HOLLOW SI LI CA PARTI CLE WTH A POLYMER THEREON CROSS REFERENCE TO RELATED
APPLI CATI ONS [ 0001] This application nmakes reference to and clains the
benefit okopbicabiey of an application for "Pol yners Funetirgaabiodhesh2iiol | ow
Silica and the Methods for Polyners Functionalized Surfaces" filed on
February 04, 2009 with the Unlted Stated Patent and Trademark Office, and
there duly assiqgned_serial nunber US Provisional 61/149 777 The content of
said applicatio OLLOW, oﬂlﬂ%%WlﬁkE %@"éﬂ*?%?éw&mw ei n by
reference for all purpaos i ncl udi ng an_incorporation of any el enent or
part of the descri Bﬁ @EEHWEG?QMTE&AB%I%WQN%WI n and
referred to in Rule 20.5(a) of the PCT, pursuant to Rule 4.18 of the PCT.
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catal ysis, coatings, conposite materl al s, dyes, inks, artificial ceI | s,
fillers, and protection for ?‘PE'ED" Qﬁvib NHON as enzynes and protei ns.
[0004] There are a variety of nmethods for fabricating a w de range of

stabl e, hollow spheres of various conpositions. Various groups have
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Wi th pokyitbl fonthedbisfioned sich &Rolbsm 6ids patitlét i on of pol y(vinyl al cohol).
Pol ymer hol | ow spheres were obt ai ned by cross-Ilinking polynerization of
hydr ophobi ¢ nononers in the interior of the surfactant bilayer of vesicles
(Jdérnal of Colloid and BACKGROUMD HCEHEINMENTEON 107- 114). [0005] The
application and commercialization of hollow spherical structures have,
nowever 10dB3FT tepdlyRiks, Bl vREPANSE iRk IE oft ARTAABY BPRSIAT SEh GhRdes {1
the tec n|q eIr uctlon et ex exper|

proc edufl‘theah(ﬂlommlmyesdoﬁdm ednet prEraiat thanare substantlally dlfferent from those of

general particles (for example, their low density, large specific surface area, stability, and
surface permeability), thus making them attractive from both a scientific and a technological
20 viewpoint. Applications for such spheres are in cosmetics, as capsule agents for drug delivery
systems (DDS), in catalysis, coatings, composite materials, dyes, inks, artificial cells, fillers,

and protection for sensitive agents such as enzymes and proteins.

[0004] There are a variety of methods for fabricating a wide range of stable, hollow spheres

of various compositions. Various groups have produced hollow spheres using emulsion
25 polymerization or inter-facial polymerization strategies. Hollow monodisperse cross-linked

polymer particles were produced by suspension polymerization of emulsion droplets with

polystyrene dissolved in an aqueous solution of poly(vinyl alcohol). Polymer holl'owvspheres

wére obtained by cross-linking polymerization of hydrophobic monomers in the interior of

the surfactant _bilayer. of vesicles .(Journal of Colleid and Interface Science (2003) 266, 107- |
30 114).

[0005] The apphcatlon and commermahzatlon of hollow spherical structures have, however,

i 'been hmxted malnly because of the dlsadvantages assomated with the techniques for their



met hods. There remains therefore a need for a nethod that allows easy
preparation of hollow structures so that it can be used in various

i ndust ri avofzoslmesss[ 0006] Nanosi zed hol | ow silica spher esTssa0t®oced as
fillers to prepare porous materials hav'#n'g | ow wei ght, |ow dielectric
constant, and heating insulation capacity. Also hollow silica can be
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di spersjon of hollow silica In aqueous solution is a significant hurd]e.
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hydrophilic degree of silica and al'so préevent nonspecific adsorpti on' of
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hi 86 dedwiatmicsgrate (gregtlys timfiudniced byncharicterisvics tdfethe polymers. Polymer vesicles
without sufficiently thick hydrophobic segments are unstable and when the hydrophobic
segments are thick enough to provide stable polymer vesicles, the fluidity of the vesicles
become very low so the encapsulated species can not be released. Hence, so far a dilemma
between stability and fluidity of vesicles remains, i.e., vesicles with good fluidity are

25  instable and vice versa.

[0008] For encapsulation and delivery of active species, poor dispersion of hollow silica in

aqueous solution is a significant hurdle.

[0009] Grafting of poly(ethylene glycol) (PEG) to silica is an important approach for surface
modification. The grafted PEG can improve the hydrophilic degree of silica and also prevent
30  nonspecific adsorption of proteins to silica surfaces. These functions can improve solubility of
silica particles and hollow silica in aqueous solution, and increase the circulation time of silica

species in blood. However, both achieving (i) a high dehsity and (ii) stability in water of the

" (Journal of Colloid and Interface Science (2007) 310, 446-455) detachment of PEG from the



grafted polyner on the surface have remained a challenge. As reviewed by
Zhang et al. {Journal of Colloid and Interface Science (2007) 310, 446-455)
det achmrenwoab10REG95r om t hesur f ace has been attri buted t ecirsceoloabeoal
degradation of the respective layer forged on the silica surface, including
hydrol ysis of urethane groups used as aslink. These authors suggest ed
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particle via one or nore bridges th have an urethane group. The bridge
95be Balbr(Apal. iGheru@OOONES, #o86hane group, typically at terminal position.

[0013] In_.a second aspect .the invention provides a pharmceutical
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that includes a pharmaceutically active conpound. [0014] I'n a thi rd aspect

t he i nvemlvedory the peatiglesofglaimt hod of coval ently coupling a polyner to a
silica surface. The nethod includes providing a silica surface. The silica

surface carries am no funcéUWW§H ﬁ@vﬁﬁ‘ﬁﬁ% al so includes providing

a polynmer. The pol yner has

20 [0012] In a first aspect the present invention provides a hollow silica micro- or nanoparticle
with a polymer immobilized thereon. The polymer is covalently linked, e.g. grafted, fo the
silica particle via urethane groups. Generally the polymer is covalently linked to the silica

'pa.rticle via one or more bridges that have an urethane group. The bridge may be taken to

include the urethane group, typically at terminal position.

25 [0013] In a second aspect the inve_nﬁon provides a pharmaceutical composition. The
pharmaceutical composition includes a plurality of hollow silica particles. Typically the

hollow silica particles have an inner void that includes a pharmaceutically active compound.

[0014] In a third aspect the invention provides a method of covalently coupling a pOlymef toa
» silica surface. The method includes providing a silica surface. The silica surface carries amino
30  functional groups. The method also includes providing a polymer. The polymer has a

carbonate group. It can be represented by the general Formula 2):



carbonate group. It can be represented by the general Fornmula (2):1n
general Fornmula (2) R2 is the polynmer. R3 is an aliphatic, an alicyclic, an
aromat i c,wenoavgpbaki phatic group or a silyl group. Thi s palrisghetioteo21
alicyclic, aromatic, arylaliphatic group or silyl group has a main chain of
about 1 to about 20 carbon atonms. The nflin chain may further have 0 to
about 6 heteroatons. The heteroatons may be selected fromN, O S, Se and
Si. The nmethod further includes c acting the polynmer and the silica
surf.ace. The net hod also'ing#ydes Ilomjﬁ? t he carbonate group of the
polymer and an ami no functi &nal on the sifaca surface to undergo a
coupling reaction. By allow ng is €@upling reaction to occur, the polymer
is covalently coupled to the silica surface. [0015] The invention wll be
better HhgedesdloRsimtild (2) R ey gRCsolir@er RE id einadllpheti€lesCalidycliganMi@hatic, an
considered in conjunction with the acconpanying draw ngs. BRI EF DESCRI PTI ON
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fitti ngpdl?ﬁluﬂs doSalBht®yp EsipRsll th e GlitLapface. [0018] Fig. 3 shows the rel ease
profile of a) paclitaxel | oaded in PEG g-hollow silica vesicles, and b)
free papolspXet inventlorxwitBée betfel andegsibold with réferende fo the A8thAEd Fésgtptcn when 4F
show phot ographs of,  a confocal fluorescent njcroscope inage of MCF-7 cells
after i FRASEISESITR CRPIACEamTth Hisacerap Ira8ingsw silica vesicles for 18 h.
Cell nuclei were stained with DAPI. Fig. 4Ais a representation of the

i mage without fluorescence signals. Fﬁg. 4B depicts the inmage together with
fl uorescence signals. FiBé‘.IFLFCBES,QMPEI N QFTHEDPRAWKNGSr escence signal s
of the sane image. To facilitate relating the signals to the positions in
the confoe1s] Big. WGk abchéhd 6n HietprephbatOIPHEE- 1@ sifitddsRIGAR66 dfiigdt ahs
agai nst_ the photograph w thout fluorescence signals (Fig. 4A). Fig. 4E

depi ct sSIM¥AMYP™: he bl ue fluorescencesignals of the same inage. Fig. 4F shows
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of a comho¥gd. 7B H@p’i@ﬁ;CE@A duinfds ) Ristin@ 86116 silica spheres; b) TMSPEA attached
hollow silica spheres; and c) PEG-g-hollow silica vesicles. Fig. 2C is a TEM image of PEG-g-

hollow silica vesicles. The white bar represents 100 nm. Fig. 2D shows the dependence of the
apparent diffusion coefficient, D,p, of PEG-g-hollow silica vesicles on the square of the wave
20  scattering vector, q°, recorded in aqueous solution. The linearly fitting result is presented for

guidance.

[0018] Fig. 3 shows the release profile of a) paclitaxel loaded in PEG-g-hollow silica vesicles,
and b) free paclitaxel in 1 x PBS buffer solution at 37 °C.

[0019] Figures 4A - 4F show photographs of a confocal fluorescent microscope image of
25 MCEF-7 cells after incubation with FITC labelled PEG-g-hollow silica vesicles for 18 h. Cell
micléi_ were stained with DAPL Fig. 4A is a representation of the image without fluorescence
signals. Fig. 4B depicts the image together with fluorescence signals. Fig. 4C depicts bnly the

. green fluorescence signals of the same image. To facilitate relating the signals to the positions



87 M5 cells after incubation with FITC | abell ed PEG g-hollow silica
vesicles for 18 h. Cell nuclei were stained with DAPI. Fig. 4Gis a

repr esentwoizor/mbssshe i mage wi t hout fl uorescence si gnal #CTRIGgo10Abbodepi ct s
the i mage together with fluorescence si gnal s. Fig. 41 depicts only the
green fluorescence signals of the same Frmage. Fig. 4J shows the green
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si gnal swithowtiflnoreseensgisignnls\(F a7 4MBieral domparsen. 4K depicts only the bl ue
fluorescence signals of the image of U-87 MG cells. Fig. 4L shows the blue
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[0025] Fig. 8 depicts a '"H NMR spectrum of PEG-g-hollow silica vesicles recorded in

deuterium oxide.

[0026] Fig. 9 shows a comparison of ICsy values (ug/ml) of paclitaxel loaded PEG-g-hollow

silica vesicles and free paclitaxel in cancer cells after different incubation times.

25 DETAILED DESCRIPTION OF THE INVENTION

[0027] The present invention is based on the finding that a surprisingly high polymer content
on a surface, i.e. a hi'gh density of the polymer, can be achieved when a polymer is grafted
onto a silica surface via urethane linking moieties. Comparably low cost chemicals have
further been identified that can be used in the formatibn of this linkage. Unexpectedly, the

30 linkage is even ’particularly stable on silica partiCIes in-aqueous solution. When applied onto

pharmaceutically active po_mp_ound in vzyo,__e_xy_zyq and in vitro. By mcludmg selected ligands



[0028] It is further known that inmmobilizing, including covalently
grafting, hydrophilic, i.e. generally polar, polyner chains or oligoners
wi t h br uslel2lomesgosuct ures onto surfaces renders these eurfsare®/000021
nonadhesi ve. When in contact with a biological fluid a respective surface
resi sts uni ntended accunul ati on of biolégical entities, which can result in
the for i L.OF S . V. | 6 Se  t ~
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present, that differ(s) from carbon. | n_sone enbodiqgg%s the bridge.

i ncl udetheretorerwelhaHted Bhe-Enbipeeaisors and bRt hiomedical spdnonbiomedicahapniigationst a
secondafyeaih Qs QRintdgeSwill B oMRINGSr¥ readfily apgdientHdntl R fowihL bxS%RRhEe
have a single, two or nore such secondary am no groups. The bridge may for
exdipl easbthgfapp¢ridgd dravongs: aryl al i phatic nature and include aliphatic,
aromatic and alicyclic elenents. The bridge nay for exanple have a main
chai n Wi®0R9h The rgbymesis inkeg tg g boliny siice articl b mearyrlan yrethanepaisty- 3o

car bon AL0Umsi\8hiréthdife RN s gehefAr: SEMSving &RlcHAENg 1 to about 25 carbon
atonms, 1 to about 20 carbon~atons, about 2 t0 about 20 carbon atons, about
3 to about 20 carbon atons, abgut 1 to about 15 carbon atons, about 2 to
about 15 carbon atons, about ;LE) about 10 carbon atons, about 2 to about 10

carbon atons or about 1 to abo 10,carbon atons, such as 1, 2, 3, 4, 5, 6,
7,8, 9, 10, 11, 12, 13, #4N-15 @6% 17, 18, 19 or 20 carbon atons. The
main chain of the aliphaticHalicyclic, aromatic or arylaliphatic bridge of
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20 shown. One or more bridges that have such an urethane group provide a covalent attachment
of the polymer to the silica surface. Accordingly, generally such an urethane moiety is
included in a bridge via which the polymer is covalently linked to the silica particle. A

. respective bridge is generally hydrocarbon based, although it may include one or more atoms

in its main chain, as well as in any side chain if present, that differ(s) from carbon. In some

25 embodiments the bridge includes a nitrogen atom in its main chain, for instance in the form of
a secondary amino group, i.e. the moiety -NH-. The bridge may for example have a single, two

or more such secondary amino groups. The bridge may for example be of aIiphatic or
arylaliphatic nature and include aliphatic, aromatic and alicyclic elements. The bridge may for
example have a main chain with a length of 1 to about 30 carbon atoms such as 2 to about 30

30 carbon atoms or 2 to about 25 carbon atoms, including 1 to about 25 carbon atoms, 1 to about

20 carbon atoms, about 2 to about 20 carbon atoms, about 3 to about 20 carbon atoms, about 1

