SMART P E | ONALI ZED HOLLOW SI LI CA VESI CLES FlI
|NVENT|gh¥pEE§E?&$%£ present invention relates to a porgtgkﬁéh#%%@M3
silica particle with a polyner grafted thereon. The invention further
provides a method that is suitable fot the formation of such a porous
hol l ow silica particle. BACKGROUND OF THE | NVENTI ON [ 0002] Vesicl es
are formed by encapsul ating a volune with a thin nmenbrane which can
be conposegVARTIROLYMBREFTENECTIONAMZED HOLEOWI SILIFASVESESLESE

i nportant for many applications such as for drug delivery wth drugs
being hold in the interiors or the nmenbranes. Good vesicles should
have 1) a good stability t t #@@ﬂ life for storage
and good integrity for drug? el?ggfyﬂ%% oréNﬁgac ing target sites, 2)
stealth layers to provide a good dispersity in aqueous solution and
targetin ability, and, 3) suitable fluidity for release of

speci eslﬂﬂﬁﬁg’ﬁkﬁp‘éﬂss%t @we%taqng@?at%% foo& Popasolagllogy idisa partigle il @palymer
bet wee e i ha ol e . . _
i th gaBa R metioll TP aiieHtgh Rt pREMCS ot LR oy B onfistion
| i posondsudbé gapmad hblomsishfpadsbenbl y of anphiphilic lipids are
dynam c and feasible for spices to nove into and out, but stability
of |iposones are poor due to the, weak interaction anong short

hydr ophobi c |ipid segmregATROGRGUND OF IR INMENTIONt he integrity of

| i posonmes. Cross-linking or formation of polyner based or silica
cages can stabilize |iposones but also reduce the fluidity. In
conpari rti I Lcl {10

by Sl rI0REVBGIE bR it PR el Y R Bl S
wi der  repagséd oguipids, upilngetshadc hebrid niaferiatonpeseles afe angonmitefoulhiny
wei ght of copol yners. But sta Ig@ﬁgryner vesicleio?lmays have a | ow

f1 ui di t3PPLpEmeg]such W &ar dpig WG tho rugs Sheipge folds iy tbe dpigppis or the
vesi ¢l egeaBoMbd dfodNERAS %ﬁomgg%yé P4 bocdt ﬁmiﬁtyv_tg ?C'?F{enﬁﬁ]gﬂ"’}?(ﬁg Qﬂﬁq};fe for

integrity during storage and I VETYy process, erelease o '
speci esstemgapyligatditagaty foe drug dgverdbdiyreceachimigtaget sitds) 2)ntedthriayus G

the target.siteS.. The stinuli can he.te ratyre 4 ONi tren ,
oneyne Bk A Eod diben i aqubBn o RabE AR fbting P i of) & Fifble
spher esiMBhe ferdelesd Fdpased GRipE] 8T dtitaEst s, 2 active species for
encapsul ati on and controll ed delivery because of their

bi oconpi@fPHi Hpwgver) sheydilemmp hetwegre stabitity gad dluidibu e vesigles Alwpyseexisise

di anet e ifi . rii es.. Haoyev . iljea.
e L e L N T
poor di fgarssifensdnibly @lf easphiphilivdépids hreidynapiy andafehgible. foPg@ces to move into
processabj |t silica results_in heterogeneous products.
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[0006] 3weWe ,u? ista ?lgy?ﬂf Raspish 17Ee PR flus dR the WA Jaterrcting ramang, shogt

vesi cl eyardificbit 8P Gl WA i FRgich. |58 htobyl of B ©Cross-
releasgﬁgfﬂg%baps at speci es %roﬁ?v%gﬁzﬁts.*Ses ral ty%%%n%$ pﬁms
r esponslinking es ifetmeadionavepdlymer begedr orsilicp erges sqongtibibize dpgsompes but also
vesi cl es .can. be obt ai ned from speci fic pol ypeptides. Al so pH
¥ eapon e aR SR LRk g Srisirel MAlBDeft Sopalyffesicles formed
pol y( acky kélgagehibly ioftaghpghiythilie B&Scﬂ?ﬁ&soéanﬂ% HaRsted 881 L W8@r Mhke through
responsive |iposones are obtained from pol y(ac._ré'gl ic acid) caged:
| i posoniggingHEke vhemisiriic Semppiition ods matasylas peeichy of eopelyimgrs, Bubstable
t he stabi,l.i 0 icl 1.l -is problematic. Hence snart
stabl e W%&?%ﬁﬁégﬁﬁ%éggﬁéﬁ&ﬁéaﬁ@ﬁﬁ%% roaches are-:desirable.

[0004} In order to obtain good vesicles, smart stable vésicles should be prepared. The

smart stable vesicles have good integrity during storage and delivery process, and the
release of the species encapsulated can be. triggered by certain stimuli presented at the
target sites. The stimuli can be temperaturé,_ pH, ionic strength, enzyme and light and so
on.

[0005] Recently, nanosized hollow silica spﬁeres were suggested as useful carrers of

]
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[ 0007] s%pﬁgllg%?@% (Polym Adv. Tecinot (2000) 11, 9_2@&@%%&5900“

that gra acrylic acid) is a further possibili

functionalize porous silica particles, Qher reports have shown that
nmesoporous silica nanoparticles havi my pol y(acrylic acid) grafted

t hereon have a pHresponsive shell for controlled uptake and rel ease
(Hong et al; .1 Mater Chem, (2009), 19, 5155). Also described are
conpl exadivstspaciesforgnpaisylaeh had rcmht'rcdledo:leﬁicay\ld ecylsctafahdio kivkcsinpatita)ity,
i n mesoporous silica s heres to obt re §§ sive, dru %Ieas
(Cao. ot 1S Sixfioe y68 S emire yoyoms, abusiable oors Siaaass pnd adoEne
conmpoun RS, g&%@

as sensﬁép%ﬁa?g%‘ggﬂ FB%S‘Q]SH&%Q%%%%?%%;@?ﬂgléla%cgkﬂé%%sp% theg pr egg]l?]? t
i nvent i siica. @n@ rlmarctbslwrmmh Imvsop-emt ihirider heih appb@énons eBoarhpiocessghitiymef

at Ieas%N hﬁ- brf}/ descri be& gl sadvant ages. SUMVARY OF THE

| NVENTI “66‘6‘@?@51* B PR RO present .invention provides a

por ous [pRoEPHoSek e & 1@a%ﬂnﬁhﬁ)1wcﬁd:ueﬁ e @t sphld PRGN pH B ene of
pol ymer, whi.ch is sel ected from pol y% acrylic acid) and copolyners -

t her eof thej mogoivrptoatant Stimul R@dnggerghe g?»laassee@f encepfﬂ%e% nsmcw ’é@mt vesices.
[0010] {;%boﬁalsﬁrﬁ%%ﬁ;ﬁ?m%pu@?ﬁe'%‘éﬁ% e, Bée%"{egﬁﬁa Net @&glper

COﬂpOSI ical COﬂpOSItIOﬂ In

hol | ow s¢sﬁdlesacanafet obthiasd frbypspeaificypolypeptidds. Qx\I\SchHIrespoﬁﬁfré pﬁlb'ﬁﬁr ési€les
an inner void that, includes a Phar nmaceuti cal |y actjve conpou

2011/ 09%spehiAed Y Gpisetong Pe 31(%3151 aqid) igtq merlaeraéﬁa@%& Oftwiym'ﬁv\éﬁ%qleén'
d
DY e oBHFrRhi0p 1hsdi e Bbththel AgRL R (BnpRe YOTR] oded BBl SPLpwever,

sur f acethess rappmadn:is noeddu specifon amatgtaim pando rtheh atabtjrtyl ¢fupane oreaiclegr gilpds
The net ho ncl udes vi di. a - pol r. The I eI ected
{1 om poPS IR G RptecT STk wer el ed BY e oo R B et

further [go0g] BeQki C@ntaBC PGt NRAP ORI qR000)he1SiM) Crpsidd aka- efdfng
met hod aI so includes allowng the carboxy group of the pol yner and anh

ami no f pelztacoiisl addoispa dirthernpassilility fofonetomalizy potnys silqatpartielps. (Ather
f al ]
surtace, Eoﬁrté' RAe! &%u@hﬁl%’c%lek%r&ﬁasﬁﬁda gﬁ%épgeéc g%ﬁg ngﬂsécgﬂgc“Pén{u” afted

reaction*to occur I'S Cova
surfac ethe{‘e@uﬁlﬁ,}/e Ilpﬂrasp@rsi\rmhemfbﬂ coln&ohai nmkmmdhfeiséa@@(i{rymgt d1 al; J. Mater.

referenc t he detailed descri con5|dered I p_conjunction
Wih theree M%alﬁf} ﬁfﬁqgﬂéscr&feﬂ PRt UEiRS PREy (BRIRpgrNs acid-
[0013] Fi. gnﬂri ethéx 1P i AP ForBE SRR h&é@l@@%& 2% $4tSofive drm
PMAA- gr af Iqﬁow s)?filﬁglgyveg? cPﬁ%r accordi hg to the d|1nve ﬁlo Tve amg
release (Gao et al,, J Phys. Chem. C 2009, 113, 12753—12758) However these
compounds are difficult to prepare or have difficult polyrde;r chains as sensitive groups.
[0008] It is therefore an object of the presént invention ﬁ_) provide a hollow particle with

properties that overcome at least some of the above described disadvantages.
SUMMARY OF THE INVENTION

[0009] In a first aspect the present invention brovides a pml.‘ous hollow silica particle with a
polymer grafted thereon. The polymer, which is selected‘ﬁom poly(methacrylic acid) and
copolymers the;;eof, 1s covalently linked, e.g. grafted, to ﬂ1é silica particle.

[0010] In a second aspect the invention. provides a pharmaceutical cqmposition. The
pharmaceutical composition includes a plufality of hollow silica particles. Typically the
hollov_v' silica particles have an imner void that includes a pharmaceutically active

compound.



