1 SMART POLYMERS FUNCTI ONALI ZED HOLLOW SI LI CA VESI CLES FI ELD OF THE

| NVENTI ON [ 0001] The present invention relates to a porous hollow silica
particl e WP2ZALIP'BBRyner grafted thereon. The invention PGISEEP100PMYS des a
met hod that is suitable for the formation of such a porous hollow silica
particle. BACKGROUND OF THE | NVENTI ONL[ 0002] Vesicles are fornmed by
encapsul ating a volune with a thin nenbrane which can be conposed of

| i pids, polynmers and hybrid materials. Vesicles are inportant for nmany
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interiors or the nmenbranes vesi cl es shou
to get enough long shelf life for storage and good integrity for drug

delivery before reaching t t. si | ayers to provide a good
di spersity in aqueous soIu?éﬂﬁﬂﬁih$fgﬁ%ﬁ%Yﬁbﬁ@g%EbiIity, and 3) a suitable
fluidity for rel ease of species encapsul ated at target sites. [0003]
However, the dilemma between stability and fluidity of vesicles always

exi st s. [008%] The pregenthinyeniipnf talatel toy aoxpussheliome siogopartide awith jat yolymer
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| i posongfsuah @ ppasls dlUewisilidalpartivak i nteraction anmong short hydrophobic
lipid segnents which is responsible for the integrity of |iposones.

Cross-linking or formation of polynmer based or silica cages can stabilize

| i posonmes but al so redugs dRer UNQQFTﬁEWié , the structures and
e

properties of polyner vesicles torned by s -assenbly of anphiphilic
copol ymers can be adjusted in a wi der range through tuning the chem stry,
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integrity during storage” and delivery process, and the rel ease o
speci esapplicaipensl suchdac dor Bargt déliyger edthhyrugsr being hold | the pntesierst exl the t he
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storage and good integrity for drug delivery before reaching target sites, 2) stealth layers to
provide a good dispersity in aqueous solution and targeting capability, and 3) a suitable
fluidity for release of species encapsulated at target sites.

[0003] However, the dilemma between stability and fluidity of vesicles always exists.
Vesicles with good fluidity always have a.pédr stability. For example, liposomes obtained
from self-assembly of amphiphilic lipids are dynamic and jfeasible for spices to move into
and oﬁt, but stability of liposomes are pbor due to the: weak interaction among short
hydrophobic lipid segments which is responsible for the integrity of liposomes. Cross-
linking' or formation of polymer based or silica cages can stabilize liposomes but also
reduce the fluidity. In comparison, the struéture_s and prope;‘ties of polymer vesicles formed
by self-assembly of amphiphilic copolymers can be adjusted in a wider range through
tuning the chemistry, composition and molecular weight of copolymers. But stable
polymer vesicles always have a low fluidity.

[0004] In order to obtain good vesicles, smart stable Vésicles should be prepared. The
smart stable vesicles have good integrity' (iuring 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 temperaturéz pH, ionic strength, enzyme and light and so
on.

[0005] Recently, nanosized hollow silica spheres were suggested as useful carriers of
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2 active species for encapsulation and controlled delivery because of their
bi oconpatibility, |large surface area and pore vol une, adjustable &)ore

di armet er ‘é(ﬂ&%?ﬂé?%?abl e surface properties. However hol PEWS&2950080 3t eri al s
have fatal shortcom ngs. Easily aggregation of silica and poor dispersion
in solvent hinder their applications.2Poor processability of hollow silica
results in heterogeneous products. [0006] However, it is a form dable
challenge to prepare smart stable vesicles. pHis one of the nmost inportant
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need specific_materjals,, and the stability of sonme vesicles still is
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have an inner void that includes a pharmaceutically active conpoun ,
Chem., (2009), 19, 5155). Also described are complex system using poly(methacrylic acid-
co-vinyl triethoxylsilane). in mesoporous silica spheres to obtain a pH-responsive drug
release (Gao et al., J. Phys. Chem. C 2009, 113, 12753-12758). However, these
compounds are difficult to prepare or have difficult polyniﬁ:r chains as sensitive groups.
[0008] It is therefore an object of the presént invention to 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 i)rovides a quous hollow silica particle with a
polymer grafted thereon. The polymer, which is selected‘from poly(methacrylic acid) and
copolymers ther‘eof, is covalently linked, e.g. grafted, to thé silica particle.

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

compouﬁd.



3 [0011] In a third aspect the invention provides a nethod of covalently
coupling a polymer to a silica surface. The nmethod includes providing a

silica suWPé@b””???é silica surface carries anino functi BHQISG@?]@@B@“&

hal ogen functional groups. The nethod al so i ncludes providing a polyner.
The polyner is selected from poly(nethacrylic acid) and copol ynmers thereof.
The method further includes contacting the polyner and the silica surface.
The nethod al so includes allow ng the carboxy group of the polymer and an
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to undergo a coupling reaction. By allow ng thi's coup Ilngmreactlon to
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descri ption wien consi nconj ancti on W e acconpanying dr aw ngs.

BRI EF Dipfoiifrd b @blyoker.THe pRMENSSe[dfed Honrbaly(dhethacrglis abidendéopgolners
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i |1 ustrag@selH NVR spectra of PMAA-g-hol | ow silica vesicles recorded |n
deuteriumoxide at a pHof 7.4 and 3.4. [0018] Fig. 6 depicts the pH
sensi ti I@mdﬂiann‘eamﬂon VNP bettel unfierstioodyvgth referengehterthe defafied desdEiption 7
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 is a scheme of one exemplary preparation rdute of PMAA-graft-hollow silica
vesicles according to the invention. :

[0014] Fig. 2 depicts TGA curves of a) priétine 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 Slhca spheres and b) PMAA-g-
hollow silica spheres 1

[0016] Fig. 4 deplcts nitrogen adsorptlon-desorp‘uon isotherms for hollow silica spheres.
[0017] Fig. 5 illustrates "H NMR spectra of PMAA-g-hollow 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—graft—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 from a) PMAA-g-hollow silica
vesicles and b) free PMAA at pH 2.0 and 7.4, respectively.

[0021] Fig. 9 shows the release profile of FTIC-dextraﬁ (Mw: 10 K) from a) PMAA-g-
hollow silica vesicles and b) free PMAA at pH 2.0 and 7.4, respectively. |



[0020] Fig. 8 shows the release profile of Calcein blue from a)

PMAA- g-hol | ow silica vesicles and b) free PMAA at pH 2.0 and 7.

respect i VEPYOYYBB2] Fig. 9 shows the rel ease profile of’cﬁ"ﬁp@?]&@ﬂ?oﬂén ( Mw:
10 K) froma) PMAA-ghollow silica vesicles and b) free PMAA at pH 2.0 and
7.4, respectively. 4 DETAILED DESCRI#TI ON OF THE | NVENTI ON [ 0022] The
present invention is based on the finding that poly(nethacrylic acid) or
copolynmers thereof grafted onto a silica 'surface may alter the properties
of the overall systppTANEYDESIEION O THIRINVEREIERNSI tive nanoshel |
onto the exterior surface of hollow silica particles can be obtai ned. Wen
grafted on hollow silica vesicles, the porous silica shells provide the
vesicl e bi. | t a t | ecul es
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rel ease of guest nolecules fromthe silica core, These and ot her_ advantages

wil | be®XSHRE i 2oing 9i 17 iniphigen PHr-seamitive drapeghell iy th srigsior is9HacaAf t he
0T ace T KCRRpislP & pEafRy IR Wptot PL BRI RLE VS g okl 1
sel ect esllita sheloppoidedteavsmiai stgbility grd eealibifityr toulaad(d)d RelefSeiBofl fuest
molecules while the pH-responsive polymer shell can be reversibly opened and closed
triggered by pH, which can act as a valve to regulate the loading and release of guest
molecﬁles from the silica core. These aqd other advantages will become more readily
apparerit from the following explanations and the appended drawings.
[0023] T he poly(methacrylic acid) is linked to the surface of the hollow silica particle. The

poly(methacrylic acid) may be selected from compounds according to general formula (1)

W

R, cH, |
]
| Ry COOH|n

wherein R, and R, are independently an aliphatic, aq alicyclic, an aromatic and an
arylaliphatic group with a main chain of about 1 to about“i‘éo carbon atoms and 0 to about
10 heteroatoms selected from the group cbhsisting of N, 0O, S, Se and Si.; and n is an
integer from 2 to 1000; wherein all groups may be optionally substituted

[0024] The aliphatic, alicyclic, aromatic or arylaliphatic group has a main chain of 1 to
abouf 30 carbon atoms such as 2 to about 30 carbon atom§ or 2 to about 25 carbon atoms,
including about 1 to about 20 carbon atoms, about 2 to aBbut 20 carbon atoms, about 3 to
about 20 carbon atoms, about 1 to about 15‘ carbon atofhs, about 2 to about 15 carbon
atoms, about 1 to about 10 carbon atoms, abput 2 to about 10 carbon atoms, about 1 to
about 10 carbon atoms, or about 1 to about 6 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 group may include O 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,



CCIll Ro COOH wherein Ra and Rb are independently an aliphatic, an
alicyclic, an aromatic and an arylaliphatic group with a main chain of

about 1 tWYWOZBHINP938 carbon atons and 0 to about 10 het ePSASERRI0V8Y04E ¢ ed

fromthe group consisting of N, 0, S, Se and Si.; and n is an integer from
2 to 1000; wherein all groups may be ®dptionally substituted [0024] The
aliphatic, alicyclic, aromatic or arylaliphatic group has a main chain of 1
to about 30 carbon atons such as 2 to about 30 carbon atons or 2 to about

25 car beludimne,1, 23|4)8i0r @ audtothst A hekestiom Gs &8 B8 @bMNhan 341061 add t O
about 20 carbon atons, about 3 to about 20 carbon atons, about 1 to about
15 car Hysiragesguchas 0,5, 56 apd §iitbut sotdipidhtoat oms, about 1 to about 10

car bon te 2 40 & r car bon
atoms, OD2SETnERAH aphficl S \IER ERA R Ae0, 3 Xerd of §rafftL bl oSO8
9, 10, dathbonlZhaih3, whiéh iy B6€,safufated Bor Itomor @0 pody-baatahtedsandl Heclode n
chain of the aliphatic, alicyclic, ar tic or arylaliphatic group my
el udehEIpgoRBo e deh e gl 78 Seq B e LSRRt BOER OB NG Fls B BWE 0 to
about 70 ch5BBH o?@;?&xtog@n An gnsa%r&t@ﬂ%?@f?ﬁticsgreﬁ n agQ:o bné or nrdrd BGIpHdi ng 0,

1, 2, 3, 4, .5 or 6 heteroatons.. A oatom ny ot her atom than carbon
and hydmsigentripbubéndaqalkenyd, or Sikisel mowktiss), Thatbraiwhed pfvihedtydrocarid®Odin The
term"aliphatic". neans, unle ot herwi se state a straight or branched -
Py oc AP B ICHER HEa HEE TPk Ao PR oo ARBEnes R WS AL A Paed  and
i ncl udewhrRh B2 URISs othBvidedtited NRISITA) I GIFh, a8 d Yo Adin@iyalumiBR 3R Bradbhadt om of
any el enent other than carbon or hydrogen. An unsaturated aliphatic group

may cont viriealbhgedrydranatboadnising chai/ineludesi Ipiod, o hido (alok én3P capompiomay |
ieti h t GAY i inel N . .chai
o el EXumgSe oB AR 1F S(NEREGRER OF pEIIRNE: FRLARbH S CHO R 08

unl ess ednlti \bing @r sticat @dublbdonds. Alkerye dglitals gatkralbntaitain abyutiwdrr aboht
branches. Typically, the hydrocarhon (tmai n) chain includes 1 to 5, to 10,
to 15 ofveny SubenstBen 2a BA%OT IEQEHITEsTRCe AR IRAPIG BRfidg aiush 45 gbout two to

st rai ghly, J neeh I i nor e
ol o el taflon HARCEH oy BEMADARN AIRAE PAeal L B9 Roitalh ARGt e Tty
car bon tatabost timthty n@bon atoprseandf @re ommbmn e dxamplalvd tepledmads, mefetabls about

two to abput ten carbon atons, and one. doubl ond, Al | ,radi cal s

nor mal | e G BB SR DO TR PO TG PIE o RH GAECTF For e,
for exaymi ghtichin dr brRhdhed Rdfocaidos fradiefk Y&l Bord&int M2 SrOmbRripRE b&msat ons,
and one triple bond. Exanples of al kynyl radicals are straight-chain or

br anchelgxaiples edraboh greuniscap suethyle sthydnprapil. dutylopenipk diekyl, Septyb oreid.

Exanpl e I thyl ,i.e p . | ohexyl,
hept yI ,50513%‘%?5%%%@3*? ,%g%fzsﬁf?‘h%ég%C?lé’oltrsr@rﬂs)p%f {Sgﬁ%tg’% ‘%ﬁ%@%ﬁg? B!{‘ dp’?rgpyl ,

i sobut ybutyl, sieessntyl] or 38atibethylbutyle Bothuthylmainebpi@ndsywell as the Braglbisstayt but yl .
Both the main chain. as well as the branches may furthernpre contain

het er oalUsErmaQrercaptajhigteragioms as dor igstange iy OgS, é? OF & BofAraen A HEYaILRe

repl acedyPied B &fesdRLELIRHRTE- :

[0026] The term “alkoxy”, alone or in cpmbination, refers to an aliphatic hydrocarbon
having an alkyl-O-moiety. In certain embodiments, V'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. Examplés of alkoxy groups include, but
are not limited to, methoxy, ethoxy, propoxy, butoxy and the like.

[0027] The term "alicyclic" may also be refeired to as “cycloaliphatic” 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 hydroéarbon 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 main' chain of the cyclib hydrocarbon moiety may,

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



[ 0026] The term "al koxy", alone or in conbination, refers to an aliphatic
hydr ocar bon havi ng an al kyl -0-noiety. In certain enbodi nents, alkox¥ gr oups
are opti oMA2PWEFEtituted. Typically, the hydrocarbon PHRASEPOONLH
includes 1 to 5, to 10, to 15 or to 20 carbon atons such as 1, 2, 3, 4, or
5 carbon atons. Exanpl es of al koxy greups include, but are not limted to,
nmet hoxy, ethoxy, propoxy, butoxy and the like. [0027] The term "alicyclic"
may al so be referred to as "cycl oaliphatic" and nmeans, unless stated

ot her Wi §f), clim @en@dn@Tetyipfcaly Che hydRicefon(@ndfin) EHas AeRidee, ADISEkY ), orvii Ch
may be saturated or nono-or poly-unsaturated. The cyclic hydrocarbon noiety
may al seainfdaifatomssa@ne pr¢le cExanesgissuehaneigies inelude dut iare meidimigsd t9) so be

substit i h - a0 ' clj | | i . S.. T i'n
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el ements. Typi.cally, the hydrocarbon (main) chain jncludes 3, 4, 5 6, 7 or
8 mai n PRESHOSE DnO-iSh 569 Sb e p&arben aam swydie replered Ry beseheteraarmsethout are
not |im.ted: e n y ct%?l?\% e | 5O ctyl. Bot.h
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subst i tyehnocarinens, falnidhhgenemlly watdimiabodtehmedatabost, eight fing carbsh ames, Nor 0, - S,
Se or Si, O carbon. atom may be repl aced. by.these. het er oat . Jhe ,term
a1 oy criania g 3 R SR Bt (e op ety ooy Bt dPaiePeR oyl |
hydr oc a8 $espdbi e rige SRt | Oy SOkl D AR mb i€ Gurh BeahBitituRl IBkanip1BI
carbon atons, for exanple five or six ring carbon atons. Cyc. | oal Kenyl

radi cal & tspgh caloigjieqaineludeddubl areboeald limitechdor exyplobexeanel,r icyigjoestenyé npr