" to about 15 carbon atoms, about 2 to about 15 carbon atoms, about 1 to about 10 carbon atoms,



het eroatons, O to about 7 or O to about 6, e.g. 0 to about 5 or 0 to about
4, including 0, 1, 2, 3, 4, 5, 6, 7, 8 or 9 heteroatons. [0030] In sone
enbodi nenwe 20tweobsvsdge t hat coupl es the polyner to the echiscaomwndrace has
one end that is covalently coupled to the silica surface. The bridge may
have a further end defined by an ur et harfe noi ety. The urethane noiety is
coval enbioh b 66e!10. daSorPROMEBE abdti? th B0 LBRRINIRGCH & 172 318) 3, @
silica particle can in sone enboglnents accor |ngpy e represénted by the
f ol | owi Ag8f rHylld, (12) 13) t4,f bY,nd,d7( 13, ther 29 madion aternsnEbe niwn chéie dichel

conti nues ut j.s mnot further sh . Typical ly.this coval ent .bond. i bond
S0t ho EhimeBl plkeRgy st or S Ranl¥Obadee 61 S IR 0 hRaRPa a2 o
alicycl haeroaroﬁtml &}mh ﬁﬁ Oafqlgbd)ddtpﬁﬁﬁbterdatdnmel togblﬁaoua,IQ;c hb@fdatorré@m @%gbblﬁ,Sb :
aropatic or ar i phati_c bridge s a main chain of -1 to ahout carbon
2t oife. siEAoamS, o BT 050 LADBBH A HH0 aPous x5 OBt indlpbins atcins:

i ncl udi p%s FHOUS orlo hQerdBfMis. 20 carbon atons, about 2 to about 20 carbon
atons, abouf 3 to about 20 carbon atons, about 1 to about 15 carbon atons,

about 2[aogophps&nelénsaﬁb@ﬂtsah@Hﬁdgeatlhawougleg thedpiiherldd thakilieh s thas shout 2
to about 10 carbon atons or_ about_ 1 to about 10 carbon atoms, such as 1, 2,

3, 4, sendsthatyis cgvalentlyepupled to the sifiga surface./Ehe brgglge mpay haye aifyrther end defingbn

At OME. . ! . s . L . _

vl ai i Dhap Rt 1RGP TRg Nl B e s Sy e Yo B et The linkf o
t o 18bouthepolymerrto thedmdlovOsilioa partigle ¢An dx s@n¢ embdxbmmentd acenrdingly beorepteserited or

0 to ab incl ydi n .1, 2, 3, 4, 5 or 6 heteroatons. A heteroatomis

any othgfhgﬁ%%¢Wﬁ§#g@gg%gp'and hydrogen, such as N, O S, Se and Si. [0031]
The term "aliphatic" nmeans, umhess otherw se stated, a straight or branched
hydro carbon chain, which may |pe saturated or nono- or poly-unsaturated and
i ncl ude het er oat ong. %ye term|]heter on as used herein neans an at om of

any el ement other fhaht Cax drogen. (An unsaturated aliphatic bridge

or group contains one or e doMtbl e and/or ‘triple bonds (al kenyl or

al kinyl noieties). The brahChes of the hydrocarbon chain may include |inear
chains as wel| as non-ar&natic cyclic elenments. The hydrocarbon chain,

whi ch ryformplad ke sunhpadedings that thsdopd cemipups byt 1§ noh futhen shoxym Tapigalhumber
of brangf i L.y, : iq?); [ I oY t v ok O
10, to %gge g?vag-écf)ll?éb%ﬂg al%I baofrjl&g E}y rrs%é)gE@g%%Frggmgfw aﬁsﬁgﬁf plregkg‘%éégﬁgmﬁ eIgl R ad

st A&i ghaliphati¢,nalinyche, aaromatic hgrd andalipbetic badge aTke whplutice ahicyilic, amenaic aor e
doubl e | .kenvl, radi cal s.gen I C aji n abqut t t 0,about twenty
car bon %&%ﬁéhﬁﬁﬁ§§fﬁlg?%h6§§P %?1?ﬂgﬁéﬁgﬁﬂp&é%ﬁaghﬁpgm6@%&%?2§8c O%Eﬁgbout
two to edibett atoars aral heabeato2s carbon atuings, dachidisg hbnd. 1 A Kydut| 20r eddb@ahtdms,

normal | y contain abgut two to abqut twen
Xbout to about 88 carbon atoms, about 3 to a%%ut 20 carbon atoms, about 1 to about 15

carbon atoms, about 2 to about 15 carbon atoms, about 1 to about 10 carbon atoms, about 2 to

20 about 10 carbon atoms or about 1 to about 10 carbon atoms, such as 1,2, 3,4, 5,6, 7, 8,9, 10,
11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 carbon atoms. The main chain of the aliphatic,
alicyclic, aromatic or arylaliphatic bridge of R! may include 0 to about 10 heteroatdms, such

as 0 to about 8 heteroatoms, 0 to about 7 or 0 to about 6, e.g. 0 to about 5 or 0 to about 4,
including 0, 1,2, 3,4, 5o0r 6 heteroatoms. A heteroatom is any other atom than carbon and

25 hydrogén, suchas N, O, S, Se and Si.

[0031] The term "aliphatic" means, unless otherwise stated, a straight or branched hydro-
carbon chain, which may be saturated or mono- or poly-unsaturated and include heteroatoms.
The térm "heteroatom" as used herein means an atom of any element other than carbon or
hydrogen. An uhéatﬁratéd aliphatic bridge or group contains one or more double and/or triple
30 - bonds (aikenyl or alkinyl moieties). The branches of the 'hydrocarbon chain may include linear

chains as well as non-aromatic cyclic elements. The hydrocarbon chain, which may, unless



carbon atons and one or nore, for exanple two, triple bonds, preferably
such as two to ten carbon atons, and one triple bond. Exanples of al kynyl
radi cal s woeoswmessght - chai n or branched hydrocar bon radipcalss2omioodv2cont ai n
one or nore triple bonds. Exanpl es of a kyl groups are nethyl, ethyl,

propyl, butyl, pentyl, hexyl, heptyl, oftyl, nonyl, decyl, the n isoners of
these f@@lbﬁﬂké stdt&PﬁfeOBWan | 1SRANT Y¥hd cbﬁtaﬂpaﬁylnmfo%p obtﬁryﬁoheé erﬂsmmyt Yhe
neopent dlnethylbutyl oth the main chain as well as t branches
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car bon &
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mai n chai n of the cyclic hydrocarbon noie may, unl ess ot herw se stated,

be of a??} boreplgms and PIeHtIBPTS, &waﬁkemv%ﬁnwsrboa%mfﬁr@bwms ANE tefien n

el enent I }éﬁi@ﬁ 7 or
8 main cC %ﬁag@géﬁl orrllregn I@%gﬁ?%{ag%?es(dfgg{% llSagié: Els rgrlDHJI:gett l. S-clﬁ?llgﬁrjgﬁdncﬁut ar e
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"ali cyc# al so includes: i;ycl ggl ken noi e%{rﬁ}se that are uynsaturated cyclic
hydr oca n@e AP cHageAL el 35 Bgriran eaaw HROTELORKHR elerQpRmS o Jor
car bon ak@ng Nf O S,8Edi @r tarkén Moniinfay bd@phoédONihdi K Rerostyfisoal kenyl
radi cal s typi caIIy have a doubl e bondin the respectlve ring system

Cycl oal {08B2] ThaeirgalAicyelc"i May WIso lieeresetbat td B e@&clcﬁlﬁ@hﬁﬂcesanﬁfméaiﬁh ufiRk£t i es
[ ncI ude, but are not lrmted to, cyclhexenyl, cycl ooct

cydP odeti@hy othqrpisssp qu-%ramalﬂasctyde%éww (et gh dydisead oarlagae%f)c whigha HRy be at
I east esma el ak Iﬂbnel(ﬁt%Iy-&wumemyld{ecz@emé)ﬁpdra@ars&ymefetmay HQBiRGudionb e

bonds, which may be a si'ngle ring or include nultiple condensed (fused) or
coval en@yoyc Irirkgk%temswgsh ag decabinzand| raay 2lso begubstithtad evithy nergaronmatie cyeiaras
aromat i I o] I p fh r in
I ncl udegle ,a'i Cﬂaﬁi]'F M’S&tsa Mé g‘{alél cz}il %)(lrré{;?llﬁé % %1 ch‘I}Xg‘{‘%f'? n?(fq&%’ H;?& D%Esa
m)l eti esthenmtmsietpd,blm oﬁalty leogthl andi doathin any oymbcmﬁ‘rﬁcmehremyﬁc cyxﬂ&rqdd chain
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benZOphﬁhnaﬂé IUyelée)Exaﬁﬁbl@X afMBuéh Ghoidtlesakrdchldry Yut rwe aloy lifit@e mayl:yclc'fmtyral n
chain of the cyclic hydrocarbon noiety may, unless otherw se stated, be of
any | engictPhsryl, €¥iphspiyla gy cyclooctyl. Both the Cyclic hydrocarbon moiety and, if present,

any cyclic and/or linear substituents may furthermore contain heteroatoms, as for instance N,

O, S, Se or Si, or a carbon atom may be replaced by these heteroatoms. The term “alicyclic”
25 also includes cycloalkenyl moieties that are unsaturated cyclic hydrocarbons, which generally
contain about three to about eight ring carbon atoms, for example five or six ring carbon atoms.
Cycloalkenyl radicals typically have a double bond in the respective ring system. Cycloalkenyl
radicals may in turn be substituted. Examples of such moieties include, but are not limited to,

cyclohexenyl, cyclooctenyl or cyclodecenyl.

30 [0033] In contrast thereto, the term "aromatic" means an at least essentially planar cyclic
hydrocarbon moiety of conjugated double bonds, which may be a single ring or include
multiple condensed (fused) or covalently linked rings, for example, 2, 3 or 4 fused rings. The

_____ term aromatic a_lsAol includes alkylaryl. _Typ;cal_ly, _the_ hydrqcarbon (main) chain includes 5, 6, 7

- or 8 main chain atoms in one cycle. Examples of such m01etles 1nclude but are not limited to,

35 ' cyclopentadienyl, phenyl, napthalenyl-, [lO]annulenyl (1 3 5 7 9 cyclodecapentaenyl ),



nunber of heteroatons, as for instance N, Oand S. Such a heteroaromatic
noi etie may for exanple be a 5- to 7-nenbered unsaturated heterocycle which
has one owormred®ser oatons fromthe series O N, S. Exaoplsesowfooeach

het eroaromati c noieties (which are known to the person skilled in the art)
i nclude, but are not limted to, furanyP , thiophenyl-, naphtyl -

napht hofj ‘Q']ﬁﬂﬂ)éieny - EhRlGlyRD *isﬁaydlenel @%ﬁﬁ@)ﬁmehge Wﬁ%}g{ﬂdpwene U&rggizeg%},g-

napht hoqui no |ny qui noxal i -, nzin

oxazol ybeqzoiglmmntlnyftne) Aneqz&amyle- of benpioleapi mplety 1abeqmylhyThq mtafin ehtiimyJIf -the
selenepl inyl - ci.nyl c decapent zeC|nyI
azacycl 1 h dtrocfa? %fe’t}é,ﬁfﬂ?’r lu ﬁ%%%g%lég@g?)%% e% %8 ol% Xal%y‘%’(t h 2“8 oaérf ﬁli})f
benzaz Oﬁmrﬁbér-of lez@oatoys; as foranstaieei NyO-andt hi $.{ch d lxaamuioexwic moietie may for

oxa yclotrl eca-2,4,6,8, 10, 12- hexae ri nt hr acen ieties.
[00 4] @SPHEIﬂ%%Fé‘r%mar WHH%F’p?ﬁa‘{I’iSEmrﬁt%dy 4‘Fé%FHPY CW r‘B‘GrPrr}%?ré terqaiomihi ch

one or fBfethalseAs OC NfB' ekh@pledof sﬁ&pﬁétéxhhhtoﬁﬁnwrﬁ&le@é&e(xﬂﬁcﬁr&re%{vhﬁbQﬁé c
groups. Thus the term’ ‘arylaliphatic" also includes hydrocarbon noieties,

i n whi chersepskilledip tlee arflinclyde bpkarg pet lapitertler Beanyl-athiepbieayl-mapktyk) naphthot c

e hyap 5P s BhBReny . Reitim1o Yk @RS dfRodn IPAPAVEREBIANE, e RabB Y. o1

ring of 1rﬂbbll-abemmnddylﬁmmdgzol)$ga)upicé$l odxoanyl-abx@myh d)enmxzepmgb saepinyhs

aI | aryl. noi.eties i.ncluyde,. but are no ted to t h ht hal
18, Fetspaeisr Ensigedionidt s sl lerpsvladEiarettpes, dibeochin A uERs ene.
4 pheny&o&cbutaem | 9Q|11he2a&1|@1339-@r)$- (ko thdlﬁoI@iﬂy) ﬂBthﬁchtlﬂﬁr, azecinyl-, aza-
3- heptyl - furan, .6- (2,5-diet hqufl)hen et hylk - et hyl - qui nazol i ne or,
7, 8- di badecing] -eﬂaﬂ H%ypulp@dqm%w %@deqao%éaff QdR- Waqrwk qrérlﬁ%aan@rqcswdu c"
“al i CYCljofeties. @aromatic" and "aryl aliphatic" as used herein is neant to
i nclude both substituted and unsubstituted forns of the respective noiety.

Subst i t WABKEBYhE ey afyidlphhtdd?als @EMH B hidrotRborL ¥Ry Cin WHichnéte bi Hok&d

to, amno, amdo, azido, carbonyl, carboxyl, cyano, isocyano, dithiane,
hallgenaromplE 0peties §rq %stﬂmegaw&r@meaw m@ﬁeglaabqi@rmup% @h@h@e teym \arylalgnhaano,
sul f ony};n r I
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P ol oottty ) P e RS b PSR co Ry A rasehe T 235 i
p0| ymrtmrﬁéﬁhﬁ%zﬁfébodf) ?Lﬁ-b’u{ennlabﬂ bﬁclﬁox*&yﬁelr MCW) Hﬁﬂlbﬂw 3-Hdpeyial yer

usual _&be sel ect'ed have a nol ecul ar wei range from about
500 - 100000562 Ssitréwl@lsena%byl]émhyl WHBZY oY, oLy lbugdré Qaél@ﬂlykﬁequmcﬂm 000,

500 - 50 000
[0035] Eacgl of the terms 'aliphatic", "alicyclic", "aromatic" and "arylaliphatic" as used herein

is meant to include both substituted and unsubstituted forms of the respective moiety.
25 Substituents my be any functional group, as for example, but not limited to, amino, amido,
azido, carbonyl, 'carbokyl, cyano, isocyano, dithiane, halogen, hydroxyl, nitro, organometal,
organoboron, seleno, silyl, silano, sulfonyl, thio, thiocyano, trifluoromethyl sulfonyl, p-

toluenesulfonyl, bromobenzenesulfonyl, nitrobenzenesulfonyl, and methanesulfonyl.

