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WO 2006/050579 PCT/AU2005/001738 SOLID PARTICLES FROM
CONTROLLED DESTABILISATION OF MICROEMULSIONS Technical
Field s The present invention relates to a process for controlled
vdestakiimation of microemulsions to form solid particles. Backgsoumngofi73s
the Invention Controlled delivery of drugs, for example for treatment of

oo O LR P Y, GO R. PRS Re elisadramoF
site of action, such as the tufMéG GHETMHEESIEESe the drug at a

controlled rate. In order to be eff?%e, szg_h Particles must be of an

appropriate size for lodging at a '8Pt Rarticles that are above

ap PRSI SOUN Watrete awitaesmimomiytid erbfdieditathe dagsroemulsions
to fbver ssiplaRR;anrg. other organs, and will thus not preferentially lodge at the

site of action. Particles t re below aprgroximate_ly 50nm diameter are

t
capable of penetrating thfSIEH 84AE GafEetiEptdssels, and are
thérensrdl eisirbyrndofogyhbutdkrecpbfor Frrasrfant thisuapphiatiometin sichieved by

vardfsiraBIgolR. hays aRarlis's of appipximRtaly %&Eiﬁ%og%roﬁlf‘dggfé%gfa{ﬁ%hich can be

d 1orde to haye ap appropriate release rate of an encapsulated drug,
el i Bing ST AR fomey setlsre slonte herkygiverastipled rate.

relzagsicatie. he oftetite, ashievertddapnispiiatef eleappromigctbRd@esodging at a
] ably should.be about 1.
e e A e
by thafieidirerofrirerng ot visartchdd wHbisrosDiemsatiaejodeawst he site of
actisigriffinaidlyiiegradeltive @mgﬁ@@fﬂ?%&ﬂﬁh@ﬁ% @ﬁ%@lﬁf%f p@fiﬁ@d’ﬁﬁ!% through
i re unstable in basic solution..an it is preferable for :
o SR D LRSS e o
appHsafsTatidicenbie shuagararhtmelcppioaimady 2 tardRpPeardsmdior. ifn order to
haveivie Rprephlieaionse|fuRastculandiey a6 RiKookalhsinaE: IENSIGalY nanoscale
orlYSFRRLIE Ik edces, hol dotection by he fetculgendothelial .

ROy stem) and provide extended Shelt e to their “payloat Nidreg arTRTsle release
ratep dehnoses shomkt b delph eripexpanicie £ inth eBDebrably dibmbtdre woge 1.5 nm

diarRERE S Teh I eARREARAALS RAYVSICQARRMILA MIAREHIGSERN RS SRIEHIEI Yarticles
lation over a period

istributed jnto, tumour masses from_the general circ
s S s L e B L Lo T o A AT B e, or
examigls thexasiuifor ommetbl relemiesolutitrersdibstidnces;ftorlexanipleparticles to be

prodaialVsiseaRannes siid hs.gignaration of silica nanoparticles using :
[ Isions has been extensively

p?,?sé%cag%ysed segl-gel chemistry i .mi_croéaméj .
inVESHTH AEEPHBRE SR TITE e Uatai e ASHIASED GSe Sruss irgers fo_r n vivo
applistidvanimgesifolah dhepcap duddtigivatlf bieaictineispiegibshydrophilic (which reduces
their detection by the reticuloendothelial system) and provide extended shelf life to their
payload. Moreover, it has been established that spherical particles in the 50-250 nm diameter
range possessing the appropriate physico-chemical properties can be selectively distributed into
tumour masses from the general circulation over a period of one to two days after intravenous
injection.

Silica nanoparticles may also be used for controlled release of other substances, for
example catalysts, enzymes etc.

The preparation of silica nanoparticles using base-catalysed sol-gel chemistry in
microemulsions has been extensively investigated. However, this base catalysis chemistry poses
two disadvantages for the encapsulation of bioactive species:

¢ many drugs (e.g. doxorubicin) decompose/denature under basic conditions;
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many drugs (e.g. doxorubicin) decompose/denature under basic
conditions; WO 2006/050579 PCT/AU2005/001738 2 (r) base catalysis
produces mesoporous particles which release their contents too rapidly for
vanysprastical use. In contrast, acid catalysis yields microposets parsgse iss
which exhibit much slower release of the encapsulated species. However,
due to the intrinsic mechanisms of parffcle evolution in s acid
environment, the size of silica particles formed by acid catalysis is either