Cycl oalg%gy({ecéns,gi cals may in turn be Substituted. Exanples of such noieties
i ncl ude® DUt "are not limted to, cycl ohexenyl, ‘cycl ooct enyl or

cycl odemens] In E&HERAS] thefetd; AR feddt "atdigdtRY’ Guednb @nt Neast adsatiillyplantagslian at

| east essentially planar cyclic hydrocarbon noiety of conjugated double
bonds, Wsiresarbry ngécty oficapjiugated dguble bopds. juichymay be & sk sAE < 1p¢luded) or
coval e iold BKRALL . 3,00 A [ L er m
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i ncl udeFhe terfy aromati® abwi mchidas relleglanys Typioaldy, cthel kydréocabel dmant) chaih

nmoieties jnclude, byt are not linmted to cl opent.adj enyl , phenyl
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chrysene (1, 2-benzophenanthrene). An exanple of an al Kylaryl” noiety is

benzyl . cyrhuslepatientashzli-a Di2]amalesyle) i[8]anpulenrlar phanatenee t(peninaphthgne)esko-
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het eroatons fromthe series 0, N, S. Exanples of such heteroaromatic

moi et i e%f PpHFREhANd qoRtshanYoYmer S heteroaipms,| asdfor istapee b O andhy Jgk 2 put
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[0029] By..the .term"arylaliphatic" is ant a hydrocarbaon iety..in which
one or W%‘P%Z‘?z?( omet e o e?’foglényi'r’e 0§%§{ﬁ?’t [}Eeélaoﬁgrqf?bn&zep&y ﬁoﬁé‘%g]lniyghat'i c
gr oups. seléhiepintyl e thi6iAyl-, azecinyl-, (azacyclodecapentaenyl-), diazecinyl-, azacyclododeca-

1,3,5,7 ,‘9,1'1-hexaene-5,9-diyl-, azozinyl-, .diazocinyl-’; benzazocinyl-, azecinyl-,
azaundecinyl-, thia[l1l]annulenyl-, oxacyclotrideca—2,4,6,8,10,12-hexae;1yl— or triaza-
anﬂuﬁcénykmoieties. A

[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

vy



7 "arylaliphatic" also includes hydrocarbon noieties, in which two or nore
aryl grou s are connected via one or nore aliphatic chaln or chains of any
length, f¥P2HHLPERe a methyl ene group. Typically, the RGASEZAHBIH mai n)
chai n includes 5, 6, 7 or 8 main chain atons in each ring of the aromatic
noi ety. Exanples of arylaliphatic noi@ties such as al kylaryl noieties

I ncl ude, but are not |limted, to 1-ethyl-naphthal ene,

1, 11- et hyl enebi s- benzene, 9- isopropylanthracene, 1,2,3 -trinmethyl-b

enzene, ﬁ?f ngRstic" 2dUinBRrds RYdrodabdH MbRties in (wWhich k6 ok %ctw ladyi QbR drgre,
3-heptyl -turan, 642-(2,5-diethylikenyl’)et hyI | -4- et hyl -qui naZol1 ne or,

7, 8- di beennecd miziens Wnoneseélqhmmhameor dheins 0f ama tangt fqmesta@emnefhyluepﬁat ic",

"ali cyc n hat ein is
moant ¢ 8 R:Tte s e BRRRin Gor o e BBt SRR B Redhect i ve
noi ety. efohbahg ofiehe arcrmayudomowﬂy Exaﬂqﬂetso@iahrygmq;hauc a1$o1ét£Hs sisAel Akyllwyl not
limted to., am no , carbonyl , car boxil cyano, |socyano,

di t hi an8oigtigs dgdye; hyfc?frsm hmmeti i 1- G&Y&aﬁ%ﬂ&m lo g!a%ﬂémhhs bepzeRe: §-

silyl | 0, [ I )

ot ol uehelBRpionbcely 1 kot BIRRNARE. L e AR A g AR

met hane sietfybetiryl)-gp308hd, Rabetyt-fungn, te]2X- @é-éﬁh@éplimyl)u&gl]{@éthykummhne

enbodi nen be sel ected fromthe group consisting of hydrogen,

met hyl , %I’%/R&bEWg’SEPS%?%’I 150gPgehpl e both Ra and Ro may be hydrogen. =
[00321 yyo39] EBCH Bf ek Ahphat @, 94?&9&11@0@519@)()5‘“@5}0@1%&&" A @al?ﬁ‘dﬁ%}%%@@ 1to

about 8000, to about 7000°1 to abolt f o about 5000 0 about.
4000, 1as msqbdmelsoscmam b insludgobath malmtﬁdnayd amswdnsbelt%iom efehe not

explicitl nt.ion d e above.listi ot 00331 The pol yner be, -

ot Lachelr b T RmERR hibsliitPad dREE or ) RSO e B RE. SRR R P01y, 1 1
anot her Jigite@ dbBftnop fantidl§ dzioe Rhibefyla cAFBBRYIE CyARY, ngﬁldf&iﬁhMG abdlagdped to
the silica surface. A pol merization reaction may su sequently be conduct ed

i n or dePydtexPoPifffe organopsial nerganaberan selenqssilie silpam stpayl; Bigphiscrrnche

f I f

e R G T G s e D R
aci d) oandmetipoéspihfenylt hereof . In this respect the term "copol yner" neans
that the final .paolyner chain efore or, fter tt ment_to the l'ica
sur t acojot] Reebiad B heGiow ittt Sip TErsay hederdea”
differ e%nﬁﬂi@%&éﬂﬁ»‘@dﬂsﬁtﬁé o@ﬁ?dr@@e ?nertﬁ'ﬁ @cﬁﬁveﬁ‘ldfﬁ%ﬁ}l' ﬁ)r(e%lmﬁlédodfﬂilkt hed

nononers. By .using copol ymers further nodification of the polymer chai n
is possthelyblethdwened it is aI so possible |n the present invention to

COmD 1 ALY S b B4 . TROT o800 B R06, LR, SPL TS 1,

parti cl gsgut 7000 1 to about 6000, 1 to about 5000, 1 to about 4000, 1 to about 3000 and 1 to
about 2000. n may also be any integer not explicitly mentioned in the above listing.
[0033] The polymer may be attached to the silica surféce as final polymer molecule.
Alternatively, in another embodiment of the invention‘i’a monomer molecule may be
attachéd to the silica surface. A polymerization reaction méy 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 carried out under conditions
suitable to prepare a poly(methacrylic acid) or a copolymé% thereof. In this respect the term
"copolymer” means that the final polymer chain (fnade b'efore or after attachment to the
silica éurface) may be made from different monomers, 1e monomers that have different
substituents R, and Ry in the above formula (1) and further monomers. By using .
copolymers a further modiﬁcatioﬁ of the polymer chain is possible. If desired, it is also
possible in the present invention to combine polymerization of monomers and attaching a

- pre-formed polymer in order to graft the poly(methacrylic acid) polymer on the hollow



[ 0034] Besides the nononers having different substituents Ra and Rb, in one
enbodi nent of the present invention further nononers na¥ be selected from
vi nyl noﬁ@ﬁépgﬂﬁﬁnghe general formula (3) CH2=CR Ry. | nPE&S6aP14/00¢%43 R and
Ry can each be independently selected fromthe group consisting of H,
optionally substituted aliphatic, an &licyclic, an aromatic and an
arylaliphatic group with a main chain of about 1 to about 30 carbon atons
and 0 to about 10 heteroatons selected fromthe group consisting of N, O,

S, Se anrfic@partickedmpl es of such vinyl nonomers include, but are not |imted

to, 1,3-butadiene, isoprene, styrene, [od-methyl styrene, divinyl benzene,
acryl on i[0034] Besides theangnasmers haviag differgat spbstitaenss Ruehd Rs, cmmendwﬂumm '

iV eSk R nRUED bR Shcrt W hPLSBIENALE K Hlorb Al n 20

vi nyl ers VErsatic "ac er oc |c Vi-ny sters
of rmnocg’eﬁaéralnfmblay(a) NSHi=CRRA Il Iﬁﬁiﬁ’fdl)@)(y) Rg; aﬁleJ,Scz(nS u@dh 86 iftlepBudenily|
mal eate and di -n-butyl fumarate, fumaric mal ei ¢ acid, and itaconic

aci d, afeleeipd .f@ﬁarheyg@%scpn%lﬁﬂr@dofaﬁkwtué@il@rsgbwutfdtaélpb@% aRsbsydico AR
t her eof ar({nQeg %du %1%9%5&%1&5 nli'chl? cﬁ’eﬁﬁ%? Qf)o%rlvt%ryb 19!{'3 a?@odf/;%t&%ls et hy|

nononer may | e ‘an ‘acryli c nonomer, suc not
(et h) a@ng 0abeaboet t@'hel(armtdn)sami@dtai ﬁromrthbtgrqdp Qomish)lg@fw,aﬂ) eS, Fe afdgi. hexyl

(nmeth)a Ia e, s met h).acryl ne | ate, and

byl oxy SRR EPRTRERY Bpaden niiae Ry RybiRTE b hpERie SomarRE

2- hydr O%W&PY&] ﬁéfﬁ&l@tﬁ‘éﬁé"cﬁ{fﬁyl heéhzbde aE@hdxﬁqunaﬁmthﬁMie URYPAR{deW | | be
referred’to as "vinyl 36] "Represénting thé hollow silica particle by

the symisath ag Waykehlpride, p/alrlyll astess sichrastheylpasketate rvinyhobpibhatedvinyleleamate, can

thus be dg Qflmc};l tei?lsS of %exjggtllé faclzl 9 }lleltér(lilg};cilgt\}n%rll) compou%s alkyl esters of mono-
olefinically unsaturated dicarboxylic acids (such as d17n-butyl maleate and di-n-butyl
fumarate, fumaric acid, maleic acid, and itaconic acid, énd optionally substituted alkyl
esters of 1 to 20 carbon atoms thereof. ” '
[0035] In one embodiment of the present in\/ention, the vinyl monomer may include an
acrylic monomer, such as, but not limited to, methyl (meth)acrylate, ethyl (meth)acrylate,
n-butyl (meth)acrylate, 2-ethylhexyl (meth)acrylate, isoéropyl (meth)acrylate, n-propyl
(meth)acrylate, and hydroxyalkyl (meth)acrylates such as ﬁydroxyethyl (meth)acrylate and

-hydroxypropyl (meth)acrylate. In the following each vmyl monomer will be referred to

as v1ny1 "

\

[0036] Representing the hollow silica particle by the symbol Q , the entire particle

with the polymer immobilized thereon can thus be depicted as (simplified illustration):

Ra TH3 - . Ra THS
Q C C {vinyl t Q X C C { vinyl
N " | "
R COO ' R
| Ro H__n or | | R COOH_ n

wherein X may be a bridging group liﬁking‘ 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 to about 6000, 1 to about SOOQ,' 1 to about 4000, 1 to about 3000 and 1 to



wherein X may be a bridging group linking the polymer to the silica
surface. The index mmay be an integer from1l to about 10000, such as 1 to
about 900Y0 291%¥9%Bout 8000, 1 to about 7000 1 to about PEFEG20H/PYZhout
soop, 1 to about 4000, 1 to about 3000 and 1 to 9 about 2000. The index m
may al so be any integer not explicitl¥y mentioned in the above |isting.
Typically the polynmer defines a coating on the surface of the hollow silica
particle. In one enbodi nent of the invention the polynmer may be a |inear,
i.e. stauglboPoheRtex hnQBsEhd afly MRBEeE rot eRBlCItIE nientivhRe] I deGREGe .

pol ymer. The polynmer will usually have a nol ecul ar weight in_the range from
about 5Bging. Typedlohe poliess dginethd cratisgen-the surfae@f tapbellowgiticpatickoo -

100. 000 0= 0 - 0 - 50Q. = B shoul d
pe not oif TRarRirRg o0 Tveptioh Hboipth mag e SRl 1% Rerigt oblting, I
exenpl agome emboditreatsdt dey beey hyaeerblaacigdcholyert TRe polyimes Hvoilll whuall s Batzea Not ed
that the nmononers may be present in di-fferent conbinations, |

al t er natiolgukan Sesigfirat ghe waes fam At 90 met-400.000 speh At BPO 90 yeﬁ'P@?%SOOand/ or
bl ock _cappl yEnso, sobSrebibog! S6 136.006] UBROSS/ATRY SoaL 00BN Ss hd e
al ternati'ng an units

regul ar A B units; périodic copolyners have A and
ar r angeshouid be nefed dhat ny tlseghoen dernfdagythe(okd 8- of-tBe Baokomets A- Bl BeBmplary,

tatisti I i ichith f
e ducké by PERE i dtecpbgyc SRRAI & habld At iscndefs gRT b BoEaReIe P o
nor e hopmRRGH: ih @ ffefedb ¥BinbmalibiK 6. b ARYRRB cdpeRfers, TH&iddNé @BpAymERe

honopol yner subunits nmay require an i'nternedi at e ‘non-repeating subunit,
known asfatsticah copelsimprsoerd/oB| etk copolynees swhirehn elternating mopelydiess janet

bl ocks ar I di bl ock ..c | r [.i bl ock | yper,s, re ively.
In one %,p%gﬁ? ‘I%II’?IIII te%gfeé?c?rltﬁmﬁ r"ég gLIE fafl %?ﬁgg‘{l t%o%e&%éﬁ:eg@%%e%ehaﬁgé%%%r ei n
one of thies swARERNS NRPedthgbequeida@ig/ | (ACBaLBIB-AQOIA-BB B/ satigitanbove,

on the silica surface on which the ﬁg yner is i.rmobilized, in the present
case t hePROLYMers carg s CopRE/MSS | IBWVEIh Eie Beueneg Of mpromey yemguep dollgws a

arti culas . hl ' f il i - xanpl e
Pave o afistiaOIE SR blotk clualifs SEEfR. chd o ot SBmBBOLHick Syl e 2™
about 9Bf/tcévalent bosds IThesuradroof tHeOR6rbapadyrnert subOMity waw)requboan int&etimtabout

90% (W w), about 15% to, about 80% (wW w)., abqut. 20%to0 abo 90% ,

Sbout | DT, AuBs Kl o Sovnetomblock Bk Eopehis M Stuat 18, ¢ o

about  7@%ifWbcks breadanbd di%%{k@)p@%érrsl‘ ﬁ(&’%ﬂc@coﬁ?lfﬂﬂﬁiﬁes@@g{?&& abewd 80%
0] n pol'y

(ww). Typically the surface has a pol ymer conte nmer density of at

| east a¢bedipgntitliigg vor, more didensyt gopolpmsts awyube 2Bedp Whevgin ae pedke about

30 % (wW.w, I %,(wW w), at |east about 40 % (wWw, or at °
| east %gé?mg’%o%ag%%vﬁggﬁgéﬁ?a%d'parti cle according to the invention has

typi cal [0037] Aexheitibnatl 4Hoke,0dn @bGilicabuithée srowalvhithe OIS Subbbidgedaput 1
nmto about 50 pm about 1 nmto_about 10 gm about 2 nmto about 10 p.m

about 2thshressnbeasethestintage At thedliowosilicaparficlgpibigobmper ias a pagiéalar foghur n t o
about  SQO\ W NTHARAHACEL B MR sBicaPdHiciéARay 1Br eﬁ@rﬂﬁfe ﬁ&e”@ﬁo@yrﬁ&%&nt&ﬁp urn

or about _ ,
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) or about 30% to about

80% (w/w). Typically the surface has a polymer content/ p‘olymer density of at least about
20 % (w/w), 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 nmn
to about 100 pm, such as about 1 nm to about 50 pum, about 1 nm to about 10 pym, about 2
nm to about 10 pm, 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

'



