example, sodium

hydroxide, ammonia and carbonate as well as organic amines. Suitable catalysts in



such as water-m scible alcohols or mxtures thereof.
Al cohol s such as net hanol, ethanol, n-propanol,

w0 s@poganol , n-but anol, isobutanol, t-butanol PEFEP2006/050622
| ower nol ecul ar wei ght ether al cohols such as ethyl ene
gl ycol nononethyl ether may be used. Small anounts of
non-wat er-m sci bl e sol vents @ych as toluene may al so
be advant ageously used. Thes€’3ol vents can al so be
used in polynmer encapsul ation reactions such as those
descri bed above. Additives In certain exenplary
enbodi nents of the present invention, the sol or
conmbi nati on network nmay be further nodified by the
adaor-hydroBtic 3b1/det pRiceszoeineluds ahhydtduwschatige bémpeourdsefor example
sol , the encapsul ated active agent or the conbination.
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al kaline earth netals, preferably al kaline or alkaline
10 earepptionsisugh asdhowrigsadedaboye. at es, -sul fites,

- ni | , -hitrites, -phosphates, -phosphites,

-hal'ides, - sulfides, -oxides, as well as m xtures

t her eoln cekdint dxemphity embbdindents of tilse proghtih@etti@athetol or

netal salts, e al kal i ne or al kaline earth and/or

t r g0TEinatAR rev ek rea belurdgrmogidion By headsitionat lrpsione
pr %bﬂﬂ%gsdﬁeﬁﬁl) @ﬁees%i, tF@é é?ﬁate(??ﬁﬂiv@tagént o Mel doRitfifation. The
citrates, befizoates, salicylates, phtalates, stearates,

15 phenosdlinkmg, agentl rhaynaingsrise afod esample asaryanwés, sidemestididlsirdis
thergof .. Preferahly, porosity in the resultant
cofABON S s e kenirso B sYamtle Sty 2 Pty methacrylat,

_ . . .

Pr SfopsR@dethy 11?:%% 35‘%?1’1916 ?Eﬁ&l’)ﬁﬁﬂg‘crﬂ}et%p Bfe, 38pKdtbne

publ I cati on 31 and i i cation No.
POiiisepgatatQ pdlyols, glycerine and the like. Biocompatible crosslinkers such as

glycerine, diethylene triamino isocyanate and 1,6-diisocyanato hexane may be
20  preferably used.

Fillers can be used to modify the pore sizes and the degree of porosity, if
desired. Some preferred fillers include inorganic metal salts, such as salts from
alkaline and/or alkaline earth metals, preferably alkaline or alkaline earth metal
carbonates, -sulfates, -sulfites, -nitrates, -nitrites, -phosphates, -phosphites, -halides, -

25  sulfides, -oxides, as well as mixtures thereof. Further suitable fillers include organic
metal salts, e.g. alkaline or alkaline earth and/or transition metal salts, such as

formiates, acetates, propionates, malates, maleates, oxalates, tartrates, citrates,



Further additives may include, e.g., drying-contro
chem cal additives such as glycerol, DWVF, DMSO or any

wW@rdvens2ei t abl e hi gh boiling point or viscous PCTEPIS6/050622
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that can be suitable for controlling the conversion of

the sols to gels and solid or sem solid materi al s.

Sol vents that can be used e. gI for the renoval of

fillers include, for exanpl®&’" (hot) water, diluted or
concentrated i norganic or organic acids, bases and the

| i ke. Suitable inorganic acids include, for exanple,
hydrochl oric acid, sulfuric acid, phosphoric acid,

nitric acid as well as diluted hydrofluoric acid.
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oxyl sopr oparnol ut &no
PE&nihds. Suithbly Ioaga,momildsylhclhéeg )fbr atainple, foratih y¢1d,mcepraamd,

di ol , . neo 4, PEG 6, PEG 7 8, .. .
preichlornpiate ari o foespmethans it yick acth gt apfcgalc acid and
PPGidofey irkdsr3, PPG 2 butyl ether, PPG 3 butyl ether,
PPG 2 nethyl ether, PPG 3 nethyl ether, PPG 2 propyl

et her , Inmxepptaay dinbbdimentsmyf Ithapresging nykentig, gm}ingm gade of the drug
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present invention may be applied as a liquid solution or dispersion or suspension of

the combination in a suitable solvent or solvent mixture, with subsequent drying /
evaporation of the solvent. Suitable solvents comprise, for example, methanol,
ethanol, N-propanol, isopropanol, butoxydiglycol, butoxyethanol, butoxyiso-
propanol, butoxypropanol, n-butyl alcohol, t-butyl alcohol, butylene glycol, butyl
octanol, diethylene glycol, dimethoxydiglycol, dimethyl ether, dipropylene glycol,
ethoxydiglycol, ethoxyethanol, ethyl hexane diol, glycol, hexane diol, 1,2,6-hexane
triol, hexyl alcohol, hexylene glycol, isobutoxy propanol, isopentyl diol, 3-

methoxybutanol, methoxydiglycol, methoxyethanol, methoxyisopropanol,



tetrahydrofurane, trinmethyl hexanol, phenol, benzene,

tol uene, xylene; as well as water, any of which may be
woreooeis22et h di spersants, surfactants or ot her BCHEPI00€650622

and m xtures of the above-nanmed substances. Any of the

above- and bel ow nenti oned sol vents can al so be used

in the sol/gel process itself_or in the encapsul ation

process, as outlined above.  Bofvents nay al so conpri se
one or several organic solvents fromthe group of
et hanol , isopropanol, 7z-propanol, dipropylene glycol

nmet hyl et her and but oxyi sopropanol (1, 2-propyl ene
gl ycol - TZ-butyl ether), tetrahydrofurane, phenol,
bemzthogyméthlylbatol, xetiexe, PRG-20 anethl i, ehdilyl dlexyl ether, methyl

i sopropanol , /z-propanol and/ or dipropyl ene glycol

mepTopRIeink heopFE! ENcP PECChP S 6pREG Y PEO- 8RS 91 BEG-6-

r eﬁ%%ﬁgijeél&o ﬁbﬁtgl%né ggr%lt PPE.- A FP&*@}-E‘-%P{eYlﬁByP#@Izq{u lether, PPG-3
Ing 6h the n e

dependi n uré and’time of treatnent th th
s obutghdtherABPGE mtthyl ethery BPGef methy] éthéd, BPGrypropel ether, propane

sonet i nes preferred. nversion The conbi pati on of the
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into a solid or sem-solid drug delivéry material.
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be preferably converted into the material at room
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dr yiphgpahble dipesgyildietglyuol arcthyh ethgeandirnoxyisbptdpanelqfl ,2-propylene
exenplarg enbodi ments of the present invention, this
dr §lvee)-spuyl sthen)Jeeahydrafiwpesnhenelebnzang, toJpenepgylene, preferably
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tenperatures under reduced pressure or in vacuo. The

cofemeyesion of the sol /conbination into the solid or

sem - Sﬂlei: gomn't%}la%{oinagf tK&$b1 and the encapsulated active agents formed in the

20  process according to the invention can be converted into a solid or semi-solid drug
delivery material. Conversion of the combination into a gel, preferably an aerogel or
xerogel, may be accomplished by, e.g., aging, curing, raising of pH, evaporation of
solvent or any other conventional method. The combination may be preferably
converted into the material at room temperature, particularly where the materials

25  used result in polymeric glassy composites, acrogels or xerogels.