[0014] Fi\g? Zﬁ)é%ggﬁi?gt s TCA curves OT a) pristine hollow EEHS&%OIOIOOOM:&

spheres ched hollow silica spheres; c)

brom de-functional fzed hollow silica spheres; and d) PMAA-ghol | ow
silica vesicles. [0015] Fig. 3 shows IBMinages of a) pristine hollow
silica spheres and b) PMAA-ghollow silica spheres. [0016] Fig. 4
depicts nitrogen adsorption-desorption isothernms for hollow silica
spher es[0011] B4 WirdraspectThe iﬂmﬁoxapmﬁbi alndihdd ei)@nmleaﬂgfcouplmg a polymer
PMVAA- -hO||QWSI|Ica sic recorded- i n, deut rlu Xi de_at pH of
7.4 andtoasiignsgce: ﬁ @f‘%ﬂp‘@?@%t PrEVigIgs Aogc Rl isGHecartace

[ oad; ngoaag" 9‘4‘?2’2%“?%%%‘%&2&@ Genel g hotord) %ﬂ%ﬁéé‘o"’;‘?ﬁ AR A e
}3 Ihﬁei P\r/pnmdmg a [poly Aty 'Fheq:uolﬁmshmaml\?te:ﬂ:ld é&logi palsénﬁhmh@amﬂ) Gal mbgmers
ond 7. a e, DR mptiad b fictideg o taem@wiméﬁ i Bheplhrs parche foe

FTI C deiﬂeﬁﬂﬁ e(lM‘{ncﬂa@elelcfvhﬁ%‘tﬂé cithBy glaah |0@‘ﬂ‘1 8r %Rk h@thARHcinal
free PMAA at pH 2 and respect’i vel y. A LED DESCRI PTI ON OF

THE | NVENTPQAX a{hm@p flln@thmbgecmp qmthemhoarsurfgcms@cdem 2 leeuplingiieagjion.

et oYL e Rl BB TBL P % B SRR, B i

doi ng seuddtel ntelligent, pH-sensitive nanoshell onto the exterior
surface_of hollow silica partlcl es_can be obtained. Wen grafted on

hol | ow 012} 3h¢ deyentien Wikl he brstepysdastped aﬂfélrr@fqr@l%rf@\ﬁh@éeﬁaﬂed dessription
t abi | t nol ecul
ohire | eRphA @RS Bickifuholin LERh NI EBLRAI oAl BES! T Cou eS

closed triggered by pH, which can act as a valve to regul ate the
| oadi ng and rel ease o [ core. These
and ot hef advantages- Wﬁﬁgﬁﬁﬂi@éﬁ i Tﬁﬁ%msf romthe
fol |l owi ng expl anati ons and the appended draw ngs. [0023] The
pol y(net hacr\él ic acid) is linked to the surfacepf the hollow silica

part i cl H013h gadllyeﬁézekmafwnecexamwyy pegparption suse o Mo grafoheliamsitica
accordi pas o, Senek A 1oL MVeRudd) Ra CH3

[0014] Fig. 2 depicts TGA curves of a) pristine hollow. silica spheres; b) APS attached
hollow silica spheres; ¢) bromide-functionalized hollow silica spheres; and d) PMAA-g-

hollow silica vesicles.

[0015] Fig. 3 shows TEM images of a) pristine hollow 51I1ca spheres and b) PMAA-g-
hollow silica spheres p
[0016] Fig. 4 depmts nitrogen adsorptmn—desorptlon isotherms for hollow silica spheres.
[0017] Fig. 5 illustrates "H NMR spectra of PMAA—g—hqllow silica vesicles recorded in
deuterium oxide at a pH of 7.4 and 3.4. |

[0018] “Fig. 6 depicts the pH sensitive mechanism of PMAA—graﬂ-hollow silica spheres.
[0019} Fig. 7 shows exemplary the loading and release mechanism of the PMAA—g-‘hollow
silica spheres of the invention. . '

[0020] Fig. 8 shows the release profile of Calcein blue ;"Iom a) PMAA-g-hollow silica
vesicles and b) free PMAA at pH 2.0 and 7.4-,_-r63pective1y|.

[0021} Fig. 9 shows the release profile of FTIC-dextran ..(MW: 10 K) from a) PMAA-¢-
hollc;w silica vesicles and b) free PMAA at pH 2.0 and 7.4; respectively. ‘



Il CClI 8!} f}%ﬁ\her ein Ra and Rb are independently a?ﬁ?)ghrgr@?}r?b&%

an ali cycl ¢, anaromatic and an arylaliphatic group w

chai n of about 1 to about.30 carbon atons and 0 to about 10

het er oat ons sel ected fromthe group cbnsi st ng of N, 0, S, Se and
Si.; and nis an integer from2 to 1000; wherein all groups nay be
optionally substituted [0024] The aliphatic, alicyclic, aromatic of
aryl al i phati ¢ gr oupDETATRENRDESSIRIBTION OF THEONNVESTION bon at ons
such as 2 to about 30 carbon atonb or 2 to abdut 25 carbon atons,

i ncl udi ng about 1 to about 20 carbon atoms, about 2 to about 20

car bon menprrh@qﬁé&en@ itRnABOUL R8T dnbae ALANE, thﬁ‘tbQUIy(rﬁe&ﬁc@HQ%ﬂ%%r

carbon atons, about 2 to about 15 carbon atons, about 1 to abou

car bon egpelsners fasreogmaBediivote a silicassustne maynalter £ho properties obthet oveeall

5" 6. B g iR ' eyGeRy LS RAGYR haRlRER orkd e Brispior Sprie O
at ons. HdikwEliba padicks 0in bé ebt@iﬂeﬂh‘aﬁﬂeﬁ grzﬁ’tddc‘dﬂidllbw dlieBdsicles) the porous
arylali phatl C. %roup may include O to about 10 heteroatons, such as 0

to aboutilign gaslls: previsest eovecswl%bﬁabﬂlw and deasihilityoior logd andgrelepse pfagusst
5o0r O s a

0L bl e 40 SIRSLUIAR: Rolyher Selfcaf el ShELQRL A ol
S, Se ariggSied prHnmhldhl cért st 4s0a v[a.E@ZG]reQiﬂaetthe mbddﬂig phd reledsenafagnirest

unl ess ot er.w ed, a str ranched h arbon chai.n,
whi ch it Ble%}f 3 aics oty e goqtﬁe iR e Bl HREOTR iRy
heteroag@g}?em bR ﬂm@%’ﬂoﬁlﬁé éiﬁ%%hs%ﬁﬁhé%ﬂ éiﬁé&ﬂfhuﬁﬁésns an atom of

any el enent other than carbon or tl¥dro An unsaturated aliphatic
gr oup I\I@?Z%Io'ﬂh@pwiy@whmlmoed)d@b e tartbi¢ anfatcptoﬁﬂ@ hmélmt&mljiea patigle. Tire

o A s 100 R B A S S RS R

hydr ocar bon chai n, Whl ch may, unless otherw se,stated, be of any

| engt h, and cont ai n any nunb of bran.c es. Typically, the
hydrocarbon (main) chain incliuge o , to 10, to 15 or to 20
carbon atons. Exanples of al )7 r fcal s are strai ght -chain or
branched hydrocarbon radi cal &QI chl contjai n oné or nore doubl e bonds.
Al kenyl radi'cals generally c¢n bout two t.o about tWenty carbon
atons and one-or nore, for i stance ‘two,| doubl e bonds, such as about
two to about t-en carbon atong, Fgnd ©erHoxbl e Hond. Al kynyl radicals
normal |y contain about -two to about twemty car 56?1 atons and one or
nore, for exanple two, triple bonds, preferably such as two to ten
carbon atons, and one triple bond. Exanples of:-allcynyl radicals are
strai ghWhQIhB] Ra. omdbRa e auddpgodentlar htmahphmm aldyictib, awrdramatiomed cm

oy Bl R By PR ol Y oot 2R oS e W tp about

| SOmer s1@hefehREdng sdlegad Fonl 8RPERRY! contis@pUby N, O,SOPSOLN Si$efd isYdn
ten-butyl, neopentyl, or_ 3, 3-dinethylbutyl. Both the mai n chain as

wel | asipfagsr ﬁp@r?cﬁ)e]é)oﬂa‘yh?r@ﬂﬁ%]egfﬁbpséﬂébh@ @W%Yéﬁbﬁ@ﬂﬁﬂ% as for

i nstanc o] r e

het er oa o%ls] ?T%&%q%%‘f’nhl glrlc?h a'rS?]l%E‘?%r M&%’rygﬁ%ﬁp&# EE%

refers dmuap0 2hibphatonss sueH s Qo tubnuirm/mbpraatomh oy 12- tG-aBBuEIIS/carbcﬁh atoms,
certain, enbodl ments, .alkoxy groups are optionally substituted,

Typi calingludingatepti & aPasH0( OR) atetR i aRophng fq ket 20 carbgn alems,Ebowtad tos
or to 2f. %@&B%@&nogepmggs RS b al?out?iﬁ b 2 dt'émgaﬁm ?I&Qﬁout%%o%s

of al koXy groups 1nc ut are not limte t hoxy, et hox
pr opoxystoima} daqutanhd dbloet 10 k;erboﬁQﬂﬂﬂS, abbet 2 ¢o mbdwl I0cyabor atommy adeuiOl ’abe

referreq t6 "cYcl oal i and ans, unless sta ot herwi s
non- ar et 10 Egrobr atogh 6 et 1do HhOuRERbHLHORS: BE) 7S Infr Difs Sup D O
sat urat ¢l 191 18010190 199ley 1982 9 R B barbbAcatENE THe rﬁé{iﬂrdﬁﬁﬁ{ Hofe ﬁﬂﬁlﬁhﬁ,

alicyclic, aromatic or arylaliphatic group méy include 0 to about 10 heteroatoms, 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,



6 and chgj s. Typically, the hydrocarbon (main) |

I ncl udesavgazﬁf,l%g%g%, 7 or 8 main chain atons in one cyc?&@@é%‘f‘]«g?
of such noieties include, but are not limted to, cyclopentyl,

cycl ohexyl, cycloheptyl, or cyclooctyl. Both the cyclic hydrocarbon
noiety and, if present, any cyclic and chain substituents may
furthernore contain heteroatons, as , for instance N, 0, S, Se or Si,
or a cdntlodingtlyi 2eds 4b8 or 6 heteradiorhy. -A hetsaten & ytasher. atdih ¢hanecanbon and

"alicyglic" also.in s.cycl Qal kenYl. npi.eti es that are unsaturated
cycl i Xﬁﬁgﬁa‘ﬁ%ﬁ%ﬁéﬁ:#%ﬁeé@ng& h]‘“i%oﬂ’gﬁ?egﬁﬂ' about three to about
ei ght rppss|CREPRAnALBMRatict AHeafix INRIE oftekiPis® stafddX astBiBhe 8F BRI ro-

CyC oal kenyl radicals typically have a double bond in the respecti Ve
ring sysrlom cbyio) ouhirle nippy rbgdisslaratedresr monourer pelyswissturated eand include

Exanpl gs,, of h—oi et i s, | 0cl ug re not linm.ted to

cycl ohgg%e%?/?t?ﬁ%ygﬁg Eec egl;%?fer%ﬁ(ﬁéy %f 5 gée%:%%?ﬁ‘ m?%ﬁzag]r%i’% %fgar‘ﬂyr %}S?Jent other
t her et Ghad bbb bihy@baemtArCinsaR@died ahiphatic dr@@sinageetain @ld or BbRn®uble
cyclic hydrocarbon nmoi ety of conjugated_doubl e bonds, which naybe_a

si ngl e iy teple brads dalkerit or pildad Jpenstied The bbiahesor! thehiyreasprbpn chain

| i nked _t.i . ' i e
al 0 1 AL ASIdE e S el o B ool Snen kel Tk B LB b,
I ncl udeshidh nfay, #nless @Bherwise stdied, be af any langthyard corthia anfpxambeest mbinchies.h
noi et i i.nclude, Qut are.not ljmte 0, .cycl opent adi enyl henyl ,
napt hai DYy, S oticadion Apaiy shah atcsdss 1455 oLk &L PER ofoon dorns.
[ 12] anrgy eipibs of RRERANUARAY lare sPASRARNE of BRMCAGPHY88&bon tadlcals which
di hydr opyrene, chrysene (1, 2-benzophenanthrene). An exanple of an

al ky| arophtaimione pr inorddehye bomdse Adkdny! idigals gdnerally eoptdin ebintdwodarabont

moi ety ,may, unless otherw se stated. be o n t h and cont ai ny
nunber PR Ro A5G AL S inslie? s b Wit 06 IR B
het er oalhettich @aifioh atomsyayd b0 dvbbaiung, Biksdybradiclshoimale &etain about two
unsat urated heterocycle which has one or nore heteroatgons fromthe

seri es 9,2bRit Byenfy erporoatonss apd aneifaTarTsalos TR amplenoe iRle bongs. Prefably
Known th g tREH ch% %EHb|oh &brhd] ahl %n%réligléthu %%am@':@s A RO rAdifhd &L

to, furanyl-, thiophenyl-, naphtyl-, naphthof uran
ant hr atstiagghivehaih-or tpsnchdd hydfirocarpyn radipdls whighi cmoltainyine or more triple bonds.