. 558 13'6@1:1 39 FAtLQL Jqﬁgg aQne.micron. There is therefore a need for a -
method to prcﬁ)duceepartic({g%}lg\rgsfﬁ%%g%(%gﬁ & Fgr?ga‘see\;é} W QLRI dop rapidly for any
RIREHER! Bpfaracteristics. The particles may have both-appropriate particle

side (:biﬁﬂ!\atﬁ,edibiﬁﬂﬂfﬂj@m %ielws:fﬂigf@mt Q—ﬁh\&ﬁ’@@%"ﬂ“ﬁé@@iﬁ’i@(ﬁ%uch slower release
n nm, in diameter, and pare size (i.e. . o
o e P VU e T0 S e i b voruton in
aci¢ grfaBmsTth s At gtiprpraticlgs fgreed dpysatisteat ity she paitticldsss than 30 nm or
largajest @fethectorention It is the object of the present invention to overcome
or,lfﬁjetr)estla iall amelior?t? at Ieazféoige of the above disadvantages. It is a _
further Object 10 At TeAst pariafeEIE) BIaHs PatHelss 1hstes AmARp@range with
Sﬂswéem@mg ﬁhﬁ@_mgpm pithdcnentiondiiett ipprgridecbaiioesss (between
appfOkFIAKING BRAMGUIAIR, SHRSIANG SRR ISRGcRRMAIRg Al %Bf)!l%% {txl) diameter)

dcom%)rising_dro[’i%[ets disperi%d in a continuous liquid phase, wherein
and PRk SHnd St RCERRBRAS GBS AUMBFIAR PO SadbpaPay be made under
condiégsieiiigidy theddpopletsdmdommatisel gadtioutatestitistance, said

particulate substance compgg}@gtaoplwgl};yvgﬁl%gicles. The particulate
substance may be seeded bythe nuclel or otherwise derived from the

nUEISIPREIREAE A SFRRHMAAHP B AR B OPR OTRrbRAYal bemieralqet least one
of thorhatiotisalipritagey. 2% pdttitiesctibe toutlRks ayhigipuatRfahiomBAiad,
of solid particles (incIudin%gfgfrg,%};gpqhg%t‘i‘%g%gr gel particles. The

process may comprise the step of forming primary particles from the _

nd1@i SrHerfraticrisths ducinnichirtelsupevitnde aringases deriverkingns thrsticulate
subdiapieisngdigngarticles of the particulate substance may be derived from

the pyi articles {e.9. seeded by .the primary particles), which may in

i B, SSRERaY LB O ERRRAL R bl s phase

corre$peist @ ierstigmeitthe doples praynssesslideisidi, or may be gel

nuclejtoleastComtNAdgaviieraofhEherbpielel Hash AR MKISRRRMME Cbstance, said
silicat% m%l(aa&ule%t;lrﬁré% QO%I%'SEnay (iorqgris r‘ig)r :(ieramic polymers. The
pre-c%ramlc posfilmers may%e é’gpaa%flerao &i g Siverted

The particulate substance may be seeded by the nuclei or otherwise derived from the

nuclei,

The nuclei may be primary particles. The nuclei may be nuclei for formation of primary
particles, The nuclei may be nuclei for formation of solid particles (including porous solid
particles) or gel particles. The process may comprise the step of forming primary particles from
the nuclei. The particles of the particulate substance may be derived from the droplets. The
particles of the particulate substance may be derived from the primary particles (e.g. seeded by
the primary particles), which may in turn be derived from the nuclei (e.g. seeded by the nuclei)
or correspond to the nuclei. The nuclei may be solid nuclei, or may be gel nuclei or a
combination thereof. The nuclei may comprise polymeric silicate molecules. The nuclei may
comprise pre-ceramic polymers. The pre-ceramic polymers may be capable of being converted
into a ceramic material e.g. silica. The step of at least partly destabilising the droplets may

comprise at least partly coalescing the droplets. It may comprise combining a coalescing liquid
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into a ceramic material e.g. silica. The step of at least partly destabilising
the droplets may comprise at least partly coalescing the droplets. It may
comprise combining a coalescing liquid WO 2006/050579
WETHREB5/001738 3 and the emulsion. The particles of taa/paticsaiess
substance may be formed or derived from the nuclei by association,
coalescence or agglomeration of the nuclei or of the primary particles. At
least some of the droplets may comprise a condensable species. The

and%)”de% s%)rleﬁ%e"é,‘fﬁd&aé{ fie SRS Capaé %&gﬁgﬁ&%ﬂ@ 3derived from the

partlc es or the nuclei, an may cing or s

nuclgh BloARINIRIISeRTATARG PRiRElem eRHRRRS thvelshaBAB His@dpeEiggrticles. At
leasﬂﬁambefdﬁélﬂﬁ@m’@%@ &f@ﬂﬂ%&@h@h@a{ﬁ@p@ﬁ@nﬁm%@@&@@e&eg may be