10 50 rimto about 250 rim such as about 250 nxn, about 200 rim about 190
rimor about 150 rim The particle may be of any shape and geonetr

i ncl udi ngvBA1/¥HBBed, i.e. spherical, rod shape, the sR&p& ?mém@¥§c or
the shape of a rope. [0039] The (in sonme enbodi ments water-sol ubl e)

m croparticle or nanoparticle is typil®ally a hollow m cro- or nanosphere,
i.e. it includes a void or cavity. In typical enbodinents the mcroparticle
or nanoparticle nay optionally have a shell surrounding a void. The shel
may be Fiehdnedboyt B0 Hueh W kboui2iE0 k) abBHEI00Mm 2AHduB NI@ ¥inEsr idous18(f ace
(i.e., balloon-like). The void or cavity may i nclude the sane fluid as the
anmbi entnf Theipartigte Bay boohary shape madigcemetry, Theludiaig| balleshapgda et sphesed] | nmay
in so at |l east essentially closed and
contlgﬁgggﬁég#ﬂﬁ%k%mgﬁ?Wﬁa§@qﬁggﬁlcrggﬁg and/ or bl owhol es can occur. The

wal | deg0039]"ghd tie seihelembodiynents wasBsaatlopiniteapaticla ve nandpaitiiaragpiodllyabout
0.1 nmto about 1000 rim. such as about 1 .rimto about 500 rim about 1 rim
t o about halbkyv pligro- ghpanosphers, hie; 1 1agiadas asypid pheavayol typicahsmbrdimens thd i m

about %nféréBa&@cl@%?g%mL?Rir{ ahf 4115 th P 403 Wkro Oﬁl@dlﬁ%@ vcﬁ Chn@SndPout

10, 12 or sone e e particle,
f or exanpy be defitddrbyea shgle hvaﬂlheﬁleam mtbmal anenorxternalsupfaoce@.cy iballmim' lﬂte)t he

void or_cavity |S|anU|dcnactvv| hthe anbi.ence ordi n

ar t1 ol Bangicter v gpeY SRR bt B R R B Rud G St i be ar
under stypeglclb OTIAWA] ReTifmg Ahe Shall SbY iRkohE TbbBRNeRPBY borkidtiéd 0 DEhELES
nmesoporous nmatter is understood as”having pores of about 2 rimto about 50

rim THeaqusaenmlbf ﬁagcdfa@d cpntsgtm@ euﬂfmmaw h sorme stagks and/orblawpelescan dt h of

about | udin h .of, abou imto
Shout PPk ThE RS oMl 0 5 KHHE BB RBlcRys et B RAREF Bt ok ™
rim ofnmbedbok 1r00mnhg saklnsd aﬁkﬁtmrﬁm&bﬁﬁbﬁut$00lnm tabo@bbiin toGibbixi250akauUt 1
rimto about 100 rim about mu to about 250 rim about 1 rimto about 500

rim smua% 10 ﬁbﬁ@%ﬂtmo@%émmfo fbet Sthamg abeut\Zore abput B2 npket i cl e

isin ﬁpgg I e g 0.01 cnB/g to about
2 cnB/ g suc rom a ousﬁl%gggﬁdﬁnép 12t gaa outé%g)]'lﬁ%%lﬁtﬂ from about 0.05
cnB/ g t{004@jokmt some:etﬁbqilmfemcs rthalpatiicld) fdr exxﬁipje tvxothabewhall tlon@dfg hasr oder aam about
0.1 cnB/g to abaut .0. 25 cm./ A res tiv
mes0porBHES FSHE Pt B Sonair i iRt Fartaen e S TSRO A Udi ng
spher e, tha gaﬁfieleamdy% %1c1%pbﬂﬁx§ o BesBPGBEs. ”B«Mcﬂaﬁo@hé %ﬂg&‘é} {ShidnporAer ed

ar rangenen symretry Such as hexagonal, cubic or lanellar. [0041] The
por es dindterséoqﬁatothaw porganf b@/l@th@tfwgdlawbau%nmewiae@as mestporepsaBatteEsanpl es

i ncl ude re n m. tra el scanni ng
el ect ro%id%rstttzorogds ha%n%%ores 8{dalgoqrrtuzt rogémogétdﬁgr pt ?g%:\ p%lqlr?\i?er sg% %%(faﬂ ,
repl i cahavergporgus ﬁiéﬁhblﬂalg)bﬁb width of about 0.1 nm to about 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 ‘;c’o 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 cm’/g to about 2 cm’/ g, such as’%from about 0.05 cm®/g to about
2 cm?/g, from about 0.05 cm’/g to about 1 crn3/g, from abdﬁt 0.1 cm®/g to about 1 cﬁ13/g or
from about 0.1 cm®/g to about 0.5 cm®/ g, e.g. about 0.25 l‘ém3/ g. A respective mesoporous
or microporous particle may have any form and shape, inciuding a sphere, a rod, a disc or a
rope. The pores may be arranged in an ordered arrangément 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, transmission electron mlcroscopy, scanning electron

microscopy, gas, e.g. nitrogen, adsorption, inverse platinum replica imaging, small-angle



11 X-ray scattering, small-angle neutron scattering and 'positron
annihilation |ifetime spectroscopy. In some enmbodi ments of transm ssion

el ectron WP2PHEEHY (TEM a series of TEMinmages is tak&RTSCEMOOAW43ane
position at different tilt angles and 3D-informati on obtained in the so
cal l ed tonography node. In sone enbodilments of scanning el ectron m croscopy
(SEM high resolution-SEMis used, working at very |low currents and

vol tages. Structural information can furthernore be taken from NVR, Ranan
and FTI R gpesdatiesa@pPishail-8kRC h&&@é}e @cﬁﬁénﬂﬁetaﬂﬁdﬁosﬂr% VirhiRstenPi&méand
fluorescence spectroscopies, as well as single inolecule spectroscopic

met hodsspeptmoa@pml In smee@nb@lmp@te tof é@@ﬁplsélommg migeosaenset TEMS agetes

typi cal | te i ng thei usua nonpl a
concent ?fyTEIgIV 9?% ?ne%%rgqﬁ X poﬁ%%\{ %cirhd{fgﬁre&%ll?g%%}f’se? n%/lgﬁ)qnﬁ%?rbl dual
nanoscabiRai@by i @Wb@lld&%ﬂo@ﬁfphfb en@eally sefhe emidddfid]ts bigcaming electedie
particle, if present, may be smal | - or even negllglble t hi ckness |n

conpar | BE0IcePY He EYA thi&bl eesgliuiigRNEdRsis Wisdh veaskingsal verynlamowerenty ogd | ess
th % t % I
par 11 ol SitneSy ool B ARON bof SARImbRES: 30 AR HMR B BIPLIT™!

sponge- §pekiegscopienat eleetrodhemidabr noethddsf rtﬁ\]-\he |absdmpdeﬁl iandt hBusresqact i ve
void or cavity,. such as a f)uj uding a |iqui es tive fluid

i ncl udeWFeIsPRicEnes fi‘ffilt it Is’é‘gir?a?‘* fi‘fui?oﬁ%ec Hff&élf%g}?fq?dﬁni‘} ﬁg?eo,mog

phar mc?&ﬂr@s@bf)ﬂé rﬁ@ﬁab&set}&q{m@Hélg a?@%/pﬁfall?ﬂn@é@ﬁgﬂb@ Bl -doplify @RAY %ﬁ%hl cally

active conpound be a | ow nol ecul"ar .wei ght organi c compound. In sone
enbodi nemt, susudrllav ph:amndmemnccmfratgona@tﬂ frwressamodyred. Irslivadual moblecdss andlept i de,

a protei a_sacchar ol ysacchari de. The pharnaceutically
active 1@@%‘2 8 balssn%?‘é“e Sclagglé eﬁ‘i XV %sl 'y distributed, e.g.

di sper Sﬂ)@42}l\ﬂ“hé1wlalltdf$hé/\ﬁérﬁéle Sﬂ’?y%@bﬁ ﬁaayrb@pﬁrshiaw@ eoén neglpste ttl'u@hﬁbss i sonme
enbodi nents the pharnaceutica ound | ocated within a

y active co
cert ai ncQyeRatisen t@th qw?én%atdefle@mﬁbw@hrﬁSd%ggm ﬁmte 19r%nkesoprptabered%such as
a core o, G his
i t bl 5% el fdle2 de M1k SRRl 1o R M Barille SHEL 108 BIPRINE . |
BET sur ﬁ]a(shelam bennichq:ommg(e gf sp‘umgaﬂndml m]ﬁhtmrﬂ/ Eurtm:r a:bmet mbH R mﬂbged suc h
as about él to about 5Q0 n2/g ut 50 ‘giQ ‘Q‘gox 250 .2/ g, *about
75 n2/ g% 2 45 N A B g tngba eRFCtiya dtithi ng a
BET surfgfe@"vamifhe} }gﬁ'ﬂéle W8 foein® &hb&ilﬁiéhts%ﬁ@luﬂ@/og beg%}?a&mﬁégufu%ﬁ g area
are possible. [0044] the eéxternal surface area, i. e surface "area on
t he ext@tivorcommenéfané/os heldxcwm atle pharmapeuticeldy ecmfe torapdundemey de,a t he
pol yrrer is_ inmobilize s The ex ternal surf.ace eg of sh based
T R g e b S e T G
in the @dﬁﬁfesbkﬁh @\ﬁldA‘li:OfBrCuEﬁi’déﬁ M gepaagony ptobéi) aMgidBEd dmchdiRemor a
anal ysi s, The ext ernal surface area of parablesof the invention may range
f r om abplysaggharisieahbhe pbomsgericall e petkey gioamrouTi e ay el?fhamoé‘hr packessr ea,
i.e. a I NGy t r i o]
partlcrggﬁ%%%gﬁ |%§§%%?%h Hﬁ 1§%§t§@?“§ éﬁ%f%aF@ n?ﬁgéﬁﬁgelé%luded
in the mo@amblet He sand |en1bed1n9amcm thees pharplaaeutivaByitactiad Icpn@ouhd/as doopalind.
The inter ~surface area_ of shel Pased articles with con uous solid
val |'s c¥H eta FetafrRAtiPea @FW@E?TTSQW el a5 nanppArticle APAASA GeBF Bl
M croscopel( AFM and BET isotherm anal ysis, but. can be estinmated based on
the external particle surface area and particlée wall thickness. 10045] The
met hod iﬂm&bﬂ?gd: particle mmwpwemgly@unﬁacmmea wahicluispultghte fort the present ipgerdionf ace

may be I|ed to an sur he sil.i surf e, surface
0 oy BRRaRbl, G e el ol T s tass albain fe et B6R SRt PR Bt o
I'n sorreawﬂrxbodomam/g suble 25 B RS 1th/gab ab@ﬁSiO(ﬁ@§%nfab@it|530 @Robhabolin2 SPme -
enbodi ments. the surface i s uneven. In sone enbodi nents the silica surface

i s the ®dg gbautofs 192/@49@bamtti%O@lI@Z/grorabmtdrO@paE/glt@ phout 200 MY eninebinga cl e or
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R12 R3 Si R -NH2 R4(2) 13 [0047] In Fornula (2) Rl is an aliphatic,
alicyclic, aromatic or arylaliphatic bridge with a main chain of about 1 to
about 10 ¥QZBHA?8383ns, such as 1, 2, 3, 4, 5, 6, 7, 8, SCHSCEH0OLMIHN
atons. The aliphatic bridge of RL nmay include O to about 5 heteroatons,
such as 0 to about 4 heteroatons, 0 ti@ about 3 or O to about 2, e.g. 0, 1,
2, 3, 4 or 5 heteroatons. These heteroatons may be selected fromthe group
N, 0, S, Se and Si. RL may for exanple be a straight or branched al kyl
group. TiRe tsRIled" il ¥l art 'QEET.S ALHIC Tor& MAEMESD St AERY . arldiOBRTSRbMEAS €d

al i phatic or alicyclic hydrocarbon chain, which nay be straight or branched
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het er oal,om® M1 ffckagsect ed fromthe group N, 0, S, Se and Si. [0049] I'n
one enbodi nent of the present invention the bridging group may be, but not
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about 1 . € process nmay also be carrie ut  under "an tnert gas .
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[0046] The monomer or polymer may be attached directly to the silica surface. For

examplé_, in case the silica surface carries functional groups (coupling groups) such as —
OH, -NH, or halogen groups, the direct linkage is possible. As explained above, the
monomer or polymer may also optionally be grafted to the silica surface via a bridging
group X. Generally, the bridging group may be any molecule that is capable of linking the -
poly(niethécrylic acid) or a copolymer thereof to the silica surface. For example, amino
groups or halogen groups may be introduced on the surface of the silica particle, for
example, via coupling of an amino-functional or haiogen—ﬁlnctional alkylsilane or
siloxane, such as for example N-(3-trimethoxysilyl) propyl ethylene diamines (TMSPEA).

In one embodiment said bridging group may be according to general Formula (2):
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[ 0051] hi case an ami no functional group, has been introduced to the silica
surface, it is possible to react such functionalized silica B)al’tl cle with
a hal ogen‘é{f’izﬂﬁ/(g&f@ﬁt in order to introduce a hal ogen gr 8GESEYIERI4Ri ng t he
am no group. Any comon hal ogenati ng agent may be used. Exanples of

hal ogenating 'agents may be, but not Bimted to, Noronopsuccinim de,

2- bronoi sobutyryl brom de and so on. 14 [00521 The silica surface that
carries amno functional or halogen functional groups is contacted with a
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[ 0055] A polar protic solvent can be a solvent that has, for exanple, a
hydr ogen atom bound to an oxygen as in a hydroxyl group or a nitrogen as in
an am ne YP3P/R/B2e generally, any nol ecul ar sol vent WREERCEHRO87AS

di ssoci abl e H+, such as hydrogen fluoride, is called a protic solvent. The
mol ecul es of such sol vents can donatd4an H+ (proton). Exanples of polar
protic solvents include, but are not limted to, water, an al cohol or a
carboxylic acid. Exanples of an al cohol include, but are not limted to,
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[0057] In the present invention, pol é«fimﬂ hacrylic acid)-graft-hollow silica

vesi cl emagiakeprtaisavaial dase syl pgabos Pautsr hptiao bﬁ@sgb&m fi$ hgurgrapout
oI y( ”eid‘ﬁ‘&fr%{ ShAthshoskeal th layers provide pH responsive properties.
resent 1 nvention makes usée of the fact that poly(nethacrylic .
aC| d) h[amsn] Themﬂtodmfahemvmtsoxﬁﬁs@ndlaﬂg carietl ot ire Spdafuid physlel tahayebeof t he

used syste Thi s means, hle structu e of tq{ng Iyég thac I|c E shel |
in aquedtided B Y YEp¥RGeIvER: Y 59 W&F@éf HS&Fn fmethecaylic o) y
hi gh pHy@ se olSzGﬂetHé‘d?&l% qaa¥ %{J cQﬁi EP%H%?&'T sk d?s@bl%s 'tlié\‘éiﬁssuﬁ{&erﬁlfyu' Ly)
soluble in aqueous sol uti on. pH val ue of such a solution may be, but
not | i nbelgents mseditvanebs, pOéach agnﬂbbvélqﬁlds irzdbeding @pcotlcanmom Biquidsabove
7.0. In.one enb dlne he erall t he pH
val e, SECRRRER O RarBOhs fidfof et Fyeate £/ Butaf Koiliry ol BEf P feprands £
5.1, 5. @clcﬁwﬁane? benzere, %Iﬁene‘é 7pyn51n% RiGlorbrnRthafe, 1, clBomfodn,3, cdibdi 6. 5,
6.6, 6. 6.8, 6.9, 7.0, 7.1, 7. 3,.7.4 or . '7.5. Thesolubllltyofthe
poI y( ne&eﬁa@rlgm% ca@r)a)dlsluﬂﬁﬁ@e@dt ?bn‘?thOléi 1°iﬂt°ah‘|‘dﬂ€1 t Exaregerelcd Aen-pelar 1omic | over

f 3.0
or be?rwgqg&ﬁ%gnera Illfl(?[wnﬁggdpf-(#j e\%ﬁﬁﬁ of %élg’&opﬁ@ﬁ élP gll)_g\r/v poor
sol ubl esulﬁmyt}mnidess t han or bs(tuﬂM)hmﬁb 0 1.1, 1.12¢th{l-3methylimitlaflivin 6,

.7, b1s[(mf?uoromethylgsu}fon}%l]am1d26 tnﬂuoroa%ce?ate 2 56 l-bzutyl 3-%168[hy112mldazo?mm

hexafluorophosphate, 1-hexyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide, 1-
butyl-3-methylimidazolium ' bis(triflnoromethylsulfonyl)imide,
trihextheﬁadecyl)phosphonium bis[oxalato(Z-)]borate, ‘(‘1-hexy1—3—methyl imidazolium
tris(pentafluoroethyl)trifluorophosphate, . * 1-butyl-3-methyl-imidazolium
hexaﬂﬁorophosphate, tris(pentafluoroethyl)trifluorophosphate, trihexyl(tetradecyl)phos-
phonium, N"-ethyl-N,N,N',N'-tetramethylguanidinium, 1-butyl-1-methyl pyrroledinium
tris(pentafluoroethyl) trifluorophosphate, l—butsrl-l-methyl pyrrolidinium
bis(trifluoromethylsulfonyl) imide, 1-butyl-3-methyl imidazolium hexafluorophosphate, 1-
ethyl-3-methylimidazolium bis(triﬂuoroﬁlethylsulfonyl)imide and 1-n-butyl-3-