The conversion step can be achieved by drying the combination or the gel

derived thereof. In exemplary embodiments of the present invention, this drying step

includes a thermal treatment of the sol/combination or gel, in the range of about —200



be perforned under various conditions. The conversion

can be perforned in different atnospheres, e.g. inert
w@reosgher es such as nitrogen, SF6, or nobl e geGEEPXOEH50622

as argon, or any mxtures thereof, or it may be

performed in an oxidizing atnosphere such as nor nal

ai r, oxygen, carbon nonoxide,_ carbon dioxide, or

nitrogen oxi de. Furthernnrej3%h i nert atnosphere may

be bl ended with reactive gases, e.g. hydrogen,

ammoni a, Cl1-C6 saturated aliphatic hydrocarbons such

as net hane, ethane, propane and butene, m xtures

t hereof or other oxidizing gases. In exenplary

e a0t S, sreferdbdy fir the edtigeiofWbait 000 °C e 160 T@ 3ndre hecferably in

used in a?y of the steﬁsoof the process according to

t hibeirargspfiabonti<05GHa 18R ¢ eahopt et Uk “Corepd arpst preferably from

pag | I r i 1] c

e O A oo R ikl CPRRAR b ing iy also be

al paforthed at mynafithéytsbveltgthparatacds ainddiredwsed pessswro ot éntacuo.

may be_preferably bel ow about .10, re preferred .

5 bel ow TERESGIRAT e 58 GPPRE QR s e Phe A S gl iegpial an
t NBe Perfoiffdl uh@4SAkbA eonditils PRIRSDAV & sioR Xak Be pRHRdRA ih Gifferent
formthe drug delivery material. The conversion step

megtnvsphpszes ognimdrtlaymokphenes suahcs mitsegeey 8Fd, 0f nelile gases such as
conditions, for e le in supercritical carbpn

i BEPST A migtugss Asteef jor 1 miy s iperipmpettin adididne atmosphere
MegiRhiag hermARQHUEBbeR) @BSoA BofUxide, ¥abbhl MoRRYE, &l fiffoféh oxide.

apFIied to convert the sol/gel into the drug dellverK
mabathesmoregan ingH) asmesphgre tney e Blgadedaxith maplévegagese 8. hydrogen,

at r : ' ngj

¢ nERRRE €, TS led ARG or IR R OIRRE ffe, Bopane
c oambneeies misiars titeréshomothee oxidizing gdses. By t he

i ncorporation of additives, fillers or functional .
mat er | B &Xemplagy gmppdimentsof dhe prggenkinvention, theatpgirhsts used in
ca . ti ; .

oot GENEPCBAEL oA Abc i 10 B sh{brfiofl Kb ely free of
15 suotypen, partipaartyi wherefoxygen senditiveé admpopents jakd wsed, og.

hydr ophohi ¢. by i ncoyporati.ng,.i horgani c n artic
or OTEAPRIRTIANiS PmBRUIs a8 c&rain AkeRIdes In R BEITos pe e gpveen
bukdntéR ek bg'ﬁeﬁefh%lmw‘sg ab&\f 197paD tbré bbbl Bl about 1 ppm.

agents may beé procéssed or structured in a suitable
way belndiugherrexamplary emhodimsntsrofithe preseneinvestidng high pressure may

be applied to form the drug delivery material. The conversion step may be

10

20  performed by drying under supercritical conditions, for example in supercritical
carbon dioxide, which can lead to highly porous aerogel materials. Reduced pressure
or a vacuum may also be applied to convert the sol/gel into the drug delivery
material.

Suitable conditions such as temperature, atmosphere and/or pressure may be

25  applied depending on the desired property of the final material and the components
used to form the material.

By the incorporation of additives, fillers or functional materials, the properties

of the materials produced can be influenced and/or modified in a controlled manner.



mat eri al by fol ding, enbossing, punching, pressing,
extrudi ng, gathering, injection nolding and the |ike,

w@paohes22bef ore or after being applied to a subBCT/EP®OE050622
bei ng nol ded or formed. In this way, certain
structures of a regular or irregular type can be
i ncorporated into the active_agent containing coating
produced with the drug deliv%fy material. The
conmbi nation materials can be further processed by
conventional techniques, e.g., they can be used to
bui I d nol ded paddi ngs and the like, or to form
coatings on any substrates. Ml ded paddi ngs can be
pr E@hmdlpld’l itds possibletoyrendes iticewhirface propdities oDihd @shterial hydrophilic
paddi ngs nay be in the form of pipes, bead-noul dings,
pl ot HhOBLcwé/ ingqTpRNRHBS InofEABic nangRwtieles gF nagLPERPsites such as
spﬂgﬁ%mugﬁsany ot her three-di nensional structure,

% for exanple | ongish, circle-shaped,

pol yet ﬁeatﬂ@b apenilk enageridly irvhglingithe mwapsitaaedetive agents may be
pl ate-s ahedra r dal , octahedra

5 Boecemanpaitiuchied Broanable PHGRI RS T Bt ity hp osultan
roh'lﬁﬂtnﬁf'ﬁ??éldﬁigc Qm%%ss*ﬁ?é |p%ﬁélﬁﬁg réﬁh%r QkH8ding! gathering, injection

cylindrical, |éns- shape ring -s
homeldiugrend hﬂmbkw, cither bhoré ok @fterT hengwpph«tdato easubgimte or being

b to t h d f
oo PR ok e AR Rl Bh BB R st e cam e
|1 fHob@Rrdted 1n€@ﬁ1b laBIgve AR EESBANIRY ¢Batdi pFoded K5thi thE drug delivery

shel | “nmoul ding, full nould processes, die casting,
10 cemﬂ‘feiﬂﬂhgal casting or by pressing, sintering,

i nj ectipn, Jﬁ#{hg d?lgmat&qﬁg g%gﬁ‘ér ﬁlgthgpﬁogésg& t\)/i{: B'Wentional

nmoul di ng, ruston

pr eebuigeesy\e pditHey.can bg gsyd to uild knorbdedqﬁﬁdiﬁgs aittf the like, or to form
pressing, drying, firl n%s filament w nding
puma.tleg$ ghany %WF‘H%?FS JMoldsd paddingsscan bg mfblcsqi in almost any desired

brﬁ: ?de'd@ggdlﬁg% fﬁﬁg bl E&ﬁb?@r&éﬁ@ﬁ;& P@&d ﬁiﬂﬁldﬁ]@é Piftes,

app or pasty exanple
15 byblpeksn tmbuyds tubasj sphereg pr holise sphexm rog iaoy pthet ﬁlpw-d;lmegsmnal

o S B B e G el S et

2 &hirilaQbas@iibed Hdiel iRl ecetréﬁedm,)i)yl?ﬁnﬂﬁp bbtﬁﬂev\cgﬁ a

coatlng onto a suitable substrate y, €.430. po
c odedenghedfdl dnesaberdraly rh@nbosdah,tmtsmgc or int oand shepes such as ball-

¢ PR SRR v G PR aPecs HRE shEcal ROkl boHe-shaped, and

20  the like.
The material can be brought into the desired form by applying any appropriate

conventional technique, including, but not limited to, casting processes such as sand
casting, shell moulding, full mould processes, die casting, centrifugal casting or by
pressing, sintering, injection moulding, compression moulding, blow moulding,

25  extrusion, calendaring, fusion welding, pressure welding, jiggering, slip casting, dry
pressing, drying, firing, filament winding, pultrusion, lamination, autoclave, curing

or braiding.