[0036] Representing the hollow silica particle by the symbol O, the entire particle with
30  the polymer immobilized thereon can thus be depicted as:




000, 500 - 10 000 or 500 - 5000. [0038] Generally, any polynmer can be
I mmobi lized on a silica surface via the link defined above. As an
i | lustratwoeosxamdse, the pol yner nmay be a conducting pecysereiosueii as
pol yani | i ne, polypyrrole and polythiophﬁg As a further exanple, the
pol yner may be an Nhal ami ne pol yner that“shows biocidal activity and can be
used as[o3d $yﬂléaﬂﬁitﬁ@bolyh{%938ﬁné§)éﬁioﬁﬁhé ¥n tHeSuPRty fhe hSllAW sileP Parabie! "FHe or a
hydrophlllc . £, pol ar, polyner. In some enbodi nents the ? yner
never t hesler g in Toramds (D geas balany drsie FPErAS Eespastivh diolaneIIRE, for n
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can - based on the dipole nmonent - be seen as only slight pol ar, they
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pol yet hers as as conpounds, In partlc mers, w th carbonyl

groups mogot ’Dﬁﬁ@il?rtﬁe p&§ esdamﬁﬁﬂlﬁmh& 69@11151@1@pmcp@ aﬁno&?dchPMHéPm&na&
[llustrative exang es of respective polynerS include, but are not limted
to pol yerebadiments thepelymesduxp ageerihielass psl %rlemmngdbhna@ppl@r yheahiprtbee

I I
ol yhy 7 A YEB b AE her PRI B DB bR iR pr Bt PaiiConeof o
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pol y( 3- W)&Fls&vggwpgﬁzgn% Bo mcﬁo&{w%w% qef)a respective polymer are based on polar

pol y( 3- Ryfkeiex Wk WoddtRs Gl f@r hsemeX Y@GDH atg) or -OH s1de froups or terminal groups,
poI (3- hydr oxybut yr at e- co- hydrog%}exano ate), poly(4-hydroxybutyrat -co-

BQdr o dndhe fagpyobhehargal GEN-0ryWUs yeraups: dothe fopar ofksidrigioups sudo- 3
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[0040] While ethers can — based on the dipole moment — be seen as only slightly polar, they
have lone pairs of electrons on the oxygen atoms, allbwing hydrogen bonding with for

25 example water molecules. For sake of simplicity, ethers and polyethers as well as cofnpounds,
in particular polymers, with carboﬁyl groups are therefore, as used herein, regarded as polar
and hydrophilic. Illustrative examples of respective polymers include, but are not limited to
polymefs that have a backbone with pblar bonds such as poly(ethylene glycol), polyglycolic
acid, polycaprolactone, polylactic acid or a polyhydroxyalkanoate, e.g. a polyhydroxybutyrate

30 (poly-3-hydroxybutyrate, poly-4-hydroxybutyrate), poly-3-hydroxyvalerate, poly-3-hydroxy-

‘ propidnate, poly-2-hydroxybutyrate, poly-4-hydroxybutyrate, poly-4-hydroxyvalerate, poly-3- -
hydroxyheXanoate poly-3 hydrbkyheptanoate poly-3 hydrOxyoctanoate or poly-3-hydroxy-



pol ymer" (which also can be referred to as "tissue conpatible polyner"), as
used herein, is a polyner that produces little if any adverse bi ol ogi cal
response wbeniougesdsi n vi vo. The term thus general |y ref ecs/scaotoeooznability
of a polymer to pronote a neasurably adi/erse bi ol ogi cal response in a cell,
including in the body of an animal, inc bidi ng a human. A bi oconpati bl e
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| nprove one’or nore functions in the body. Avariety of bi ocorrpati bl e
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Di SI ntegration _nmay for instance occur via hydrolysis, may be catal ysed by
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[0042] A wide variety of biodegradable polymers is also suitable for a microparticle or
25 nanoparticle that is water-soluble. Biodegradable polymers, as defined herein, are a subset of
biocompatible polymers that gradually disintegrate or are absorbed in vivo over a period of
time (e.g., within months or years). Disintegration may for instance occur via hydrolysis, may
be catalysed by an enzyme and may be assisted by conditions to which the microparticles or
nanoparticles are exposed in a human or animal body, including a tissue, a blood vessel or a
30  cell thereof. Examples of biodegradable polymers suitable for a particle according to the
invention include, but are not limited to, polyesters, polyanhydrides, polyorthoesters, poly-
phosphazenes, polyphosphates, polyphosphoesters, polyphosphonates, polydioxanones, poly-
_hyc_i;oxyelker;oe’;es polycarbonates, polyalkylcarbonates, polyorthocabonates polyesterami-

~ des, polyam1des polyammes polypeptldes polyurethanes polyetheresters or combinations

35 thereof An 111ustrat1ve example of a blodegradable polymer is poly(a-hydroxy acid), for
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at all, than on polyner coated surfaces curiently available in"thé art. The
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e
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(vv/vv) t about %(wWw, at |east about 35 %(vv/vv) at | east about
%(\Aﬁﬁ(r)gzgg?s)@t 5??3%9 9Bl 45 % (W w. In one enbodi ment the surface has
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present case the surface of the hollow silica particle, the polymer has a particular high density.

Accordingly, blank portions or patches of the respective surface — without polymer
immobilized thereon — are found to a much lesser extent, if at all, than on polymer coated
surfaces currently available in the art. The surface of the silica particle may for example have a
25 polymer content/ polymer density in the range from about 10% to about 90% (w/w), such as
about 10% to about 80% (w/w), about 15% to about 90% (w/w), about 15% to about 80%
(w/w), about 20% to about 90% (w/w), about 20% to about 80% (w/w), about 20% to about
70% (w/w), about 15% to about 70% (w/w) or about 20% to about 60% (w/w). Typically the
surface has a polymer content/ polymer density of at least about 20 % (w/w), including at least
30 about 25 % (w/w), at least about 30 % (w/w), at least about 35 % (w/w), at least ébout 40 %
(w/w), or at least about 45 % (w/w). In one embodiment the surface has a content of

immobilized polymer of about 45 % (w/w).



about 1 mm such as about 1 nmto about 500 nm about 2 nmto about 1 mm

about 2 nmto about 500 nm about 2 nmto about 250 nm about 10 nmto

about 500wormi0aivesss 10 nm t oabout 250 nm. about 25 ran traTslceer/02&®ad1 nm or

about 50 nmto about 250 nm such as abqgt 250 nm about 200 nm about 190

nm or about 150 nm The particle may be'df any shape and geonetry,
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about nmto about 6 nm of about nmto about hm about 1 nmto about
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to about 500 nm_ such as a pore vmdth of about 1 nm The pore vol une of the
parti cl BOKeS vxanWBlshéhfemé@r Aevitysis 4 fluid eanmpniesiions witly thefamahiengsodecandioglye ns/ g

to abou 0

about 0532 ERE] ey TR PolhB T HeCbipribel PEKROGul Mol BeifinferoblE |

f r om abbaste 1iords ofr@/vgdﬂloofalbmmam aBoutri’Bvirg whergas atvsefior@us2batterss gndeﬂ;teod as
particul at.e orou OXI Xi de ;has 0 S
Por e wa e oict o7 afiBl 2t} 8uf b0 T, s ol Pty 1R HAVE o GO ST
regpect v amiﬁé) p@dtﬁuﬁ aboutrt. I:ﬁmno abolst J08rmink, Gheludiny aha@vewimu of som 8/1chrs k@ pe,
I ncl udi %é a raod, h‘h‘g or a éope The poyes arranged in

an or def ‘?’FEW{ Ovél IEIH thnsg ﬁb% 1 nm to about 0 about 1 nin to

about 10 nm, about 1 nm to about 50 nm, about 1 nm to about 100 nm, about 1 nm to about

250 nm, about 1 nm to about 500 nm, such as a pore width of about 1 nm. The pore volume of
the particle is in some embodiments selected in the range from about 0.01 cm3/g to about 2

25 cm3/g, such as from about 0.05 cm3/g to about 2 cm3/g, from about 0.05 cm3/g td about 1
cm?/g, from about 0.1 cm’/ g to about 1 ¢m3/g or from about 0.1 cm3/g to about 0.5 cm¥/g, e.g.
about 0.25 cm3/g. The particulate porous metal oxide or metalloid oxide has in some
embodiments pore walls of at least about 1 nm, including at least about 2.5 nm. A respective
mesoporous or micropbrous particle may have any form and shape, including a sphere, a rod, a

30 disc or a rope. The pores may be arranged in an ordered arrangement with symmetry such as
hexagonal, cubic or lamellar. As two illustrative examplés, the particle may be of the M41 S
family mesoporous silicas or an SBA type silica (SBA: Santa Barbara University), such as
SBA-15 or SBA-16. -

- [0047] The pores of the particle can be analysed by a variety of techniques. Examples include, . .



hexagonal , cubic or lanellar. As two illustrative exanples, the particle
may be of the MA1 S fam |y nesoporous silicas or an SBA type silica (SBA:
Sant a Barwenraio#oswer sity), such as SBA-15 or SBA-16. [ 0®é¢T]sGihw/opanes of
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hormoge nesigictivelveitror isevitd such . a ﬂmslpmplslém,g a/hqdnd A tdspecnme é}mdsmk:hlldbdawuhm
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200 nR/g, inclu a BET surface area
active compound may be more or less homogenously distributed, e.g. dispersed, within the

water-soluble microparticle or nanoparticle. In some embodiments the pharmaceutically active
compound is located within a certain portion of the water-soluble microparticle or

25 nanoparticle, such as a core or a shell.

[0049] The particle may have a BET surface area in the range from about 10 m?%/g to about
1000 m?/g, such as about 25 m?/g to about 500 m?/g, about 50 m?/g to about 250 m?%/g, about
75 m%/g to about 200 m?/g or about 100 m?/g to about 200 m?%/g, including a BET surface area
of about 170 m?/g or about 160 m?%/ g

30 [0050] On the external surface area, i.e. the surface area on the exterior side of a shell surface

of a p.artic;le of the invention facing the ambience, the polymer is immobilized (supra). The

external suijface 'a_rea of éhell-based particles rﬁay bé .measure'd by means of techniques known
------ to -those: ékilled- in the art such as Atomic 'Florce'. Micrbscopy (AFM). and. BET. isofherm S

analysis.. The external surface area of particles of the invention may range from about. 10 to.



of about 170 nR/g or about 160 nR/g. [0050] On the external surface area,
i.e. the surface area on the exterior side of a shell surface of a particle
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The external surface area of shell -base(ii particles nmay be neasured by neans
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silica surface. The silica :surface may be the surface of any matter such as
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the surface is uneven. In some embodiments the silica surface is the surface of a nanoparticle

or a microparticle. Such a nanoparticle or microparticle may include further matter such as a

core of a metal or a mixture of metals. In some embodiments the particle is a silica particle. A

25 respective silica particle may in some embodiments have a void and may be a hollow particle

(supra). In some embodiments the particle is compact without a void.

[0053] The silica surface carries amino functional groups. Where the surface does not carry
amino groups, amino groups can be introduced, for example via coupling of an amino-
functional alkoxysilane or siloxane. A respective alkoxysilane may for example be of the

30  general Formula (3):
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[0055] The process of providing amino functional groups on the silica surface may be carried
out at an elevated temperature, i.e. a temperature above ambient temperature. The temperature
25 may for example be selected in the range from about 30 °C to about 150 °C, about 30 °C to
about 120 °C, about 40 °C to about 100 °C or about 50 °C to about-100 °C, e.g. about 50 ° C,
about 60 °C, about 70 °C, about 80 °C, about 90 °C or about 100 °C. The process may also be
carried out under an inert gas atmosphere, i.e. in the presence of gases that are not reactive, or
‘at least not reactive to a detectable extent, with regard to the reagents and solvents used.

30  Examples of a reactive inert atmosphere are nitrogen or a noble gas such as argon or helium.

[0056] The silica surface that carries amino functional groups is contacted with a polymer

with a carbonate group of the general Formula (2):
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for an example, see also Formula (3) above).

[0057] The process of coupling a polymer to the silica surface may in some embodiments be
carried out under an inert gas atmosphere (supra). The process may be carried out at an
elevated temperature (supra). The temperature may for example be selected in the range from
30  about30°Cto about 120 °C, about 40 °C to about 100 °C or about 50 °C to about 100 °C, e.g.
-+ -+ - about 50 °C; about 60 °C, about 70 °C, -about -80-°C, about 90 °C or about 100 °C.. The process . .