p;'glt tl%(&?o ﬁ{ ¢ anl}c";]t Itraratlkp)é){)srllt DSmdid: an may be be ca able of coalescing or
aninopropy hox?/s or a mixture theréof, or It'may comprise a

agglsitiseatingr the m@mgmca@éléiea enineale. tRereondrmeabin pﬂé@seﬁwstbw&ﬂ@@%ﬁom a

teﬁiﬁl@o%%@ﬂﬁ&{@ét%&B&%ﬁaﬂ%%ﬁd&%@éﬂ@ PRHICUIRIESIREIFNTRe (e.c.
%’r?ﬂﬂ% e reli sable substance. '&gereo opletst ma to also. comprlficate or a

amxagg Y HBrE S aBle 5 UBEER: the proce s Ay ma

polysilitivnlatea sulsstantesof ﬁhsﬂgoﬁh@sr@h@amrmdamiﬁ%ﬂbbswﬁance, and the

prockbRiap %E%@Hﬁi%%%&%@%ﬂﬁﬂsxﬂ@iﬂg legetif B SERMAY 19 %¥lets may
not comprise the releasable su %e (and %eél%ﬂ é}/the non- reI asab %Cult
alsosHEEREIE SO e PEERABTE TR ACR IS e Petda 858 ‘i%sf'rB‘Wtﬁ‘é © & paricuiate

subgimiticlasnfivng dleashblelsubsthnee wwiegsddmpriseacsingle releks ablethe primary
art%f § teecnt fH@ﬁ SPEHQ{rlﬁgt%ﬂlﬂﬁﬁ QUE rifRGyiduaLIgIeaBRRIS ptionally the non-

ces. %hocess may additionally comprise the steps of, - N les. Th
releawa}rd.ﬁ@s&agé%n ErieiRaRAy o?ﬁb?ﬁ%‘i‘ﬁ& HYpIBEs WispERle g, e partcles. The
rele@ﬁﬂbﬂm sihssatichlidap baserivehestiplatdrasitdo svbstditts o oplptsocymprises or more
ald g&lggfaggéppnsmg a second releasable substance; and 20 -

nu
indivi u S80S
combining fhe emulsion and the second emulsion; said steps being

coﬂ@ﬁ@@%ﬂ%ﬁﬁé@é%@b’@%@“&épﬁéﬁ%Rfdestablllsmg the droplets. In
this.. cageviligssiepcohatisaisiopadialysigstabilisindispayedompriseiatdeasiuid
partlallghdggéa I|ISlrI‘]lI ttE%StdS%% etﬁtpé [gg %@g%%ﬁglmgfeghgaﬁp ths comprising

emulsiBEThe resulfing process may be suitable for making a particulate
substam@@@@iﬁmsm@!?ﬁéhﬁﬁém% substance and the second

releasabiey 2 SwistaNISoT bRl abaridip an emulsion may

R
cas@Hkestiep of prdsastimgrtivdl e drsietdisimmynan eisnase3t 1egpbwrriinly destabilising the
droPIGSISRE EMMISINNAATPPHRIRE-HHERIBI IS PEHRad M MEQRbRNS sali(péduitable for
g hamiiate Sbsianss Sompsi (he JAcSaSre Habs e SR TG releasable
substance.

The step of providing an emulsion may comprise providing a microemulsion wherein at
least some of the droplets comprise nuclei. The nuclei may be preformed or may be formed in
Situ,

The step of providing the emulsion may comprise:

- providing a precursor emulsion comprising droplets dispersed in a continuous liquid

phase, wherein at least some of the droplets comprise a condensable species; and

- forming the nuclei from the condensable species within the droplets such at least some

of the droplets comprise the condensable species or an at least partial condensate

thercof,
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- forming the nuclei from the condensable species within the droplets such

at least some of the droplets comprise the condensable species or an at

least partial condensate thereof. WO 2006/050579 PCT/AU2005/001738

W bwatepsf forming the nuclei may comprise ageing the prequssee0s/001738

emulsion for sufficient time for formation of the nuclei from the

condensable species. The process of“’providing the precursor emulsion

may comprise the steps of: - providing an emulsion comprising emulsion

drgplets di in aconti liquid s phasg, - adding a hydrolysable... .

oL ey TSR, O SO Foll, SR S LR B cien
timerfpa forpsdisre o P s iifimmhe erndesrshlelFepres to form the -

candensakie speeidmglihe fiveialysablestRaeiesinayrke ARG Sof:

tetralkoxysilane, for example tetramethgxysilane, 10 or tetraethoxysilane. .. .
I o R R ST A SR VB1 e SRP A Heid
substaféee, comprising a releasable substance, comprising: - providing an

eflf]w|Si_ﬁ'ﬂi§$H‘l@fiﬁﬁl%%(?@f&éé@ﬂ%}%&&ﬂ&ﬁ&%@, ' TO_us li%uid pf?ase,
wherein at least.some e drgplets, comprise nuclei, .said droplets
cormp IR R L S e B e P Rt A RiSR gt o
the drépistthecfodmshdpintidedate substance, said particulate substance
CORPRRIAGRABI SR QfRAF sl WD 8 eI IRS PRI R COMPHRS AR ethoxysilane
releasable substance. The plurality of particles may be seeded or -