D-printing may al so be used. Conbination sols or gels
can be processed by any appropriate conventiona

wae ewhsnere. Preferred techni ques may include fRCHEPZPNG6/050622
stanpi ng, punching, printing, extruding, die casting,
i njection nmoul ding, reaping, and the |ike. Coatings
may al so be obtained by a trg sfer process, in which
the conbination gels are appf1ed to the substrates as
a lam nation. The coated substrates can be cured, and
subsequently the coating can be rel eased fromthe
substrate to be thermally treated. The coating of the
substrate can be provided by using suitable printing

pr ocedQostings forgheddrarn ssle/combinttioig, mechegpphied & lidliddmlpy or
prlntlng, spraylng techni ques, . thermal | am nations or

wepasrsh ofis; Tor xRl BhRainting, funishing; phaseinyesiens dseersmigy
f
crPpiiZnE kBl b ollidhe SMFERIHE b OF o8 HBY fclt. Where

c othle eombimation @ mfa sbhié oasﬂ:rmvsrelidgmm, it @y bqo@gﬁied gs & beating onto a

above- i oned transfe roced
5 po%‘&abfg*“f’%m%'i’)fnerﬁfl RQWACE (RaUng, HP%?HfaXIPg r?éntﬁ‘@ngu%ﬁ theylike.

di HERRD SpaBing! ik cé&’t‘ﬁﬁg Cﬂrﬁftmg hinPbR Hhd REGYERH Sating or 3-
of l‘ayers. AVErsi on of se mufti 1 ayer coati ngs

i nD@raltmgmnaysalsmbmmérl aI can provide gradl ent

mat er i erei.n th rel ease

i or CoRpinEh U ot dls SR osset byl Ay BB RGPy agtonal
medschdive. Pesrerred té@lﬁnllﬁbsﬂhé}clﬁcluw fdldihB] slampiag-punbiag, printing,
rel ease profiles of the active agents may be achi eved,

10 gsextmydings digcoapting irjeqtionpeeulding, rgaping and dielike. Coatings may also

204 LFRRLE09 » WL ANGRISE AT Ao RTARHLIEDS o8larblis to e

presen e conbi nation accor

| nm&a@mamM@tmhi Thk eratddvabstadtésycah be atied, anbhubsequently the
comut ed bg SU|tabIe conventional techniques,
Y

ex%ﬁ?ﬁ‘Pé cpy by ralsrarchgomihasudsirate i pe thermally qrwemehP &priing of the

t
oy 8 car BE pRoBTRU L hsfFR siatht iR ol ELsTE e arayure printng
151 nsaﬂaﬁlﬁgoebiadcgpmtmgng:ﬁaymgl techiniqués, ﬁrennairlaimhmtiohmor wet-in-wet
further, essed convent i ona igues.tpo form |
or EFracBs E1F TERtb g e FESeRIY<baptinby BRaplig of iRy S faprovide o
pr fi‘l@;{?esédlﬂ)gm‘%\‘l‘ﬁl'tﬁ’i@l&:r‘i:%ﬁ?tnig1 Gﬁd%’glet’o &Hﬁrolae[ EorRt ddginP 6fqﬁ|e active
to, the formati on of powders by other conventi onal

t eagemt.ques, such as spray-pyrolysis, precipitation

By applying the above-mentioned transfer procedure, it is also possible to form
20  multi-layer gradient films by using different material layers and/or different
sequences of layers. Conversion of these multilayer coatings into a composite
material can provide gradient materials, wherein the density, the release properties
and/or the active agent concentration in the material may vary form place to place.
With this, non-linear release profiles of the active agents may be achieved, as may be
25  desired for specific drugs and/or applications.
In another exemplary embodiment of the present invention, the combination
according to the invention may be dried or thermally treated and commuted by

suitable conventional techniques, for example by grinding in a ball mill or roller mill



and the formation of fibers by spinning-techniques,

such as gel -spinning. The porosity and the pore sizes
worespcaseel be vari ed over a wi de range, sinply BYI/EP2006/050622

varying the conponents in the sol and/or by varying

the particle size of the encapsul ated active agents,

whi ch may be used to control _fhe rel ease properties.

Dependi ng on the active agen% “used, their in vivo

and/or in vitro rel ease can be controlled by adjusting

sui tabl e pore sizes in the sol/gel matrix.

Furthernore, by suitable selection of conponents and

processi ng conditions, bioerodible coatings, or

c oarid thg $ike'thersahanuted mattiial tancecused S§@bw&>érea flat bank, Beod, a

peel ed off from substrates in_the presence of

phspdiees, 8 pHow sphere indiffersat grasrngseand the like,angspr be further

co

o EEPaEs GODRNERHSHAL IOl o Rt KRR P L Adallin Picus

c ofirmRg optlonally further conprises, besides the

active an encapsul at ed, o not encapsul.at.ed .
s e cor ASHERN £7oE UG pPHAS S S G aF e go: the formation
Pr 9P5IWdeeSby SUREr éo%ént{&)ﬂ eaﬁﬂqrree sticH Q@bﬁra&iﬁyﬁ%ﬁégﬁcﬁﬂtaﬁon,

physi cal , chenrca or biol ogi cal detection nethoc
suatd the fomaayl,l ofifibére by spmgingttechniqes,sackas galivPinning.

hod
ool o The bEARBLAROLS BRCRHR med S e arBd Hyer acidesgne, simply
ul by 9g9iigthe ERHpSHehB A EHRCH] 4iFor bydwilying éhd pafcle Meé ot the

conpounds used as narkers na% al so be encapsulated in
10 a gmap%ateé,mrvp agenjstwideh may op degstngentrolythe redgase properties.

Peﬁf?%g?% e Fﬁﬁ%haggﬁlé ? paee Qf‘l’\?o zfn%f‘jor ih gﬁ}o rglneasei can be

becrﬁltmﬁbdlby aﬂyheui@ shiitable lpnteesriieerileﬂee;ovgﬂ ndttien | ead to
el ectrqcaorrosion or, related problens. Coated inplants
may bel'yihsanes mlﬁlb&rss&caer pl/eampangnis 2Ag Brocafsaneganditions,

t hﬁio&l%ﬂfﬂlélgor%lﬁg? lof éoﬁﬁlf(ggralﬁgﬂﬁ{e}‘laﬁ RuHiQfare 'Eﬁgséﬂﬁblﬁ of nfd e

exenplary e ment o present 1 nvention
15 copdelatpofifrfrpmismbstrated in tha pnesqmrcel bf/pluistdadiv 8didscapbe pmduced. For

of f fr?nrthe st ent a.fteh tatlon u der
phSETHS SPRIMES FQTPTISRE the (#ﬂ}ng dg]rl ey ke used for coronary
COfMpI Rt @&Ehra@s%ﬁfsewﬁgrelﬂ‘tﬁe éﬁétin\geopﬁgﬁéﬂ ﬂlﬁﬁ&' donf#RES, Yesides the

with the suitabl e selection of the encapsul ati ng
madaive agents aueencepmgl @fnot hecaasnlatvé nmgle:ntssclx:esra etal compound
SSQ

furth
C S o e e e st el By a8 Gasthote by ehysical
20 t h&leaﬁt:ame bﬂﬂl@giéal detet fich MEMBENGRN AF xWaY,SucleEOMYSIS ré¥onance

siologic flui
EZNMR c%mputer tomography methods, scintigraphy, single-photon-emission

computed tomography (SPECT), ultrasonic, radiofrequency (RF), and the like.
Metal compounds used as markers may also be encapsulated in a polymer shell
together or independently from the active agents, and thus canbe prevented from
25  interfering with the implant material, which can also be a metal, where such
interference can often lead to electrocorrosion or related problems.
Coated implants may be produced with drug delivery coatings, wherein the

coating remains permanently on the implant. In one exemplary embodiment of the



Further possibilities for the nodification of the
rel ease rate of the active agents encapsulated in the

W@ b@b08226t om t he drug delivery materials are, POFEP2006/050622
exanpl e, the incorporation of fillers such as
porogenous fillers, hydrophilic or hydrophobic
fillers, which, in the presence of solvents such as
wat er or physiologic fluids;”have an influence on the
elution rate of the encapsul ated active agents. Al so,
with the incorporation of such fillers or surface
active substances, the surface tension at the
i nterfaces between encapsul ated active agents and the
S Opregalt inv@hfion tiadvatifg fagibkiskayly whiapidlyrdisselvedor peeled off from
directly influence the release rate of the active
aggstent afir implantation gaderphysiglogic conditions.fthyshreyidingfoga

SeL NP LS b B AR LGP Ktk oo

beemtiapaddtinginaterial cihe acleabe of thetdetives igeints aah beferther modified, e.g.