- may also-be carried out under an inert gas atmosphere, i.e. in the presence of gases that are not . .
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25 and water-insoluble. The pharmaceutically active compound may be a low molecular weight
organic compound. In some embodiments the pharmaceutically active compound is or includes

a peptide, a protein, a peptoid, a lipid, a nucleic acid, a saccharide, an oligosaccharide, a poly-
saccharide or an inorganic molecule. The pharmaceutically active compound may be more or
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wall of a shell of the hollow particle When provided in a hollow particle' compounds can at
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illustrative example, a “prodrug” may be a low molecular weight compound with a protective

25 group shielding a moiety or functional group thereof and thereby reversibly suppressing the
activity of the functional group. A respective “prodrug” may become pharmaceutically active
in vivo or in vitro when the protective group undergoes solvolysis or enzymatic removal. As a
further illustrative example, a functional group may only be iﬁtrodﬁced into an active
compound upon biochemical transformation such as oxidation, phosphorylation, or
30  glycosylation. Thus a respective “prodrug” may only be converted into a pharniaceutically
active compound by an enzyme, gastric acid, etc. in the human or animal body. The “prodrug”
of a pharmaceutically -active compound may be a hydrate or a non-hydrate. Common
“prodrugs” include acid derivatives such as esters prepared by reaction of parent acids with a

'35 about 10 carbon atoms), amides prepared by reaction of the parent acid compound with an
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group thereof and thereby reversibly sugﬁ)ressi ng the activity of the
functional group. A respective "prodrug”'may becone pharnaceutically active

in Vivo,oend 1 ‘{,5%15 Cgré{‘(ﬂﬁnreﬁa Ré Q&ll?xftahva%yﬁfeg%sy 'Elgﬁ(rﬁ%ssu%ﬁla\éoinyﬁ apfhaHE or

enzymati c renova a furt ustrative exanpl e, functional group
may onl gligyelic nmrdad&uxtbd nain ghzamO'é@iangﬁx Qfmppo@hwtd@@aﬂi@n@mm cal
transformati on such as oxidation, phosphoryl ation, or glycosylation. Thus a
r espect {0064] pr thds tegardithe prasept ireventer else @dovidasca ahqmacmglu@qmmsmonafﬂxc ve
conpound, v4 t. t t he ar d The
"ot oar bR R B osBR i R She oy Bof B AR 5 T b ahecBREA
non-$hydaaive. congomnd in phe aoidgst thlermilludepani:ld(sgiem vlaﬁaﬂvdaabmec Itheasmldsﬁey be

prepared -by reaction of rent ac W t.h sui t.apl | cohol .0.,,. a ‘
al i phat PREOFIPAS]E cb)ycfllsge]éltﬁgwo%f‘ $hthe YAl The, gastic Ség?t SGE% "H’i“‘%ﬂ lPotp‘%\bout
10 car bﬁﬁhrﬁia@éﬁil)cal &%ﬂﬁﬁmﬂ%@%ﬁﬁll?ﬁva&@%ﬁmbw G@fxerhil‘f?a patiRId is a&iddreaarnaund
w th anam ne, or basi'c groups reacted to forman acyl ated base derivative

such assalnblabysplaeting a5t anproRriAle pelaner amphiphilic polymentos mmebdrzation degon. of up
to about 10 carbon atons. [0064] In this regard the present invention also
provi del008Shhursaiecembedimepsnp osFRachYe PRHiClH g macwater-salibleopastigles iobrihe

I nglaude 0 I o ve
contount Fypls FBpRA ' MRRIe bith BndiE Ry Tl a REBLERTERH fBUE br B TC,
may be miwd)mmdndﬂycde,shmhl ast y aticroorgaoismgl s ‘tlh;s paviicde, dipeptide; tai pdpéfid) at hat
i s/are |n l.uded ceut,.cal osition are t i.cal |

wat or - s BRGEP Myidle paf §PEPRT S bl e RERG & el ReePafad FRuF Bete motssule ng
an appr @pyntaétR jdyraer, @ smaltphgapiv hbkecyle oy 8dfugf or i mmbl | ization thereon.
[0065] In some enbodi ments a respective particle, e.g. a water-soluble

Fart i cl {au|066]‘ Ilgjsaam\rwemlﬂes b acm?npbmé vtu(l} amﬂﬁio%e@ﬂihﬁyvﬂ)t hldmaﬁlu ﬁgeﬁfafr']d Bty

or, _a selected t t tISSU or or a .sel ect .ar get ecu u

mi dPoor ﬁ% odyy 2 agegm cf“?ad 2, PIRiEipaceaus i”ﬁjté‘bﬁ ?ﬂ“&lec BJP e‘?“ﬁl% ‘i)’ HE?:I eic

aci d, aﬁﬁ@ﬁ&ﬁsd@xaﬁ?mldfqle&@mt)dﬁnlbadpcﬁlagﬁ@ﬁ@h@é m,ﬁa@mehﬁo Fgafﬂigfnent 66]
mer

nol ecul e, a synthe smal | ‘organi ¢ _nol ecul e or a drug {9&791

|11 ust réltlgl\?é?héb@aﬁp[f@gm@fltsa@?ﬂ)eé@b@dlﬁﬁ,ttﬁa‘mdiﬂ‘:h(Hgﬂdﬁfﬁ fE-nétta)., fFeGBSaLeté(
ol ccul 205 PR Al R, ST o sV B P ploRE AT, GOTD By
f r agrrenB& —9d) end-athef damaiarangibodies (Helyrieht ¢,al.s Tregle Bokeiino (20035 Ghte ht,s484-
37051 #9050 R QSR GReSateous e Tolefile Mgt i iRENERsgPhAToLiviba:
( 2007) thiliin B&seQ4h agpullypsiptide ofithetipocalint faidlgli(@0 031029462, Béste eedl., dHroc. Narknds
Bi ot eChDI?clzd. S(cgolg'%)A (21%99)1%6, IAf889%:1§03). Lipocalins, such as the bilin binding protein, the
human neutrophil gelatinase-associated lipocalin, human Apolipoprotein D or glycodelin,
posses natural ligand-binding sites that can be modified so that they bind to selected small
25 protein regions known as haptens. Examples of other proteinaceous binding molecules are the
so-called glubodies (see e.g. internation patent.application WO 96/23879), proteins based on
the ankyrin scaffold (Mosavi, LK., et al., Protein Science (2004) 13, 6, 1435-1448) or
crystalline scaffold (e.g. international patent application WO 01/04144) the pfoteins described
in Skerra, J. Mol. Recognit. (2000) 13, 167-187, AdNectins, tetranectins and avimers. Avimers
30  contain so called A-domains that occur as strings of multiple domains in several cell surface
receptors (Silverman, J., et al., Nature Biotechnology (2005) 23, 1556-1561). Adnectins,
derived from a'domain. of human fibronectin, cbhtain three loops that can be engineered for
: -immunoglobulin-like ‘binding to targets .(Gill,. D:S." &. Damle, N.K., Current Opinion in .
Biotechnology (2006) .17, 653-658). Tetranectins,  derived  from the respective human



490). An exanple of a proteinaceous binding nolecule with antibody-Iike
functions is a nutein based on a pol ypeptide of the lipocalin famly (WO

03/ 029462AyoBesy@o®s al ., Proc. Natl. Acad. Sd. U S. A (2e98):206/000021
1898-1903). Lipocalins, such as the bilin- binding protein, the human
neut rophi |l gel ati nase-associ ated |i poca??n -human Apol i poprotein D or

gl ycodehpRotrRRSGREProfdh, Uiitdwibd BasnNbos a0 85 Bk 1€t Hﬁrgﬁ'i'ﬂdﬂlgﬂ &

that they bind to selected snall protein regions own as pt ens anp es
of ot heenginesred foadesites tindiag tigidao Pentuid@sWhrCh cah ectss-preteindigagdsy bodolep (s ee

.g. in PRl 1 c 96/,2387. roteins base
oyt neERbAReP e 0 raP RbipC Rl HOURR EPF oo B EhREERATE 2 i
1435 1448jogen rame;tsthai therte cabatﬁ famlnd Peptogds arettyqnmtyl xesiahmrxatpeateasap ahdz ggfgg on3
1/041 otel crlbed | e Recogni, 1
167 187m ﬁfﬁ@& et dnf FB VR TiHgh 3@5}% ot Wﬁ%’ﬁf&tyc&bm é’PH“‘i‘?ﬁ é%ﬁ P&
A- dormi KSvdnh‘@T—UOQﬁ&lKoﬂﬁdékt 1T, 78%m O | Solc) 2@0¢p@l nsog-tsopgver al cel | surface
receptors (Sllvernan J., ef al., Nature i ot’echnol ogy (2005) 23, -

1556- 15f0k7] Adn&aiiplset £Ridlse deifl mRdTbcul 6 Qi dihtx@f)d}hliﬁ@ﬂmt:ﬁ&{sqgﬁﬁtabﬁme?qm ain
three | oops that can be_engineered for_ imunoglobulin-Iike bindingt

t ar get saptagey folds igto defined dhrepydimensomal matif @y shows high fivite tn r@cglwyta(@ooa)
17, 653
ot ot of e, DEhE 0GR chififler KE e &Sl JofIRGI SR e R

be 1€ngi affits do feertaig gangetdcani mdmrdglg()i b¢ fbrined Regirnmobilizedbx h hoHowgattids of

prot ei nthel glo are oligo(Nalkyl) glycines that differ frompeptides in
that thesi ain is connected to the ami de nitrogen rather than the a

b { | . tant, t t d ot
i 1 yi FSSE]45 %epilﬁé%d”c%tﬁat SuSBricya FRg ranew e Bt &Y K mak R used
pepti de® (Imebldascga rifmecule WithlbindiaghfRoidpdeka sdlected tAhget tisbesmor fRca sdl@dey)

129, 1508-1 50 71 An_exanple of a nuclei¢ acid nplecule with
ant i bodgf“gqt KBOH ) % ﬁ]§]ar dinking, proighe rmayybe, 3: miplscule ol 3 dvgrocathonibased

t hnge- d(lﬁﬁﬁ&hgnﬁélyﬂ@ﬁcf nddebusd QM Hicﬁiﬂleﬁfﬁltrﬂgény fpRbsphoflisY, e%lﬁﬁfrgeéarben-
structure. Using standard techniques of the art sSuch as solid- Fﬂase

synt heshaoggs- @pﬂ)a%iph%mw awpawr;a posticn tbérepé; As amillpstratvgrexampls; thengjlisa be
h As
forned ap ck Wﬁntzhﬁ@%ﬁ&m al QJOLII?S\INSB% tfﬁr‘fétﬁng B%«.ﬁlgz %gtr{b%?\ﬁl %?c?u?a@,]t & 5 rrgy

further 1| ative exa nki ng noi et
be us edammml gmmpst intgded tcnbft mcdlaadfm providleddontheabyalettatadhonens of thegot yener,

t ar get or..for a.selected.ta uch a linking no

be a no ecu h éld ot 1nfier §?oc‘é‘?‘ﬁ’8ﬁg5g%°§8m}’?f8}”l}g1 Eg Sﬁoﬂ“}%r‘?‘ﬁx ﬁrB’Tvetl%ltﬂe/ that
i nQDudESOvlaldnt ﬁlmhmenpdiﬁlﬁlmbﬂlbl&ul,e ﬁiﬂleﬂiﬁiple,a me6lebd8 suchhidlaggetein, @hucleic acid
pseudohal roug or,a porti og}ﬁt her o As an illustrative exanple, the
silica @Gfe% 3 E%Qﬂ?é’rmm?fp gfiony Such functional groups may be

resi duatﬂo%]olggamples %f an affinity tag include, but are not limited to, biotin, dinitrophenol or
| digoxigenin, oligohistidine, polyhistidine, an immunoglobulin domain, maltose-binding
protein, glutathione-S-transferase (GST), calmodulin binding peptide (CBP), FLAG’-peptide,

25 ‘the T7 epitope (Ala-Ser-Met-Thr-Gly-Gly-GIn-Gln-Met-Gly), maltose binding protein (MBP),
the HSV epitope of the sequence‘ Gln-Pro—Glu—Leu-Ala—Pro-Glu—ASp-Pro-Glu—Asp of herpes

simplex virus glycoprotein D, the hemagglutinin (HA) epitope of the sequence Tyr-Pro-Tyr-
Asp-Val-Pro-Asp-Tyr-Ala, the “myc” epitope of the transcription factor c-myc of the sequence
Glu-Gln-Lys-Leu-Ile-Ser-Glu-Glu-Asp-Leu, or an oligonucleotide tag. Such an oligonucleotide

30 tag may for instance be used to hybridise to an immobilised oligonucleotide with a
compllementary sequence. A further example of a linking moiety is an antibody, a fragment

thereof ora proteinaceous binding molecule with antibody-like functioﬁs (see also above).

" a complex with a cucurbituril. A ‘cucurbituril is ‘a ‘macrocyclic compound - that includes



am no groups, intended to be used and/or provided for the coval ent
attachnment of the polyner, and which did not undergo a coupling reaction
t her ewi t WOTBhesmoysoups may all ow for the coval ent attachmsacrofooe21

bi onol ecul e, for exanple a nolecule such_as a protein, a nucleic acid

nmol ecul e, a pol ysaccharide or any conbi fation thereof. [ 0069] Exanpl es of

an affi Elywluhiigmi@clyﬂﬁﬁlly Ryt a%Ee‘%nHl&I fronMahestid Qatal}zed 'cBndéHsQﬁcH RABERP bf Or

di goxi géni n, ohr’sti di ne, polyhistidine, an 1 munogl obul i n donain,
mal t oseghycoldiih gtngr%vneahdehsgieutﬁatmwheﬁl@mlr e(ﬁB{re]b,aﬁ@t (mssmjes © gl yesdrili nmts

CAla. SRRy BEs b poeetS VAR RIS caltdfivi'drafip SR frese meido carbony) evops,

t he HSchrﬂimmﬂs ain hihé umsqué Ifm)ibetﬁlds-olf‘lime@ktuAlseﬂ 1]/1\ls&aﬁ’ve)eﬁnplé>&muﬂmp7]alu Asp

o B AT A 5P s TR Ryt ShyPRESERS ° o

transcrigki- E'i'th&aﬂ{eOEu&nﬁgQ]ml (Tnh@ gS FeySdeabmethylammonium may be attached to a
A u-dn-Lys-Leu-11e-Ser - Asp- Leu, or anh-oligonucleotide tag. Such an

ol i gonubloglgcyte, t whilerather mmalwegah@émge PageY (©2h/BrocmemethylammoniwBbir i sed
ol i gonugl &akilr Qﬁn*iv'r&%eém%ﬁ’s@p%ﬁ%ﬁ nd 18 SO s cHré&ﬁactﬁzgaﬁP forfdiedhle

| i nki ng noi et agnent there or a el naceous
bi ndi ngwnblthe:snrfacwwlh thert lebd)dyaﬂ uimolblhmttommfsthe( bmmod&csba Ebwmhahs[eﬂ@l‘ﬂ]m A
fur her ex ucur bituril g?en noi ety capabl e

or i B 512, 8o Prte8S aoiiestiPlefts SHE FoL i Pren wORn YDA | ¢

COWpounﬁnﬁlbailhsatml SIE pEtyia Adattying &l firictendnydth@amonfieh unASSevdakel, é&ram/an
acid catal yzed condensation reactjon of glycoluril and fornal dehyde. A
cucur bi t“’["n%ﬁ?’f’i Soce G804) 129,14 4¢- At udes n glycoluril units, typically has

two por wi th polar, ur 0, car ban Vi a {hese ureido caybonyl

gr oups @983} bystheriexamples ogﬁﬂakling r‘i%m%%’dngr‘b‘f“egﬂ'i g g limipdfody oligagacgpanide,

i1l ustrad bng'opefse&eo bfotint! amﬁtbéﬁhkz&uaﬂgbx@&ﬁh &ha aqeaalf&lem& (@ﬁ 5@8 eerawypA% with
f err oceneme ammoni um or ‘a amantyl anmoni um i ons.