napht hqqui nql i nyl - ui noxal i nyl -, indolyl-, . benzindqlyl-,

o oz QPAEEBIes, g il 0TS o FRR ot} eyl DGRy PR hepty, octsl,
azepi NYdonyl, ldREAPHRW fsomeR! Tk P¥dicals, lifiR6py1Yisobut{iz %j{éﬁ{% sec-butyl, tert-
(azacycl odecapent aenyl -), diazecinyl-, azacycl ododecal,3 ,5,7,9, | 1

" hexaerhaitg, geopsniil, or :3¢imedaylbuiydi Betbctheyiain cheinss i Ay the, branches may
azeci nyj - i - i l-eNM| &, . )
oxacycl flgft}l?%gogg ?gﬁtgﬁé{%érgﬁo&xg_ g@éﬁ@ﬁé‘é Ig,r é, S, SEe or Si or carbon atoms may be

tri azaa:aﬁh&aj:]@ﬂﬂiese’mﬂtﬁbhteﬁ]s. [0029] By the term "arylaliphatic" is
neant a ¥drocarbon noi ety,. in which qne or nore aromafic noieties

are, sufdeel Thetery talkesry orloRs o 15 fopHRationg refppsto ahaliphatie hudregarbon
having an alkyl-O-moiety. In certaih embodiments, ~alkoxy groups are optionally
substituted. Typically, the hydrocarbon (main) chain includes 1 to 5, to 10, to 15 or to 20

carbon atoms such as 1, 2, 3, 4, or 5 carbon atoms. Exampfes of alkoxy groups include, but
are not limited to, methoxy, ethoxy, propoxy, i:utoxy and tﬁe like.

[0027] The term "alicyclic" may also be refetred to as “cjfcloaliphatic” and means, unless
stated otherwise, a non-aromatic cyclic moiety (e.g. hydrocarbon moiety), which may be
saturated- or mono-or poly-unsaturated. The cyclic hydroc:arbon moiety may also include
fused cyclic ring systems such as decalin and may also be substituted with non-aromatic
cyclic as well as chain elements. The mam chain of the c‘yclfc hydrocarbon moiety may,

unless otherwise stated, be of any length and contain any mumber of non-aromatic cyclic



7 "aryl alj lGooatl SO 1 NCludes hydrocarbon noieties r
nore ar yl‘bgt}%@”ﬁe connected via one or nore ali phatlgcfﬁgﬂo@w@
chains of any length, for instance a nethyl ene group: Typically, the
hydr ocarbon (main) chain includes 5, 6, 7 or 8 main chain atons in
each ring of the aromatic noiety Exanples of arylaliphatic noieties
such as allcylaryl noieties include, but are not limted, to

1- et hyl andaghiaith eleareats. Jl‘yﬂlicaﬁygtthymgdﬂ)bamohe(mm)eqhaﬁr includes 3, 4, 5, 6, 7 or 8

i sopropyl ant hr acene, 3 tr zene, 1- 2- but n-.1- ol ,
7% Pl e G SO BT eHRSs, Sosh fa e 1 Fam bot are not miied o,

642-(2 I e e a
Y

“al i phamidcif, présent, eyylcyelic andathabxgubstituants e fitthemmbre soytain hqmaamms ass
used herein;is cl ude both substit ut itute
o opt EREe PN, 58 of F ot et it BBt hiS- A0 R AbFod g e
' group,teds FaicyeK@npPaiso ﬁumdsé)tcycldau&eﬁgll tﬁmeneﬁrﬁhﬁp ararruﬂgatura&udeychc
carbonyl, carboxyl, cyano, |soc¥ano di t hi ane, hal ogen, hydroxyl,

ni tro, toigeeadessawhich gpastsbiconfain abaw dhresitp yboutselglammg airbew pipims, for

t hi o, t f t
br om)beéwz eﬁgs u?? 8%1%/1}( rJ itro eaﬁaﬁésn z&cﬁo?aﬂégnpd %l %ﬁ%&%{%’%ﬁ%ﬂe bond
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[0029] By the term "arylaliphatic"” is meant a hydrocarbon moiety, in which one or more

aromatic moieties are substituted with one or more aliphatic groups. Thus the term

R



[ 0036] ' the hollow silica particle by the s
entire pgg{ﬁiﬁ%%g?h t he pol yner i mmbilized thereon Caﬁg?/gh%mh@&ms
depi cted as (surplifiedillustration)_} Ra CH3

"arylaliphatic" also includes hydrocarbon mojeties, in wh"ich two or more aryl groups are
connected via one or more aliphatic chain or chains of any length, for instance a methylene
group. Typically, the hydrocarbon (main) chain includes 5, 6, 7 or 8 main chain atoms in
each rmg of the aromatic moiety. Examples of arylaliphatic moieties such as alkylaryl
moieties fnclude, but are not limited, to 1-ethyl-naphthalene, 1,1"-methylenebis-benzene, 9-
isopropylanthracene, 1,23 -trimethyl—ben'zene, 4—phenyl—2~buten—1—ol, 7-chloro-3-(1-
methylethyl)-quinoline, 3-heptyl-furan, 6*[2:(2,5-diethyliahenyl)ethyl]-4-ethy1—quinazoline
or, 7,8-dibutyl-5,6-diethyl-isoquinoline. ‘

[0030] Each of the terms "aliphatic", "alicyclic", "alkoxy", "aromatic" and "arylaliphatic"
as used herein is meant fo include both substituted and unsubstituted forms of the
respective moiety, Substituents may be .any functional “group, as for example, but not
limited to,, amino, amido, azido, carbonyl, carboxyl, cyano, isocyano, dithiane, halogen,
hydroxyl, nitro, organometal, organoboron, seleno, silyl, silano, sulfonyl, thio, thiocyano,
trifluoromethyl sutfonyl, p-toluenesulfonyl, bromobenzenesulfonyl, nitrobenzenesulfonyl,
and methanesulfonyl |

[0031] Referring to the above formula (1 ), in one embodiment R, and R;, may be selected
from fthe group consisting of hydrogen, methyl, ethyl and propyl for example both R, and
Ry may be hydro gen.

[0032] n is an integer from 1 to about 10000, such as 1 to about 9000, 1 to about 8000, 1 to
about 7000 1 to about 6000, 1 to about 5000, 1 to about 4000, 1 to about 3000 and 1 to
about 2000. nmay also be any integer not exphcatly mentloned in the above listing.

[0033] The polymer may be attached to the silica surface as final polymer molecule. -
Altemaﬁvely, in another embodiment of the mvenuon a monomer molecule may be
attached to the silica surface. A polymenzauon reaction may subsequently be conducted in
order to polymerize the monomer with further monomers to obtain the final polymer chain
at the silica surface. Such polymerization reaction may be cerried out under conditions
suitable to prepare a poly(methacrylic acid) or a copolmer thereof. In this respect the term
"copolymer” means that the final polymer cham (inade before or after attachment to the
silica surface) may be made from different monomers, i.e. monomers that have different
substituents R, and Ry in the above fofmula (1) and further monomers. By using .
copolymers a further modification of the polymer chain is possible. If desired, it is also
possible in the present invention to combine polymerization of monomers and aftaching a

- pre-formed polymer in order fo graft the poly(methacrylic acid) polymer on the hollow
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silica particles. _

[0034] Besides the monomers having different substituents R, and Ry, in one embodiment
of the present invention further monomers may be selected from vinyl monomers of the
general formula (3) CH2=CR;Ry. In formula (3) Ry and Ry can each be independently
selected from the group consisting of H, optionally substituted aliphatic, an alicyclic, an
aromatic and an arylaliphatic group with a mam chain of "flbout 1 to about 30 carbon atoms
and 0 to about 10 heteroatoms selected from-the group consisting of N, O, S, Se and Si.
Exaﬁﬁles of such vinyl monomers include, but are not limited to, 1,3-butadiene, isoprene,
styrene, [o]-methyl styrene, divinyl benzene, acrylonitrile, methacrylonitrile, ﬁnyl halides
such as vinyl chloride, vinyl esters such as vinyl acetate, vinyl propionate, vinyl laurate,
and vinyl- esters of versatic acids, heterocyclic vinyl Icompounds, alkyl esters of mono- -
olefinically unsaturated dicarboxylic acids (such as di‘—._:il—butyl maleate and di-n-butyl
fumarate, fumaric acid, maleic acid, and itaconic acid, émd optionally substituted alkyl
esters of 1 to 20 carbon atoms thereof. ) .

[0035] In one embodiment of the present iﬂvention, the- vinyl monomer may include an
acrylic mbnomer, such as, but not limited to, methyl (m;i_:h)acrylate, ethyl (meth)acrylate,
n-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, isoﬁropyl (meth)acrylate, n-propyl
(meth)acrylate, and hydroxyalkyl (meth)acrylates such as ﬁydroxyethyl (meth)acrylate and
2-hydroxypropyl (meth)acrylate. In the following each vii;yl monomer will be referred to

as "vinyl".

y

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

B THS ] e o ]
O. (Il C [vinyllm O X fl‘, c { vinyl
| N "
| Ry COOH | or | R, COOH |p

q

wherein X may be a bridging group Iil-nking, the polymer to the silica surface. The index m
may be an integer from 1 to about 10000, such as 1 to about 9000, 1 to about 8000, 1 to
about 7000 1 fo about 6000, 1 to about SOOQ,' 1 to about 4000, 1 fo about 3000 and 1 to
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about 2000. The index m may also be any integer not expliciﬂjf mentioned in the above
listing. Typically the polymer defines a coating on the surface of the hollow silica particle.
In one embodiment of the invention the polyrher may be-a lineat, i.e. straight polymer. In
some embodiments it may be a hyperbranched polymer. The polymer will usually have a
" molecular weight in the range from about 560 - 1.000.000, such as about 500 - 500.000,
500 - 200.000, 500 - 100.000, 500 - 50.000, 500 - 25.000; 500 - 10.000 or 500 — 5.000. It
should Be noted that in the above formulas the order of the monomers is only exemplary,
i.e. the order may be changed. Further, it should also be ﬁpted that the monomers may be
present in different combinations, i.e. as alternating copolymers, periodic -copolymers,
statistical copolymers and/or block copolyiners, wherein alternating copolymers are
copolymers with regular alternating A and B units; peri@dic copolymers have A and B
units arranged in a repeating sequence (e.g. (A-B-A-B-B-A-A-A-A-B-B-B),), statistical
copolyiners are copolymers in which the sequence oi‘ffl monomer residues follows a
statistical rule, and block cbpolymers comprise two or more homopolyiner subunits linked
by covalent bonds. The union of the homopolymer subunits may require an intermediate
nen-repeating subunit, known as a junction block. Block copolymers with two or three
distinct blocks are called diblock copolymers and triblock copolymers, respectively. In one
embodiment three or more different copolymers may be used, wherein one of the
monomers has to be methacrylic acid. .
[0037] As mentioned above, on the silica surface on which the polymer is immobilized, in
the present case the surface of the holiow silica particle, the polymer has a particular high
density. The surface of the silica particle may for exa:inple have a polymer content/
polymer dénsity in the range from about 10% to about 9@% (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) or about 30% to about
80% (wiw). Typicaily the surface has a polymer content/ polymer density of at least about
20 % (wiw), including at least about 25 % (w/w), at least about 30 % (w/w), at least about
35 % (w/w), at least about 40 % (w/w), or at least about 45.% (w/w).
[0038] A particle according to the invention has typically a maximal width of about 1 nrn
to about 100 ym, such as about 1 nm to about 50 pm, aboﬁt 1 nm to about 10 um, about 2
nm to about 10 um, about 2 nm to about 500 nm, about 2 nm to about 250 nm, about 10

nm to about 500 nm, about 10 nm to about 250 nm, about 25 nm to about 250 nm or about
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50 nm to about 250 nm, such as gbout 250 nm, about 200 nm, about 190 nm or about 150
nm. The particle may be of any shape and geometry, including ball-—shf;lped, i.e. spherical,
rod shapé, the shape of a disc or the shape of d rope. |