3.1, 3.2, 3. 3, 3 4 3.5, 3.6, 3.7, 3.8, 3,9, 4.0, 4.1, 4.2, 4.3, 4.4, 4.5,
4.6, 4.7, 4.8 or 5.0. Thus, at acidic condition, the shrunk or
coIIapsedNﬁﬁﬁﬂﬂpgyérs seal the pores in the silica shePCd/SC301908WP4Ht ¢ he
rel ease of the species encapsulated in poly(nethacrylic acid)-graft-hollow
silica vesicles. "Collapsed” in this Bespect neans that a cl osed and
conpact shell is fornmed when the pH is bel ow about 5.0. Deprotonated PMAA

| ayers becone water-sol uble so the pores in the silica shells are opened at
pPH hi ghgémhiimiiaabeuh. 6.5 to rel ease the speci es encapsul ated. This '
mechani sm can al so be taken form Figure 6. [0058] As stated above, the

hol | ow [8DP54]cka seme ¢rabedimgply themgted 18 saigd qusin ﬁmolqmalrwmtéinaméﬁsSo aAny
phar macel %ﬂ S&Me f%%dé—! eblﬁO%EOﬁm% Ja ke hl%Si'fn!rleded?ie glbgth%ﬂedl?s%g@‘é er, N SOME

enbodi nent's suc i'S po ar and wa odi ment s

t he congipylege ggrcalnmbn@lmtyll dther| Retbidroérhgdnehsl srophekeongadatlyl Hoahyl east
essentially non- poI ar and water-insol uble. The pharnmaceutically act Ive

conpourkfiorisy BEhY iRt keianea cyROREHIOBS. g isAPELYE dAEAELe. (eHhyigife lycol

oo Ty EPIRIRSSHL GG Yo SOAUGHY ol hglued e et
limited to, 1-ethyl-3-methylimidazolium tetrafluoroborate, N-butyl-4-methylpyridinium
tetrafluoroborate, 1,3-dialkylimidazolium-tetrafluoroborate, 1,3-dialkylimidazolium-
hexafluoroborate, 1-ethyl-3-methylimidazolium bis(pentaﬂuoroethyl)phosphiﬁate, 1-butyl-
3-methylimidazolium tetrakis(3,5-bis(triﬂﬁoromethylphenyl)borate, tetrabutyl-ammonium
bis(trifluoromethyl)imide, ethyl-3-methylimidazolium triﬂuoromethanesulfonate, 1-butyl-

3-methylimidazolium methylsulfate, 1-n-butyl- 3-methy11m1dazohum ([bmim])

octylsulfate, and 1-n-butyl-3-methylimidazolium tetraﬂuoroborate
[0055] A polar protic solvent can be a solyent that has, for example, a hydrogen atom
bound to an oxygen as in a hydroxyl grdup or a nitrogen as in an amine group. More
generally, any molecular solvent which contains dissociabié H", such as hydrogen fluoride,
is called & protic solvent. The molecules of )such solvénts can donate an H' (proton).
Examples of polar protic solvents include, but are not lirhited to, water, an alcohol or a
carboxylié acid. Examples of an alcohol include, but are not limited to, methanol, ethanol,
1,2-ethanediol (ethylene glycol), 1,3-propanediol, 1,2:-propanediol, n-propanol, iso-
propanol, n-butanol, iso-butanol, tert-butanol, 2-butanol, 2?,)3-butanediol (dimethylethylene
glycol), 2-methyl-1,3-propanediol, 1-pentanol (amyl alébhol), 2-pentanol, 2-methyl-3-
butanol, 3-methyl-1-butanol (iso-pentanol), 3-pentanol (seé-amyl alcohol), 2,4-pentanediol
(2,4-amylene  glycol), 4-methyl-1,7-heptanediol, 1!9-nonanediol cyclohexanol,
propoxymethanol and 2-ethoxyethanol (ethylene glycol ethyl ether). As four illustrative
examples of a carboxylic acid may serve acetic acid, prop1omc acid, valeric ac1d and
caproic acid.
[0056] As mentioned above, the hollow. particle of ‘the invention may in some
embodiments be water-soluble. Where desired, such a‘i water-soluble microparticle or
nanoparticle may be designed for sustained and for cor';trolled delivery. In a sustained
system the pharmaceutically active compound ié delivered jéver 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



17 an oligoSacchari de, a polysaccharide or an inorganic nol ecule. The
pharmaceutically active conpound may be nore or | ess honbgenousl

di stri but‘@@,zobl./(é?”ai spersed, within the hol |l ow micropar ﬂ’Fg{S@Z%‘WO 0043
nanoparticle. In some enbodi nents the pharmaceutically active conpound is

| ocated within a certain portion of tllie water-soluble mcroparticle or
nanoparticle, such as a nanoparticle or the inner wall of a shell of the
hol | ow particle. Wien provided in a hollow particle, conpounds can be
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t he partt ibcl e {eﬁereb%]ﬁ%rgé/itdes protection from degradati on or nodification.
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bi ot r angf i FRbI R ety N BT PANS ok RSk GRl poiyﬁelle{y 18ds 55%0{1 sﬁgﬁme%aﬂm mal to

which it 1s adm nisteréd. "Prodrugs” are conmhonly used’in the art ‘to
over conlespitioh e aguadts b atfledl 2wl Bhl.4t Bbi 1.6 §.7, 1.8x1.8) 2, 21122 R, 38, Spetbdficity,

or lim ioavaplahi]it They, qof qffer v eg ,0f ~solubi.l jty,

{1 ssue oAt BTy b YRRy eif-reh aRsa T 0% HE duhanar Pak ‘or danPshe As an
i1l ustray] ¥e 2vaAd.@, Thus,it @6iditocondRibnD thedshrdk SPEERPEET PV A MyefsossOUNd
with a &éot ective group shielding a noiety or fiunctional group _ 18 thereof
and t hetebporeer Siebsilics shplise i ivyenhéhagtliessar f dhe tapecipy racansiiaiedgioup. A
respect c}iggm%‘lﬁ& 1H8acidE aﬁ%g% sﬁﬂﬁwﬁﬁﬁw"@%{a&d&% hi€rek cY}n\éQns%flf 4 vitro
when t ot'ecti've group undergoes 'solvol ysisTor enzymatic renoval. As a

f ur t her closddusiiraaiipaet shelripFemed whendhe piHds belbargbona§.0oBeyrobmatedtRMAUc ed

into a co und of general formula (1) upon bi ochem cal ,tr f.or i on such
as oxi d4¥eS OB Sofubls ghe @P%ﬂp@&%}ﬁ%ﬁ s a1, pRengd @égﬁéesh%%an

" prodr ughouiRYs %"'!rédeﬁ%%_tﬁ@@g&fiéseéhéaﬁ@atéd.oﬂlﬁ?%%aﬁfmﬂ%ﬁﬁﬁl) HeOlalRH forfnl) DY
an enzyme, gastric acid, etc. in e human or animal body. The "prodrug” of

a conpokigdreof. general fornula (1) may be a hydrate or a non-hydrate. Common
"prodrugs-od Ncl ude .acj d derivatives .such as .esters prepared by r.eaction of
par ent @@?%A\% %Jtﬁ{aeg §h?¥eab{h§ gf’li%%oflﬁfae.@a.l,ac}ﬁs I%\%rgﬁl %&Holaﬁ , 2 rdé'[gr '

pr epar eghaaktR@ichls O8nPhhirhRcRBCANR} adivt dompiRaimey be idtl@iedanfonke patidle, as
descri bed above), or basic groups reacted to forman acyl ated base

der i vat Insongecrgbodimentsheeh ackyapewriddie polar @od oyaterrsolubile In sgme gmbedimpenés ent

i nventi Vi . a..Hh ceutical c Siti r Jjca
conposi PSRl it a R AL RS BhbGmshA e tollrBlag 1.5 G oSREA

phar macesii-polat layd aeitempsclabRoThd pharhicuniealt; attiteheompbimnpgrbeé al Bw As
detail ed above, the void may be enconpassed by -.a shell that sufrrounds..the
voi d, . MREcBlaF (yeighi organe campoynde Iy game; emhasaments the PEIMacaticRlB64EYs i on.
are typj o : A tiglie I e, sol ubl e
by sel oo AEbE L g R X Rl B B Bl o
t hereon. [0061] In sone enbodi nents a respetive particle, e.g. a

wat er -sol ubl e particle, of the invention is coupled to a nolecule with
binding affinity for a selected target tissue or for a selected target

nol ecul e, such as a mcroorganism a virus particle, a peptide, a peptoid,

o, = o o - o



19 bilm. binding protein, the human neutrophil gel ati nase-associ at ed

| i pocal in, human Agollpoproteln D or glycodelin, posses natural

| i gand- bﬂﬁeﬁﬂﬂﬂ§?i s that can be nodified so that they BCHEFGEHI0080043¢ ed
smal| protein regions known as haptens. Exanples of other proteinaceous
bi ndi ng nol ecul es are the so-called dlfubodies (see e.g. intemation patent
application WO 96/ 23879), proteins based on the ankyrin scaffold (Msavi,
LX., et al., Protein Science (2004) 13, 6, 1435-1448) or crystalline

SCol 1oL gy AT, BRERI AT SRR VLR TR0 et s

t et r anegtive mmpdumimnag bs moke oniess hamagenosdy dasitiimded-edp wispased, athindeur  as
strl ngs f mul.tip onmai ns i eral .cell surface receptors Sl | ver man,
et lgllow Reitrapu e o?feewapwgff {n6omy espociugys o aﬂfﬁaﬂmhﬁec W¥fer i ved

frO_m a jufld Ofs iye%a wnhinbaoe&&iﬂ ooﬁﬁﬁﬁfo@tltaet&a@as&a@lesnﬁé}a% a8 &e
engi neered for 1 munogl obulin-like binding to targets (
N. K., Guamppaticlepsuitoas amaBooireShrm| theymie2008) of 2, sloﬂasfetos)hollwm peem@ct i ns

derive romth espe ve hu n honotrirneri.c protei i kew e co tain

| oop redi ﬂ?r?ﬂﬁﬁé@tayg‘gﬁ?‘@c?% GoYRIRP RS CaR i g%’?eecﬁeéf]ﬁr«g@r@f Bt°Pd®si r ed
bi ndi ngccﬁﬁﬂynemb of Bepimbidfce s0h Gderz3thed @ g. PFotRhdRt Shkadd B8 PHSval@ i€ below

ol igo(N-al'kyl) glycines that differ from peptldes in that the side chain is

connect ®0. Incparheulavhererthe patiske fransieatly PRES BHSSYOOL aiEBBE- &t thendigositoi ds

are 1 YPEER! e "SR Merli, AEGHABS S0 Q0MP A5 TRAIINEAD STENIRRLARY, oo

have a er cel an pep see e. g

and KOdHé@ﬁthefEss a&omﬁﬁhncﬁhﬁmbe §m‘mde(d2iﬁ&ﬂé hdl]?(ﬁv pafildfe ﬂn&ﬁ@fom{ 0068lodAR a
further_illustratjive exanp a linking such as (;flnlt tag. my

be usedidgsitednbpither dae aalﬁﬁlleé?éﬁ Ib€u§ﬁdttﬂ doﬁﬁtor}ﬂ lalpwrm W‘ eévfe tagget QE ity
target §f §a1%ﬁ 15 pfrwldﬁ,ﬁsgdr ch&gaon_ iR ﬁ’fé' ?urfa%@co'f fhel pPELIBIITREGL Y MRY

be a nolecu (rncludi ng polyneric) nol ecul e that
i ncl udesmbodimenfs rhhq apmmaphmramnbles rdtmxwr localdhabe systetid am»hnaﬁqmr Using a

seudohal oge roups, or t her eof . .an illustrat | e, the
g i | :Jca %?%83899‘?&%%?%‘ﬁ§l %88@8’1’1‘@[ (hgpoﬁ? g{ﬁepg’pAslgﬁEﬂh olfl;?c??rgﬂ%q\ﬁ g‘?‘%hg%‘ may be
resi duahheiasBardR b applicd Vi E@sRSd apiSiREtiGh ehRés, Rhel diadar 10dst hRntaual ent
attachnment of the polymer, and which did not undertgo a couplin reactlon

t her ewi pdn-pataeeranpnvadpn sejticn, denpniime qnHise selvaliane! e ParhTEm Pagiclesize
ooy Gter o REATRGrR TS S Do dRIcDDTALEh Biridh b s 3R

mol ecul &, ysacchari dé or
as a protectxon from flow and abrupt changes of the ambience. Therefore encompassing

matter such as pharmaceutically active compounds in a hollow particle, e.g. a particle with
pores, slows the release of matter therefrom Accordingly, the half-life of compounds in the
human .or animal body can be controlled by selecting the structural properties of the
particle. Typically the half-life of compounds in the humon or animal body is longer when -
applied in a hollow particle. ‘

[0059] As used herein, the term "prodrug" means a compound which is converted or
released within the human or am'mal" 'oody, e.g. eﬁéymatically, mechanically or
electromagnetically, into its active form . that has medical effects. A "prodrug" is
accordingly a pharmacologically inactive "derivative of a parent "drug" molecule. It
requires spontaneous or enzymatic biotransfofmati'on witliin the physiological system of
the humao or animal to which it is administered. “Prodrugé” are commonly used in the art
to overcome problems associated with stability, toxicity,; lack of specificity, or limited
bioavailability. They often offer advantages of solubility, tissue compatibility, or delayed
release in the mammalian organism. As an illustrative examplé, a “prodrug” may be a low

molecular weight compound with a protective group shielding a moiety or functional group



[ 0064] Exanples of an affinity tag include, but are not limted to biotin,
di ni trophenol or di goxigenin, oligohistidine, polyhistidine, an

i munogl OBQI2PH/ERRi n, mal t ose- bi nding protein, gl utat hPEHEC0AM} or ase
(GST), calmodulin bi nd| ng peptide (CBP), FLAG -peptide, the T7 epitope
(Ala-Ser-Met-Thr-Ay-dy-An-An-Met-8y), maltose binding 20 protein
(MBP), the HSV epitope of the sequence

A n- Pro-d u- Leu- Al a- Pro-d u- Asp- Prod u- Asp of herpes sinplex virus

gl yeopr glelo? af e yhevagel Qsﬁé‘\’h)e @d@ﬂ O FurldiBnsl Arespect;
Tyr-Pro-Tyr - Asp- Val yPro Y%We ' 3 1}p ‘epl topg ?bjﬁe te?%r?s}‘ée?l ption
f act or tfpm;img@fma}hbe@mmehmma&tuwalmanw Lzewvbl @=Beviirel whed theApotecive or an
ol i gonuc| eot'i ol i gonucl eoti.de ta r. instance be used
Co Bybr B euitgragr s B S S gE Soue e s drree Bt i SRS

sequenc gynchohdl 'drb\§S mR¥ T Be Fhtrédickdkhtdth BRhFIvhd 6f éherdlt folkREIM, (muf)csragrrent

t hereof or a proteinaceous binding nolecule with antibody-1ike functions

(see al biochypige)) trafsfusBiion speh anexidatiemhespiordation|qrnglyersyletion Bhus a

cucur bi K |,, I rmon W+t rb| turil.
A eucur b pispvE poRh 3% 68082 Balluch I afb oL ATRE Bencked rBr P 11
typi cal biyzya®d, baaads acitl] ed. Mtthmhamaa@rdnﬁ@dlaioﬁyem&vp}d&lﬁngatotf@moﬁ@aeﬁd on of

glycoluril and farnal deh A cucurbit[n]urtl t hat | ncl udes n.