cudar bi tll[uwt]rerrwel egampleg . a {igppastivn emetahyehelaterni weh nas qsleylaquaaema tedhydene-
bi onol €& "cﬂn? gyfﬂat:&wt ledr r Cuz’urg%lp Fg]é}glcﬁa{ewgéengea (il EGTA 1etB%1ene 10 a

f er r ocenenet hyl arvohi-tm respectiv
sel ect eaianpérawen@cmtcbﬂDTHg) t NeN-bis(raphexyuiethyhigl yrirteh éalsm lcalimie mm]otnatchm

|l ead to an bjlLisation of the.hio Func ' 7] ,units
boand 1558 NERR Lenidh et heh e Rieiar B Risvaae AL AL T 2t o
cause amprmqbb;bdneawdlﬁmr@fpr@l) ProRpleing of e ﬁngy el el OiREOR B inhgteatigDaigdn
unit (Hwang, l., Am Chem _Soc. (2007) 129, 4170 4171). [.0071]
Fuﬂpherme;@&w& lssa afetaz ‘IOPnk"isn"d‘ geamrle, ERIA fpems @ coraplek with mast mapoyelenty

ol i gosagGhRhi, deivaldft Qhd g@tl?ﬁ@lén@%et@l‘ R)tnlsnsuél'l' M PPk Agt) qari@rncazgnd a
metal chel ator g cf. also belo As I Ilustrative exanpl'e, a respectlve

met al cmengansse (Moth, sepnst N?ue*aeuoraﬂﬁé) cobply (€atdi and acanivmd@at).cwhile

BAPTA is specific for Ca?*. In some embodiments a respective metal chelator in a complex
with a respective metal ion or metal ions defines the linking moiety. Such a complex is for

25 example a receptor molecule for a peptide of a defined sequence, which may also be included
in a protein. As an illustrative exemple, a standard method used in the art is the formation of a
complex between an oligohistidine tag and copper (Cu?t), nickel (Ni?*), cobalt (Co2*), or
zink (Zn2*) ions, which are presented by means of the chelator nitrilotriacetic acid (NTA).
Avidin or streptavidin may for instance be employed to immobilise a biotinylated nucleic acid,

30 or a biotin contalmng monolayer of gold may be employed (Shumaker-Parry, J.S., et al. , Anal.
Chem. (2004) 76, 918).

[0072] A moleeule or moiety immobilized on a plurality of'hollow particles may also serve in -



acid (EDTA), ethylene glycol tetraacetic acid (EGTA),

di et hyl enetri am nepentaacetic acid (DTPA), N, N-bis(carboxynethyl)glycine
(al so calwedomnidonissot ri acetic acid, NTA), PCT/SG2010/000021

| , 2- bi s(.0- am nophenoxy) et hane-N, N, N , N -aet raaceti c acid (BAPTA),

2, 3-di mercapt o- 1-propanol (dinercaprol?, por phi ne or hene may be used in

cases V"ﬁ'ﬁﬁ&%t SRt a5 98hIKMRaREd{)1 € StSifR UABE AorhS1Bres\Sa insphRTR! GroupDTA {or M8 a

conpl ex wth nost nonoval ent,” dival ent, trival ent and tetraval ent netal
i ons, sdamingeyelohexage| grewp, (Adrans-(IFaPR)-binr(peido)icycloberybibedee (ARG, et @bper
(Cu2+) ' Mi rr%nor%éﬁg Zf%’ ]}/I%?@%k%us(e%geg’)alsa K%bs()%?irlqgnbg— ? %'i‘ %{I_Z irﬁ%@kﬁfcg?ﬁl}férfe-

S
specific o I e respective neta orin a

conpl exbiiilgd The resitacy particuteteahattenris trenraettmtal ipoross aedtérind svithhéhital idduotion

noi ety. Such.a conplex is for. exanpl r ecept.or | ecul e for epti de of
81 ned Bt dBvRIER FEPISISOR HorPHFRRRE 9 & ik aiety ABabiy be

11T ustr ahin¥Bilie&R R latholRwspAHERI 1§ anRBUNdHSE dndliidihpQ @Mlhloks defvaitiversisl hon of
a conpl ex between an ol i gohistidine tag and copper (Cu2+), nickel (N 2+),

cobal t ¢athdosg trigd,5Adipet »yl Gaghpanatéhi ch are presented by neans of the
chelator nitrilotriacetic acid (NTA). Avidin or streptavidin may for

i nst anc 00331 Arhslleyetli¢aparticls Breardiag do Bieqpsept wyvertiopuapebeusediag a cgfalyst Br ot i n
cont ai nj I = N

o Cana SRR B4R o B8 T BRREIBICAKE ol RTRKGAGENE oot SHalVEL
on 18 pl combustipn,ofudhohs dbe paidatioh exf welgtilal ergasie ropeponnds; @ses -propeni (@rlov &

I ndi vi dyal A s.. An Qr I.c bridge.may forn. instance be. forned, bet ween
two par Kep 8860005 Sheial, & BT stice GRRIGTE derghink B, PR dGuctien naY Aidethay

al so i nfindtienatizedivithl dleladihy lighads, &s whithkcavytdily a8iive drgalvasaaltiotpmplerss a

bi napht hyl group, a. 1 2- di am nocycl ohexane group, . a .
{r ans- ( TRy SREOEP Xty A3 a%)‘dﬁl@yeﬁ%é%w{}% ﬁﬁ&@%ﬁﬂ%}lﬂg ligaggls may begoxslgpdy ous
and Mespagidodshd/BirelcealnudZ0Bk pblnerdferddn, dIth@h6idw aftich PhicRd and Pd- or

et hyl enebridge. The resulting particulate matter is then a chiral porous
matlér i aRuwontaining erganomefabici sslanestsihelated thereto g desenyhadeyr Zhang £t al. ydéancad
further [ ' a - nambi i

part i ol SraieRhEulerRuEI008) 173550 4SSN A RS o B @Bl ed therly

cel | ul ofeming shB]tBunktivealsakagdyst pid. L ar bamat e) . [0073] A hollow silica
particle according to the present invention nmay be used as a catal yst or as
a suppof@07#biThe presertl inyentidm also el agasbiodtheeusesofl holley sfliza pantsdlemoe elge thsed

[ | yti i,on, . dat i f .val at.il e or. i .
compountibuaiof ST BHRR oS bR & Ml ™ S0y JHBRER REFF b o

paroi cl exchasgy dbiatigig,lin tHeformatvend f Ddvlideyate kleotrdehefmidat Hevicwdridzia dheroifiation
chelating |igands, to ich catalytically active organonefallic conp| exes
may be efgﬁpqlreﬁégefww SFPUFIR] Since atilica: Dex gl }Ocaﬁnah%ﬁ@ﬁyp%iahi% SIPGAMRS may
be covajRBhdnical strength, thermal and pH stability, and a large variety of polymers can be

immobilized on the surface, a suitable polymer can be chosen for practically any intended
purpose. '

25 [0075] In some embodiments micro- or nanoparticles of the invention can be used in the
separation of a mixture of moleculés in a fluid such as chromatography, e.g. as gas
chromatography, capillary electrochromatography, HPLC (high performance liquid
chromatography) or UPLC (ultrahigh‘ pressure liquid chromatography). In such separation
applications a plurality of the hollow micro- or nanoparticles is typically used as a

30 chromatography stationary phase.

drug, a marker or other matter to be administered to a human or animal body. The micro- or

nanoparticles described herein, as well as matter such as compounds included therein, can be - - -

~ administered to a cell, an ‘animal or ‘a  human patient per se, or in ‘a- pharmaceutical



bound to the surface, including the polyner thereon, of the hollow silica
particle, and Pd- or Ru-containing organonetallic silanes chelated thereto
as descriwedobyo#yang et al. {Advanced Functional Mat er ipalrsce2008)0218,
3590-3597). Multiple active sites nmay be_introduced, thereby formng a

mul tifunctional catalyst (ibid.). [0074 5The present invention also rel ates
to the ysep&itdiOlh %%lﬁﬂnh@&ltleﬁrédnﬁogﬁloh Qh@ grticlel nALRARAkEL Wil otBerMctilalr ©
of nolecul'es 1n a flurd, In catalysis, Ir%on | i near- optics, as an

i onexchmggsliendsap ngcomhmtah@ theragpeit oromtlnsultabbcﬂarrctrs onewim e 1 Techeiqnesafor
devi ce an of, | | 1 has
hi gh bi %)é’%&%ﬁl{)h%ﬁ? ?mnl?igt daqgtn otf r&pg&}{% pqglc'les% Q’eﬁn\ﬁ? 01(; .'111% 1ge%t1cgletﬂ§h(%5ﬁ%?lo
pH st abioldcylar ateigha cbmpgmdsavelleetsyabhﬁheﬂoh thrs Bxaﬂlpmy rdmc;mnbljuaé;dauometxhe
surface ui tahl e an be h en for practically. any intended
purﬁosehmftég‘i‘b']of g@ﬁ%&ﬁwﬁ ﬁY%Y %Pl"ﬁ%{%ﬁéﬁiepc”‘%é‘g %ﬂax brpused to

i nventi g a ﬁsdlé*oid&ﬁfé bﬁm%ﬁ%e%@ﬂﬁfe@%éd% aQfellet. Th¥ MER- Of n%;ﬁﬁiﬂl&&}né}nal%
fluid such as chromat ogr aphy ' ~

. _as gas chronat ography, illary
el ect r obhvssear dyedptly or m@b(lmfogm o ifsinge At & SUsperAlen @mn@r@! ggmbﬁy;l or
UPLC (ul trahi gh E)ressure I |(ci]w d chromat ography). In such separation
appl i cal003Rk Suitahie rapies yolopdmpnistrasion omay &roexasmplaa irshuder depats ora), wegtaleal | v
used as togr h
pars i o1 EnEREO0E 201 ARRGRSF A ANSRNOA IR0 lyds, LR hANNSr
marlRer subcuitahmusnatnnawemcmsbelnadmemllfaner lmledtlona rasrrawlbrasarumtraﬂhetnb,dydire‘che

m cro- rti.cles .de t.ter, such .as
conpoun il A irERaf R, el e ARl e s (R S0 i hifdrennt o
hﬁmin peiat ﬁﬁitaldﬁﬁﬂhst&ﬁng @fiicion oﬁnmﬁtﬁiaﬁmtbt sIu@@b;ﬂCpb r@@auidd@ ot t\d@uﬁﬁd Where the
pharmaceutical conpos the parti s may be mixed with other active
i ngr edi B¥TS; Ora%amﬁarél&lﬁallﬂ Pl btq@sgragfgb? B?lymef theze,is ahneedoior Apwrg regpoval
exci pi em&sf)ﬂeastesﬂﬂmeoeuﬁﬁc&eér %éﬁm-ﬂe'%hﬁéles@rlﬂe eﬁmcws %5@5&: %medrlﬁ%?%t ave
particles resenble or are identical to those of |ow nolecular weight
corffounsrafipls, p ceatingy pipstebdcampasie matarial, Beshen aplgstebut es i ncl ude, but are
not limted to, oral, transdermal, and parenteral delivery. A plurality of
t he par {008k me grabedimentsoneimay admiajstanthe particlapin a dcaheaghas shancyypless ed
as a pel| I p S [ ] l g or
apr ay bty MR RIE o infBARAPEY e olpolRY oFLaR, o Wi kb SO £
[ 0077] &epot abstustaurmdtrekﬁasﬁfoaduiatxmst rati on may, for exarrpl e, include depot,
oral, rectal, transnucosal, or intestinal adm nistration; parenteral
del iver w079hﬁham1angltncat ccanmsctmnaﬁhat sru:bcisrtthmpamgl,es pﬁtheanmotmventxon may be
amedul | nj e |ntrathe d|r I nLrav ntrlcul ar,
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regar d dissolving, granulating, dragee-making, levigating, emu181fy1ng, encapsulatmg, entrapping or

and

lyophilizing processes.

[0080] Pharmaceutical compositions for use in accordance with the present invention thus
may be formulated in a conventional manner using one or more physiologically acceptable
25 carriers including excipients and auxiliaries that facilitate processing of the particles into
preparations that can be used pharmaceutically. Proper formulation is dependent upon the

route of administration chosen.

[0081] For injection, the particles of the invention may be formulated in aqueous solutions, for
instance in physiologically compatible buffers such as Hanks's solution, Ringer's solution, or
.30  physiological saline buffer. For transmucosal administration, penetrants appropriate to the

barrier to be permeated are used in the formulation. Such penetrants are generally known in



that for admnistering mcro- or nanoparticles a surgical procedure is not
requi red. Wiere the mcro- or nanoparticles include a biodegradabl e pol yner
there i s wo0mad0foer device renoval after rel ease of thecasGewateer agent.
Neverthel ess the particles may be included in or on a scaffold, a coating,
a patch, conposite material, a gel or azélaster. [0078] In sonme enbodi nents
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enul si fying, encapsulating, entrapping, or |yophilizing processes. [008Q]
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Such penetrants are generally known in the art. [0082] For oral
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excipiegts are, in particular, fillers such as sugars, including |actose,
sucrose®®¥finni tol, or sorbitol; cellul ose preparations such as, for
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carooxy getatiyd, @ helll a9 s6ft, s2aldd @hpduldsyiadeyd 1petdtiak af® B @ldsidilr, such ad @Bicers or
di sint egorr%}té)lr.] 'Cthe push-fit capsuies can contain the active ingredients in admixture with filler such
as lactose, binders such as starches, and/or lubricants such as talc or magnesium stearate and,
optionally, stabilizers. In soft capsules, the particles may be suspended in suitable liquids, such
as ‘fatt'y oils, liquid paraffin, or liquid polyethylene glycols. In addition, stabilizers may be
25  added. All formulations for oral administration should be in dosages suitable .for such
administration. For buccal administration, the compositions may take the form of tablets or

lozenges formulated in conventional manner.