5 § nbY ot Ssonivas o STBbIE cnaneuBtiog Tk ip by Sl powb(Floase th
W 585V abER i Ble/ BElen B Wate A BSIVERS 0Pty B AGARHGS. MRY

then be directly rel eased f(on1;he drug é%?lvery .
mat er | Burther phssibiliesi for theanhdaficatige of 8fe releasedntef the active agents

del i ver terials, especially . when col red.to pripr

ar AP iRt m the Shels SOPL e e deltVeRomae R ate, fugaample, the

Si HbipoftitivAF FiflersisGcH Apcreddnaad ﬁna*s,rﬂyﬂrwhumfthydmfphobic fillers,
encapsul ation are as follows: The encapsul ati on of the

10 acwhigh, mgbepreseqice ohsolserieschas water of physdolggiciflpdsabasietan
i n. t ' AV j . SO t :
BRI St EEL PR Re e s, with e
I nineopotdtion ofiklich fllepsbesuefase adiveg sabstdnags, titesusfabé @akion at the

process such as solvents, salts and the |ike are .
avBicTEges bgiween encapsitaiedrediviagents andiihe goligel maHes qan\he modified,

aClhih §§di¥éc?2 G AR nBEHe 3R de ke ;og At dcRYS fl%fnts‘? ven

i nactivation o e actlve agents, r exanp
15 pr ot ei Tike axdiye bgerdemay be atutal fogm sled drge ldelivaary arageriads. by eluting or

This can be effectiye avoi ngapsul.ati t he

or RS U R S8 P R e NGBy Lieh Saiepuaniy be

Pr 88&INed SHRBEET -or eShell b theleRbaPREIARA a@five agent may be degraded
i nt ermedi ates of 'polycyclic active agents WI% h so?’/ gel

c owpden dmigﬂueme lo€phystlogid fluydston eo]@vmﬁg alréady vyithin the_ sol/gel matrix
e

20 1 el eashipeeificGlvaitaddd f Beldrie daBRAE mhfediflst &B?ecially when
inventive material independently fromthe sol/gel
mat@rpaed toqutpr agidipg Jeliypristysteals| vehese the @ctivhagent istsenply

€ n&l@}?&%(ﬁh iﬂ;l)J]SOl/ gel matrix without encapsulation are as follows:

The encapsulation of the active agents allows a separation of the active agents

in asubstantially inert surrounding, so that interactions with the sol/gel materials or
25 aninteraction with substances used during the sol/gel process such as solvents, salts

and the like are avoided. Such interactions may, in case of sensitive active agents,

lead to degradation reactions or even inactivation of the active agents, for example

proteins may be denaturated by sol/gel components. This can be effectively avoided



material, the thickness of the encapsulation shell, a
sui tabl e sel ection of the encapsul ating pol yner and

WO e@ecoseect eri stic properties and the |ike. BYCT/EP2006/050622
sel ecting hydrophilic or hydrophobic encapsul ation
pol yners, the rel ease characteristics may be suitably
i nfl uenced and adapted to the nedia wherein the
rel ease occurs. Al so the nunmber of side chains of
cross-1linked or branched pol yners as the encapsul ati on
materials may have a direct influence on the rel ease
ki netics. Further advantages of the drug delivery
materials, particularly when used in coatings, my be
t hiay efidapsutatitipi thepiotdind inqyolyandr sl surfaétent shblds, as in the present
particularly those which_ are bioresorbable or
bi Byewfiond aﬁslﬁ@ the; farpatiemef infeemediatss pbPRlyEXsHC 3etive agents gvith
an | at ed
et paecTHEh @ RERLS A BhHE KRR e FREARRY.
i ndi vi Emr&ielrmomd ;tuspossr]plet With t1m| racss pfthe passenttifreention to adjust

rel ea e ki.net.ics the inve ve dru del i very
5 rathé F? ges¢ kineficy H’Eﬁ%ﬁﬁfté"e 3eqat ﬁ‘@'f‘ﬁl&‘dméi? pedeieral ndepgndently
dr #gmdgé bd’l@el’mﬁﬁhﬁf hs@l Ssn'nblysdfgﬁllthl‘;lb gelcatithh G tROeR8pdBtion

repr oduci bl'e when conpar ed prior art methods, Ssince
t hmafeoinlytheghicknessfof arﬁ:tanva)salgann shdllha pmltgbﬂmselas:aps of e

can be n ara rom t. efor

corregen g e o 4% et Aot mer e gy e 9 seicoting
W hydrbSEne Bﬂb}(ﬁop}fébioaéikap'ﬁla@lbh PbE/mids, &Kbﬁre%@cﬂﬁ}acterlstlcs may
i nvention or coati n(?s made therevvl th, the rel ease

10 ki hewitblydnfluensed end adapteddn theanedial st te rdﬁ@ﬂmom@rs Also the
de
eIy bFemA ) PR S G flin
I emmategials rhdy Hdve aslifest ihfliénce lonaky feleake Bihefidse dr ug
delivery material is_resorbed faster in vivo (as js

the cal@Mher afvaniages okyadrygdahuery Raterials nagticularty hen used in
an?oa'ﬁ'ﬂg i thd E@?ﬁhhﬁmsﬁ] ls Pl/éé? Ll P o ?h{rn]‘::ﬁlraﬁ?tthose
€, vely. In

eas etic or ease profi respect
15t hwh1chaseeb1otdseqbabls©nb1qdagmdable; rallowrfpr theéscorporation of fillers and

npl ary enbadi nent .a ¢ ned first carrier/sec
e PR AR heTporation of (R sGgpy e apiye qeensouRich jrovide new
t h sgfb‘ﬂﬂleg §bi 1ﬁ3vKd1ﬁﬁ§r aajustiry thé rdl&Re k1€ 8hd BRTEILRE kinetics of the
ich transports the encapsul ated active agents), and

thQWQMBmHkﬂgdﬁswhEsmtmmby|ng t he encapsul ated active

agent s.ar,e the eco rier.. ich control t
A o E e, AR R Hod S Ricing e SRy GRIER pbeBfals i simplified
20 adyaidiggsetRt rdphivciERhédEorhSaréd 't prior afthifethét] sifiée the

conpri sing the
formulation of active agents in polymer capsules can be done separately from the

formulation of the sol/gel matrix. There is a particular advantage if with resorbable
implant materials of the present invention or coatings made therewith, the release
kinetics of the active agent are decoupled from the degradation kinetics of the

25 implant or the coating of the implant itself. This advantage is particularly relevant if
the substrate or carrier of the drug delivery material is resorbed faster in vivo (as is
the case with e.g., some magnesium or zinc alloys), and the action of the drug should

follow a different release kinetic or release profile, respectively. In this case, the



inventive material can only reach a specific
conpartnent of the organism (for exanple, the

WO paosasazascul ar space in case of endol um nal CRCTRBR20Y6/050622
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stents), the second carrier in the inventive
materials, i.e., the polyner encapsul ated active agent
may, however, provide physio] ogical pathways to
anot her conpartnment (for exapre, the extra vascul ar
space). The latter is particularly desired with |oca
drug delivery applications, if the drug itself is not
enriched primarily in such a conpartnent where the
i mplant i s placed, which may be, for exanple, the case
W piesdiy tHveption ¢anprises &1 aisex@mpldig embbdivienag emhsmw 'ﬁcd*n
are transported fromthe |ntravascular space to
| oeaaneréwmﬂmamfgn@i@marwh%c &PV aeh marix used iy Fhfgirug delivery
[
or el TR a1 SRR B A SoddBA Al ), and the
c oshelis/cypssaies ohsyiog tisl estcapsglandd aotive agenmaarmﬂteaecmidsqanﬁm which

exa | ants, consistin magnesi um or zi nc
al ?%E@?ﬁ’&&%aﬁr%ﬁ%a%magw%B%c;or rosive material or
degr adalH,@hérRlithrtatle SFthOiRERtichliS Mafif thd inhSlant comprising the

specifically advantageous to use the drug delivery
rramercmtate rhagerialleen palyutanhtaspecifit compartaent qullleamgsmsru (for

gyéa?rfnggg lgﬁrfa %ﬁmlssggcre 1&,'8%322(] &(ﬁlgmll @EF%‘? gryg eél’ts) the second

rraéuﬁlacm WheRvemivRahdteddls, i @, @hd poljhererchssuthiaDactiob by&it Ynay,
materi al . Exanpl es The i nvention w |l now be further

d eb@‘f"i;\f@éd)f%‘j}d@\ﬂ]}'yséﬁloglh@ paﬁnwadwm@lqﬂm cpmpentmgnt (for example, the
fﬁ%g% ‘g‘é%ﬂé‘@l&&j@ The TECEte or %ggcﬂlgarﬂy?(ﬁetsﬁéd"}vﬁﬁ“lécgpdﬂug delivery

rretquﬂsucﬁar ifitled @rug utzeislsaroe etriched geithadiby isach @adjrhpﬁhﬁent where
sizes, as deternmned on a C|S Part.icle Analyzer