gl ycol ug?ner%}rfp%ula&y)pmeﬁfw hyégat@ Rb2 FeRtHEate. \ﬁqwnw amdm@
groups. g\, ftﬁstes%%h Yt eleg Agﬂ'ﬂ%a? : y rAERHPSE eﬁa‘x’&ﬂ ra@1dts Witd £ E%ﬁl@cﬁm}l and

nol ecul es of "I'nterest. ustrative exanple cucur uri [7])
can for maveat al]m:mgl)c ampiee yrepatdd Hyereaciomnefithe byleatrand |cumpouthahmnra;thmnmn| um

ions. Either it ril or e, e rocene y| anynoni.um nma

et sl oA R RABET 60t YA ot S bl oS SRl BoaF (RO e
ferrocegﬁwgrmWQJ umor cucurbit[7]urif respectively) can be bound to a
sel ected surface. Contacting the bionmolecule with the surface will then

| ead t olC60] EmBbs regoed thenpispent hevqmtlomll@cpnomdes@nnharmﬁafmtmldccmfox]tmun| ts
bound t%hg %m[q)acieﬂl EilC&) ogltf%l k?n% dréls Oc;n%t &° morgeh tP en shown to
cause , an i‘nmo rsation-*of a pro carry |nga err cen t ‘hi um

unit ( FMHdig}acéutwalﬂ?ﬁ aéthve, coinp%iihd(ﬂ‘iehﬁ V(Sﬂ(bf the @eMpw lpeticl. 1K9dé&ﬁé() abdv@066]
Further exanples of a linking noiety include, but are not limted to an
ol i gosaBtenyis aeay b cptompssisst bxya, shel (Sli"‘}trFuHGWPﬁst‘ihSﬂf?é‘ﬁ ofbe pargeles faabiake and - a

ot chghad"inl B pRBABRIcA oSt |t U3bicaly § UGB ATRNE, CRobERpEEt i Ve

met al chel ator, suc am ne, enedl am netetraacetitc acid
( EDTA) , partitkeyib mmdmgﬂwa’oér—stohlhl«ahy: eﬂe@mgcanchpﬁﬁ@ﬁé@e polar or amphiphilic polymer

di et hyl enetri aacetic acid (DTPA N,N—bis car boxynet hyl ) gl yci ne
(aI soyc fP%lammzﬁfg%ﬂ‘ﬁre&eeu c acid, (I\FI'A)) ( Y vy

. 2- bi s fousATimepReRaBIBhERN - Nsichive Partfc @%C@wa@er%hﬁlé BAHER) of the

, 3-di mer capt o-| - propanol (di mercapro i'ne or henme may be used in
cas es whweetiothis coaplgéto al ewith bald:m nitzzs or anselegtediaagad nlesue@wa Forms a

conpl exsé’t%cttgd {Egg_& mo eciu\l/a:s&i as 31|m\{91r0 15;[11r ' rf)tartlacrﬂd h’:éé’%gf _p& 1<riTE f al

i ons, sucC ‘copper

(CuZ+) pioteéin, éﬁm’éﬂe)c agidbal peﬁtwhh 01@SMM6 Ceolpblyﬁh&dﬁﬁﬁdé,, anMdr@anBAPTA 1 s
specific for Ca2+. In sone enbodjnents a respective netal chelator in a
conpl exmggcHleaa ﬁl@%@@tn%@n%ﬁamﬂl@rgaaw Heleahle PEAE Y i nes the |inking

noi ety. de bf
o dot | n\SYSEL LR Etniler ' EXRTRIC R RASH! Afnft) (4 ok fog ot AP

i 11 ust r attibodyex diqgimeent ahae«zthaiai d pmtehmdemsebindmgtﬂneleanle wsthtdmﬁbbdyhhm on of
a conpl het ween a oI| ohi st i d|n |ckel i 2+) ,
cobal t ?@(ﬁm}s ?‘aIEP fk ? -P?mllb yalﬁ@ B@er(ﬁ‘(eetsz%’y Qsof ¥ he
chel at Ofra%ﬂ'xteﬁtk 's@ﬁglé—éﬁeﬁﬁw n@\{E@})v) &i‘éb&&éb %ab%ﬁife%lf{il?a\dbg ip) FBY, FEES '

i nst ance loyed to imobilise a |ot|nI\; "ated nucleic adid, or a biotin

cont ai nLn@(}ﬁSﬁb#@&éméﬁlb@e@Bhwdms KorenB..of @ (@hmfmbfémn@aolbgzcal]M@fhpdet al .
Anal . d‘f‘o% (3%90@—94? ang %ﬂer domain antibodies (Holt; L.J., et al., Trends 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 lipocélin family (WO 03/029462,

Beste et al., Proc. Natl. Acad. Sci. U.S.A.‘(1r999) 96, 1898-1903). Lipocalins, such as the



100671 A nol ecul e or moiety inmmbilized on the porous particulate materi al
may al so serve in cross-linking individual particles. An organic bridge may
for inst MOSVHE¥BEned between two particles by a phenyPERESBIH0R4W4Sr an

et hyl ene-bridge. The bridge may al so include a chiral noiety such as bul k
vanadyl Schiff base conpl exes, a bindghthyl group, a 1, 2-di am nocycl ohexane
group, a trans-(1R 2R)-bis-(ureidoycycl ohexyl -bridge (Zhu, G, et al.,

M croporous and Mesoporous Materials (2008) 116, 36-43) or a chiral borated
et hyl enghibr bdafe pRAHESHE th\ﬂﬁarpal{éut&b‘l'uﬁt gemﬁiag@assb&la&dc 4B &HlinD Otk .
material with chiral induction ability | e.g. asymetric catalysi

f ur t herApolipepraseioD ar glivadelinypissesynatirak hgmgi -tedihgreitesi thatxad b@mmcﬁﬁeqm ous

partic g at.e i,al car nc i.hg cel d ive
Stch aanie el g8 6 et T BRIk Eiooh RabELAChE S8, cBelR GBI 2
por ous ﬁfﬁieﬁiac@éﬂsdlﬁn&lhg TRélatdl€d areOthie G- @hbc&lgﬂﬂi@k&sa@@@e@ Rgeinatibd ateniesent

i nvention nmay be used as a catal gst or as a _stipport for a catalyst, In

some erArplir#on ¥Q t96/r¥ﬁ§79)oprqtﬁ§@ Aved pethesailryrip seaffoldyMesaxpolistet gh, such
th ,

2, L DHEERN-Zo0) 38! bo BIORRL GUBAN iy (ORI bl

mat er i adppacaimrﬂW(g oL/0414% thelpm‘temsralesonﬂ»bdldmé}kma el tM@lnR@e@nﬁrE(%ﬂOOb)XBde or

netallo ne or nore, includin of the respective oxides
Chow o 18l Pk RS el eginsc il YRy A e R A b Qe s SO B 15
the coppef, xifg Wmﬁl@i‘blé AGHhANE f1 KEEME caP sﬁr@aﬁcefré'éegtd@ (Sllxrérﬁxﬁﬁ J., et al.,

hydr oxyl at1 on of "benzene to phenol Kong supra). A’particul ate
por ous Netied BmXeChaologY fﬁéloé) Phi b 56x1i58@). dblnachd@‘ne@dcﬁmnhar@mam ohlumanvent i on

be f | | |
et ve Qg re e e e bl e ShiBehrst AR diPus g UlfTpE iR i Y
exanpl ergdtpimanybgh @§Dﬁﬂn&0 N.KQangsei@pikion 60BD:E0Mb Y gh 20ub) tm 633e63%)r ous

netal or mnetalloid oxide, and Pd- or_ Ru-containi’ng organonet allic silanes
chel at ebettanestinso d@rsvedzfzome@@ rrﬁman‘m/h@nam ogrotripeniy NERfeifc SHewish COngHal

Mat eri gl e ced,
ther by PRFA i EC; T ot 8ol sk LR B 8o Kl BB v ALY

i nvent i Repteilds,owhieh ajaﬂ&tct as Qohﬁemsbgamﬂs harlelcmgo@mailqa) phxines |that d1ffe1eﬁgm t he
eparation of a mxture d, in catalysi n _nonl i near
b co PUASH it B % SHE S8 COSPRHGIe ) i aes B Ser B dhe . Qi

el ect r oghgmipg ﬁtglcﬂeal‘é SR MY ﬂeasttaﬁ@tof ﬂof%&és%doéthé’r ﬂeaﬁylﬁgléﬁﬁws wehbsd e

Since silica has high bioConpatibility.-and at the sane tinme nechani cal
stren gtlknvetatmuqhemglmdehb Pemeability ﬂya;n peptidesqeceag.ifevyn,of -hppid KedadghsT.ar e -

possi bl 00701 I n | g})f)sq)i r m cro- or .nanoparticles of the
|nvent|‘gh4"£: g‘esﬁ%émlg e sépnf?bgfl on of a mxture of nolecules in a
fluid sieob3pasahufhatdgsaRive exem@le, adirkase ﬁi@tmﬁ@gaﬁmﬁfﬁxﬁ@mg Inaayybe

el ect rochr omat ogr aphy, HPLC ( hi per formance I'i qui d chromat ograp or

UPLC (umqeﬂatm@mqhﬂe@smm@hw&uw @ﬁ@ﬁ&tﬁé‘&mbﬁy)a sqlwt%t?ﬁg%éﬁa%ﬂ Em a

I henihiR |
oed el Bl Ml <Bbn 0k W e 9 pOREARA B, S Grinby P ool 1Y
parti clesedc@miviiing polynhdrir) i meketleothat dnclbdesusixbgas-, gplwaphares-, fsolphm;l; ug, a

mar ker or, other, matter to dministered to a.hu ni mal... bod The
m cr o- o?afh%{hoglalé’ﬁ?ﬁ'cPwS%@@ﬂaS@a SRS (PT APARHPT ¢ nﬁ { 8? gy, dpse dive
conpoundsnidic i sdcd Aafke @maﬁ%@luﬁ@ fé’&@ﬁbﬁﬂ%@ﬁ&d shiéh furneftbhal g@&p@%me or a

human patient per se, or in“a pharmaceutical conposition.

phar rracmduelagromzsnpgsmmorgr@m p@dtandloeprma}edbfer ﬂm«@dalwt fﬁta@hmw odhe ve
|ngred|e as in.c thera or vmt carriers or :
exci pi e?ﬁ gcn}ﬁ‘l g[}ﬁ@ ?flgfhﬁ ‘F‘?‘g gafﬁa“%? ﬁlaﬁheﬁe §F°qp§§%@’ct| ye
parti cl gfow %‘xefﬁé| @v@!enﬁﬁt@adlﬂ%ﬁt bEal biboldeare fef e}ieﬁm&léﬂ@d folcale sRhoRta
conpounds wel | established in the art. Exerrpl ary routes include, but are
not | i nprotein,tecnucksicadcid molasslee p palysacoharideorcmy combiasion fagrsofa pl ural ity -of

the parfﬂiﬂﬁhfﬁﬁ%@fﬁeggf UP Bl ¢ %IAd@d BE Mo inlitdAGo tibtin rmymlsﬁheglgm essed

as a pe n Cr O- esma 0 be used 1 n’i abl e or
spr ayabi %oih(géﬂiih bhigotistiti) qmlﬁﬁstmlﬁegsamenﬁmunogiobulm dogein, fmalmsb&inchmg

[ 0072] The pharnmaceutical conposition of the present i J o) udi ng
t he hol Piolgisi elutathigae-Srteansterases @%T)gr‘@lﬁlo‘&g%g’c“ég& PPB‘]‘X?R S g&'r atl on

of phar L. CamRpY o -SBHfr ARGThinbi oy)! BiBRE gﬁrﬁk te
drug w]ir’%q{r?\lgt I&E'Z“T;]e eag (rp‘?or exeg;fph%@ﬁyﬁ}'yt he ggstriitcygm d t?p el %\1/ about
5.0) in the stomach, i.e. .significant drUg | eakage in the stonmach can
be observed as the pon(nethacryIic acid) is "collapsed" and the pores of

the silica core are closed. The drug is protected so that no degradation or
nodi fication of the active conpound will take place. Once the drug passes




23 the pH val ue of the environnent raises to above about 5.0 or nore. As
expl ai ned above, the poly(nethaerylic acid) chains will be soluble then and
the poresWORHYBRel | will open. Thus, the drug can bePF&(SE24WA0KEG73] | n
one enbodi nent the silica particles of the invention nmay be used to

formul ate various drug systens, espec®ally for oral delivery of drugs. The
pH responsi ve properties of PMAA-graft-hollow silica vesicles may, for
exanpl e, be very suitable for delivery of sensitive drugs, for exanple,

pr ot ei NRAERAUAVBPY Ee $18Xh lls’vlﬁ)peﬂﬁﬂihé Bedtlenés Gth-PANGHLL 8i-Ud5-Prd-Gli-PRpagbdi C

st omach, the shrink ayers wi |l protect such drugs, for exanple,
i nsul i s @‘égmaasmemyl%g&yﬁ@?mm D, rihe hemagglwnin (He)f pitope @8 thebl e -

R R " |
o o et ifte TN AN IS Nl e BB - AR the Inl®) EARDe, SPHle' Banseription |

for mul afaétor ModinAs Up e&xsarste@ueslueh Gl&@lydly@&;mmenSerAGmQGquAﬁle-hysu,pr@vi ae nore
predi ct abI e hi-o, availability,. of cyclosporine A. [0074] Suitable routes’ of

admi ni ¢ %g&PP@ﬁOtFPéytagf%%ChéPa‘?Hﬂoé‘udF?l%‘F%@é ep &Y ingsanee, berused & hybiidipsucosal ,
or i nt &gl {08LnA0E B sinlelebOdb wﬁ’cﬁrae%ﬁl%lneﬂt%l ¥&{u¥noe’ %hﬂﬂfepgi(élﬂglreadﬁbscm ar,
subcut aneous, |ntra nous, 1 ntramedulTary | Ions, as wel

i nt r at Hedahg mdlatﬁr.stam amhbadge latﬁagmﬁlnatheraorﬁtor a}pmtemmak binditg moksale withr

i nt raocul IS not}sd in this regard that for adm nistering

ti
m cro- %H%Qkﬁﬁl C@P%%(Sﬁe AR P& procedure is not required. The route of
adm ni sfpp&s] RrrufisReBded of helistgg hARKLOR 4 Qﬁc&’ﬂﬁhﬁrﬁ‘[‘a&eutm&%{y vsRdleand on
t he ot her hand on the conditions present at the administrati'on site. This
nmeans, foheingomdpmplrswith a pecvgoifirdi gy ¢mur1@1ﬁ1r1=l|1s & wacrydlivecynpeundntat
pharnace i,cal I|v u h :
poly(ne ﬁ5gagﬁh%0m%?5Tﬁ ggwaﬁ Pe SSF?% gd;% e pofégﬁkféfﬁgdmmﬁu

vesi cl eregdtRynOpL rplydobitelr and fonﬁdl@et@aby(m&hhﬁﬁﬁw]u@l e(oﬂﬂbl])matbmcfudést imer
adapt ed by substituting the side chains in order to_achjeve the respective

pr oper tglEoluniugite tarisAly hasntwe pertals ik elaatireifo cathoayb groups.| Yg7bpse
Al ter nal.giqy, ca%‘& 0 ”bﬁl!uf&ﬁl rild %%ﬁ&'lﬁh?%ﬂ? %ﬁlekﬁl@é'ofr Ef?%li A@aa[h
I rect Yy into

systeni c nariner, r via I njection o oun
a sol i dllustraiive, eeitulnple |crucarbaié’p]mnl o(CBLVQ) acaredforsl easetrcbrtg nodraplenn wifl0076]

Phar macgut i cal posi ti ons clude t he i cl.es of .t esent
nvent | GHOpE B HP SL el R aR foab. Bither per o EEE by
means %n@@éh‘éﬁﬁtﬂﬂlﬁﬁhoﬁﬁhiﬂ #dy bé hﬁ&%& kg bm&!icﬁéBﬂﬂl@WHi‘lﬁ théjfe%%ﬁng%idﬁfg

| evigating, enul Sifying, encapsul ating, entrapflng or %oph|I|2|n

pr oces spastnef G(Hﬁ]:rrmcmtb@hnnn@mumrp@l@mhﬂbﬂgn epestizely) carcbobenicteia wi t h
the pre e?ecEed' m/ga{]cteI (%'oln%aé:}ijf% RY b18{nag<?cm'e %Jlf‘:ﬁd tﬂe st PALs evvtﬂ'l Otﬂglll 198" ant usi ng

one or JROre p i ol accep
immobilisation of the biomolecule. Functionalised CB[7] units bound to a gold surface via

alkanethiolates have for instance been shown to cause .an immobilisation of a protein
carrying a férrocenemethylammonium unit (Hwang, I, et al., J. Am. Chem. Soc. (2007) -
129, 4170-4171).