[0085] The micro- or nanoparticles may be formulated for parenteral administration by

injection, e.g., by bolus injection or continuous infusion. Formulations for injection may be

30 pteSentéd in unit dosage form, e. g., in ampules or in multi-dose containers, with an added

» preservative. The compositions may take such forms as suspensions, solutions or emulsions in

oily or aqueousl vehicles, and may contain formulatory'agehts such as suspendihg, stabilizing
...... and/or dispersing agents. - - - - - - ...
- [0086] Pharmaceutical compositions suitable for use 'in the present ’inve_ntiohj include



agents may be added, such as the cross-linked polyvinyl pyrrolidone, agar,
or alginic acid or a salt thereof such as sodium al gi nate. [0083] Dragee
cores ar ewprow/mesdéwi t h suitabl e coatings. For this purpossG2eone@nt rat ed
sugar sol utions may be used, which may gptionally contain gum arabic, talc,
pol yvi nyl pyrrolidone, carbopol gel, ?get hyl ene gl ycoI and/or titanium
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20 compound for human or vetennary administration. Such notice, for example, may be the
labeling approved by the U. S. Food and Drug Administration or other government agency for

prescription drugs, or the approved ptoduct insert.

[0089] In order that the invention may be readily understood and put into practical effect,
particular embodiments will now be described by way of the following non-limiting examples.
25 It is understood that modification of detail may be made without departing from the scope of

the invention.
EXEMPLARY EMBODIMENTS OF THE INVENTION

[0090] Exemplary embodiments of methods according to the invention as well as reactants

- 30  and further processes that may be used are shown in the appending figures.

[0091] In the Examples, PEG-g-hollow silica vesicles are obtained by grafting PEG brushes to
_____ nanos_1z'edpo_rou_s_hollow silica spheres. To prepare PEG-g-hollow 51hca vesicles (as shown in

~ Fig. 1), ﬁrst nanos1zed hollow silica spheres were prepared by sol gel reaction of TEOS in the

presence of polystyrene templates followed by removmg polystyrene templates under



a dose can be fornmulated in animal nodels to achieve a circul ating
concentration range that includes the IC50 as determned in cell culture
(i.e., thwocormownidsati on of the test conmpound whi ch achiperss2aovado maxi mal
i nhibition of the kinase activity). Suc:}éi nformati on can be used to nore
accurately determ ne useful doses in hu [0088] The m cro- or
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prepare PEG g-hol]ow silica vesicles (as shown in 1), first nanosi zed
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coefficient, Dayp, of PEG-g-hollow silica vesicles obtained from DLLS measurements is
almost independent of the square of the wave scatter vector, q°. This indicates the spherical
shape of species in solution (Du, JZ, et al., J. Am. Chem. Soc. (2003) 125, 14710-14711). The
hydrodynamic diameter, Ry, of PEG-g-hollow silica vesicles is 205 nm (with a polydispersity
25 index (PDI) of 0.075) which is close to the average diameter of the individual vesicles
obtained from TEM images. So PEG-g-hollow silica vesicles are dispersed well in aqueous
solution without aggregation. Significant dilution of the aqueous solution even to a
concenfration of 1 mg in thousands mL did not affect the R, value of PEG-g-hollow silica
vesicles, and the vesicles have a long shelf-life as reflected by the consistent Ry, value of

30  vesicles in more than 12 months in aqueous solution.

[0093] Silica is biodegradable in vivo (Barbe, C, et al., Adv. Mater. (2004) 16, 1959-1966), so
PEG-g-hollOw silica vesicles should have a good'bic')compatibility All these features make -



i ndicated by TGA results shown in Fig. 2B, the degradati on degree of TNMSPEA
attached hollow silica spheres increases by 6% (ww at 750 C as conpared
wi t h t he woizstamesdaol | ow silica spheres. Finally PEG g- Irclrisoeomiobioca
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neé’-@ssa 7o 19%} brel D51 159D Rhsratensi Py Wamtpst laaded 1 fhe igfegiors and pores of
PEG-g-hollow silica vesicles. For this simple filling model, the PTX content (PTX% (w/w))

can be calculated using equation 1:

V ore + Vinterior
PTX % (w/w)=-L xSx100% (1)

silica T Y PEG

, where Vyore and Viperrior are the volume of the pores and the interior of hollow silica spheres,
25 and W;y;., and Wpgg are the weight of thé silica shells and PEG stealth layers of PEG-g-hollow
silica vesicles, respectively, and S is the solubility of PTX in methanol which was determined
to be 50 mg/mL. From the BET, TEM and TGA results, the theoretical value of PTX% (w/w)
is calculated to be ca. 4.6 % (the detailed procedure is listed below), which agrees with the
eXpér_imental result well. This verifies that PTX is held in the pores and interiors of PEG-g-
— 30  hollow silica vesicles physically. PTX loaded PEG-g-hollow silica vesicles still can be
dispersed in aqﬁeous solution well with Ry, of PTX loaded PEG—g-hollow silica being ca. 230

- nm with a' PDI of 0:136 as determined using DLLS. PTX loaded ‘in PEG-g-hollow -silica- - -

- vesicles is stable after being stored at 4 °C for more than-12- monthsas indicated by HPLC



effects. The fornulation of PTX using Crenophor-EL is in clinic uses, but
Crenmophor-EL can induce hypersensitivity and ot her side effects

( CGel der blwn2otdeeo®s al ., Eur. J. Cancer (2001) 37, 1590»t3882010/00@k28, AK,
et al., InLl J. Pharm (2002) 235, 179- %8 Al though formul ation of PTX
wi t hout Crenophor EL has been pursued i Iud| ng using |iposones (Crosasso,
P, et aleqtgd.- Control. Release (2000) 63, 19-30), polymer mcelles (Shuai,
XT, et al., Bioconjugate Chem (2004) 15, 441-448) and pol yner
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can be |sperse I n aqueous solution well
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20 hollow silica vesicles is 0.016 pg/mL as compared to 0.073 pg/mL for free PTX. ICsy values
of PTX loaded PEG-g-hollow silica ‘vesicles in MCF-7 cells and U-87 MG cells after
incubation for 48 h and 72 h are summarized in Fig. 9. Generally the ICs; of PTX loaded PEG-
g-hollow silica vesicles is lower than that of free PTX. Hence PTX loaded in PEG-g-hollow

silica vesicles is potent to kill cancer cells.

25 [0097] In order to understand the interaction of PEG-g-hollow silica vesicles with cells, FITC
labelled PEG-g-holloW‘ silica vesicles were prepaied and were incubated with MCF-7 cells and
U-87 MG cells for 18 h. After staining cellular nuclei with DAPI, confocal fluorescence
micrographs were obtained as shown ih Fig. 4. It 1s obvious that green FTIC labelled PEG-g-
hollow silica vesicles can be observed in MCF-7 cells and U-87 MG cells. So PEG-g-hollow
30 silica vesicles can be internalized by the cells. This could improve the bioavailability of PTX
loaded in PEG-g-hpllow silica vesicles together with the capability to release PTX fast. PTX

leads to disassémbly of microtubules in cells which cause dysfunction of microtubules and ’



[ 0095] The release profile of PTX from PEG g-hollow silica vesicles is
shown in Figure 2(a). 47% of the | oaded PTX was rel eased after 330 h. hi
conpar i somo 20nlood% of PTX from free PTX was rel eased agcshlsoamoionooki gur e
2(b). Free PTXis in a formof particles of diameter higher than 5 nm
(because a filtration through a menbr anél wi t h pore dianmeter of 5 nmm can
renove @éllﬁ- the PTX di spersed in aqueous solution). In contrast, PTX | oaded
in PEG g-hollow silica vesicles is nanosized with a much hi gher surface
area, hence PTX can be released at a higher rate. [0096] In vitro
cytotoxicity of PEG g-hollow silicaMatrialses and the efficacy of PTX | oaded
PEG g-hol l ow silica vesicles to kill cancer cells were evaluated in MCF-7
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vesicles together with the capability to release PTX fast. PTX leads to

di sassenbly of microtubul es in cethsradhirzatisause dysfunction of
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20 [0099] TEM observations were performed with a Philips CM300 FEGTEM instrument at 300
KV. The samples were prepared by dipping copper meshes covered with carbon into aqueous

solution of samples followed by drying in air.

[0100] Thermogravimetric analysis (TGA) analyses were carried out on a Thermal Analysis
TGA 2050 under N, with a flow rate of 60 mL/min and a heating rate of 15 °C/min from 100
25 °C to 850 °C. Nitrogen adsorption-desorption isotherm measurements were performed on a
Quantachrome Nova 1000 series BET surface analyzer at 77 K undér a continuous adsorption
‘condition. Hollow silica particles were degassed under vacuum at 200 °C before
measurements. Specific surface area, pore volume and pore size were calcﬁlated from
adsorption-absorption isotherms using Brunauer-Joyner-Halenda (BJH) method. FTIR analysis
30 was done on a Nicolet 6700 FT-IR. 'H-NMR studies were performed on a Bruker DRX-400
spectrometer. Bransonic® 3105E DTH sonicator form Branson (CT, USA) with a frequency

of 40 kHz and an output power of 335 W was used for ultrasonication performed below 30 °C.
A Brookhaven BI- 9000AT Dlgltal Autocorrelator was used for dynamlc hght scattermg



death of cell (Row nsky, EK, & Donehower, RC, New Engl. J. Med. (1995) 332,
1004-1014). Therefore PTX | oaded PEG g-hollow silica vesicles could have a
good ef fiwaayimoiosl | cancercells. Materials [0098] StyremsGkowmodki ck was
stored at 4 C after distillation to rempve the inhibitor. HPLC grade water,
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observations were performed with a Philips CM300 FEGTEM i nstrument at 300
KV. The sanples were prepared by di ppi ng copper neshes covered w th carbon
into aqueous sol uti on B¥ampleds: s’epwaﬂeu@dhsﬁmurswcngphweai r. [0100]
Thernogravinetric analysis (TGA) anal yses were carried out on a Thernal
Anal ysi D10GAHBN6® silivdecanNi priepired ukingwwaridue nofthdde reportedn Oas dnahdd &t hsigg r at e
of 15 Cmn from100 Cto,850 C. N trogen adsorption-desorption isotherm
measur e Pﬁ@%?‘}é‘”‘ﬁéf‘ﬁﬁﬂﬁ’éﬁ%n a Quantachronme Nova 1000 series BET surface

anglyze 7 under a copti s adsorpti.an ndi t | Hol ) ow silica
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per f or nBgyQrefte ROHERN so@ﬁ?&n4%s mixed with 240 mL of ethanol and 12 mL of ammonia

solution (NH4OH) (25wt%). Then 3.18 mL of TEOS in 5 mL of ethanol was added dropwise,
20 and the mixture was stirred at 50 °C for 24 h. The solid was collected by centrifugation and

33

were calcinated at 550 °C to get hollow silica spheres.

[0103] The hollow silica obtained was characterized. Fig. 2B 1s a TGA curve of the obtained
hollow silica, and Fig. 2A is a TEM image thereof. Fig. 7a is a FTIR spectrum of hollow
silica. Fig. 6A is the nitrogen adsorption-desorption isotherms of the hollow siiica. The
25 average diameter of the pores of the silica shells is 1.19 nm. The surface area and total pore

volume are 164 m%/g and 0.23 cm’/g obtained using the BET and BJH methods, respectively.

Example 2: General Procedure of the preparation of hollow silica carrying amino groups

[0104] Typically 2g of hollow silica was dispersed in 90 ml of xylene. A good dispersion was
obtained after ultrasonication for 6 h. After a mixture of 4 ml of 3-aminopropyl-

30 triethoxysilanes (APES) (or or N-(3-trimethoxysilyl) prdpyl ethylene diamines (TMSPEA))



spectrometer. Bransonic(r) 3105E-DTH sonicator form Branson (CT, USA) with
a frequency of 40 kHz and an out put power of 335 Wwas used for

ul t rasoniwetommopssf or ned bel ow 30 C. A Brookhaven Bl - 9900AG280mbd0ak

Aut ocorrel ator was used for dynam c |ight-scatteringneasurenents. The
scattering angle was fixed at 90 for néésurvi ng hydrodynam ¢ radius (Rh)
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(50:50, v/v) was used as nobile phase at a flowrate of 1 nL/mn at 25 0C,
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dropwi se, and the m xture was stirred at 50 OC for 24 h. The solid was

col | ected by centrl fugat) and d,.at 0 0C to get holl ow
silica spheres. [0103] T‘li’gri)ﬁ Elof??éﬁ Eﬁﬂgﬁw 3characterized. Fig.
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Example 4: Characterization of PEG-graft-Hollow Silica

20 [0107] Figure 8 is a 'H NMR spectrum of PEG-graft-hollow silica recorded in deuterium
oxide. The peak at 3.61 ppm is attributed to the protons of PEG grafted onto hollow silica.
Fig. 7B is FTIR spectrum of PEG-graﬂ-hoHow silica. The characteristic peaks of urethane
group at around 1769, 1701 1526, 842 cm™ can be observed. This indicates that the PEG
chains are grafted to the hollow silica via urethane groups as described in Fig. 1. Fig. 2D is the

25  TGA curve of PEG-graﬁ-hollow silica. Via a comparison with Fig. 2B, the content of PEG in
PEG-graft-hollow silica is 36%. These results indicate that PEG is grafted onto hollow silica.
Fig.. 2C shows a TEM image of PEG-graft-hollow silica (cf. Fig. 2A for pure hollow silica).
The average diameter of the hollow silica is 190 nm and that of the PEG-graft-hollow silica is
180 nm. The shéll of PEG- graﬂ -hollow silica is obvioilsly thicker than that of hollow silica.



(APES) (or or N-(3-trimethoxysilyl) propyl ethylene diam nes (TMSPEA)) and
5 mM of xylene was added dropw se under argon at 50 OC for 10 mn, the

sol uti on we0kapbssat 90 C for 24 h. The sol uti on was precrgceetomsdoozn et her,
and the solid was collected byfiltration and was purified by washing with
ether. After drying, the content of the3‘brgani c species was eval uated using

TGA and the 1 SSubipid 5: Ghod Bikpbikicil 6f PEG-g hing e UHRG i Suduk Rofulfpn TOA resul t

of pure hollow silica, e ofgani c species content 1s aroun Exanpl e 3:
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The shel |. of PEG 8 Iovisfl I |caA ?bw ousloy tI ker t han thaL
hoI I ow solid; was dispefsed in 30 ml of DI 'water under ultrasonication for at a temperature below

30 °C. Then the solution was filtrated through a 5 pm filter and the solution was lyophilized.