[0039] The (in some embodiments water-soluble) microparticle or nanoparticle is typically
" a hollow micro- or nanosphere, i.e. it includes a void or cavity. In typical embodiments the
microparticle or nanoparticle may optionally have a shell surroﬁnding a void. The shell
may be defined by a single wall with an internal and an external surface (i.e., balloon-like).
The void or cavity may include the same fluid as the ambient fluid that surrounds the -
partxcle The wall defining the shell may in some embodlments be considered to be an ai
least essentially closed and contiguous suxface in which some cracks and/or blowholes can
occur: The wall defining the shell may in some embodnnents have a thickness of about 0.1
nm to about 1000 nm, such as about 1 nm to about 500 nm about 1 nm to about 250 nm,

about 2 nm to about 50 nm, about 5 nm to.about 50 nm," about 2 nm to about 25 nm or
about 5 nm to about 20 nm, such as about 10, 12, 14, 15 of'.iatbout 20 nm.

[0040] In some embodiments the particle, for example within a shell thereof, has one or
more pores via which the void or cavity is 111 fluid contact with the ambience. Accordingly,
the particle may be microporous or mesoporous. Microporous matter is in the art
understood to have pores of a width of less than about 2 nrﬂ, whereas mesoporous matter is
understood as having pores of about 2 nm to about 50 nm The particle may for instance
have a-pbrous shell with a pore width of about 0.1 nm to"%lbout 500 nm, including a pore
width of about 0.1 nm to about 8 nm, of about 0.5 nm to about 6 nm, of about 1 nm to
about 6 nm,. of about 1 nm to about 10 nm, about 1 nm':{o about 50 nm, about 1 nm to
about iOO nm, about 1 nm to about 250 nm, about 1 nm tg 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 cm®/g to about 2 cm’/g, such as from about 0.05 cm’/g to about
2 em®/g, from about 0,05 cm®/g to about 1 cm®/g, from about 0.1 cm 3/g to about 1 cm’/g or
from about 0.1 cm /g to about 0.5 cm /g, e.g. about 0.25 lcf,_nf‘/g_.{. A respective mesoporous
or microperous particle may have any form and shape, inciﬁding a sphere, arod, adiscora
rope. The pores may be amanged in an ordered mrmgément with symmetry such as
hexagonal cubic or lamellar. | '

[0041] The pores of the particle can be analysed by a vanety of techmques Examples
include, but are not limited to, tramsmission electron rmcroscopy, scapning electron

microscopy, gas, €.g. nitrogen, adsorption, i;lirerse platinum replica imaging, small-angle
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[0043] The particle may have any surface area which is sttitable for the present invention.
For example, the particle may have a BET" sﬁfface area in the range from about 10 m2/g to
about 1000 m2/g, such as about 25 m2/g to about 500 m2/g, about 50 m2/g to about 250
m2/g, about 75 m2/g to about 200 m2/g or about 100 m2/g to about 200 m2/g, including a
BET surface area of about 170 m2/g or about 160 m2/g, Other surface areas are possible, -

[0044] On the external surface area, i.e. the surface area on the exterior side of a shell
surface of a particle of the invention, the polymer is 1mm0b111zed (supra). The external

surface area of shell-based particles may be measured by means of techniques known to
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groups or halogen groups may be introduced on the surface of the silica particle, for

example, via coupling of an amino-functional or halogen-functional alkylsilane or
siloxane, such as for example N-(3-trimethoxysilyl) propﬂ_’ ethylene diamines (TMSPEA).

In one embodiment said bridging group may be according to general Formula (2):
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t he i ni@AS6loAs nmynmenedoa’eombﬂﬁdl helivs - pa’tmbt of - thel lmreehomhmay in some -

desired, ,such wat er - s mcro article or ticle be
oot gneimiaspiiels; v Refrahfiolo, S SHY el STRE wiPatht S
syst em{Ag @ﬂererﬁﬁguel &éién)éd Fof ewsealﬁémeﬁwrf@lr b@ntﬂﬂieﬂV(%lﬁgryO\Iﬁ fa Sustained
pr ol onged Berlod of tine, which overcones the highly periodic nature
system the pharmaceutlcally active compound is delivered over a prolonged period of time,
which overcomes the highly periodic nature of tissue levels associated with conventional

(e.g. enteral or parenteral) administration of single doses of free compounds. The term



2.8, 2.9, . 3.2, 3.3,34,35,3 6, 3.7, 3.8, ‘
4.1, Wﬁzgﬂ"’ﬁ”gfz 4.5 4.6 4.7 4.8 4.9 or 5.0. Thuls'éT’ng‘ﬁ[’Bo 083

condi t | on, the shrunk, or coI I apsed PMAA | ayers seal the pores in
the silica shells to prevent the rel d8se of the speci es encapsul at ed
in poly(methacrylic acid)-graft-hollow silica vesicles. "Collapsed”
in this respect neans that a closed and conpact shell is forned when
t he pH ‘centhdlediviralieniss thatOconBep isotxertad e‘delPﬂ)leAway i swhéchstheqrharmaceutically

ra R oSO RS L IE L ey shetl e ateopenad B pH
nmechanig ke ¢RAtedl &8. tﬁgpg@éﬁg‘n form Figure 6. ~;
[0057) In the present invention, poly(methaérylic acid)-graft-hollow silica vesicles are
" obtained. The silica shells provide the stability and poly(methacryl_ic acid) stealth layers
provide pH responsive properties. Thus, the present invetition makes use of the fact that
poly(metilacrylic acid) has different properties depending on the respective pH value of the
used éystern. This means, the structure of the poly(methacrylic acid) shell in aqueous
solution deperids on the pH value of the medium. At : relatively high pﬁ value, the
deprotonated poly(methacrylic acid) layers are (fully) soluiale in aqueous solution. The pH
value of such a solution may be, but not 1imited to, above,.S, such as above 5.5, above 6.0,
above 6.5 or above 7.0. In one embodiment the pH value is-even above 7.5, Generally, the
pH value at which the polymer is soluble may i:)e greater than or equal t0 5.0,5.1,5.2,5.3,
5.4, 5.5, 5.6,57,5.8,5.9,6.0,6.1,6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8,69,7.0,7.1,72,73,74
or 7.5. The solubility of the poly(methacrylic acid) linked to the silica particles become
poor at lower pH, for example a pH below 5.0, below 4.5, below 4.0, below 3.5, below 3.0
or below 2.0. Generally, the pH value at which the polymer is less or poor soluble may be
less than or equal to 1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 2.0, 2.1, 2.2, 2.3, 2.4, 2.5,
2.6,2.7,2.8,2.9,3.0,3.1,3.2,33,3.4,3.5,3.6,3.7, 3.8, 3.9,4.0,4.1,42,4.3,44, 4.5, 4.6,
4.7, 4.8, 4.9 or 5.0. Thus, at acidic condition, the shrunk ‘or collapsed PMAA layers seal
the pores in the silica shells to prevent -the release of the species encapsulated in
poly(methacryhc acid)-graft-hollow silica vesicles. "Collap_sed“ in this respect means that a -
closed and compact shell is formed when the pH is below:about 5.0. Deprotonated PMAA
layers become water-soluble so the pores m tﬁe silica shéils are opened at pH higher than
about 6.5.to release the species encapsulated. This mecﬁaMsm can also be taken foﬁn
Figure 6. 2 .
[0058) As stated above, the hollow silica particles f,'_may be used as cartier for
phanﬁac':euﬁcals. Any pharmaceutically active compound nétay be included into the particle.
In some embodiments such a compound is polar and water-soluble. In some embodiments
the compound is amphiphilic. In some embodiments the compound is at least essentially
non-polar- and water-insoluble. The phannaceuncally act1Ve compound may be a low
molecular weight organic compound. In somé embodlments the pharmaceutically active

compound is or includes a peptide, a protein, apeptoid, a Iipid, a nucleic acid, a saccharide,
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bioavailability. They often offer advantages of solubility, tissue compatibility, or delayed

release’in the mammalian organism. As an illustrative example, a “prodrug” may be a low

molecular weight compound with a protective group shielding a moiety or functional group
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19 bilin \969%1%99}\%“ ei n, the human neutiophil gelati na;eig§;§(glﬁ}0@‘}og§i

| i pocal i n, "humnan ol i poprotein D or glycodelin, posses natur

| i gand-bi nding sites that can be nodified so that they bind to

sel ected snall protein regions known 185 hapt ens. Exanpl es of ot her

pr ot ei naCeous bi ndi ng nol ecul es are the so-called gl ubodies (see e.g.
I ntemati on patent application WO 96/23879), proteins based on the
ankyr i ntheedf fud thedeblp sewersiblyXéuppresiag the Retitini of the fimetiond] 2064 Akdspettive
1435-1448) or crystalline 'scaffold (e g. intefmation patent .
appl i catWBSrOAbTERY berpme) Pharmagewicaily sciies e vike Prifh e heny the. pygfective
Recogni 814514 &, xﬁgﬁ‘ﬁa i ety o 86l d3Si i ;
Avi mers.éro}:1 izgltqgll)gﬁésgg?ﬂcglsﬁ ecf eA- ong%ﬁgﬁ%%t SAggzgur asslélt%rgﬁ%tg}sé 0 te, 2
mul ti pl fmdiomd Eeoipnmagwababe detrddwed fido e cemppndred gedietal dommia (5 upet
at, Natuyre Bi.otechnplo 20Q5) 23,, 1556-1561);. Adnectins, cl.efiyal
From a. BRSO oo SO R PNaih AP RORRET, G asaletin 115 o
engi neefegkchivh Hd a0 Pha3 1y, Be lchirferiel fisth R ohipolind 8€ kSndcfl fotmulP(H:b
Dani e, N.% . Qjﬂrﬁ?ent_ Qpi ni oirll [ r? Bi Ot eChnol (())M}’?j( 2006% 17, 653]E 6%@) }&m
Tet r aneendynss, geidiid 9@d, ¢te.om the dumes e eninvad bh&y&éﬁﬁsh‘&wﬁmﬂ/@f acoppous of

eng noob g dcqhie FIBARE Bk Biige By R Baplic Colut i ThRabli mefitedi

pr ot ei nddrivaeneissuchbeedbrs Padiirad bEichdtictl 9RGiaRas atiatviti 4 §igfable 060hol (e.g.,
peptides_in that the side chain is connected to the am de nitrogen

rat her ®Haveraienel) amidsharerpiseh byrepstiondd the paregincidi compewnd with g amine
t W vi0Q: : . hi-
O e A e e e AL