( Athe dinglantis placed Huhigmaybenon example.- thy case afith hydsephilic proteins
z(' 5 fhe BANE e ngtgvs‘;}ﬁ&%rb spotted the thravascular space t the local

Transm ssi I'ect ron roscopy verage part
si agpundingesprevaicolas spaeaul si ons or di spersions vvere

deternjned b nam c |ight catt [ hods. .
Aver ag e gme GefaE Maferiaeane spre e BB s prorustiopyr
SEMa@lﬁg 3P HeBRaEngdiPucas E&%ﬁ%}’s}emf &ﬁl@ﬁi '\% oﬁfb‘i‘roswe materials,

speC| I'c surface areas were det érm ned
abfoepampla, ingddns eprsisting o waghasipm or Zlh@aIBE/'S, bmlefgn@fts made of

biocorrosive material or degradable material or other stents. It is specifically

advantageous to use the drug delivery material for the manufacture of medical
implants for replacement of organs or tissue, e.g. bone grafts, prostheses and the like,
wherein the implants are manufactured in part or totally from the drug delivery
material.
Examples

The invention will now be further described by way of the following non-
limiting examples. Analyses and parameter determination in these examples were

performed by the following methods:



Exanple 1 - Coating 20 ng of
pol y(DL-1actide-co-glycolide) and 2 ng of paclitaxe
wowee/osatded to 3 m of acetone. The resul ti ng BGI/EP10061050622
was added at a constant flow rate of 10 ml per mnute
to a stirred (400 rpm solution of 0.1% pol oxaner 188
surfactant (pluronic(r) F68, §vailable from BASF Co.
NJ., US) in 0.05 M PBS buf f et {phosphat e- buf f er ed
saline), and the resulting colloidal suspension was
stirred for additional 3 hours under a slight vacuum
for evaporating the solvent. Then, the m xture was
dried for 14 hours in vacuo. The resulting
nano pRartitkelses aRmpovided s meunapstidlatieck, aﬁdétéﬁmmal ohadIS
nean particle size qf 140 to 170 nm 300

¢ cPaElerIbeR GumesT dricise (SpF o «Taraanéaag%ow-ray

Cep spant )dﬂiﬁré 30 o TRM gﬁ ?n B?e&g{)n ‘Nfigro%c T AV article
asPthe catal yst were |rre or n1nutes roo
t esipesriatsuspensionsa emhhams ve dspérsmns wedaedetetrmmnddmﬂwamic light
honogeneous , sol m of this wer e. conbined w
5 m sfteringmeptho 3% Aﬁ‘?fa%“u%%% NP ¢ ?nlaFFélalfb"éS‘%fS SF*GHH’@S@ IP’Y SEm

CagRbhffg Elkcbh Mielosc Porbsity and’épefific §GiAdY dedlRvere
added as a surfactant. “The suspension was stirred for

6 drﬂe,mmn@d by Nonr Hensorpiion techmghies  dssendingriolthe BBT ayatbod.
g rmrm ally avail abl e coronary stent obtained
fr ﬁ?‘f—*Bet (KAON 18.5 nm). The sprayed | ayer
was dra@s fd%oty‘(\DLtlQétfd% L glyeuhide} MWPMBlofpaclantk] hage added to 3
gel -li ke, sem -solid consistency. The resulting |ayer

10 haml af agetanen dbs resultingsatution Fvas atidadeas acongantflpvsratgefsl 0 ml per

co S, ri b o

Ep%ge’ﬁ]g% t?)f %ﬁ% S 46’(?3 gm&s%&ﬁ Ef@é ﬁg%%%rﬁgrﬁggﬁlactanta(glummc@
day68,ianaidubid froth B2GSF Quf, NeT. Iaﬂ)jmt(h@s SLPBS bﬁff&fﬁ)h&phﬁierbuﬂ’ered
sol ytion was renpved once a day and replaced by fr

sh
buﬁh@F) m%theﬁesww%l%wpm%wawr@fi. o detm;lal 3 Rours under
A oy O RS g T ot T AR G e B e 14
15 30halayin ‘&tcuu.t THO#¢sulting Inend-partikles nomptising endapsulated paclitaxel had

paclitaxel. prese t1 b Jf(g coati ng were rel eased.
Examsfe %‘1F si7g;of 14 5‘?1‘&) Meancapsul at ed paclitaxel was

prepar b ah o %@Eﬁ?fb?ﬁoyi’latng THUS RbRERAUTEN BReghith AG&Sermany)

above in anpl e 1°
in 300 g of deionized water and 1 g of 1N HCI as the catalyst were stirred for 30

minutes at room temperature in a glass vessel in order to produce a homogeneous sol.
20 5 ml of this sol were combined with 2 ml of a 5 mg per ml suspension of the above-
produced capsules in ethanol, and 0.1 wt. % of lecithin was added as a surfactant.
The suspension was stirred for 6 hours at room temperature and subsequently
sprayed onto a commercially available coronary stent obtained from Fortimedix Co.
(KAON 18.5 mm). The sprayed layer was dried for two hours at room temperature
25 and had a gel-like, semi-solid consistency. The resulting layer had a thickness of
about 3 um.
Three coronary stents coated as described above were incubated in an
Eppendorf-cup while shaking (75 rpm) at 37.5°C for 30 days in 4 ml of PBS buffer,



300 g tetramethyl orthosilane (TMOS) (Degussa AG were

conbi ned with 300 g of deionized water, 3 g TWEEN(r) 20
W@ pwbpsReget hyl ene sorbitan nonol aurate, obtai NRCI/EP29A/050622

Sigma Aldrich) as the surfactant and 1m of IN HO as

a catal yst were added, and the m xture was stirred for

30 mnutes at roomtenperature in a glass vessel in

order to produce a hom)geneoﬁ]s sol. 5 mM of this sol

and 2 mM of a 5 ng per mM suspension of the

encapsul ated paclitaxel in ethanol were conbined,

stirred for 6 hours at roomtenperature and

subsequently aged for five days at roomtenperature in

2 md the pepettatint Guffer sollition, wistemowédoncela dagsind répdated by fresh

vacuQ. The aerogels so obtained had the formof a

sphidiasi dmfhegenaesd spermpiarysolpinms fheparountplareleasedquritaxel was

ha j 0
padrinHEpURIALCE RROPFY AbuERY S1E3NA0S bk 50%, afer 30 days
asabonit 70%xof thdtetahemoget of pla pactitaxs] preseat innthe badtmg ware feleased.

m of P buffer while shaking at 75 rpmfor thirty
5 dalxamples; 5c an 1.2 n vol une of the aerogel

parti Chﬁ:&s"@&npﬂ%egnca ﬁﬁat@&'%é&’ﬁax%}'%§ bael ni’\@c%of(ﬁﬁsé’\%ﬂh the
daily and replaced by fresh buffer e anmount of

paptocedweas mlmis@ovammcm ned in the super nat ant

via HP The a age e of i taxel

a0 g RS R RS R atisn PRBSr s Sigp R avith 300
t of of delomided whef, 302YWHRNTIU @olfoknanysd Sithn monolaurate,
pacl i taxel was prepared in accordance with Exanple 1.