20 The process could be repeated once. To measure the loading capacity, 3 mg of the obtained
solid was dispersed in 1 ml of dichloromethane in a vial under ultrasonication for 3 h at a
temperature below 30 °C. Then the vial was kept open to let dichloromethane evaporate.
Subsequently the solid was dissolved in 2 ml of a 50:50 (v/v) mixture of water and acetonitril
under ultrasonication for 30 minutes for HPLC measurement. The retention time of the peak of

25 PTX is ca. 8.2 minute. Concentration of PTX was obtained from a calibration curve, which is

linear over the concentration of PTX from 0.01 to 0.62 mg/mL with a correlation coefficient of
R?=0.993.

[0110] The silica shell is nanoporous with an average pore diameter of 1.9 nm. Therefore the

saturated solution of palitaxel in methanol can fill the pores and the hollow cores. The
30 capillary forces of the nanosized pores should make the filling feasible. After removing

methanol, palitaxel is toaded .intov PEG-graft-hollow silica. The loading processes can be
R repeated-...A-ﬁer one time of Aload‘ir.lg, ‘the cdntent of palitaxel in the product is 3. 2%. After the

= second loading, the content 1s. 4.5%.. The vesicles loaded with. palltaxel still have good



The average thickness of hollow silica is 16 nm After grafting of PEG the
average thickness is 37 nm Exanpl e 5: Good di spersion of PEG g-hol | ow
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[0113] To measure the release proﬁle of free PTX, 2 mg of PTX was firstly dissolved in 4mL
methanol to get a solution of a concentration of 0.5 mg/mL. After ultrasonication for 40 min,
0.4 mL of the solution was taken out and was dried by evaporating methanol. The solid was

dissolved in 3 mL of 1 x PBS solution (pH 7.4), and the release profile was monitored.

25 [0114] Fig. 3 (curve b) shows the release proﬁle of the loaded palitaxel from PEG-graft-
hollow silica. A controlled release of palitaxel is observed. Less ‘than half of the loaded
palitaxel was released after 330 h. In contrast to the control experiment of palitaxel powder as
shown in Fig. 3 (curve a), the release rate of palitaxel from PEG-g-hollow silica was
si'gniﬁéantly improved. The slow release rate of palitaxel powder resulted from the low

30 solubility of palitaxel in water. The improved palitaxel release rate should be contributed to
the nanqsizedvflorm of palitaxel encapsulated in PEG4g-h6110w silica due to the increased

------ surface area of the nanosized palitaxel hold in the nanosized hollow silica. These results also . . .

- confirm that palitaxel can be encapsulated in PEG-g-hollow silica.. ...



met hanol , palitaxel is |oaded into PEG graft-hollow silica. The | oading
processes can be repeated. After one tinme of |oading, the content of

pal i t axelwonotdmeopsoduct is 3.2% After the second | oadipogiscGebe/coeni ent is
4.5% The vesicles |oaded with palitaxel still have gooddi spersion in
aqueous sol ution w thout aggregation. [éﬁll]v In order to investigate

whet her ]I(Hlﬂ@,gg&ﬁg Sfie @ing%f'ﬁﬁogleén.bé'li @&lk@?éf@eé%y%&meﬁ%é}&{%a%ng

by the at1on through nenbranes wth pores o nm di anet er,

PTX sol inewftyperofinariopgobies an $mesreadlzdd slubroimomnodssayEXvitin ime¢ased SYN watso (i.e.
di spersed in.10 m..of DI, water.under..ultrasgonication for 6 h..The sol.ution
s 111 e pR8 SR monPaE ¥ RSt cRBSTR S8 eRth-bhmersted St Prifh, o
was | yophidpazietks @6 guich ﬁieﬁﬁﬁﬁ(ﬂ heim:1 ad agstoM@sng @It@?ﬁt}\féeﬁlf bfevhiginp E@iirHsbine
using HPLC. This indicgates that the aggregates of free PTX in aqueous

sol Et  omsuhke B&g%n&éwoﬁlﬂysefmemum awrg*hm dois A Proproberppoiags/napelebele of
ant | "Ca'P&rexﬁlagihg,%eﬁﬁhg,tzﬁf&ed_iaén@&%lbehiﬁe@liéﬁfﬂx‘g%ﬁli&'ﬁ@ﬁ@SS1 0.7 ng of palitaxel
| oaded PEG graft-holTow silica was dispersed in 3 m of 1xPBS buffer

sol ution under unltrasonication for 2 h at a tenperature bel ow 30 0C. The
sol ution was transf eExamiple®:dnaitde eytptaxicitydyaluation of samplesul ar wei ght
cutting of 10 000. The dialysis tube was placed into a conical flask .

cont ai ni of.. | XBBS_ bu, r | ut ion. The conjcal fl Jnas in a

wat er bg@ﬂﬁﬁﬁ Y?&‘)’%&é‘/nagﬁée lsf’t i _r’rl)e%‘9 ég(%%%év i “Fﬁlgie(?u?%‘{ gﬁ&‘},@gﬁ’ %&f i on

was exc halhgye dilich tvEsiaei was bviluitt@ in M(ltlwl icel liat:si ﬁldOU&llﬂleM&f calnieskst Vfﬁgili%tylber Vﬁl
to intain a sink condjtion. The rele palitaxe s extracted fromthe
cr A DU 1S 3B O TSRPLEY HF S Farocr) B bt et e s ki PR

set ti ngtedhavdliunt RoMidel)! MIPIELERADE THR LbloAmenRsS a&ay | AwRddet&ntiBition of the

chl oronet hane was evaporated at ‘roomtenperature, the solid reconstituted

in 2 nLoembeicdviahie ealls dhrpygle themgatgdic agtivify eiothe BElSC nmeasur enent to

determ ne PTX anobunts. [0113] To neasure the release profile of free PTX 2
ng of PIBIThEhe panser ellgjvease piadad im96rviell phateshwib e seestingedensity 30.009 eellsovell
concent ' - nj Aty fo L6y t he
sol uti o%ﬁawawsgﬂet a lg%e(glljt %MmggsﬁpgéTiﬂéé%%vgdsjgrpﬁ hﬁg@%e/(?ﬁ%ﬂ%lpfm%eét%c% was
di d$ol vealuiion B amlingfbatonat BBSCs bV Ogprand 96Porelitive Anubiditye Thetedkseerpabéwbd was

o ke G A AP e SRR PR T g
obser vethe sampk: sohaionb af fiffefent hendenaatishspRiehiabits, watls cortthiafpashlptélbeul@iz® h.
I Cont aahnt oSO Ol SXPELLITNL oL Bl ISl PO oo Shove et
fsnr gm I Ih g@ﬁ{g\};vmgl AR EFas FpTatel Ad 'R aRae wedd RasedRAkH 1 3XPBSRBWABH foEEM t ed
20 times to removed non-internalized sample. Then 100 uL of DMEM and 10 uL of MTT
solution (5 mg/mL in 1 xPBS solutioﬁ) were added to the wells. After incubation for 4 h at 37
°C, the solution was removed and the formazan precipitate was dissolved in 100 uL of
| dimethyl sulfoxide (DMSO). The absorbance intensity of the solution was then quantified
spectrophotometrically using a microplate reader (TECAN SpectraFluor Plus) at 570.nm. Cell

25 viability was expressed by the following equation:
Cell viability (%) = AbSsample / AbScontrol X 100%

where Absgmgie Was the absorbance for the cells treated with the samples, while Abscoptrol Was

the absorbance for the untreated control cells. All the tests were performed in triplicate.

~ Example 9: Incubation of mammalian cells with FITC labeled PEG-g-hollow silica

30 vesicles



solubility of palitaxel in water. The inproved palitaxel release rate
shoul d be contributed to the nanosized form of palitaxel encapsulated in
PEG g- holwowosidep®a due to the increased. surface area ofcirise20@mwomizzed
palitaxel hold in the nanosized hollow gilica. These results also confirm
t hat palitaxel can be encapsulated in hg- hol I ow silica.[0115] In

addi t1 opprtiee shgpdRéntdd YAHE$6RNEBS! ilh b4 Bn@bistcd @Eﬂ?&ﬁinﬁsﬁ%pt@&&énﬁln?}eﬁﬁer

nanoparticles a new type of nanoprobes in tine-resolved fluorormunoassays
Wi t h i niscebatiod @emighit 4037 PCan a hemukBed) atweasphare wiithy 5% Oy tiel medihm was
resul tipng. col.l odal  r - ear ' ¢ {al i nangpart e .are
al 50 1 BREARN i Bhe, 208, 6 ds 2ok R FTHC A BOL e PUPR AR LS
pr obes DiMEMOovigteout sertipesasaddded exfiteranclibatian foaud i theymlatismasas removed and the

bi opr obes/ nanot ags/ nanql ahe] s i, magi ng, sensjng, d di. stjc si des
s A A e R U R e R e SR e O
sanpl esglhfitd8dhy@¥PHEO01etidnyfoP 1 0 Rkihe AREXtheHEGatige BOutiONVwak kériéyedSthe CeBglar and
PTX | oaded PEG ghol | ow silica vesicles was eyaluated in MCF-7 cell |ines

and U 8rudlgyscas| then sfaiged Yy AR qoptaging ReolomigRsGoldantifadeaaggnbin thedarkifamdar d
t hi azol - ' ' AR i t | rgm dej
(M ol g speeenocat UGBS e, BRAbMapIRN e BRI C Ao D T o
vi abl e bwkited Stage Ui DAR imegaigothecenasdiony why obertedent 21 ns with 2d €xcifhhen aancer
cel)s e seed [ 6-well plates .with a, seedj ensit.y 10, 000.

conbsy B P g dor 1T A i o0Rb 3p PRI A 2% e tion 495

peni ci | fan/ streptonycin solution in an incubator at 37 C, 5% CO2, and 95%
relative humdity. The cells were allowed to adhere to the well bottom upon
overni ght incubation. Then the nmedi umwas replaced with the sanple

sol ut i onBxgmpls ¥ dheprogese o F%!ﬂﬂaFf‘st.hersb%ﬂf\ﬂﬁmlé’,TX% loadeddnPE Grgrhpllom vy

cell culture nediumwere prepared ggica0iiQad ed controls. At the

predeterm ned tine, the medi um contalning sanpl es was aspirated and the

wells were washed with 1 x ‘PBS solutjion . for two tines to renoved v
non- i nt OAZ) FroayBEL #he yolumenf poges ipithesiligabell & Ypords 6:*246‘?”&'“ solution (5

ny/, i BS tion) re added.to .the | 1's,, After jipcubatiop for 4 h
ielt o@,&?ﬁigmgbf EM et aFesaesading Of K hﬁﬁﬁmhﬁaa B etiddne Jitenigfel2, are
di ssol vesininhnd @8 nih, rédpeekiveny. BulfosalkihgrhdRow NRPsphekBe absorbance intensity

of the solution was then quantified spectrophotonetrically using a
m cropl ate reader (TECAN SpegtraFl uor Pl u§) at 570 rlgn. Cell viability was
On

expressed bySﬂ/h%n. ' ok |-omi =e§u‘abd(88:x@17l) w ABIx1Q” [5 Abssanple /
AbsControi x 180% whex e ssanpi e was the absorbance for the cells treated
with the sanples, wyle Absco troi4was t he absorbance for the untreated

silica

control cell sy Al l= 3@(R?§ISR rﬁgpﬁ@@? g8 ) 1072 236810 16(mL)

SW. =8SV.. xd, =736x10"%22=1.62x10""(g)

silica silica silica

where SVinterior and SV, are the volume of the interior and the silica shell of a single hollow

silica sphere, and SWj;;., is the weight of a single hollow silica sphere.

20 [0121] Hence, Vinerior and Vpores, the volume of the interior and pores in hollow silica sphere of .

Wsilicagrarn:
SV, .
' I/interior = M X Wsilica = 176 Wsilica (mL )
: SWsilica ] '
Vpares = 024 Wsiiiéd (mL )
.................. W
From TGA, sl — 46 %

silica’



Example 9 : Incubation of manmmalian cells with FITC | abel ed PEG g-hol | ow
silica vesicles [0118] MCF-7 breast cancer cells and U-87 MG brain cancer
cell s areveeetadon t he chanbers (Lab-Tek(r) Chanbered €orscgimsesoidystem 8
chanbers) at a density of 1 x 104 cells/well inDVEM suppl emented with 10%
FBS and 1% antibiotics (penicillin/st reﬁ%\ﬁrryci n). After incubation

overnig e ] 1 Rdib ' jyum was
aspi rat ggle%flf.l Ql'%gn, Efgaégﬁ{tg o?l%tggtﬁéﬁgﬁﬁﬁr}%n%%g%%g%sgﬁgf%@i lica

vesi cl ego120] RVEN, Wie thestbti oA PIPopRadafRaE G AlHoRbw sedabakicry, for 18 h, the
medi um was renoved and the cells were gently rinsed wth 1 x PBS sol ution.

Then the cells were fixed with 250 nL of 0.3% gl utaral dehyde/ PBS sol ution

for 10 mn. Afterpthegfprxative sol utiong re he cel lul ar nucl eus
was t hen ST Ged BRDARIEEnk & w1 00 % I8 g VP fafe 1Ggent in the
dark for 15 min. HBasgr+ #nfocal fluorescendE nj ¢dBgraphs were obtained on a

Carl Zeiss LSM5 DUO Inverted Stage. For DAPI imaging, the em ssion was

observed at 421 npp Wi,th XGh tat i 30 _a or FITC i magi ng, the
em ssi on was obs“emglét"’é'ff‘?ﬁ){gﬁl&ﬁﬁﬁﬁibex’éipg% O'nil'gg% nm Exanple 10: The
procedure to calculate the theoretical PTX% | oaded in PEG g-hollow silica:
vesi cles,[0119]. From.BET . vol . of res in the silica shell is .
Vpor ei SWBLEE?W%I}CQS.O?‘E%E%ﬁf@g}H %ﬁ#ﬁn‘%%gg‘ﬁu?lhe average radius of the hollow
si li.ca, i nd the.interjor, R2,..are.95 nm an respectively. So for
2 sPngl I9tR3) DS o b phoveaiyRl i o T G a0y RAEE St et
2. S5xl| Oobthﬁa@:ﬂb}r ggaftihg PEG B holF&n&&)iciE s]ihe(r&5PEG—-g-8l81$6w Xilica (vEgiclks have §@|l$bd ( "15
16(m) S Wilica = S Vsilica x ilica=7.36 XIO 16 X2.2 = 1.62x |<r
) wher ei?l,smr@ﬁomawe@lwm%ﬁedm bygigateais v der gond dphilivhdnesoithea
shel | ofiliga flyB3! héBbloRWsich 18RS RARE & fediMle B MR AVdtSr-hBSuMBI @ PPX, 8nd
single hollow silica sphere. [0121] Hence, Vinterior and Vpores, the volune
of the PhXeanbe redpased Saster fram nangsiaed PEG-sdolpwsiliwa yesivies thandregPany. While SV
10  PEG-g-hollow silica vesicles show a very low in vitro cytotoxicity in cells, PTX loaded PEG-
g-hollow silica vesicles show a potent capacity to kill cancer cells probably attributed to the
capability of PEG-g-hollow silica vesicles to internalize cells and the fast release of PTX.
Moreover, polymer functionalized hollow silica vesicles promising for many applications can

be obtained through tuning the chemistry and structures of the polymer layers and silica layers.