T., J. dmwethkylan8de). (2007) 129, 1508-1509).. [00631 As a further

il lustrgtive exanpl e, | i nki ng noi.ety. such gs an _affinity tag may. be
used t olANE 1% Epeaich e curoat IpvaRtion Mo RAPY AiRlFrmareutasobmostion.
target Theé ShemPlcehiitial obfositioRdidcRIage tonB0C Gidre  hoBd®h partidldKiHaf have a
noi ety may be a nol ecul e, e.g. a hydrocarbon-based (i ncl udi ng

pol yner plrmaesudicalleaativetcompenadde the void géihe ol paticds-As defribddusboye,

car ben- al. N-1. 0 seudohal oge oups.. or Qrti t her.eof

o T Qe R 9 R b BRI L Rl U Blera BB Yol Ot fHERTRY haf e
gr oups. inShidbd fiinthei pit@maghmichls comypodition €8é Aysibally atder-sotulde. Gohdblly a
groups, used . and/or provided for the coval ent attachnment of the . |
pol yni epartiglgds (pRAerRd saterseiublmbie pelesting @B @ppPioptatedadari a5 rrphinhalig palymer
These gfo‘PF&HﬁoBH{é ﬁ‘&ﬂfﬂé&eﬁnﬁf t he coval ent -attachnent of a bi onol ecul e,
for exanple a HDFECU e such as a protein, a nucleic acid nolecule, a
pol ysacHifal] hesame ampodinmnin atiespectivee pentitlel] @354 whtessplubke pirtiele, of the

affinity t i.nclude, but are not. limted.t i‘otin, djnitraphenol or
o1 i goni S PRIRS <TGt Taalirale i PHACETEBLATEF i arect Bie oF or
mal t osegdioisli fatbePidlRulR, siAsd BiiQBEretnikiha R %188 PaRicl<SR Peptidla Rewid, % -

bi ndi ng peptide (CBP), FLAG -peptide, ‘the T7 epi totpe ) ) _
( Al a- Sepmofgin,-  Hcleis) acidy acpeptden anveeligosaccharide, tfope ystgetiamde, an inorganic -

molecule, a synthetic polymer, a small organic molecule ofra drug.

[0062] [lustrative examples of a molecule with binding z:{-:fﬁnity for a certain target are an
antibody, a fragment thereof and a prote;inaceous bindilgg molecule with antibody-like
functions. Examples of (recombinant) antibody fragn;.ents are Fab fragments, Fv
ﬁagm,entg, single-chain Fv fragments (scFv), diabodies, u'i:ea.bodies (Lliades, P., et al., FEBS
Lett (1997) 409, 437-441), decabodies (Stone; E., et al., Journal of Immunological Methods
(2007) 318, 88-94) and other domain antibodies (Elolt;:L.J., et al., Trands Biotechnol.
(2003), 21, 11, 484-490). An example of a proteinaceous Binding molecule with antibody-
like functions is a mutein based on a polypeptide of the liiiocélin family (WO 03/029462,
Beste ot al., Proc. Natl, Acad. Sci. US.A. (1999) 96, 1898-1903). Lipocalins, such as the



20 pr ote P he HSV epi tope of the sequence

G n- Pro- M‘Dio;%sg Pro- G u- Asp- Prod u- Asp of herpes si E%chmll 05043
gl ycopr0| e| n D, the hethagglutinin (HA) ep| tope of the sequence

Tyr - Pro- Tyr - Asp- Val - Pro- Asp- Tyr- Al a, #he "nye" epitope of the
transcription factor; c-nyc of the sequence

G u-d n-Lys-Leu-I11el Ser-d u-d u-Asp-Leu, or an oligonucl eolide tag.
Such arbilih i binding| pmtenie thmghmn@n ﬁmntrbpmlst@mmahmaaseddteﬂolipy@flihdilmmamo

| d ali gid th . )
Fur  hor ARl ueIBi or Sy TP sryel R R tes 154 A RE odified so
ther eofnaH ay il & @a@aeea%nwgman kBG4 oh Ld BRMRO SIS of other

functions (see al so abov urther exanpl'e of a |1 nking
ni oi et prowmcmmmdmg rmchle@ﬁesa etsy o@ﬁgia@hémdﬁs f(event.ggirderoatig patent

ith bi. t A h
" Bt bonf R Bhe e S e RELBR YRS RRERRT L 3 .
cat al ya%ze@;@m@@n@ea 2008 gast 149%- M489|0¥Q@Mﬂllhe @Mfd‘l@r(agl ﬂﬁémd@m ﬁatent '
cucurbit[njuril iiﬂ) that incl udes éco ui kbl units, ﬁzpca y

has tm@ppbcatmnsWQ/\m 410 4he proseigs d@@pbgc},gq S ¢%pfs Mq}‘ Beqasaitc 008) 13
b
ot or oo BERSURHL Rl BeBerl, MR Ml Bl domaigg e

forma cﬁ:bﬂﬂﬁsgstﬂﬁgﬂﬁiﬁﬁulﬁptd”ddrﬁms)ﬁm@aﬁal ball surfagei mrepturs (Silverman, J et al.,
adamant Iammnlumlons ELt her curbit[7]aril- or e.

o weammmﬂamé ROy AR ot a Jomain o huan
r emai n'ﬁ\?g;ﬁ? tﬁﬂﬁﬁr@@kioﬁﬁ Canfngf)é QeHRNENES Wlﬁh‘ obilin (?i'ke binding to

cucur bi ur|Trespect|ve e bo nd to-a-rsel surface.

Cont ac ttarggtst(GlLD.Sméd Bewlep NAKt, ICutr et me:m o .ﬂaoréckudegy [Md) 13 GH3-658).

i mmobi 1] e%rat' n of tha,ﬂg Iecu ncti onal | sed. OB ts bo%r#
to a go Qef{}’e %tt?ﬁPSF “‘Pﬁ}/ OPQIIEG AVEH W

cause *adp w%z&ie | ihi ass@ltigeneefin ﬂoﬂﬂhﬁi @hNcEABE Yhdiflected for desn'ed bmdmg (1b1d ).
ferrocenene | at nmoni um uni t , et al. Che

(2007) H@@ldmwmchfm)act ag @m@p lwgﬁngheaa‘éé& ﬁﬁ“ﬂ-@BcYBf 'glé(cmr:ﬁ ltlnqﬁghﬁ%r @w
I ncl “depegﬁﬁé iﬁrtﬁ L dela ghﬁnﬁqs ESfBreltd ﬂ%s ?:%&%Pa?\ﬂgpiﬂa?%?@ﬂt b

biotin FhTt feno I'goxi genin and a
bel ow) .atés. Reptnidls asd typlidally resistard o, prateases pmdtother medifying katzater sndseanh
as et hyl ened|

a1 ycol e AR gics L FRBOTAY Lo G Gt AR e Lo KO T
(DTPA), _;Qg,,{\l-dayeﬁz(g ?g;@ggqg@yllggbglmgye (also cal'led nitrilotriacetic

acid, NTA m nophenoxr) et hane-N, N, N, Nr-tetraacetic acid

( BAP'tI)'A) (00631344l arfgrtbqpﬂustllahwﬁ ﬁp@mp a (litking mm bych gorphffmity dag mwéae
ma e us .n _C e L.get u
eans, SR piBRGe 2 BBliStd R ithhe FRURELE A i bk e PR

trival eRlectedtiafget hVtuR) SHEh al lnﬂt@xli@ moty BSHE anoletdly,es.g( AGydrocarbon- ..
cal ci um (Ca2+) manganese, (Mh2+), copger (Cu2+), iron (Fe2+) cobal t

(Co3+) bamed Jipsludnapalymmsricy raelecilghihet ipsindes n%mgﬁ%reuﬁllpévms-ca‘zlp Uty

| at
P oerec BB bt 60 RREINRo %@ﬁiéw@%fﬁzs%ow? T, Ko Y e
a conpl exanipde, filhs sitxmsqpaee anayeinelptio fumibeal Wreudso Suesh Paptiod gﬂfupa may be
Pl LSt a6, g ko Sosnnbupioatra fr BroghiEnl ol of e
f t
or ma, 'I%riﬁugé ?ﬁ?@l:?)ﬂl@%‘(‘%ﬁ&e aoha@%g%wioﬁemwnﬁn PRffups ma

(Cu2+), cobal or ~zink (.Zn2+) 1ons,
pr esentailbmfom‘é]armmlfent h@cbmmapﬁra bmmnldculer ifercestantpleei mo‘(emlA)such as a

Avi di t t avi di, t b I d.t |
b1 ot | nyPit aTEie S G EEelsy 5 2o R P HORO B of g0l o
may be %Eﬁﬁnﬁh%‘ HIRK SR thyY includ?, buteéreeﬁot 1iRR. to@i‘éﬁlﬂ didi&8HEhol/ 6

918). A ol ecul e or noiety i mmbilized on the por ous
d1gox1gemn, oligohistidine, polyhistidine, an immunoglobulin domain, maltose-binding

protem glutathione-S-transferase (GST), calmodulin blndmg peptide (CBP), FLAG’-
pe.ptlde,. ‘the T7 epitope (Ala—Ser—Met-Thr_—Gly-Gly—Gln—Gln-Met—Gly) maltose binding
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3590- 359 e active sites may be introduced, there ormng

a nultifunctional catalyst (ibid.). L10069] The present invention al so
relates, to the use of hollow silica Barti cles in e.g. the separation
of a mxture of nolecules in a bid, in catalysis, in nonlinear

optics, as an ion-exchange coating, -in the formation of a solid-state
el ect r qrotein (ABPY dhé B8 Vaendtopn oflies Seuriate Gin-RBrfo-GludergAtkePros€turAsp-Pro-

hi cl €., Sj ilica has high biocd i biljt) .at t]
rechan QAR PERPH SrRlo A e e En G the henladaitlicah (AT epftibept He
appl i cabiepse MPP@&?%—RE&-V&I—PQ)ZMPJI@E%QME R N&fope MHECHhE 'h‘a‘il%?rip;ion

nari oparficles of the invention can be used in thé separation o

m xt ur dager nefassul ¢fs e gequenrel Slewladysihcode SurGlpHyln-Asplens qgaan

chr omat ogr a . il y. €l r raphy. . HPLC (hi - '
per o iapBRride R, SRt SRR ISR R TR Htieh e yPRE R pridigiing
chr Omataagiantbilised dligouadledtdpawh ia0sonaflpinestaty ssaBerep AUfuthit ¥xiple b€ a
hol  ow m cro- or nanoparticles is typically used as a chromat ogra{&g%

st at i odEkngMmaisty ispp@ptbodys a fiagment é@r@sewépr%@naqeev%@na@e@dpﬁ@e
the iny b RS in rier for a.drug, a marker or other
mat t er atﬁg{)%(gplé%m ni s? e'rs(g%at%%o %ﬁ’?ﬁan or ani mal body. The micro-or
nanopar[00&3]es fosisarédaempldef ei linking mewibly issa owduriEturi ueha asoietyngxpabld sof