10 A elymingd frousSigak Aldscipras phe wafeptentangdoomhf FIN iﬂﬁlats a@atalyst

1 B 90 BRI A R 0 A e n

ni glassovedsyl th adder wiprodice @ h‘om’ogbim’oﬁe s¢lo¥ral éftthis@ohand 2 ml of a 5
tenperature. 4 m of tetraethyl orthosilape .
TEMS(MRSHMA SHPANSion o the gicapsul %@ Paglexel Hhethanad Werrcapined,

angitdaerob hbits Bt Y@%t%}ﬂgﬁgaﬁﬂ‘g fair?ﬁﬁ sﬁ‘t#é&ﬁlﬁéﬁﬁg tagQi P HYS d&Ys at room

room tenperature
15 cotebipesduredin A nil E]ipenﬁorﬁc@sng“hpe,rtheﬂnamnmbwasdmd infvatine The

S oscibals £ GHtaRes hadt ©F Sorm. b SoRborone! poitien o lky Apgearance. The

St hdrbgds hddl blédék?éﬂ’aﬁle%rolgéi‘ﬁéﬁ dndTeRARH WhepaRhifhxel in a controlled
subsequent |y sprayed 0 a conner0|ally avai |l abl e

c omonar whichewas dfterfoned asefdllqws;bThe( acnap¢l partislesmwere ihebated in 4

28%? ﬁﬁﬁgg ﬁﬁf#e%%ﬁﬁ%w k9 rforjtglrg} % &3Pk b&lf 9.2 ml

20  volume of the aerogel particles was used. The buffer supernatant was removed daily

and replaced by fresh buffer. The amount of paclitaxel released was determined in
the supernatant via HPLC. The average release rate of paclitaxel was relatively
constant at about 6 to about 8wt.-% of the total amount per day.
Example 3

25 Encapsulated paclitaxel was prepared in accordance with Example 1. A
homogenous sol was prepared from 100 ml from a 20 wt.% solution of magnesium
acetate tetrahydrate (Mg(CH3COO), * 4 H,0) in ethanol, 10 ml of a 10% nitric acid
and stirring for three hours at room temperature. 4 ml of tetraethylorthosilane TEOS



The coated coronary stents were incubated in an
Eppendorf-cup in 4 m of PBS buffer while shaking at

wQa 2006/082220r 30 days at 37.5C. The buffer superPEI/EP2006/050622
was renoved daily and was replaced by fresh buffer.
The amount of the released paclitaxel in the
super nat ant was determ ned b¥ HPLC. 10 wt. % of the
paclitaxel was rel eased afte 2the first day, 15% was
rel eased after 5 days and 40% of the total anpunt of
the paclitaxel was released after 30 days. Exanple 4
The encapsul at ed paclitaxel was prepared as descri bed
in Exanpl e 1. A honbgeneous sol was prepared from 100
M (cbtaived2PomDepussal AG) wereatidétgrnhs sdl and detaixeure was st1rred for
tetrahydrate in ethanol and 10 mM of a 10%nitric acj

at farehivechaues atrap® teRBeraturg (20gmp-of m of g sol was ﬁ?mbmed with
TESR1 (0P Rlsahg Egﬁ IH %ﬁb%%}ﬁﬁﬁﬁ@caﬂ @gﬁﬁ&x@ﬂg ctififiol, 0.1 wt.%

m Xture was
t elepethiatas a sufaant prore addediand thet doenbsmatioh tvesis sticted) édr GAmsirs at
conbined with 2 of a m suspe n of

5 - oton amerailp and SURrarcaity Sorared ontg a CopBITRED Fyilale coronary
angem IMFoYiALdiR @o}’ﬁ{RQ)NefSeS fnY)C o[*he RefAAOR RS 1dyBewas dried for 10

surfactant or filler, respecti'vely. Theé conbi nati on
wamlmmsrateblmﬁdﬂ%lmmho@nastreaunmterrperature and aged
for

n dor f f
rat er 1 S Sl ey REGR G Bt P AR PR ot fym! ofPBS

t hpuff@whiRfshalghe bO7 Tpm fr30Ide: %@ﬁ 37BN T hR bufeKapernatant was
appear ance. The aerogel s had bi odegr adabl e and

10 c ofemayed daily @lde‘a%rep b)t fresh buffes The ameentofthe rglegsed
é?e ﬁl%(ggﬁ tPé( s@%ﬁ%? Ry a Srrn%%]i ?g?ﬁ)tih ngog th&f ga%htaxel

37w5§:releﬁbeﬂ afwdr flley fistdsy, nSYoands relrased ey & daybaindy308616ff the total
repl aced by fresh buffer. The anount of paclitaxel
r etBo @f thernaclitgzel svz?aéﬁhaieéﬁft%%d%t erm ned via HPLC,
Thﬁxglylﬁieage rel ease rate of paclitexal in this exanple
was cohstantly at about 2 % of the total anount per

15 day. Hihe ergapdulmedipatitaxbbatas prepertdiad desenibadain Eammptd hri

enpodi nents of the re nt 0
nbEresegg et mebeg s b FEeks Foutedsduien  Trpgnesium
t Oadegatd {teffahfdtateGn %ﬁﬁdl%ﬁh a0 ndl&Jrainos, sigtic 4@d hfrobi téllﬁﬁerature

above descri ptl on, as nany apparent vari ations thereof
ar alqmgsng)f@ 3viiouiro it mlefBEOS febtainedrfromeDeguissd AG) were added and

SChR mlqure was stirred for further 2 hours at room temperature (20 rpm). 5 ml of the

20  so-obtained gel was combined with 2 ml of a 5 mg per ml suspension of paclitaxel
capsules in ethanol, 2 wt.% of lecithine and 5 wt.% of polyethylene glycol PEG 400
as the surfactant or filler, respectively. The combination was stirred for 6 hours at
room temperature and aged for 5 days in 2 ml Eppendorf-cups. Thereafter, the
material was dried in vacuo. The so-obtained gel had the form of spheroidal particles

25  having a milky appearance. The aerogels had biodegradable and controlled release
properties. The release rate was determined by incubating the aerogels in 4 ml of
PBS buffer, while shaking at 75 rpm for thirty days at 37.5°C. The buffer

supernatant was removed daily and replaced by fresh buffer. The amount of



present invention. The enbodi nents of the present

i nvention are disclosed herein or are obvious from and
wepwonggsed by the detail ed description. The RPEI/EP10861050622

description, given by way of exanple, is not intended

tolimt the invention solely to the specific

enbodi nents descri bed. The f%gegoing applications and

all docunents cited therein"ot - during their

prosecution ("appln. cited docunents") and al

docunents cited or referenced in the appln. cited

docunents, and all docunents, references and

publications cited or referenced herein ("herein cited

dopadiieaxebre)easélifitonthe shiseenin@n s defedined viaaTRPLENTE avdtage

the_ herein cited docunents, together wi th any

maiflgese ralg el paglitexakip Has pxamaple #as constantly g abwt gdaef the total

sp and product sheets for any products
ne%??%%g%{ﬁépeln or in any docunent incorporated by

refer eHaﬂngu érsidescribee ihdetaibyevierat exqroplatyesntiueliraents bfythe present
ref erence, | oyed in.th [ ce of th
5 | PR g be R God TRt s v iohaesibed AhS VR AR ibe

| itk tAPRlib AR deBiflsisSt BRh 1@ﬂle%gm§§és%%ﬁdﬁahs Rif{apparent
docunent is available as prior art to resent

i nvagtatiopsitheteof ar po)sslbld withwut depattirigsfrath hel spstmoar sacmst of the

part | C b a%h on. nl(')]?.f:g (ﬁ& ntgﬂﬁﬁlﬁﬁesgﬁt&gva ‘n‘?nﬁé% s%l a’h"erein or

b_f ﬁ@%ﬁouﬁ) ﬁ‘éﬁi_ éﬂd%n@&ﬂﬁés@&l by¥thd-detalilB& YeseAPtioe ahhe detailed
‘includes,"” "included," "including" and the |ike; and