1.5 [0124] One skilled in the art would readily appreciate that the present invention is well
adapted to carry out the objects and obtain the ends and advantages mentioned, as well as
those inherent therein. Further, it will be readily apparent to one skilled in the art that varying
substitutions and modifications may be made to the invention disclosed herein without
departing from the scope and spirit of the invention. The compositions, methods, procedures,

20 treatments, molecules and specific compounds described herein are presently represehtative of
preferred embodiments are exemplary and are not intended as limitations on the scope of the
invention. Changes therein and other uses will occur to those skilled in the art which are
encompéssed within the spirit of the invention are defined by the scope of the claims. The
listing or discussion of a previously published document in this specification should not

25 necessarily be taken as an acknowledgement that the document is part of the state of the art or

is common general knowledge.

[0125] The invention has been described bbvrdadlvy and generically herein. Each of the narrower



. nterior i -\ £\ W(m \ Vinterior - CIT7 X "silica ~ / OW silica
\' ml ) S Wsilica Vpores = 0-24 Wilica (n.) WFrom TGA, = 46 %silica + W
pEGaher e W8izbiod@osdad WPEG are the wei ght of the silica soelsiG2emngosone PEG
brushes, respectively. [0122] Hence, thg,theoretical PTX% | oaded in

PEG g-hollow silica vesicles, PTX%=V Pre + Vinteri r x x | OO = |J6W
silica HmitdddlY sérhdiAg GnP subjeMarlr Grosi e gerusVWregardiBls oY whefhet bFf dot WY T
PEG = (0.243 + 1.76)x0.46x50xI 0 ~3 x| 00% =4. 6% where S is the solubility of
PTX i n ¢¥stsed srateria inapgrifisally weitesd hareinconcl usi on, in the above illustrative
exanpl es PEGﬁ;- hol I ow silica vesicles were obtained by grafting PEG to

hol | ow BR6L-Ehe prventéan ilpsimntiyehideseubed herein ras puitably b%p@cﬁcegdagh@ plssagesi ty
in aque ysé?lexirl%ﬁtocﬂ él&ﬂgfgg,qﬁn#aﬁoﬁ%ﬁ 1%@91059, A&%ﬁgﬁg@@g (gseggsfeg h%mq*ﬂufsy due

to the silrca layers. The 'porous si a layers l'e to | oad

wat &r - i fos skarbple, theugrmiBTSComgmidin@’X incddndibg,” reohtaasegl’, fetes skall be mad rapasived

PEG g- hol | ow si lica vesicles than,free PTX VWile PEG g-hql.l ow silica

ves: o o AL i BertqED (o Run IR nt [ iec 0. eassfhng ety Hauh ey

hol | ow &sell iag dernBSifalesGipion \wnd npodbLlvhitadgnahd Yher®iskid Intehiog e thHealsk f plicoabl y

attributed to,the capabi itﬁ:,dof PEGR&%I | ow silica vesicles tg internalize
3Ky ¢S

cel |'s alffE$ ARd PRRESS AsefsexcBidingr OYEF OF iR {aBires thoen earessrledhen | ow
Silica yafbsd Beref, Ot # idcdBliscdRY vARAL HadiEeRons afe RRsiBRUHA the 2bpLISH
tuning the chem stry and structures of the polyner layers and silica
| ay@r s. thp ompertioandaisiad |Additional lebjestst adwamtages.eand fsptusppoédhiatiavertian wile
prese ”ttaécﬂ%x% '}ht)é}gnt' S Rk kkifdR Bl G4 a}t‘?xpﬁx%{a)fniﬂ%or} J¥an@ RirEisse AthpPRLAL the Ne
ends and advahtages nenti oned, as we as ‘ -
appended claims. Thus,- it should be understood that although the present invention is
specifically disclosed by exemplary embodiments and optional features, modification and -
variation of the inventions embodied therein herein disclosed may be resorted to by those skilled
15 in the art, and that such modifications and variations are considered to be within the scope of this
invention. In addition, where features or aspects of the invention are described in terms of
Markush groups, those skilled in the art will recognise that the invention is also thereby

described in terms of any individual member or subgroup of members of the Markush group.



t hose inherent therein. Further, it will be readily apparent to one skilled
in the art that varying substitutions and nodifications my be nmade to the
i nvent i onwQi2smlwe®d herein w thout departing fromthe seopscaoa/os@zrit of
the invention. The conpositions, nethoda “procedures, treatments, nolecul es
and specific conpounds described herein gre presently representative of

pref err efaigigbodi nents are exenplary and are not intended as limtations on
t he scope of the invention. Changes therein and other uses will occur to
those skilled in the art which are enconpassed within the spirit of the

i nvent i 8vhasisecldweilped by the scope of the claims. The listing or discussion
of a previously published docunent in this specification should not
necessarily be taken as an acknow edgenent that the document is part of the
state of,the,art, or _.i.s comon_general .know edge. [0125]. The .invention.has
eon deskr i badeRsaliSe GG o BpREaRiq RIS RO mst RRGPbHET MRS RRILC s
and5subgener the potyangriingevaleaitlyi livtkeditd tersilidagpagiiievia®ndios alopé bridges|that Haoe m
part of the invention. This includes the generic description of the -

i nvention wi PRYUSTBPBEI¥B- or negativelimtation removing any subject natter
fromthe genus, regardl ess of whether or not the excised material is :
speci T ol 1y Theehe GaltRleiieiak? 1 26herlleneRYARL Ak 3 phAld e Flya PaShtcl Ped
herein may suitably be practiced in the absence of any elenent or  elfements,
limtation ororténtiin theiramgs, frorotabeyteldl %oite abdug 98i% Wivged herein. Thus, for
exanple, the terns "conprising”, "including,” containing", etc. shall be
read expansiyely.and without lLimtatjon, Additionall t he terms, and
expressiuns iF@FW@d’aﬁkﬂ&%Pﬁ clams lh&ed Q@&lfhﬁlet%‘rf?}%e éf theeulirg Bf"it‘ﬁ% b3S not
of 1bi mi t ati opelyRefcdiiétdf hblehd abOitS3t%R/w)) the use of such terms and
expressi ons of excluding any equi valents of the features shown and

descri bed or ﬁortions.thereof, but it is recognised that various

nodi f i cad-i onShasiicppartitllof any ong of ¢lmenssle dpehaséin theepdlyrueris agpolas ipalymesd.

Addi tional objects, advantages, and features of this invention wll becone

apparent_to ose skilled fn the art upon exam nation aof e, foregoin
R T 0s5-ana Th ais? Saftst of Plaimes. MhcrR e FERMA 3 58 of ol Fipifeng Ao,

al t hough t hepglygigeslic iy rGARpoldagRerid (1) poldispediaaek, hid @peilydioky-
enmbodi nrents and optional features, nodification and variation of the

i nventions eff8M2d t herein herein discl osed may be resorted to by those
skilled in the art, and that such nodifications and vari ations are

congi derged t W Rt -t hih s i At | . R r
FodBur ooy ' THOSILA bilhBleding SR Rlainlh S, UL i trided Al Ghich Wl potficP
groups, thoss wkpled éalthersurface af thewpiatticle scmgnif ae atiplztict frealicyebatdncaromstial so

oY, e o AT P A0 o BEERSohor S B, TP

of Formula (1)
O
' 2
1 R
R AL
R\~ o o
H =
20 wherein R? is the polymer and R' is one of an aliphatic, an alicyclic, an aromatic and

an arylaliphatic bridge with a main chain of about 1 to about 30 carbon atoms and 0 to

about 10 heteroatoms selected from the group consisting of N, O, S; Se and Si. -

7. The silica particle of any one of claims 1-6, wherein the silica particle has a maximal

width of about 1 nm to about 1 pm.

25 8. ' The silica particle of any one of claims 1:7, wherein the particle is microporous or - - -



1. Ahollowsilica mcro- or nanoparticle with a polyner immbilized

t hereon, wherein the polyner is covalently linked to the silica particle

vi a one owormronoidsdges that have an urethane group. 2. pCmsGotoioo@2particle
of claim 1, wherein the surface of the silica particle has a pol ymer
content in the range from about 10 % to%hbout 90 % (W w). 3. The silica

parti cl e of i j Sukf ) I as a
pol ymare%ont gh?sg?:ai)taﬁ Fcé%‘s) &gﬁéﬁ%@g&s(yv V\gﬁ&fﬂ; tPtﬁgl% g?H %agﬁ%gﬁﬁ %:IﬂelﬁlgP any
one of cl ai mgoidl-tBat oninprisésa phaempacauticdly dctivacgmpaundpol ymer. 5. The silica
particle of claim4, wherein the polyner is one of poly(ethylene glycol),
pol ygly¢colic acid (PGA), polylactic acid_ (PLA), polycaprol actone, and a
pol yhydi@xyaﬁkg gaaceutcal mgypgﬂtlaoeacwwr&g @ pughy 8 halows [SHicAsPartigles
wherein the Bedoffife ¥d dahbch the polymer is coupled to the surface of the
particle is one of an aliphatic, an alicyclic, an aromatic and an

aryl aliphatic bridge and wherein the link of the polyner to the silica

par 6i cl &l.i s Afmétbodruf epvalentlyicenming aR®lymertthe sgalaysneface e Xithod conprisidg: an
al'iphatic, an aligyclic, an_.arqmatic. and.an. arylaliphatic bridge with a

mei b chai h of PRSRE 3 S¥isa S5k U crgien amina BALICRLEBUPYS about 10

het er oat ons Sﬁ}o%ﬁiﬁgjaFBB&H& Q@th&r&%nﬁ&"g%l? M‘tﬁs\gl‘mé}bl Hormuta (3f and Si. 7.
The silica particle of any one of clalims 1-6, erein the sifica particle
has a maxi mal width of about 1 nmgo about 1 mm 8. The silica particle of
any one of clainms 1-7, wherein thefparticle is mcroporous or mesoporous.9.
The silica particle of any of QI ai neRE-8, wherein the hollow particle
has an inner void that conpri s\&p maceut i c&l y active conpound. 10. A
pharmaceutical conposition conprising”a plurality of hollow silica
particles according to claim9. 11. .A nethod of covalently coupling a

pol yner to a d&vherem Rsus thedwlymerandd e ane ofiin aliphatje, an flicyClic pn groaasicy aca

surface t hat ' an on T - Ll 1] ht h a
cutbace, "ot SISIARRETIR, MOCHION G AR g ARER B
R3 is one of aarbahiapimas argl 0 &malziut 6yhetereatoras seleciedi fiom thargraupydombistungof N,

group and a sidxﬁlb grogg having a nmain chain of about 1 to about 20 carbon
atons and 0 to’a § £0 heteroatoms sel ected fromthe group consisting of N,

O S, Se and- &ntacting the polymer and the silica surface, and

- allowing the carbonate group of the polymer and an amino functional group on the
15 silica surface to undergo a coupling reaction, thereby covalently coupling the

polymer to the silica surface.

12. The method of claim 11, wherein the silica surface is the surface of a micro- or

nanoparticle.
13.  The method of claims 11 or 12, wherein the micro- or nanoparticle is a hollow particle.

20 14. The method of any one of claims 11-13, wherein R? is one of a nitrobenzyl-, a

trifluoromethyl, and a succinimde group.
15. The method of any one of claims 11-14, wherein the polymer is a polar polymer.

16. _ The method of any one of claims 11-15, wherein providing a silica surface that carries
amino functional groups comprises:

25 - providihg a silica surface,



- contacting the polyner and the silica surface, and - allow ng the
carbonate group of the polyner and an am no functional group on the silica
surface twouno@mwg®ea coupling reaction, thereby coval entcy/Scaemplonengit he
polymer to the silica surface. 12. The method of claim 11, wherein the
silica surface is the surface of a mcré2 or nanoparticle. 13. The nethod
of clainms 11 or 12, wherein the mgro- or nanoparticle is a hollow
particle. 14. The method of anyQfte of clains 11-13, wherein R3 is one of a
nitrobenzyl -, a trifluoronet hyI | and a succini nde group. 15. The nethod of
any one of clains 11-14, NS IS(? pol ar polyner. 16. The
met hod of any one of clains 11 ‘5 V\/nerel n 2prow |ng'a silica surface that
carries am no functional groupslcopprises: - providing a silica surface, -
provi ding a conpound of the gen | Formula (3),0R5 RO-Si - R N (3) OR7
wherein R4 is yapeipfR‘ap @Aé BP%'& h&tik, %‘ Qﬁ/c%h& m@&oﬂ{aa%ucmﬁa&lﬂ hatic
arylaliphatic bridge wth a nain chaln of about 1.to about 10 carbon atons
and 0 to aboutbriggsatidy dapainsheinl @ﬁ@lmtflr@nahqwé lgr@d;pnc@mmssﬂndr@ tofabout H S,

Se and Si, an 568 r sa tic
aroup ui th a heervauls A pBlin BEEBERAGRng J1aT G ST ST ae TR BE
3 hét eroat ons Iéakeamﬂephrﬁiemrfrdrh@ng anatherNn a]),ph&c §eupmilth81 mam chamt@fczibbngl t he
conmpound of the Forrula (3). and t silica s W ng
at | east one &2 '?Or‘l’é?é%rﬂ? G 2§ toaﬁ‘?a%gge tgroatoms sg ﬁﬁﬁggw&’ ?1’1‘&’ e er al
Fornmula (3) tg,Beded S a coupling reaction with the silica surface, thereby

formng a coval ent bond with the same.
- contacting the compound of the general Formula (3) and the silica surface, and

- allowing at least one of the groups OR>, OR® and OR” of the compound of the general
10 Formula (3) to undergo a coupling reaction with the silica surface, thereby forming a

covalent bond with the same.