i ncluded therein, can he adm ni.stered to.a cell, an anipal or a hupan
pat 1 ontOBES cOploR Wil gnSHMRIBE GaPo-CNBOL it PoRerpryee compound Hha
phar maGgelha&aklyeAIRP Shitd, APpichiey RaAtlakschiftted B P 8n Mol Batityh el @bihsation
active ingredi-énts, as in conbination therapy, or with Suitable

carri ersacdiones€ ighicohril sgnd Tasinidehyde Porcuswbitnfwilj (6B that includes n

adm ni sgrati-qn_q S tive particles,resenble.or _are.identical to
Those. AT nie: PRSI Bins e RERF Oidu brRbRa SRR e dhite
Exenpl afyido osskiesmyl nedbwdecudatitvailenat Yindiibed abd mele@lles bf dABERE. MBS .an
and parenteral delivery. A plurality of the particles nay be used to
fill aibugiative sxamplise cugyrbphbijusk (:%Wﬂ)asg@d fagmy grestyang cpmeplen cpth

or nan ] . ¢ in_ini-ect: . r
For | naraneacaSiy R aia J aineid dunhifel 8 Ik FRINOH CHAE Rog
phar madewt¢enamethyoosotiinomay¥ be dtached tembiomoleente, while fiel rethaigng biading

hol low silica particles pffers great adv s for .t

i i SETRE Gre SO TR B U TR B SR ISP D R be bound to a
sensi tiggjeeted iifice ToaRHhAURE, bidmUibctle! WithOthebSurfRE eRARGher %ad to an
exanple, by the gastric acid (pH bel ow about 5.0) in the stonach,

i . e. nomschiligation af therbiemoleanlagéuictiontised C(BiALwnitsdhoupeé tob geld muifage via

cor e arb BPaidIate! afe B oS MR oFERRS @Es ManRRiTRerRbn oy Brod®
nodi i catdyvidg ®feridenatéthylembwmannthitfHvaiggke ephBCE. 4#N CheizhSoer@Q07) -

passes tqQ the intestine, 23 the pH.value of the environnent raises
to a: bdte: bt E)0 or nore. As expl ai ned abové&, the poly(nmethacrylic

aci d i 1 ubke, tfa : : t el:L .l

open D066l pultrel, BEnfleUBECa fing WloldhP BONES Bt L, SPkinith o an
silica qi'motsgiochﬁiﬂephr_ltdﬁgopepﬁdn; biotinrdinitbephaseld digoxigenimdosk & melalr ¢helasor
s pondth A BT e8s ofn listhver amRtF ot SPPIER ieint Blaiary, supas
exanpl %thﬁé‘nédﬁﬁﬁﬁné,%tﬁﬁ%ﬁiﬁﬂhc@ﬁ%&c\aégﬁ _Xécﬁf(lEm_ Bé!.',éﬁly&ng ?H&ﬁ]i tefz‘gﬁceﬁc acild

exanpl e, protel naceous drugs suc insulin or acid Nabile drugs. In
t he aci(@GI4s dietaytepetriaminspentacativmsid @YERA), WiN-bisjearbaymetiud)glykingtalso
f | e, .| lin, f dat.i by . d ik i .

b PR et 560, AR BB AL S e
rel easeaddEvAPTA), mhﬂérléiﬂtoh%rbﬂaﬁo? i(BintRcapesl), Popshifi®¥r héRe reaPpPLesd

al so be applied to formulate i'mmunosupresSants.such as cycl osporine A
in cases where the target molecule is a metal ion. As an example, EDTA forms a complex

with most monovalent, divalent, trivalent and tetravalent;fmefal ions, such as e.g. silver
(Agt), calcium (Ca2+), manganese (Mn2-+), copper (Cu2+), iron (Fe2+), cobalt (Co3+)



[0077] thb ﬁ)%sis al conpositions for use in accor danc&%&&%%
i

present invéntion thus may be formulated in conventiona er usﬁ%g
one or nore physiologically acceptable 24 carriers including

exci pi ents and auxiliaries that facil¥tate processing of the
particles into preparations that can be used pharnaceutically. Proper
formul ation i s dependent upon the route of adm nistration chosen.

[ 0078] dadr zircgndurti (frd+}), hehiba B3ARTA ds ahetifie fonv@ath. dn seye eenbodiments a

Lopat bkt BRI B4R LS i Ll RIS Sy R 3 SRSt e
physi ol 1gfigAnotal] SecHPHf dofiplex Al fol TRARPIECH 3&dephA Tholeatle abt @eptide of a

penetrants appropriate to the bather .to be perneated are used’in th
f or mul adefined s@prehcg evizich araysals ke inshuled |in ¢ pratsim Asan Hustkatived oengle, a

For ml atmseRAgEPH e Rt AR ik Fmerkn PR SRRRl Bebfrebh Pahisipsine.
carri ergmdwspper{TRRR), inickteh @Niany, coBuIE(C 2R f dreik ﬁm@% forks W hieR AROHBSH: e

the invention to be fornulated as tabl _ets,,ﬁgil ragees, capsul es,

| i qui dsby gusams ofythgpehelater nitrilodiacstie Heis (IIRA)- afvidim or | styeptavidin maaspifor

I ngesti. [ 0 e % i i :
oral usta B SIGR bphRobiRPh VoulhALT IR S84, B ERASEH bRl A
gr i ndi ngorolays vf igolipmay bt enployed dSiumdes Py, R eetdly tdant Cheng (200d) 86,
after add'bng suitable auxiliaries, if .desired, to obtain tablets or
dr agee es. Suitable .excipients are, in particular, fillers such
as sugaphe7] AGhHRLAY draFbREE imBe6]26E on'ME Hotdls paficARedhb@tial may also
cellul ose preparations. such as, ftort exanple,, nalze starch, wheat

st ar ch, servecie wowmrlitking ordividual tpartivhes. del arginie briggenmayafign twstanie berdotnydd

cel lul as hydr oxypr hnet.hyl - cel l.ul ose, sqdium., . .

car boxy YRR it PURSES PO BREVIGErrde 3 sy SRR pridse Ty brifpe may elso
desi r edncldils b RhiRgll @bictgs\RH 8 balkenalfl U BaseSdottplees] HBin@pIEST drbtik ed
pol yvin pyrrolidaone, agar, or alginic acid or a salt thereof such

I

as sodi usndingnaerciohexang guup) 2 frangd R £B)-bis-arddor explaheyybbpridges@pa bl
coati ngs. . ;FoL:.thi r 1. 50| 4t i . -
i ch ey o koY ahl aReob AT WABHER QDR 118 S ATN5: IR pRRE
car bopadthyjede-bypddey ey tesuléing ppdtivh]atanthttor it b tchirali poxbue xhatesial | with) whiral
sol utiong, .and_.suitable organi ¢ sol vent r sol vent, mxtures. .

Dy est unQUGOR b Ase- EudryBEnctiia S abieis; Ao TieT SFamRle o gue JBuepige
for i deghy foleCiatrhOBi1:953 bR tﬁggy’o?@s%drﬁ&nlﬂtbfﬁa%ﬁﬁltis%) FRIVORLEARS iRduding a
active conmpound doses. [0081] Pharmaceutical preparations that can

be usedcetimmist detivativaducipasstellnlose tis(h dipethpipbenyl cgdbanriale, as wel | as

o ycer NOBR AaPRRHHS MERAS, BewP Brite JoufReR i bhiEls adithhd o we

i ngr edi gedent iventith Xindy bewidell A bl @ralgicdt &5 al A@boS efor B Batalyst. JuChns
.starches, and/or lubricants such as talc or nugnesium stearate and,
opt i onatmBodimenis il faw fer ingtancedte used i catalytic cprbpstion; swcbisasthg opigdation of

volatile organic compounds, e.g. propen (Orlov & Klinowski, 2009, supra). In

embodiments where the particulate porous material accbirding to the invention includes
more than one metal oxide or metailoid oxjde one or more:; including all, of the resiaecﬁVe
oxides may show a corresponding catalytic activity. In Cu0-loaded mesoporous SBA-15
"the copper oxide may for instance serve as the catalyst in-the hydroxylation of benzene to
phenol Kong et al., 2009, supra). A particulate porous Emetal oxide or metalloid oxide
obtainable according to the invention may alsé be functionalized with chelating ligands, fo
which catalytically active organometallic coﬁplexes may be complexed. As an illustrative
exami)lé, diphenylphosphino ligands may be covalently ‘bound to the porous metal or

metalloid oxide, and Pd- or Ru-containing organometallic silanes chelated thereto as



25 suspe:}gggﬁﬁ@?ﬁdﬂ%tabl e liquids, such as fatty oils, I'i,gwﬁggﬁﬁ{g@nfoggn

or |liqui ylfene glycols.. In addition, stabilizer

added. Al fomm ations for oral admnistration should be in dosages
suitabl e for such adninistration. FoP*buccal adninistration, the
conpositions may take the formof tablets or | ozenges fomulated in
conventional manner. [0082] The m cro-.or nanoparticles may be _
f or mul adesditfedr bp aZieawige etlal.afdivansedd duhcioray Majeeicds 20082, 1R,, 33D0-II7)s

L2t G GOk oL, Lot For b Lons, ol b ech o TS
cont ai N@DRo] Pid Prodéht 3eLEMoRTBRCHKAS! tdthe TRE of ABROW ﬁlﬁ&r?a;ﬁa& tRKS. the

such -forns "as sUspensions, solutions or enulsions in oi or aqueous
vehi cl| essparatieh nby mishiraphmblacnes &t o flyidade patalysiacin ronligearpptics, @g An ion-

stabilizi and/ ar dj spersing,.agents. 00 Phar naceuti cal .
compos| SEBieRoierey i oy FybeapR 2 sohEaan RRRRGR i qme in e
ConMposi folifonVdier @k Aelivgy viicleNSineélsi8 b4 Rad High BRtREmipAtiBillE, At Gre saine
nanoparticles are contained in_an anount effective to achieVe its

i nt endeldmp mmesbaricalpiteagh, thermeh apd il stebildped taes| Yajiclt pE epplicationfoaist
is well 0\%1%)@ n the capability of those skilled in the art, especially
in |i gh? of the detailed disclosure provided herein'. [0084] For any
conpoun@omseid somet disbadiments mikrdlan apadhartidlesoDihetieentiouanh iberused hethe
therapeutically effective _dose can_ be ﬁs,ti mated initial IX fromcell
cul t ur eSCREGHOR of iy uxtge qf anolscyles in @, Fulde sychy a5 CHIORAHARNY; Fald 25 gas
nodel s | A oGhi | et | Nge;,h ' e e
050 o SUPEPRANEY " EIEH A RIARRREIAY, HIPLE i T e g
t est cosiponatdgwhhyhoraddLE€Vekrahighairéssmediquad chrokiabegramly).on suble s¢rdwatin

activit ..Such inforyati can..be used to nore cur.atel. et erim ne
CSer L1 | lcRleRt A AR’ o BuS BOUGR AAFE, b BROR TR B L R &
desi r edghriBatBERPEPERHokdYy phideck or di spenser device which may contain
one or nore-unit dosage torns containing the particles with the

acti ve [08gHets bricatefmboyaaartiglgs Fcsprdingstiodhe sveniomern hoyssf app cpirigs forc -
ey . . ; . _
ccomabitg Byl of btfer RAGS, 1o MSaBAo TN, SEHU BT Mo,

acconpani e& by I nstructtons
may al ser imoparticlep dasceibbedvibbleig asotdliCes mattacineh ed cotrtpbundseinclodeditressin,

in a formprescrj bed, by a . governnental, agency, .reqgul ati ng the .
manuf actafr ,adaél&{s‘feé‘r’d O eelgfaﬂp”ﬁ*a?n%&éé‘th‘% HeRhPESen Bt I Phagmacentical
ref | ect LopesdRitioRPR PMelrmdediel @&?gﬁﬁoﬁ&héﬁﬁﬁm Ha9be hlifed AIRQURE abiie

human or veterinary administrati Such notice, .-for exanple, may be
t he | abisgfedipntepps vamtipatidndhetap.or Ribcsuidable Pruprnanexeipentés).i Tachwigues

ot her ggpvernnent agengy.f.or prescription druygs, or.the_apprqve

br oduct 1 R BRReton g e TR R P e BTl BBl foose
under st gfidwan6leBihr Woight Birasdinda wekfck@Blishepaf thecatt. Fxepipdas vimed Mclidt) .
now be described by way. of the following non-limtin

WO
2011/ 09%% 3pret/Lipadhto/ %@bmsm apparsnteral dP‘é"%d%P&f@ﬂH of thetparticles

o7t he i 38R0 96 e R R ok L AR A . #R5uRE66

nanoparticles may also be used in injectable or sprayable form, for instance as a suspension

or in a.gel formulation.