[0066] Further examples of a linking moiety include, but are not limited to an
oligosaccharide, an oligopeptide, biotin, dinitrophenol, digoxigenin and a metal chelator
(ct. also below). As an illustrative example, a respective metal chelator, such as
ethylenediamine, ethylenediaminetetraacetic acid (EDTA), ethylene glycol tetraacetic acid
(EGTA); diethylenetriaminepentaacetic acid (DTPA), N,N-bis(carboxymethyl)glycine (also
called nitrilotriacetic acid, NTA), 1,2-bis(o-aminophenoxy)ethane-N,N,N',N'-tetraacetic
acid (BAPTA), 2,3-dimercapto-1-propanol (dimercaprol), porphine or heme may be used
in cases where the target molecule is a metal ion. As an ekample, EDTA forms a complex
with most monovalent, divalent, trivalent and tetravalent-metal ions, such as e.g. silver

(Agt), calcium (Ca2+), manganese (Mn2+),' copper (Cu2+), iron (Fe2+), cobalt (Co3+)



24 carriers including excipients and auxiliaries that facilitate processing
of the particles into preparations that can be used pharnmaceutically.
Proper f oV PH{Y98N2i s dependent upon the route of adni niP§frfs§t2?](9WOQ9ﬁgsen.
[0078] For injection, the particles of the invention nay be formulated in
aqueous solutions, for instance in p®siologically conmpatible buffers such
as Hanks's solution, R nger's solution, or physiological saline buffer. For
transmucosal adm ni stration, penetrants appropriate to the barrier to be
per meat 8@ afrEordead(Za-+§, Nehil® 'BAPBA 119 Nspeific hfop €O, Al Soralé EenfiyiRhatth Ya known
inthe art. [0079] For oral admnistration, the mcro- or nanoparticles can
be f or ngbpactte metadichglatey ince atynplier githHeiesRActive pretal intceumptebiony defires pheabl e
carrier I it c j of the
vent 1 DTS S0P Sl at ARt s, B SRRl | ARt rATRRRE R,
gel's, syafitps seqlente,i which smspassbengladed il heprbtdie, Ad o ilrsahtivegesiplen by a
patient to be treated, Pharmaceutical preparations for oral use_can be

obt ai netiamiprdagthed used by the agjzthg if‘é‘ﬁ%%tm&ﬁ’g RGREIPISK Getverm angeligopsiidingitagy

m xt ure [ A1 r : [ ' e

auxi | i a?r}dgész), p?‘;(%?ﬁ’.dr}%‘éﬁ ht%gq%ﬁog{ﬂﬁ(ét) %Zbﬁ’e%sw%l?éz ra té(g{stg,?%g%sgﬁé% %‘g%ﬁe ,

exci pi ey snene,ofi thepehdaton ngrilotfiadetie ragids (NAXS Asidimrcs, sttepavidin ngay dot ose,

oxamt i b Spiplred” Rriaoutiss Erpohiged PR acily G 6 WStk SRt i ne,
gum tr a&@ﬁ@ﬁ%%%of{%%i&"ﬂay%%'eﬂﬂl&%@ (SRAHEIPRIEOPY S et A1y | 4ee | dashR$20043 961 UM

carb oxynet hyl cel'lul o se, and/or pol yvi nyl pyrrolidone (PVP). If désired,
di si nt eg¥&ti ng agents may be added, such as the cross-linked polyvinyl

2 i nat 0987 668Blect g fiel) SufEbliadh of) AR ubiEPERHItH Relhal R as,,

this puspesh crogrtsiihs MdvdealgariGe. Wn epanioryidge misetbr indineh beefgrmed
optional |y contain gum arabjc, talc, polyvinyl pyrrolidone, carbopol gel,
pol yet hiatwgen ys patticleghy » phenyiensibudesosap sihylenechridge. dbf bridesn saypsp

sui t abl ﬁcﬁﬁg %’thrﬁﬁﬂx'o}’e‘?f Exg:hoaé vafld v&a&;,;@e&yms& cd%(@?:iiééfﬁ .%in%htﬂ&z?%i%ﬂ{;,sa may be

added to the tablets o ragee coati or ident cation or

(F:) Ear act b,lztd_ziﬂniﬂliof:jméol&lm?@ grd:np{l ﬁtt{m{lhﬁR&dﬁS—@eidoﬁFythbxlgbzﬂége (4@?_82;1]
armaceut.i cal- preparati,o at cgn be u or. incl ude .push-fit. .
capsul e¥ %d@%&ﬂﬁ’é%ﬂﬁﬁﬁsgg%@ﬁ Iﬁ‘é\‘f’" a5t @%gg)aé%dy G4pLar gsc}ﬁrgg E’OB?ted

gel at i nghpRAe-Brid &stﬂec}&ﬁmn% Spaedtubte GhatCLiPl @HiraP PoRIvk YhateriNEwRH Shirhl t
capsul es ctan contain the active ingredients in adm xture with filler such

as | act wductidyi shdbtysinseighasysumettia catabssis. Andrrdher lenmpleantt & chival meistyt diat or

magnesi um st ear ate..and, optionally. .. ilizers. In_soft.caps . the
part ol W8V e, Ao F28E o Bk 58 i SUAR, hERgt oot baRR o SR BG4S
liqui d gatddstidervatvel suciubdcapialoge triyd, s riemethylpblsyl carbagrhed)t i on, stabilizers
may be added. Al formnulations for oral adm nistration_should be in dosages

sui t abl WOpBL Aspreticaie pAreYs Betabexideotr watalald axide wpiainable agpording to the
conposi L : + gk t | f.or i

convent Pisnay HesktioR R b LUTHCL, IR O B o SEPOHCR: # RINBL O bt o1 e
f or par enbaiimlenadtrimy or msiance deyused jie catalynic combustidmy stodhl assthe exEletiomnf or
continuoys .infusion. Fornulations for ipnjectign be. presented jn _unit
dosage Y P‘iﬁlle arggnic i‘??nél’r?_ﬂ}f}f%se'@r ﬁ’rﬁp%l@rfa’os‘g éﬁﬁ%&’isﬁ‘eré& 'f‘PPrﬁ)n Rided
pr eser VahbyfmedREwRGERAS iphi ROt BYrobd kSt &t ek Sy #S thRUsPeRfnCR8iudes
solutions or enulsions in oily or aqueous vehicles, and may contain

f or mul amore/thayene satalaixidesorguepleidionigle apeatsivherg; ingludingy adl, od erespsictive
agents. oxides may show a corresponding catalytic activity. In Cu0-loaded mesoporous SBA-15
'the copper oxide may for instance serve as _i:hé catalyst in the hydroxylation of benzene to
phenol Kong et al., 2009, supra). A particulate porous metal oxide or metalloid oxide
obtainable according to the invention may also be functionalized with chelating ligands, fo
which catalytically active organometallic cofnplexes 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



[ 0083] Pharnmaceutical conpositions suitable for use in the present

i nvention include conpositions where the active ingredients included in the
m cro- orWAZAHPPH2cl es are contained in an amount ef f eCCTPE2Y MM eve its
i nt ended purpose. Determ nation of a therapeutically effective anmount is
well within the capability of those Rilled in the art, especially in |ight
of the detailed disclosure provided herein. [0084] For any conpound used in
the mcro- or nanoparticles of the invention, the therapeutically effective

dose cagesbgb@sbyMBh&(E iehidli fUdnuntsPPusBlidndt UMattr@aS3808. 18,085%x35phe, a
dose can be forimulated in aninmal nodels to achieve a circulating .

concent Madtipeactivegites may be itaduesrd, theeehydopning adeulifenctiedal; catakyst ?lb@dt turé
(i.e., ncen t.ion . of the t, C n ' . l.eV: - maxi mal
i b « OBROEFRS AR h S g e o BRRHR b S SiREC RSB T i e

accur at @pyratles f ainfigtus of tolsbake $n b Muld) iR BatalysRO Bbhonlineandptics, asain ion-
nanoparticles may, if desired, be tpresent ed in a pack or_dispenser device
whi ch nexfFharge eoaiingnén dhe Aormationi of oehdrstato clestrechsmiedi dRyiechand it the| es
with th Lives P : - i r

ol ast i copgion & L ARESRL Gy otk BRI nhohigh BHARARALAD B TR EME be
acconpatiine dnéghahieslt stoaigilonherthml amdnpHhissbiliy] arlargEhearpar bf applicatipenses nay
al so be acconpanied with a notice associated with the container in a form
prescri P& a governnental agency regulating the manufacture, use, or

sal e of gi]cﬁl?té‘};]fﬁa&%g E6BOEmeM Rr81r eRopattitied beald MoetfontRRrdvdled By thdhe

agency ie formof the conpound for® human or veterinary adm nistration.
Such nosdpewtioh of @xeirpire, ofmylegules e 4 Auil such apphovedopyphhes.g). asSgaFood

and Drug Administration or qther.governnment voEar prescription.drugs,
or the QHBW%&PP V’ocf&gﬁla%sé?‘f ’.[OCP%&%}%‘T@%‘%YOr@i%f h%lfé%’t ngrﬁﬁr\r}%% 5 ohr(nlmrfgy ge
readi | ychibgiafostad) andppat (ul reSsutCRduieichffihato @aphy)cIi aucheebmalisrent s

wi Il now be described by way of t?le foll ow ng non,-?iam' ting WO :
2011/ 0oamiiprmns Serdueliboob 4be Jollawamitras or |Ranpgartiglgs s tyBigalin gsed as a

Irrg\o/l;;; f%%rh&@to@apﬂ%ﬁ%nﬂ?%h?& made wi thout departing from the scope of the

[007 1] As indicated above, particles according to the invention can be used as a carrier for
a'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 v»as compounds included therein,
can be administered to a cell, an animal or a human patient per se, or in a pharmaceutical
composition. In a pharmaceutical composition the particles may be mixed with other active
ingredients, as in combination therapy, or with suitable carriefs or excipient(s). Techniques
for formulation and administration of respective particles i‘ESemBle or are identical to those
of low molecular weight compounds well established in the art. Exemplary routes include, .
but are not limited to, oral, transdermal, and parenteral delivery. A plurality of the particles
may be used to fill a capsule or tube, or may be compréssed as a pellet. The micro- or
nanopartiéles may also be used in injectable or éprayable form, for instance as a suspensibn
or in a gel formulation. ' |
[0072] The pharmaceutical composition of the present invention including the hollow
silica particles offers great advantages for the administration 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. The drug is protected so that no degradation or

modification of the active compound will take place. Once the drug passes to the intestine,



EXEMPLARY EMBODI MENTS OF THE | NVENTI ON [ 0087] Exenpl ary enbodi nents of

met hods according to the invention as well as reactants and further
processesWPRAH/W&P2be used are shown in the appendi ng fPHHPEOI0EUEH e 1:
Preparation of hollow silica spheres [0088] Hollow silica can be prepared
usi ng polystyrene colloids as tenpl at28s of sol-gel reaction of

tetraet hoxysilane (TEOCS) followed by calcinations. In a typical process,
3.0 g of polyvinyl-pyrrolidone) (PVP) (Mv. 40 K) was dissolved in 100 nL of

HPLC gr adeHMadIes ofihé efivifdninidnt Rgsds s abttAelabodts.0 opmote el aiticd abdh€thel 1. 0 i
of styrene and 0.26 g _of oc,a' -azodijisobutyram di ne di héd%cﬁzl oride (Al BA
(% (S

ver e adpely(eehagndicsagid) phansy, wélkbesolubls Hgnzand1the BoFH o DAr gon.

After 2 he1seld oi d sol uti-on was obtained. 18 nL of polystyrene
col | oi dﬁgo’a}?ﬂgﬁg\%\%ﬁ mxedé\)vith 240 nmL of ethanol and 12 nlL anmoni a

sol ut i of007BHECH)e éri@boditnet thEhglihca3paticled oDfheTiE@@tion Bayrhe okedtchfmmilatas
added dropwi se, and the m xture S, stirr at ‘K0 for 24 h. The, solid was
ol | et WY kDTG RPPUALARY ey o8 aescles R rEFPgarvRBIOPBNIEHt | ca
par ti cl pRrA Aot Rolfov? stifva TERIGEY MRy Ofort it aldneeyN@lila8W &dr! ddRery2bel

Figure 2a is " TEM inmages of hollow Silica. Figure 3 is the nitrogen
adsor pt sensitive slowgst farrexiagpl s grotsingteouk drigs| uckvas iinsubia whaced hbde drigs. hver age

et ot the i SRRt ant P PRIA AR IR Broids g oB 0 SuRHElRe RSBl e o ned
using t ﬂ’é‘m&ﬁ@ra@ﬁﬁmﬁd‘reﬁﬂ%&m dad id RSRARE, NEeTlly sEHDPLErdtonilee PM AT SO ‘

holl ow silica particles functionalized with am no groups (HSi|ica-NH2).

[0089] Wylbimeke iityeasy ¢p tiease inswlinsP Maeksidishellosp sitise yevielen mayafor skampley | ene.
AL Sl ORI AB A R AP SO B St
et her. mbhepisdiciabletnsavailbbitict eftyolosporidersat i on and was purified by washing
with et PO%%Z‘»]- gi iga%rle? rcl)ut?cesi gf tagrenir]-i(szt'ﬁatfo%r%%y,o%or 1e]5(§in|piléi ai-nc:lli 623 'depgt? oral, rectal,

transmucosal, or intestinal administration; parenteral delivery, including intramuscular,

subcutaneous, intravenous, intramedullary injections, as well as intrathecal, direct

intraventricular, intraperitoneal, intranasal, ory intraoculaljf« injections. It is noted in this

regard that for administering micro- or nanopérticles a surgical procedure is not required.

The route of administration depends on the one hand on:’éhe pharmaceutical used and on

the other hand on the conditions present at the administration site. This means, the

conditions at the administration site or at the site the pharmaceutical is delivered have to be

in such a way that the poly(methacrylic acid) chains are soluble and the pores of the silica

vesicle ‘are open. Generally, the poly(methacrylic acid) may be further adapted by -

substitutingl the side chains in order to achieve the' respective properties. In one

embodimenf the administration route oral. :

[0075] Alternately, one may administer the particles in a local rather than systemic mannér, :

for eXample, via injection of the compound directly into a‘a;slolid tumour, often in a depot or

. sustained release formulation. . . f

[0076] Pharmaceutical compositions that include the particles of the present invention may

be manufactured in a manner that is itself knoWn, e.g., by(means of conventional mixing,

dissolving, granulating, dragee-making, levigating, emulsifying, encapsulating, entrapping

or lyophilizing processes. ' _ ‘

[0077] Pharmaceutical compositions for use in accordancejwith the present invention thus

may be formulated in conventional manner using one or more physiologically acceptable

Ly



Exanpl e 3: Preparation of hollow silica attached with initiator

(HSilica-Br) {0090 1.9 g of HSilica-NH2 was dispersed in 60 nL of dry

chl or of orWPIZAUAY9WE ml flask. After 1.7 nlL of triethyl afCRSGRAL/0AYddd into
the solution, the flask was inmersed in an ice-water bath, and 0.6 nL of

2- bronoi sobutyryl bromde in 5 nL of 2dhl orof orm was added dropwise. 1.5 h

| ater, the flask was taken out and was stirred at anbient tenperature for 4
h. Then the solution was filtrated t hrough PTFE nenbranes with pores of

di amet earrieks thehidirgexclpients ahd dugitiatiesihad favilitategabadsing tolff the adiiclebliwtoof or m
for 5 tines followed by drying under vacuumat 50 C. Figure Ic is the TGA
curve &renasitions shagican pg yagsd harmaesudicalis Fireper deroydatiqupsidrrendapt upon the

aci d) - gratt gdrgﬁlllgt%Inggbﬂl(SS% - (PMAA-g- hol low silica) vesicles. [00911 0.5 ¢

of HSi I ca-Br was ersed in 18 nL of HPLC water. Then 7 g of sodium

met hac{@078] Fae iinjectdn0Othd pgricdes@ffh@inventidd8nayboforutdied mragudoB4plugions,

2,2"-bipyridine were added jnto the sqlution. Aft hree.cycl of ,

freez e-fgﬁ&ﬁﬂ‘?ﬂ"? HRWP st 0%%41#3’0 F%Ha@-ﬁ g:}ul%éifsg 6‘?1",}’ £h 35?1?:1% lﬁﬂéutszé’s e@_{‘g‘?rts ed
under aphiieR! ot CPRRIAGHER e SvEBYS Fof NGarlbintlci-® NBSinfihSREH,S §endtan@00 Nl
of DI water, and pH of the solution was adjusted to pH 2. The sol ution was
cent r i fapgegriatbite thobirdectol Yecpsrmeated srevased dul tha fohmpietipandichf panetants prss

fol |l oned bl%/l }‘Mi nI?. utlijlder vacuum at 50C. Exanple 5: Characterization of
PVAA- g ZABPPENAEP VR ELEF3H02] The ambunts of PMAA in PMAA-g-hol | ow silica

Ver e NRegmY| et WeAlN@nfiSratiig Yhe niicd- ShausoahelkGANCHY RemulitedMAigbhol | ow
silica. FromFigure 1, the content of PMAA in PMAA-g-hollowsilicais =~

det er micrainiag e gugly whagmaceytizally agpepiphle FamicrGH ScoRmAl theott-otWedi | i ca.
1 ORISR, ! e ToMor OGE il 5 ORGSR i P o
obvi oushsulésy digpide, fels, ptrupss plonsdsy eusphnsiodsi gl e A forbonad lirggestion by a
PMAR- g-pgsc)i!arlltot\(l)vb%ihl‘eia&%f Pharmaceutical preparatio.ns for oral iuse can be obtained by adding a
solid excipient, optionally grinding a resulting mixture, and processing the mixture of
granules, after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores.
Suitable éxcipients are, in particular, fillers such as sugars, including lactose, sucrose,
mannitol,‘ or sorbitol; cellulose preparations:such as, fof example, maize starch, wheat
starch, rice starch, potato starch, gelatiﬁe, gum‘ ﬁagacanth, methyl cellulose,
hydroxypropylmethyl-cellulose, sodium carbd?(ymethylcellulose, and/or
polyvinylpyrrolidone (PVP). If desired, disihtegrating agéhts may be added, such as the
cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such as sodium

WA

alginate.