10 t hdescriptions givign by aeayof shamplei Waobiniended i ligpit ghe immention solely to
C%@%ﬁcﬁﬁc Srﬁﬁc?d]}neﬁ%s'd‘ésc?fbteﬁ.a” have the broadest

ey allow for el enents not

ex pl i CThd forégoing aq@hcalaidns and hill decumhenetited thdrain oridaring their
found in the prlor art or that affect a basic or_novel

c heliosgauEpR § iappinggitedfocpmgrtstiapd all Aeeumerts Aitedor rpfgrenced in the
Oﬁéﬁﬁ t?& J6&dnsgs, BYd LIT ﬁo&ﬁ’ille!él?éa% efl&@s"aﬁﬁ Q)l?daﬁﬁnﬁ diteddr

or manufacturing a Ivery Praterta
15 t hqu:renr[edshsreum(‘r‘pelrem citgpdtdoeurhenth’ E)y\m@lbdc&pments)clted or referenced

| ati I t bi ol |1
C hEr B Berinld Socumet, 15EKheE oy apnufaci S instsnstions

t h&es@ﬁ?@&ﬁ Uﬂ{n@ﬁ&ﬁ sﬁ&‘iﬁéﬁ@ioﬁé} QA8 pdubt shet®or AY ‘i‘)r&fucts mentioned
converting the resulting conbination into a solid or
sehéreinairiinlanyr dagument incorporated by reference herein, are hereby incorporated

herein by reference, and may be employed in the practice of the invention. Citation

20  or identification of any document in this application is not an admission that such

document is available as prior art to the present invention. It is noted that in this

3 <

disclosure and particularly in the claims, terms such as “comprises,” “comprised,”
“comprising” and the like can have the broadest possible meaning; e.g., they can
mean “includes,” “included,” “including” and the like; and that terms such as

25  “consisting essentially of” and “consists essentially of”” can have the broadest
possible meaning, e.g., they allow for elements not explicitly recited, but exclude
elements that are found in the prior art or that affect a basic or novel characteristic of

the invention. The invention is further described by the following claims.



delivery material. 2. The process according to claim
1, wherein the biologically and/or therapeutically

w@eiosMg22agent i s encapsul ated in a pol yneric sPel/EP2086/050622
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The process according to any one of clainms 1 or 2,
wherein the sol is fornmed by using a hydrol ytic

sol / gel -process in the presque of water. 4. The
process according to any one¥of clains 1 to 3, wherein
the sol is fornmed by using a non-hydrol ytic

sol / gel -process in the absence of water. 5. The
process according to any one of the precedi ng clains,
wherein the active agent is a therapeutically active
agent which is capable to prOmisles a direct or indirect
t herapeutic, physiol ogic and/ or pharnmacol ogic effect
in a human or ani mal organism 6. The process
accordipg to '

red camint , APEGHER o RGNk ARrAE bR ABERHa, Bebroces
cocmnpmm'g;thatfolllcwaagstepe targeting group. 7. The

process accordln to any ane cl.ai to 6, mher
Phe. acttve. dcartiaing 3 as i Biatou S apbicy dusrinelich Bugcrive

sel ected frofpeatinlaadsh;, one of poly(neth)acrylate,
pol y(DL-1 actide-co-glycolide), poly(D, L-lactide),
pol ygl yeol i d@mhmsgttherencepsummwe pgend aithraegodcind
pol yest pol yol ef i nes ch a et hyl ene, .
pol ypr o@yl er@n ¥’Br6]1n§i5}EﬁVF %gcgpswsatl ) F(%assorﬁ% or semi-solid drug
epoxy- pol y medefive§Aat¥rislesi ns, pol yami de, polyim de,
pol yet heri m de, pol yam dei m de, polyesterim de,
pol yest 2r ani Bed proekss agsrrding éQ elaime |, wearginghaybialagically and/or

po

OB RS et PSS S,
pol yvi n¥.| chl Dhid glecdss hyoordiyl a;:ﬁtyadxe of RUdimy il oy QaWha’eml the sol is
pol ysul f one, polyphenylsulfone pol yet her sul f one,

pofaymed by asing 8hydroliasol/ pleproesss bR PraFeReg QS veater.
pol ybengox aZ'PllleﬁproE’&E }é{?&g i P 'tdaéBJ Sne FFUNEL ¥95 8 C?ﬁ&@i'ﬁ%he sol is

pol yphenyl enet ate,” cyanat oest er pol yner e,
or formpd by using aofondjyyzlrojwa sod/gelepregess lngthe &bseﬁbe of)wanees S

accordipg to.claim?7 re n the teri.a LS
sel ect eg‘ fr om%?rOFeééngOB 88 & a‘B’o‘?‘&‘F(‘% % ¢ PTaes ‘?:?e‘}lalms wherein the
PohNRLYEAltif£ thefdpuiRily aBivd &feht WRIRis capable to provide a direct or

indirect therapeutic, physiologic and/or pharmacologic effect in a human or animal

organism.

6. The process according to claim 5, wherein the active agent is a
medicament, drug, pro-drug, or a drug or pro-drug comprising at least one targeting
group.

7. The process according to any one of claims 1 to 6, wherein the active
agent is encapsulated in a polymer material selected from at least one of
poly(meth)acrylate, poly(DL-lactide-co-glycolide), poly(D,L-lactide), polyglycolide,
unsaturated polyester, saturated polyester, polyolefines such as polyethylene,
polypropylene, polybutylene, alkyd resins, epoxy-polymers, epoxy resins,
polyamide, polyimide, polyetherimide, polyamideimide, polyesterimide,
polyesteramideimide, polyurethane, polycarbonate, polystyrene, polyphenole,
polyvinylester, polysilicone, polyacetale, cellulosic acetate, polyvinylchloride,



gl ycolide), or polynethylnethacrylate (PMV). 9. The
process according to any one of clains 7 or 8, wherein

W@ b@oesapsul ation i s provided by di spersion-,PCT/EP2006/050622
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suspensi on-, or enul sion-polynerization, enzymatic or
radi cal polymerization techniques. 10. The process
according to claim9, wherein the active agent is
added to the polynerization” M xture before or duri ng
start of the polynerization reaction. 11. The process
according to any one of clainms 7 to 10, wherein the
active agent is encapsulated in several shells or

| ayers of organic material. 12. The process according
t opéipyinplacctark, pdlwpylalce}%ln Pobisalfore, polpplicdiyisulfbee,
encapsul at ed active agents are chem_cally modi f i ed by
f uPRly¢theravlfons P@Mk%)l@% pglypthsﬂqe@nm PlEhenginidazole polybenzoxazole,