[0072j The pharmaceutical composition of the present invention including the holiow
silica particles offers great advantages for the adminisiration of pharmaceutical
compounds. Due to the pH sensitivity, the encapsulated .drug will not be released, for
example, by the gastric acid (pH below about 5.0) in the stomach, i.e. no significant drug
leakage in the stomach can be observed as'the poly(methacrylic acid) is “collapsed” and
the pores of the silica core are closed. Thé drug is protected so that no degradation or

modiﬁqation of the active compound will take place. Once the drug passes to the intestine,
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wel | as reac S and further processes that may be used are”s

the appending figures. Exanple 1: Preparation of hollow silica
spheres [0088] Hollow silica can bezgrepared usi ng pol ystyrene
colloids as tenplates of sol-gel reaction of tetraethoxysilane (TECS)
foll owed by calcinations. In a typical process,
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hol | ow si li.ca) vesicles.
substi tuta'u)lg e side chains in order to achieve the: respectzve properties. In one

mbodlment the administration route oral.

[0075] Alternately, one may administer the particles in a local rather than systemic mannér, .
for e}iami)_le, via injection of the compound directly into ai:'slolid tumour, often in a depot or _ :
. sustained release formulation. . .
[0076] Pharmaceuntical compositions that include the partié:les of the present invention may
be manufactured in a manner that is itself knoﬁn, e.g., by"means of conventional mixing,
d1ssolvmg, granulating, dragee-making, 1ev1gatmg, emuls1f3nng, encapsulating, entrapping .-
or lyophilizing processes. _ '. |
[0077] Pharmaceutical compositions for use in accordance;with the present invention thus
may be formulated in conventional manner using one or more physiologically acceptable

A
W
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Then 7 rummethacrylic acid. 0.043 g of CuBr2,

Cur b, and 9.347 g of 2,2'-bipyridine were added into the sol ution.
Alter three cycles of : f r eeze- vacuum t#aw wer e per formed under Argon,
the m xture was stirred under anbient tenperature for 3 days. The

m xture was dispersed in 200 nL of DI water, and pH of the solution
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glycerol or sorbitol. The push-fit capsules 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
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for prescription drugs, or the approved product insert. :
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[0086] In order that the invention may be readily understood and put into practical effect,

particular embodiments will now be desciibed by way-of the following non-limiting
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por ous Yedimewt diollpwasilier atecl® wi/erand (21 gmdie eptained wsingdhe KET apdRdHn
t he pol [l d from poly(nethacrylic dacid) and copol yners

t her eof%gﬁﬁ%#z?sﬁg{ eehgol ynmer is grafted to theisilica particle via a
bridgi ng group selected froman am noal kyl sil ane, hal ogenal kyl
silane and an, ami_noal koxysi |l ane. 102.The silica particle of claim1,
wher ei n Exampls %; Brepaeation ef ofleydilicagpagticlen mptinalized withymine gyoups

(HSilica-NH,).

[0089] Typically 2 g of hollow silica was disp‘;:rsed in 90 ml of p-xylene. After 3 mL of 3-
aminopropyl silane (APS) was added, the solution was stirred at 90 °C under Argon for 24
h. The solution was precipitated in ether. The solid was collected by filtration and was
purified by washing with ether. Figure 1b is the TGA. curve of ﬂSilica~NH2.
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Example 3: Preparation of hollow silica attached with initiatonj (HSilica-Br)
[0090] 1.9 g of HSilica-NH, was dispersed in 60 mL of dry chloroform in a 100 mL flask.
After 1.7 mL of triethylamine was added into the solutioﬁ, the flask was immersed in an .
" jce-water ‘bath, and 0.6 mL of 2-bromoisobutyryl bromide in 5 mL of chloroform was
added dropwise. 1.5 h later, the flask was taken out and WE;.S stirred at ambient temperature
for 4 h. Then the solution was filirated through PTFE membranes with pores of diameter of
0.2 pm. The solid collected was washed with fresh chloroform for 5 times followed by
drying under vacuum at 50 °C. Figure lc is the TGA curve of HSilica-Br.
) Exa-m!ile 4: Preparation of poly(metha;:rylic acid)-grafted-hollow silica (PMAA-g-
hollow silica) vesicles. ki':
_ i
[0091] 0.5 g of HSilica-Br was dispersed in 18 mL of HfPLC water. Then 7 g of sodium
methacrylic acid. 0.043 g of CuBn,, 0.13 8: g of Curb, and 0.347 g of 2,2°-bipyridine were
added into the solution. After three cycles of* freeze-vacuum-thaw were performed under
Argon, the mixture was stirred under ambient temperamf,e for 3 days. The mixture was
dispersed in 200 mL of DI water, and pH of the solution was adjusted to pH 2. The
solution was centrifuged. The solid collected was W.;«.le;led with methanol for 6 times
followed by drying under vacuum at 50 °C. ;

Example 5: Characterization of PMA A-g-hoHow silica
[0092] The amounts of PMAA in PMAA-g-hollow silica were measured using TGA.
Figure id shows the TGA curves of PMAA-g-hollow silica. From Figure 1, the content ;)f
PMAA in PMAA-g-hollow silica is determined to be 48% (w/w). Rigure 2b are TEM .
images PMAA-g-hollow silica. In comparison. with TEM.‘-images of pristine hollow silica
as shown in Figure 2a, PMAA stealth layers of PMAA- g—hollow silica vesicles can be
observed obvmusly

Example 6: pH responsive shrinking of PMAA brush_és in PMAA-g-hollow silica.

[0093] ' NMR spectra of PMAA-g-hollow silica at pH;3.4 and pH 7.4 respectively are
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shown in Figure 4. PEG was used as an external reference. The peaks atiributed to the
protons of PMAA brushes are broader at pH 3.4 than at:’.pH 7.4. When pH was adjusted
from 3.4 to 7.4, the peaks shift upfield, and the ratio of the integrity intensity of proton
peaks'. of PMAA brushes to those of external reference PEG increased from 1.1 to 2.0. This
indicates that PMAA brushes have a poor.solubility in aqueous solution at pH 3.4 than at
pH 7.4. The increased solubility of PMAA brushes at pH 7.4 is due to deprotonation of
PMAA. So the PMAA brush segments becc'im_e shrunk at pH 3.4 but soluble at pH 7.4, and
this property make PMAA suitable as pH resiaonsive gates of the nanosized pores in the

silica shells for controlled release.

Example 7: pH responsive release of.Calcein blue

[6094] To load Calcein blue into PMAA-g-hollow silica, ‘.25 mg of PMAA-g-hollow silica
was dispersed in 2.5 mL of DI H,O with pH adjusted to_pH 7.5, then 1.0 mg of Calcein
blue was dissolved in the solution. After the solution was shaken for 24 h, pH of the
solutioﬁ was adjusted to pH 2. Calcein blue loaded PMAA-g-hollow silica was collected
by cenfrifugation and washed with fresh pH 2 DI water fo.xj\ three times to remove unloaded
Calcein blue. - ;

[0095] 'I-‘o- measure the release profile of Calcein blue, (;alcein blue loaded PMAA was
dispersed 1n 50 mL of pH 2.0 DI water. The release profile at pH 2.0 was monitored first.
At designed time intervals, 1.5 mL of the solution was ta}{en out and diluted with 3.5 mL
of pH2.0 DI water. The mixture was filtered through men:_(l;aranes with pores of diameter of -
0.22 pm to separate PMAA—g—hbllow silica. Then the ﬂuq‘,xescence intensity of the filtrate
was measured at 437 nm with an irradiation at 322 nm. After the release profile at acid
condition was measured, the pH of the solution was adjus%c-tiad to 7.5, and the release profile
was mee_léures similarly. The results are pres'eﬁted.in Figuré.'ﬁ.

[0096] In order to evaluate the interaction of free PMAA iWith Calcein blue, a controiled
experiment was performed. 25 mg of free PMAA (Mw: 100k) was dispersed in 2.5 mL of
DI H,0 -with pH adjusted to pH 7.5, thenl.0 mg of C?lcein blue was mixed with the
solutioﬁ. After the solution was shaken for 24 h, pH of thg solution was adjusted to pH 2.
The solid was collected by centrifugation fi_Itration throﬁgh membranes with molecular
weight cutﬁng of 30 K to remove free Calcein blue followed f;y washing with fresh pH 2

DI water for three times. To measure the release profile of ,Caléein blue, the solid obtained
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was dispersed in 50 mL of pH 2.0 DI water. The release profile at pH 2.0 was monitored
first. At-designed time intervals, 1.5 mL of ’§he solution was taken out and diluted with 3.5
mL of pH 2.0 DI water. The mixture was filtrated by cerntrifugation through membranes
with molecular weight cutting of 30 K to seﬁafate PMAA.Then the fluorescence intensity
* of the ﬁli:i-ate was measured at 437 nm with ‘an irradiation at 322 nm. After the release
profile at acid condition was measured, pH of the solution was adjusted to 7.5, and the
release profile was measured similarly. The reéults are preéented in Figure 8 also.
[0097] Figure 8 shows that the fluorescence ‘intensity of Calcein blue released from free
PMAA qﬁange' insignificantly with time and pH. In contrast, the fluorescence intensity of
Calcein biue released from PMAA—g—holloxir silica vesicles ‘inéreases very slowly at pH 2.0
but an abrupt increase was observed when pH was adjuste& to pH 7.5. These results reflect
that Calcein blue was released slowly at pH 2.0 but much fast at pH 7.5 from PMAA-g-
hollow silica vesicles. Calcein blue was loaded into PMAA-g-hollow silica vesicles by
mixing with aqueous solution of PMAA-g-hollow silica ‘ét pH 7.5, Under this condition,
deprotonated PMAA brushes are fully soluble in aqueous solution so the pores in the silica
shells are accessible to Calcein blue molecules. When pH of the solution was adjusted to
pH 2, PMAA brushes became shrunk and the pores in the silica shells were sealed so
Calcein blue was encapsulated in the holey cores. In the ..;,release process, shrunk PMAA
brushes cover the pores in the silica shells at pH 2.0 so Calcein blue is released from
PMAA-g-hollow silica vesicles slowly. I—Iowex'/er, at pH 7.5, deprotonated PMAA brushes
become fully soluble in aqueous solution and the pores in, the silica shells are opened, so
Calcein blue is released fast. However, just free PMAA cammot provide this pH responsive
property without holey cores presented in PMAA-g-hollow silica,
Example 8: pH responsive release of Fluoresceinylisothiocyanato-dextran (FITC- |
' dextrane) (Mw: 10 K).