[0080] Dragee cores are provided with suitable coatingsj' ?For this purpose, concentrated
sugar solutions may be used, which may optionally conthin gum arabic, talc, polyvinyl
pyrrolidone, carbopol gel, polyethylene glycol, and/or titaréium dioxide, lacquer solutions,
and suitable organic solvents or solvent mixtures. Dyestuffs or pigments may be added to
the tablets or dragee coatings for identification or to chara¢terize different combinations of
active compound doses. R |

[0081] Pharmaceutical preparations that can be used orally' include push-fit capsules made
of gelatiné, as well as soft, sealed capsul-esl made of geiétine and a pla;ticizer, such as
glycer_oi or sorbitol. The push-fit capsules can contain theyactive ingredients in admixture
with filler such as lactose, binders such és -starches, and/or lubricants such as talc or

magnesium stearate and, optionally, stabilizers. In soft capsules, the particles may be

o



28 shown in Figure 4. PEG was used as an external reference. The peaks
attributed to the protons of PMAA brushes are broader at pH 3.4 than at' pH
7. 4. V%enWBﬂ‘)Wé)s”%gj usted from3.4 to 7.4, the peaks shiPFE/S@ﬁ?liO@P‘Hmand t he
ratio of the integrity intensity of proton peaks of PMAA brushes to those
of external reference PEG increased f2om 1.1 to 2.0. This indicates that
PMAA brushes have a poor. solubility in agueous solution at pH 3.4 than at
pH 7.4. The increased solubility of PMAA brushes at pH 7.4 is due to

depr ot angddnabd @h sbivkvle 1i9@idshudBMV Rty USHDs, suz% PG RE C hrpuw}@ned%H 3.4
but solubeat pH 7.4, and this property e PMAA suitable as

r esponsilye@ly dneaddafon, w@abﬂmﬁsmﬁdoep@idgé Al foreudationg foks ﬁéﬂl |6§Hﬂr@ﬂﬁtr%tm rol | ed

rel ease aqpl. i e T Ioad

Cal cei nhBFlﬁeg‘lpn o) Oﬁﬂﬁ gu?%&lglnﬁo)\fv SSI ]I{llgél a, %g%m%&ek)&&g u§m§$%%%%P1 :&%:a was
di sper seghpositiondnialy talfe tﬁ)b forid il éts leoadngatfeﬁnﬁlmted Mlc&w‘éntmﬁaemaim& mg of
Cal cein bl ue was di ssolved in_the saolution TL-‘P r the sol ution was shaken

for 24 [A08YThs mitre- 95maRIRIHIGkESSTa ] NGstosulatrdp 9T Pareniprab pABNTENPB RYed
PMAA- I fresh
AR L g b e L SR e
rreasur qorbimtadehemstedqsagd fohn e)g @Gabmeiles ot uemuﬂ&ldom conidines,| witld enl afdddA vvas

di spersed in 50 nghe vvayt Qﬁ&e rel ease profi.l e at H2 0 wa
on L onBETASE. e auBPOTEtRs AR Fikee i 0TS 45 nERBRIYHE: SohBinSno
taken quy1gieds dh ! dityedr Wghébud. @h’i@les‘)fanﬁkhﬁyocoﬁltmﬂ/aﬁ)ﬁﬁulaf@i‘g z@eﬁ’@suﬁﬂh“@ss '

filtered through nenbranes with pores of dianeter of .mto separate
PMAA- g-suspandings biabidiaingpndfor dispesingagenisence i ntensity of the filtrate was
measur 37|nn vvlth LET 2 e
profil glﬂg%]a@f er%llc 1| Bvasmor?gasu%tr e fotq’ st 1%? fﬂ? © PR& ﬁég\%[o nt}/te%&ggn \%écg&ged ust ed

to 7.5, conipdsitioas rvﬁie@@&l@e pctofe h@m@@tmasmxieaslnsthm idrby or Hagopeselbd arear e
presented in Figure 5. L0096 I'n order to evaluate the interaction _of free
PMVAA Wi Qo8 a@ﬁdcm An gt effegfiie i pdHewy o inteadrd REPOpR PeicHRation of g of

free P sted to
pH 7. 5 cgﬁi%ﬁ%?d\%;?rg%@g% %ﬁagl {\;/\V/g}s&még e’ngQJﬂlﬁl %gi%g%mﬁlgl? %?\H ﬂ%j%ugr t he
sol uti oaSpmsn}simd@mof the dZthllhd diseloaire phevidesl hetréion vvas adjusted to pH 2 The
solid | ected b trifu ion filtration t nes

ol ecul BP8fickosn e sorpAGRbEosh I tht SPisttroyh HepaRredre 6F (o0 ErtdR: S by
washi thWaE;éhtfc‘éﬁ? haffébhx?e [bsenahf rbef &intaltdde ﬁnﬁaﬂg;e Frond QellEARKEE abdags.r Bbease

profile of | cein blue, the solid abtained 9 was dispersed in 50 niL of
pH 2.0 dzlampéa @rdosqpan b@fomg@tqﬂrmfamr@alanociﬂk ®. aghigae armﬁulta@ng gondeniggtionat

de5|gne v 0 ut ed
with 3.% éﬁ_ﬁ%* mﬁh%f %ICS dete eedt 1%1 x uctl%{{l }GQ Wﬁ%{ éOzil’[lé&ghragy cgq? Jugat i on
t hr oughcomfdandnesich hEhiewses Ulhaif maRingt inbilitiom gofothe3 KinGsé Oagioftgy. aSm:hPIVAA

Then the fluarescence |ntenS|ty of the filtrate was measured at 437 urn
Wi th an®fermstpn cambe wied Jo mopgaconratdy detgamingusefebdeses i Bemass: aci d conditi on

was ”ea[@%?dl“hephju% le‘ﬁaﬁnﬁJaHfél&”m Sif Adki t%g ngé)seﬁteg in® PadkN6r 68 &@@re

profil measured sim IFar é resu presented in Figure al so.
device which may contain one or more unit dosage fonns ‘containing the particles with the

active ingredient. The pack may for instance include metal or plastic foil, such as a blistgr
pack. The pack or dispenser device may be accompanied by instructions for administration.
The pack or dispenser may also be accompanied with a notice associated with the container
in a form 'prescribed by a governmental agency regulatingfthe manufacture, use, or sale of
pharmaceuticals, which notice is reflective of approval by the agency of the form of the
compdund for human or veterinary administration. Such notice, for example, may be the
labeling approved by the U. S. Food and Drug Administration or other government agendy
for prescription drugs, or the approved product insert.

[0086] In order that the invention may be feadily understqod and put into practical effect,

particular embodiments will now be described by way of the following non-limiting |



[0097] Figure 8 shows that the fluorescence intensity of Calcein bI ue
rel eased fromfree PVMAA change insignificantly with tine and 5)
contrast , WPRIHP¥Bescence intensity of Calcein blue rePdS&d lf‘)f‘)B‘?ﬂ“
PMAA- g- hoI | ow silica vesicles increases very slowy at pH 2.0 but an abrupt
i ncrease was observed when pH was adj2dsted to pH 7.5. These results refl ect
that Cal cein blue was released slowy at pH 2.0 but nuch fast at pH 7.5
from PMAA- ghol l ow silica vesicles. Calcein blue was | oaded into
PIVAA g- é&@in:pwy Riid iSderst6sd Satmolifichion Gfiedil Maf Gy eeuds withdit Heparedg from

MAA- g- hol 'ow silica at .pH 7.5. Under this condition, deprotonated PNVAA
brushesthaB@Pﬁ@ﬂl}ﬂl%@mﬂne i n aqueous solution so the pores in the silica
shell s are accessible to Calcein blue nol ecul es. Wien pH of the solution
was adjusted to pH 2, PMAA brushes becane shrunk and the pores in the
silica shells wer EXEMPEARY EMBOBIMENTS OETHIINVENEIGN i n the hol ey
cores, In the rel ease process, shrunk PMAA brushes cover the pores in the
silica shells at pH 2.0 so Calcein blue is released from PMAA-g-holl ow
silica i
becone [pﬁﬁ]y }geg?ﬁEﬁg%bnOdgg%&g%ggmsﬁBgffﬂgéngﬁg qu%q%‘%?lggﬁg% thesg‘fald;&@gssshel S
are opemddprtber pfadessdsrthailmey hesused heabewn fiimthe. appenvding figujesist free PMVAA

cannot provide this re nsi ve pro wi t.hout hol ey cores present ed in
PMAA- g- hol | ow si | i ca%_"@f'éﬂigﬁeﬁ gtio‘f%{slb‘ﬁmvg cp Spheres” of
Fl uor escei nyl i.sot"hi oeyanat o- dextran (FITC dextrane) (Mwx 10 K) [ 0098] To

| oad FITC-dextrane (Mv. 10 K) into PMAA-g-hollow silica, 25 of
PMAAG- H@DSﬁnglilcchsalmna@andbepepgr@dmamg ®lyatyishe pplleigy mt@mpbﬁsa&] sebeeld to pH

7.5, the FLT
A cer oo PR SO NE R foded B AbinEnd R BUAER SBcdr 08 1 O™
PH 2. RIfTIp@idylpreolibe) (PVE) (Meadedk PMAs-dissbiviel di 190! T aVIIBLC Cgrdtdth ed by

Centrifugation and washed with fresh pH 2 DI water for 3 tlneq? to r%{mve
unl oadeWatey yesles siErngHer Sy atryory tempsm{reoﬂw Ho0 mlaelstereppant 812848

profil €y, 3 ol 0 PMVAA
was di sp’gLr ¢ g(l) 9@%{» ﬁj Wﬁl—{]}ghlg)lﬁ Iivva]tgzé %%25@5 243{5 gl]epr&%‘tl+lg%gt8 & H20
was nondtiriedt ioa 8m aﬁti e gindedl Arpom® Afre24/h) polydtyfenelcotibidt sotutival vuzts on was
taken out and diluted with 3.5 nL of pH 2.0 DI ‘'water, The _m xture

dggpar ate

filt er eRbtainedUgrmokpehisesensi GPHOISo%PB%wawaa.%@ Fithd40gmbof pthapol an
PMAA- g- @E'ak,ﬁ@qrghgbﬁaon@ﬁrbﬁpgzsfw [ $RGEDE8 nu%@ﬁ.fﬁbtsvmcsfmm@emah&r@ase was

measur e In wt adl tion at 440 rim After the rel ease
pr of i I eadalbd almpmmmddtth@mm wasatinred @i SPPCdbr 2hé. The atblld)wasr\e@l@tqddm ed to

.5, rel ea r.ofi asur sim. arI ts '
pr esent‘(‘fiﬂl thﬁg ?@eﬁﬁmflﬁfﬁ_dﬁ@%?ﬁ getaeg%t ”8"<Yaﬁlt lﬁlgs ﬂégf free
PMAA Wi éd?vé:bfft@e @%ﬁﬂear}e%whchoaﬂ@mgam%n& TeM ﬁﬂa @@hbmtsﬂmsageeﬁor med.
25 ng of free PVAA (Mv 100k) was dispersed in 2.5 nL of DI H20 wth pH

adj ust eid thonittagen gdsarpiéan-desorpiign dfotirerme of dhe hellpw siliga ommc)l hag aYfrsEed wit h
the sol utio fter th ol 0 l.ytion
was adj gupg%t tlﬁepqrﬁ%%éo %héa ghe\({:iglﬁ‘? ?%’Hb@ﬂ%%n?rl faﬁga ?%erﬁ%a??) #:t

t hr oughvdarembrofesiow ilica aféDl g3cunf/aranded.ghtentig dhtagedfusd@y tKetRET and\BIHf r ee’

FI TC-dextrane (Mwv. 10 K). The solid was washed with fresh pH 2 D water for
3 ti mesmethgdygespeetevelhie rel ease profile of FITC-dextrane (Mv 10 K), the
solid obtained was dispersed in 50 nL of pH 2.0 DI water. The rel ease °
profile at pH 2.0 was nonitored first. At designed tine intervals, 1.5 nL
of the sBkamiph2:\Rxephektion afltollawdilitial paréidiesifaictdnalindd withpihifo (grmlpswat er.
The m xture was filtrated by cen(ﬁéﬂggﬁiﬂg{-\ t hrough nenbranes with a

nol ecul ar wei ght cutting of 30 K e PMAA. Then the fluorescence
intensity of the filtrate was measured at 510 rimw th an irradiation at

440 rim After the release profile at acid condition was nmeasured, H of
t he Sol [ﬂOBBhngale@ gof ballew sitics wasdispersed meﬂ(bmé@fmmlmee Afees 3 mela ot

Shove - #oPEY] FTiSe BRSh Rl RARE R g Bon st ipda B 0 c bl b féﬁ cased

from f reeTRMVAAuGHRRNGS progipigtéd i atbd, Yrhel §o|lldt\lv£63ccﬂwétdd|'by filrationt andswas t he
fluorescence intensity of FITC dextrane (Mv 10 K) released from

PMRA- g- pwsifies\byswipshing withetier Figure e issthe Tk guryp iliga-NH22. 0 but an abrupt
i ncrease was observed when pH was adj.usted to pH 7.5. These results reflect
that FITC-dextrane (Mv. 10 K) was rel eased slowy at pH 2.0 but rmuch fast
at pH 7.5 from PMAA-g-hol l ow silica vesicles. Here FI TCdextrane (Mv. 10 K)
was | oaded i nto PMAA-g-hol |l ow silica vesicles by mxing with agueous
solution of PMAA-g-hollow silica at pH 7.5. Under this condition,

deprotonat ed PNAA br ushes are fuI I y sol ubI ein agueous sol ut| on so t he

o o . P ey . . 17\




31 to pH 2, PMAA brushes became shrunk and the pores in the silica shells
were sealed so FITC-dextrane (Mv. 10 K) was encapsul ated in the hol ey
cores. | M"WPRBIYEPBAse process, shrunk PMAA brushes covePCTRE2HG08Y4 1 t he
silica shells at pH 2.0 so FITC-dextrane (Mv 10 K) was rel eased from
PMAA- g- hoi | ow silica vesicles slow y.27THowever, at pH 7.5, deprotonated PMAA
brushes becone fully soluble in agueous solution and the pores in the
silica shells are opened, so FITC-dextrane (Mv 10 K) is rel eased fast.
However, | UslarhfieS: PMASSEDBADT nBNOY isiRa hiagh &I WIBSRADRLY GISHIRRSY) Y W t hout
hol ey cores presented in PMAA-g-hollow silica. [0100] In conparison wth

Cal vein blue, FITC dextrane (Mv. 10 K) wth a higher nol ecul ar weight still

can be- i nt ) gz hol | aw si l.i.ca.vesi ¢l.es...an Hre nsi ye, rel ease
or ey TR T o £ RN o St B B0 HRE pE PP BBl S SRR B
descri bggept gad} Yoranethgraané Gak laiddieme) the sohsivnpthe AaknAdy dwBérséPRCAeS and
subgeneric groupings falling wthin the generic djsclosure also formpart

of the icavedter e, and 8.6 wdy pbidPromelsgaun] dremidlerinp? ik offchioreformyent i on
with 2 prONieAte NEIRTINE ald Ml AUl ST Gal WO h] B oL SLra b oM Lhe
genus, fregardlifess of ether or not e excised materral 1s specifically.
reci t edfdnéreiThen fHesolutioantdsdiltrhdetl tigbug PVEE ynetidsatidsheith pateondinmytesuf t abl y
be practiced in the absence of an}g(/q el ement or_elenents, limtation or

i mitatPrem. Rae selibepiocia ps avaskadowiil frsh shiprofpmmstor Potimes fpHisved The
t t U e
by pans ST AR Shcaum! ROPUEL Plure KAV RGO usBlIRE: o (589 oo ons

enpl oyed herein have been used as terms of description and not of
limtation, and there is no_intention in the USF of such terns and

expr essi d@nte g Byeparidom al pelymethpeiviic agidenatied-hollpwsiligadiiyiade-
described or portions thereof, ,byw kilicd)SvesRfegOni sed that various

nodi fications are possible mﬁtﬁln thecgcgpe of “the inventi On cl ai ned.