B

onpomﬁwniaraqmbnmns&ﬂmnmhﬁheﬂmmgmmgsol S prepared by
usingsl/g formn §electedfr

mth .1
group compri BIRIOSR VRS e polimermaterial i
OX{di&Sed fiGthat leﬁﬁ%tn@to?? (@lafacﬁﬁé) T ¥iFsycolak aéindli)%l}}(ﬁislactlde-

wherein the nmetal inc es at | east one of silicon,

al mfg}fyuﬂ}lldebmrmlymlylmthamylde (RMMAM titanium

alkalin alkall rth nmetals. or transitio

et al .l at TARCSISS ACHSHERE ] A5 T HlEpa Aok By fpercin e

bi éﬂﬂdf)éhlatiohﬁgﬁfoﬁ[&d\b@ﬂﬂﬂietsﬁﬁn- CouBpdnsiont) @k BnulSion?hsIPinefiration,
chrom um manganese, rhenium_ iron, gold, silver,

c opnsamatie gf radidalipglymetiantiomteqhalqussli um  osni um
| ant hanmn anﬁhﬁéﬂ&&? Q{xﬁ)‘i“é’m% I%? clamﬁ WhlSinihe Qc‘%‘{,%r g%ﬂws added to

to claim'l3 of m ng conp

ar the polyadrizdtion mirtifededire updmﬁngmars bfhe pblynmmtlon reaction.
aIKOX|des such as tetraalkoxy3|lanes as wel
oI i gone ¢ f BRGIRIOLEE AERON ln&rf%wym@dafy@maﬁé%w “Wherein the active

al {% %E"E%&%%?edgﬁ ge;’ver | sp 2&5 g%sl % Wgﬂiﬁ SI %zlr?le's;

(et h) at2.yl sTheapresess epaxdisg kaargsone of the preceding claims, wherein the
fl uoroal kyl al koxysi | ane wel | m xt res of

{ nEPCRBRLEIE] REIVe PEETIY HE hpmicalY madifiRddrmetinaligation wiffpsuitable
Pr o4 iohdhps bALSRing Mﬁ{cﬁ'a?e ¢dpabR @ rdast \fvﬁﬁ B851%hel Porkiies

presence of an organlc solvent, and the organic
sotempanentsnt ent  of

13.  The process according to any one of claims 1 to 12, wherein the sol is

prepared by using sol/gel forming components selected from the group comprising
alkoxides, metal alkoxides, metal oxides, metal acetates, metal nitrates, metal
halides, wherein the metal includes at least one of silicon, aluminum, boron,
magnesium, zirconium, titanium, alkaline metals, alkaline earth metals, or transition
metals, platinum, molybdenum, iridium, tantalum, bismuth, tungsten, vanadium,
cobalt, hafnium, niobium, chromium, manganese, rhenium, iron, gold, silver, copper,
ruthenium, rhodium, palladium, osmium, lanthanum and lanthanides.

14. The process according to claim 13, wherein the sol/gel forming
components are selected from the group comprising silicon alkoxides such as
tetraalkoxysilanes, as well as oligomeric forms thereof; alkylalkoxysilanes;

aryltrialkoxysilanes; aminoalkylalkoxysilanes, alkenylalkoxysilanes; bisphenol-A-



the sol is fromabout 0.1 %and 90 % preferably from

about 1% and 90 % nore preferably fromabout 5 % and
w@oswsa2el nost preferably from about 20 % and FOI/E#2006050622

The process according to any one of the preceding

clainms, wherein further additives are added to the

encapsul ated active agent, 1? the sol or to the

conbi nation thereof, the add @tves includi ng at | east

one of further biologically or therapeutically active

conmpounds, fillers, surfactants, acids or bases,

crosslinkers, pore-form ng agents, plasticizers,

| ubricants, flame resistants, glass or glass fibers,

c aglly@idyfsﬂﬁﬁsS(mdll@)at:@lsﬂaﬁ@bépdxysﬂdﬁeﬁ auoﬁmﬂd&ﬂkoxyiﬁmds as well

conmpounds, silicon, silicon oxides, zeolites, titanium

ox ARy mixpyresef thefQsR8QRS . al umi num oxi des, al uni num

silicates, ,
Sircates: PACHIBSahRE o SRR LIS LA Shord e so
DM§ formdd\ibhe Iﬂsenw of ar orgesis Sahfem‘-r ghdihe begaaivysobreat adntent of

5 ol AL T Shovt id TBABAA0 i Feraal WO Sk it S0 more

S Obrefé?ﬁtﬁ?l ?ro%PéBo@t S '% SRI190 $LAdnER bRIEEbly! ForR 8GR '20%* and 70 %.
hydrolysis of the sol, aging, crossllnklng and

dryi ng. 14.8. ”Elhﬁeprpcess eswrdiog & ahynepetad the prieeading clwlmr mhcreln

! DRlerad ingR R alst B g en G Etel Bt SR R gigpt o116 the

I egbisiHatRineheneb e i addanies Mchubing dtheasPoRESTartBerbR61d5iaslly or
to any one of t he preceding clalns, additionally

10 ¢ ofhgrapsitinglly betiveompounds fillgss, sustastantsnacids erhesesnrioaginkers,
t o&ﬁ}% gi)lg%ﬁr}g S%&{%: %Pa%ﬁhgérrgo Pgﬁvé‘ler SIﬂ%%g Eés’lstcm?s §F‘§§s élo %laéjs fibers,

agedibon fibdriid@RoAtfabrisineah powdersindtalavytpoahds, sidicon, s111con
silane, a_(meth)acrylate, 2-hydroxyet hyI net hacryl at e,
pr Bp9P% FratieshHiapaim grges, , BireQIfR oK igs Al inyRY oxides; aluminum

”E§1ﬁﬁa&15sy koAduftn gﬁ] Shi SHACIRE gﬁgiléﬁﬁéé%a&edryfﬂgr%ntrol chemical additives

di et énetri’ socy
151, ﬁlcﬂlasgb(cdeDMﬁe)ré)MSQO The process according to

any one of t r ecedi n cl ai ns,
compri s hy 1 HE BRGRE Ao e 1 ehesnero! Sheprereting clpigns, perein the

en@&ﬁféfﬁcﬁt &Qh@é‘drhMﬁatﬁﬂﬁﬁtthe &Ray &:ﬂﬁ’até@ﬁct% apénttah@ the sol into a
conmbi nation thereof, whereint i S incapable

of salidastsemiysalid atetiel ip performedrydrydralgsinéf thy gols agingairosslinking
and/or drying.
20 18.  The process according to claim 17, wherein the drying is obtained by

a thermal treatment in the range of about -200 °C to 100 °C, optionally under
reduced pressure or vacuum.
19.  The process according to any one of the preceding claims, additionally

comprising the addition of at least one crosslinking agent to the encapsulated active
25  agent, to the sol or to the combination thereof,wherein the crosslinking agent

includes at least one of an isocyanate, a silane, a (meth)acrylate, 2-hydroxyethyl

methacrylate, propyltrimethoxysilane, 3-(trimethylsilyl)propyl methacrylate,

isophoron diisocyanate, HMDI, diethylenetriaminoisocyanate, 1,6-diisocyanato-

hexane.



2 1. The process according to claim 20, wherein the
fillers are polynmer encapsul ated full erenes. 22. The

weeweesx2according to any one of clains 20 or RAT/EP2006/050622
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further conprising at |east partially renoving the
filler fromthe solid drug delivery material. 23. A
solid or sem-solid drug dellyery mat eri al obt ai nabl e
by a process according to an@ one of clainms 1 to 22,
in the formof a coating or as a bulk material. 24.
The material according to claim23, wherein the
material is dissolvable in physiologic fluids and/or
has bi oerodi bl e properties in the presence of

physi ol 2gi ¢ Thaprdsess abcording taryedte ofaligpresddivgsaladingg
delivery material accordlng to any one of clalns 23 or

243005 gonily &ompising theaddgioniafgt feastiomg iffflento, the preapsilafgd active
B 108 S b A i BRI o

reacting with the other components of the sol/gel.

21.  The process according to claim 20, wherein the fillers are polymer
encapsulated fullerenes.

22.  The process according to any one of claims 20 or 21, further
comprising at least partially removing the filler from the solid drug delivery material.

23. A solid or semi-solid drug delivery material obtainable by a process
according to any one of claims 1 to 22, in the form of a coating or as a bulk material.

24.  The material according to claim 23, wherein the material is
dissolvable in physiologic fluids and/or has bioerodible properties in the presence of
physiologic fluids.

25.  Animplant comprising a drug delivery material according to any one
of claims 23 or 24.

26.  The implant according to claim 25, providing a sustained release of

the biologically active compound when inserted into the human or animal body.