[0098] To load FITC-dextrane (Mw: 10 K) into PMAA-g-hollow silica, 25 mg of PMAA-
g-hollow silica was disperse in 2.5 mL of DI HL0 with pH:adjusted to pH 7.5, then 1.0 mg
of FITC—dextrane (Mw: 10 K) was dissolved in the solution. After the solution was shaken
for 24'1i, pH of the solution was adjusted to pH 2. FITC-dextrane (Mw: 10 K) loaded
PMAA—g—hollow silica was collected by centrifngation and washed with fresh pH 2 DI
water for 3 times to remove unloaded FITC-dexirane (Mw: 10 X). '
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wher ei [00100) Redrilecloevhlvatithe pRaaialon offrec PMAA with FITC-dextrane (Mw: 10 K),
a controlled experiment was performed. 25 mg of free PMAA (Mw 100k) was dispersed in
2.5 mL of DI H>O with pH adjusted to pH 7.5, then 1.0 mg of FTIC-dextrane (Mw: 10 K)
was mixed with the solution. After the solution was shaken for 24 h, pH of the solution
was adjusted to 2. The solid was collected by centrifngatilon filtration through membranes
with 4 molecular weight cutting of 30 K to remove free FITC-dextrane (Mw: 10 K). The
solid Was washed with fresh pH 2 DI water for 3 times. To measure the release profile of
FITC-dextrane (Mw: 10 K), the solid obtained was dispersed in 50 mL of pH 2.0 DI water.
The release profile at pH 2.0 was monitored first. At designed time intervals, 1.5 mL of the
solution v;ras taken out aud diluted with 3.5 .mL of pH 2.0 DI water. The mixture was
filtrated by centrifugation through membranes with a mblécular weight cutting of 30 K to
separate PMAA. Then the fluorescence intensity of the filtrate was measured at 510 nm
with an irradiation at 440 nm. After the release profile at acid condition was measured, pH
of the solution was adjusted to 7.5, and the release profile was measvred similarly. The - '
results are presented in Figure 9 also. ,
[00101]Figure 9 shows that the fluorescence intensity of FITC-dextrane (Mw: 10 K)
released from free PMAA change insignificantly with time and pH. In contrast, the
fluorescence intensity of FITC-dextrane (1\/fw: 10 K) released from PMAA-g-hollow silica
vesicles i.ncreases very slowly at pH 2.0 but an abrupt increase was observed when pH was
adjusted to pH 7.5. These results reflect that FITC-dexirane (Mw: 10 K) was released
slowly at pH 2.0 but much fast at pH 7.5 from PMAA- g—1_16110w silica vesicles. Here FITC-
dextrane (Mw: 10 K) was loaded into PMAA-g-hollow silica vesicles by mixing with
aqueous solution of PMAA-g-hollow silica at pH 7.5. Under this condition, deprotonated
PMAA brushes are fully soluble in aqueouvs sclution so the pores in the silica shells are
accessible to FITC-dextrane (Mw: 10 K) molecules. Wheri pH of the solution was adjusted
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in the silica shells are opened, so FITC-dextrane (Mw: 10 K) is released fast. However, just
free PMAA cannot provide this pH responsive property without holey cores presented in
PMAA-g-hollow silica. _

[0100]'-111 corﬁpm‘ison with Calvein blue, FITC-dextrane (Mw: 10 K) with a higher
molecuiar weight still can be loaded into PMAA-g-hollow silica vesicles, and pH
responsive release of FITC-dextrane (10 K) can be obtained.

[0101] The invention has been described broadly and éenerically herein. Each of the
narrower épecies and subgeneric groupings falling within the generic disclosure also form
part of the. invention. This includes the generic description of the invention with a proviso
or negative limitation removing any subject matter from the genus, regardless of whether
or not the excised material is specifically recited lierein.

‘The invention illustratively described herein may suitably be practiced in the absence of
any element or elements, limitation or limitations, not specifically disclosed herein. Thus,
for exampie, the terms “comprising”, “including,” containing”, etc. shall be read
expansively and without limitation. Additionally, the terms and expressions employed
herein "have_ been used as terms of desdription and not of limitation, and there is no
intention in the use of such terms and expressions of excluding any equivalents of the -
features shown and described or portidns_ t.hereof, but it is recognised that various
modifications are possible within the scoﬁe of the invention claimed. Additional objects,
advantages, and features of this invention will become apparent to those skilled in the art
updn examination of the foregoing examples.z{nd the appended claims. Thus, it should be
understood that although the present invention is speciﬁcally disclosed by exemplary
embodiments and optional features, modification arid vaﬁéﬁon of the inventions embodied
therein herein disclosed may be resorted .to by those si%illed in the art, and that such
modifications and variations are considere& to be within the scope of this invention, In
additiqﬁ, where features or aspects of the invention are. described in terms of Matkush
groups, tl:lose skilled in the art will reco gniée that the inveritioﬁ is also thereby described in

terms of any individual member or subgrc_)ﬁp of members of the Markush group.



- 34 - R 2 R3S RI-NH2 R4(2) wherein RL is one of an aliphatic, an
alicyclic, an aromatic and an arylaliphatic bridge with a main chain
of about 1 to about 10 carbon atons ané?0 to about 5 heteroatons
selected fromthe group consisting of N, 0, S, Se and Si, and R2, 5
R3 and R i ndependently sel ected froman aliphatic group and an
al koxy group with a main chain of about 1 to about 10 carbon atons
and 0 to about 3 heteroatons selected fromthe group N, 0, S, Se and

Si; optignally reacting the am no silane with a hal ogenating agent;
contactihgmﬂﬁﬂiééﬁgé%nd of the general Formula (2) and the silica
surface; 10 - allowing at |east one of the groups R2, R3 and R4 of

the conmpound of the general Formula (2) to undergo a coupling

r eactd on Iwi t A pdreushdllozasibica patiele witkea eblynfeo gritied theremy athendin bwrpblymer
with the.sane; r qvj di .mongper, sel ected fro t hacrylic acid
and der i Vi Rt elylmsthabrydia Gl al FORATRCTT HaTEPRlo INEHRAR ik PYPRE I
aci d) angrei tyathk Viical paticlef via D bAAEHhAErbild sélbRedFRATRNL MhinbdlRy] silane,
polymer and the silica surface; allowng the carboxy group of ¥he
monomer belogerallgd siianerandrig arheoadlkixysildngnct i onal group or the hal ogen

functional group on the silica surface to undergo a coupling
reaction, thereby covalently coupling the nononer or the

10 2. The silica particle of claim 1, wherein the poly(methacrylic acid) is of the general

formula (1)

(R, cH, |
(:: ;
| R, COOH |, M

15  wherein R, and R, are independently an aliphatic, an alicyclic, an aromatic or an
arylaliphatic group with a main chain of about 1 to about 30 carbon atoms and O to about
10 heteroatoms selected from the group consisting of N, O, S, Se and Si; and n is an

integer from 2 to 10000; wherein all groups may be optionally substituted.

20 3. The silica particle of claims 1 or 2, wherein the copolymer is selected from
compounds of formula (1) and vinyl monomers of the general formula (3) CH,=CR,R,,
wherein in formula (3) Ry and Ry are each independently selected from the group
consisting of H, optionally substituted aliphatic, an alicyclic, an aromatic and an
arylaliphatic group with a main chain of about 1 to about 30 carbon atoms and 0 to about

25 10 heteroatoms selected from the group consisting of N, O, S, Se and Si.

4,  The silica particle of claim any of claims 1 to 3, wherein the surface of the silica

particle has a polymer content in the range from about 10 % to about 90 % (w/w).



polymer to the silica surface; and 20-optionally polynerizing the
nononer with further nononers. 15. The_ method of claim 14, wherein
the silica surface is the surface of a’hicro- or nanoparticle. 2516.
The nethod of clainms 14 or 15, wherein the micro- or nanoparticle is

a holl owgpar tfhg Ef?rca particle of claim 4, wherein the surface of the silica particle has a polymer
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content in the range of about 30% to about 80% (w/w).

6.  The silica particle of any one of claims 1 to 5, wherein the silica particle has a

maximal width of about 1 nm to about 100 um.

7. The silica particle of claim 6, wherein the silica particle has a maximal width of

about 10 nm to about 10 pm.

8.  The silica particle of any one of claims 1 to 7, wherein the particle is microporous or

MEesSOPorous,

9.  The silica particle of any of claims 1 to 8, wherein the average diameter of the pores

of the particles is between about 1 nm to about 50 nm.

10. The silica particle of any one of claims 1 to 9, wherein the hollow particle has an

inner void that comprises a pharmaceutically active compound.

11. The silica particle of any of claims 1 to 10, wherein the pores of the particle are
sealed at a pH < about 5.

12. The silica particle of any of claims 1 to 11, wherein the pores of the particle are open

at a pH > about 5.

13. A pharmaceutical composition comprising a plurality of hollow silica particles

according to any of claims 1 to 12.

14. A method of preparing a hollow silica particle with a polymer grafted thereon, the
method comprising:
—  providing a hollow silica particle having a silica surface;

—  providing an aminosilane compound according to general formula (2),
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—  wherein R, is one of an aliphatic, an alicyclic, an aromatic and an arylaliphatic
bridge with a main chain of about 1 to about 10 carbon atoms and O to about 5
heteroatoms selected from the group consisting of N, O, S, Se and Si, and R,
R3 and Ry are independently selected from an aliphatic group and an alkoxy
group with a main chain of about 1 to about 10 carbon atoms and 0 to about 3
heteroatoms selected from the group N, O, S, Se and Si;

—  optionally reacting the amino silane with a halogenating agent;

—  contacting the compound of the general Formula (2) and the silica surface;

—  allowing at least one of the groups Ry, R3 and R4 of the compound of the
general Formula (2) to undergo a coupling reaction with the silica surface,
thereby forming a covalent bond with the same;

—  providing a monomer selected from methacrylic acid and derivatives thereof or
a polymer selected from poly(methacrylic acid) and derivatives thereof;

—  contacting the monomer or the polymer and the silica surface;

—  allowing the carboxy group of the monomer or the polymer and the amino
functional group or the halogen functional group on the silica surface to
undergo a coupling reaction, thereby covalently coupling the monomer or the
polymer to the silica surface; and

—  optionally polymerizing the monomer with further monomers.

15. The method of claim 14, wherein the silica surface is the surface of a micro- or

nanoparticle.

16. The method of claims 14 or 15, wherein the micro- or nanoparticle is a hollow

particle.

17. The method of claim 14, wherein the halogenating agent is 2-bromoisobutyryl

bromide.