Addi tional objects, advantages, and features ofi this invention will becone

oot ol90BPL0 BRESE B R piEeSid i PO LSRR RE’ alenbhsict st PG
al t houghetHaerylit @8RIND.0UB\LHE COBr,| 6.139 e fdB] And 6lBST! 12 Dip orER®D bt e/

enbodi ments and optional features, nodification arid variation of the
i nvent i alisddntedhe selutiner Aftar Haeeryrlesi ofclieszeapmynleay sire perdormedyipdehose

Kill ed,ip..t . , dificati O P
consi def bRt S, Bl Pl b U Sl GRbLARE, IS EL IR BRI
featur eais};]ﬁrseaishﬁ_z?(lss ndlf of el iwaveentmd pHaoL thbe sulutidye tvais nadjestatts toopHNAT Kius h
groups, those skille

din the art. w |l recognisge that the invention is also
t her eby SR FBe PP b sl C?laﬁﬂe}?‘i 8 |Wq%§?é)évltfbane§%gi’§9rp6offmﬁ%nber s
of the hﬁl%&é‘éé'ﬂy%ﬁﬂ@undé%a@xﬁh%sd’w@t is clained is:

Example 5: Characterization of PMAA-g-hollow silica

(0092] The amounts of PMAA in PMAA-g-hollow silica were measured using TGA.
Figure 1d shows the TGA curves of PMAA-g-hollow silica. From Figure 1, the content 6f
PMAA in PMAA-g-hollow silica is determined to be 48% (w/w). Figure 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 6bviously.
Example 6: pH responsive shrinking of PMAA brushes in PMAA-g-hollow silica.

[0093] "H NMR spectra of PMAA-g-hollow, silica at pH 3.4 and pH 7.4 respectively are



1. A porous hollow silica particle with a polyner grafted thereon, wherein
the polyner is selected from poly(nethacrylic acid) and copol é/mers t her eof .
2. The siVP2AHP2cl e of claim 1, wherein the pol y(net HQ(T,&W 10/080043) i s of

the general fornmula (1) Ra CH3 Il CC. I Ro COOH n (1)
28

shown in Figure 4. PEG was used as an external reference. The peaks attributed 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 become shrunk at pH 3.4 but soluble at pH 7.4, and
this property make PMAA suitable as pH reéponsive gates of the nanosized pores in the
silica shells for controlled release. |

s

Example 7: pH responsive release of Calcein blue

[0094] 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 centrifugation and washed with fresh pH 2 DI water for three times to remove unloaded
Calcein blue. 4 ;

[0095] Tol measure the release profile of Calcein blue, Calcein blue loaded PMAA 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 was taken out and diluted with 3.5 mL
of pH 2.0 DI water. The mixture was filtered through menjbranes with pores of diameter of -
0.22 pm to separate PMAA-g-hollow silica. Then the fluorescence 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%éd to 7.5, and the release profile
was measures similarly. The results are presented in Figuréf .

[0096] In order to evaluate the interaction of free PMAA iWith Calcein blue, a controlled
experiment was performed. 25 mg of free PMAA (Mw: 190k) was dispersed in 2.5 mL of
DI H,O ‘with pH adjusted to pH 7.5, thenl.0 mg of Calcein blue was mixed with the
solution. After the solution was shaken for 24 h, pH of the solution was adjusted to pH 2.
The solid was collected by centrifugation filtration through membranes with molecular
weight cutﬁng of 30 K to remove free Calcein blue followed by washing with fresh pH 2

DI water for three times. To measure the release profile of Calcein blue, the solid obtained



wherein Ra and Rb are independently an aliphatic, an alicyclic, an aromatic
or an aryl al igthatic group with a main chain of about 1 to about 30 carbon
atoms andV@ 20H/4kB4t 10 heteroatons sel ected fromthe gPSEFCEONIIUS ng of
N, O S, Se and Si.; and nis an integer from2 to 10000; wherein all
groups may be optionally substituted.29 3. The silica particle of clains 1
or 2, wherein the copolyner is selected fromconpounds of formula (1) and
vi nyl nononers of the general formula (3) CH2=CR, Ry, wherein in formula (3)

Rx and R @ikferRACH JONHBREHIEND ¥] SR CTRArdId08idTRe 8f FMR.Q WS insdditagedof H,
optionally Substituted aliphatic, an alicyclic, an aromatic and an

aryl al i fpshtAtdegigoedbtimeiteryalsal 4 mhaifthosolabuvas taken awicmd dtedyidbA-Sat ons

and 0 tora (o] r th W] N, O,
S se dRl b 2 DG the TRsE; R dpel By QRuhpHRp RN bt O
pol y merwits nipledul 8 avdight tich@ingi dfi30K pesépacdte PMAAaThE thei figrescanye. intehsityThe
silica particle of claim4, wherein tge bridging group is selected from an
ami noal Wythe diliratgevasmpsyedatticdd 7 B WHB 2andradiRtignichdaf KExyASPY BRgcleass 6,
The si lﬂrBﬁleDQtra{c!icF kEndiiort LAk ’i&}e%@é{re&f ﬁlcﬁ'tﬂg.sgﬂurtignawas"‘ﬁgﬁ ed'td h& SHI igce of
the silica particle has a polyner content in the rang rom about 10 %to
about 9@léMsd pwofije wasimeaBheedsithilady. Jhetresilte aof preseatath i6 Figure8ailso. t he surf ace

O e bR aRa 8 LE, B3P o RIS RREENY or Lt LRRSRIRLe RO 5 30% 0
PMAA c‘hange‘ insignificantly with time and pH. In contrast, the fluorescence intensity of |
Calcein blue released from PMAA—g—holloW silica vesicles increases very slowly at pH 2.0
but an abrupt increase was observed when pH was adjusted 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 at 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 moleculeé. 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. Howeirer, 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 ﬂee PMAA cannot 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 HZO 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 centrifugation and washed with fresh pH 2 DI

water for 3 times to remove unloaded FITC-dextrane (Mw: 10 K).



8. The silica particle of any one of claims 1-7, wherein the silica
particle has a maxi mal w dth O about 1 nmto about 100 gm 9. The silica
particle WP 2HAPMB, wherein the silica particle has a ﬁgﬂsﬁ;ﬁ?l‘){m)?ﬂf‘ﬁ of
about 10 nmto about 10 gm 10. The silica particle of any one of clains
1-9, wherein the particle is mcroporidus or nesoporous. 11. The silica
particle of any of clainms 1-10, wherein the average dianeter of the pores
of the particles is between about 1 nmto about 50 nm 12. The silica

parti cljgogd) ?@Mw@sﬁ@e e rEleddeProftelob FIMOEIiAnd (w20 KOWEPRC ldbgtr el BB an
i nner void that conprises a pharnaceutically active corrpound 13. The

si | : CS 1[§)aK) 10@41@11 BMPaﬁnyva@ﬂlspﬁlawnﬂlSOllZlL ofindt 8i0Pk W@tep&h@gel@asetmeﬁ}faatpﬁcl e are
seal e pH < a S I f -13,
whor o 2 RBs BabaiioPBP st 2t ackbned Biaclohdr 6 PES W BF 0 seien o RhiMbge

phar macgdtdikiedd WBRPFSinLidf! HIC2.01D] mﬂag 'Hlephixlhﬁ'b lvstay fﬂtferéabdhhmghshémbxanes
particles according to any of clains 1-14. A net hod of preparing a

hol | ow with i peaes anft flismeteni @fh 022 oy nier sgpaaqttfceBM%Tgelamlow réliGeet Hesg the

conpri Sfjluo-cxlescence intensity of the filtrate was measured at 510 fin 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 measured sirﬁilarly. The results are presented in Figure 9.
[00100}In ordef to evaluate the interaction of free 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 rﬁg 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 centrifugation filtration through membranes
with a molecular weight cutting of 30 K to remove free Il*‘ITC-dextrane Mw: 10 K). The
solid v;fas 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 was taken out and diluted with 3.5 'mL of pH 2.0 DI water. The mixture was
filtrated by centrifugation through membranes with a molécular 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 measured similarly. The 4
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
ﬂuoresc@nce intensity of FITC-dextrane (MW: 10 K) released from PMAA-g-hollow silica
vesicles increases 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-dextrane (Mw: 10 K) was released
slowly at pH 2.0 but much fast at pH 7.5 from PMAA-g—hdllow silica vesicles. Here FITC-
dextrane (Mw: 10 K) was loaded into PMAA—g—hollow silica vesicles by mixing wifh
aqueous solution of PMAA-g-hollow silica at 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 FITC-dextrane (Mw: 10 K) molecules. When pH of the solution was adjusted



WO 2011/ 099932PCT/ SG2010/ 000043 34 providing a hollow silica particle
having a silica surface that carries am no functional groups or hal ogen
functi ona¥OFPBMIE?32pr ovi di ng a nonomer sel ected from mefRASEHOYE3 d and
derivatives thereof or a polynmer selected from poly(nethacrylic acid) and
derivatives thereof; contacting the 3ononer or the polyner and the silica
surface; allowi ng the carboxy group of the nononmer or the polyner and the
am no functional group or the hal ogen functional group on the silica

surface top@i BNPETAOR0 Ruhed Bbdait eI hiRNthel fHRELHYHhE QUL AREIY weRlgdaledkot he
monomer oOr the polyner to the silica surface; and optionally polymerizing

t he norfdFErdentrahe (v e Knsrasrscepsulaterl inTHe hedesheercsfindheireleass, praprssei n t he

silica SUTAEAR vrliies Uid%fe Yord 11 E U sHAVPHH bY & FITC-dextranc
(Mw: 10 K) was released from PMAA-g—hoilow silica vesicles slowly. However, at pH

75, depro;conated PMAA brushes become fully soluble in aqueous solution and the pores

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]4 In coﬁpaﬁson with Calvein blue, FITC-dextrane (Mw: 10 K) with a higher
molecular weight stil 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 generically herein. Each of the
nairowef épecies and subgeneric groupings falling within the generic disclosure also form
part of thé 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 herein.
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
expansiyély and without limitation. Additionally, the terms and expressions employed
herein have been used as terms of description and not of limitation, and there is no
intention in the use of such terms and exptessions of excluding any equivalents of the -
features shown and described or portidns thereof, 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
upon examination of the foregoing examp,les.a-nd the appended claims. Thus, it should be
understood that although the present invention is speciﬁcally disclosed by exemplary
embodiments and optional features, modification arnd variation of the inventions embodied
therein herein disclosed may be resorted .to by those siiilled in the art, and that such
modifications and variations are considered to be within the scope of this invention. In
additioh, where features or aspects of the invention are described in terms of Markush
groups, those skilled in the art will recogniée that the inveritioﬂ is also thereby described in

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



18. The method of clains 16 or 17, wherein the mcro- or nanoparticle is a
hol | ow particle. 19. The nethod of any one of clains 16-18, wherein

provi di ngvQ 2ABP8R2si 1 i ca particle having a silica surfZEESCRAVEAYH} | es

am no functional groups or hal ogen functional groups conprises: providing
a hollow silica particle having a sil¥ca surface, providing an am no

sil ane conpound according to general fornmula (2), R 2 R3SIRl---.TH2 R4(2)
wherein RL is one of an aliphatic, an alicyclic, an aromatic and an

aryl al i ppgikc bridge with a main chain of about 1 to about 10 carbon atons
and 0 to about 5

What is claimed is:

1. A pbrous hollow silica particle' with a polymer grafted thereon, wherein the polymer
is selected from poly(methacrylic acid) and copolymers thereof.

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

formula (1)
o ' . =
R, CH;
!
(|: C-
| R, COOH|p

¢y

wherein R, and Ry, are independently an. <a41iphatic, an alicyclic, an aromatic or an
arylaliphatic group 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.; and n is an

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

3. The silica particle of claims 1 or: "2, wherein the copolymer is selected from
compounds of formula (1) and vinyl monomers of the géneral formula (3) CH;=CR«Ry,
wherein in formula (3) Rx and Ry are each independently selected from the group
consisting of H, optionally substituted aliphatic, an .alicyclic, an aromatic and an
arylalibhatic group with a main chain of abput 1 to about-30 carbon atoms and 0 to about

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

4.  The silica particle of any one of claimé 1-3, wherein the polymer is grafted to the
silica particle via a bridging group. |

5.  The silica particle of claim 4, wherein the bridging group is selected from an

aminoalkyl silane, halogenalkyl silane and an aminoalkoxy silane.



het er oat ons sel ected fromthe group consisting of N, 0, S, Sc and Si, and
R2, R3 and R4 are independently selected froman aliphatic group and an

al koxy 3%93PHIB*WRth a main chain of about 1 to about Y6TE

2H90%Hns and

0 to about 3 heteroatons selected fromthe group N, 0, S, Se and Si,

optionally reacting the am no silane 3 th a hal ogenati ng agent;
the conpound of the general Formula (2) and the silica surface,

contacting
and

allowing at | east one of the groups R2, R3 and. R4 of the conpound of the
general Fornula (1) to undergo a coupling reaction with the silica surface,

thereby formng a covalent bond with the sane.

6. The silica particle of claim any of claims 1 to 5, wherein the surface of the silica

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

7.  The silica particle of claim 6, wherein the surface of the silica particle has a polymer

content in the range of about 30% to about 80% (w/w).

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

width of about 1 nm to about 100 pm.

9. The'silica particle of claim 8, wherein the silica particle has a maximal width of

about 10 nm to about 10 um.

10. The silica particle of any one of claims 1-9, wherein the particle is microporous or

Mesoporous.

11. The silica particle of any of claims 1-10, wherein the average diameter of the pores

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

12. The silica particle of any one of claims 1-11, wherein the hollow particle has an inner

void that comprises a pharmaceutically active compound.

13. The silica particle of any of claim 1-12, wherein the pores of the particle are sealed at

apH < about 5.

14. Thé silica particle of any of claim 1-13, wherein the pores of the particle are open at

apH > about 5.

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

according to any of claims 1-14.

16. A method of preparing a hollow silica particle with a polymer grafted thereon, the

method comprising:



20. The nmethod of claim 19, wherein the hal ogenating agent is

2- br onoi sobut}/r(}ll br om de.
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. providing a hollow silica particle having a silica surface that carries amino
functional groups or halogen functional groups;
=~ 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;
-~ o 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.

17. The method of claim 16, wherein the silica surfaée is the surface of a micro- or

nanoparticle.

18. The method of claims 16 or 17, wherein the micro- or nanoparticle is a hollow

| particle.

19. The method of any one of claims 16-18, wherein providing a hollow silica particle
having a silica surface that carries amino functional groups or halogen functional groups
comprises:

—  providing a hollow silica particle having a silica surface,

—  providing an aminosilane compound according to general formula (2),

R4 o @

—  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 0 to about 5
heteroatoms selected from the groilp consisting of N, O, S, Se and Si, and Ry,

. Rs and Ry are independently selected from an aliphatic group and an alkoxy
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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, and

—  allowing at least one of the groups R,, R; and R4 of the compound of the
general Formula (1) to undergo a coupling reaction with the silica surface,

thereby forming a covalent bond with the same.

20. The method of claim 19, wherein the halogenating agent is 2-bromoisobutyryl

bromide.