%3RS ived from the nuclei. The plurality, 20 of particles maybe
déwived érobodieedrofplets.iT herdlbdsablewubsténcennkinsbe akitiasiate substance
com ﬂEﬁ@lXﬂmgf@%@s{QxﬁQ%&B&%% the particulate substance, and may

. : ! .

e refeasably immobilised therein and/or thereon. The releasable
subsBAPEEEA A 158 RGP ESRH JtaRtetsr HrPSTifsh Brie CORETSHTOBERG Phase,
and maydie at deag. domaybhadraphiiscannat @ ngdet, eaxahnftelets comprising the

doxog%gég%g&% Sligﬁ%g;s%e substance may be a ﬂuqrescent dye, a 25
radiopharmaceutical, an enzyme, a hormone, a biocide or some other

substhrieastTrrathg | slssiabitisiagntia rkanishy Ve fumsa b aaticripisiciobitapre, said
aquegisdiuit etulseme: ehiessohenblitdisycdbpareibasaliecbniexpasidies @bmprise
the pt%gir%&lelgstgb u%%ts%f% to water or the aqueous fluid or other solvent, or °

on immersion of the par%léles in water or the aqueous fluid, or on agitation

ofireppantityesf prriivies sy reseriisd s therdrise Bmzed fvarthegsieiel. The plurality.

of pafelfek Smkaimentihiar@ddRivided a process for making a particulate

’I'hesi'léI easaggﬁ%es’uggtlgnce may be at least partially immobilised in and/or on the the particulate

ort

substance, and may be releasably immobilised therein and/or thereon. The releasable substance
may be an organic compound or an organometallic compound and may be a drug. It may be an
antj-cancer drug for example doxorubicin. The releasable substance may be a fluorescent dye, a
radiopharmaceutical, an enzyme, a hormone, a biocide or some other substance. The releasable
substance may be releasable into water or an aqueous fluid or some other solvent. It may be
releasable on exposure of the particulate substance to water or the aqueous fluid or other solvent,
or on immersion of the particles in water or the aqueous fluid, or on agitation of the particles in
water or the aqueous fluid or other solvent,

In another embodiment there is provided a process for making a particulate substance, said
particulate substance comprising a first and a second releasable substance, said method

comprising:
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particulate substance comprising a first and a second releasable

substance, said method comprising: WO 2006/050579

PCT/AU2005/001738 5 - providing a first emulsion comprising droplets
Wigpersewirea continuous liquid phase, wherein at least somerofubens/ 601738
droplets comprise nuclei, said first emulsion comprising the first

releasable substance; - providing a setond emulsion comprising droplets
dispersed in a continuous liquid s phase, wherein at least some of the
dfopk%%ﬁ%@@'ﬁ%%ﬁémﬁ?%ﬁ%ﬁ%@ ngﬁilf?tko(?}is rlﬁ'@%&gﬁnﬂ%ﬁgﬁéﬂmd phase,
releasable substance; - combining the first and second emulsions; and - at™
least'HSIHP L deathfemg Al dbarapRitorameTive LaRlY s sug e mnmdiipR gamprising
formithefiparticdsiie: sullistange, said particulate substance comprising a

plurali parti .10 rticl S the nuclei or. .
R
swirlifgsagithenss Aol spmmetate TrelaiscamiTise aawlre ritsivhanh &pulsion

be cembifemhitiany@dagireddatin: stbeydyay be combined in a ratio such

that the gar.tic%at§ sybs ance &om&risestth%first and second releasable
- %om lmﬂﬁ € LISt anG SO Bliﬂ Sl()l‘lﬁ‘,I an T, . .
substances iff a desired ratio. Is In anotier embodiment there is provided

aproddsastaerinideniphibreciiadratpsahte Bonprkingondrovitsiagsda form the
emuk&iﬁﬁbﬁ%m I@&Esifﬁﬂa@!f?ﬂié %&M@e@%ﬁg@&%ﬂfﬁgr@%ﬁﬂ%@ bepigkicles.
pnase, - aadin yar a species 10 the emuylsion, - eas] .
Ry 5 BT R L s 2 Sh S TR SIS Ao Bblots
The toosdrimiug conderesahieespatiog, sioriningagiictigrdontbgeoshdentalbibe first and
seconAEREWIN RN SRR HoplptRaHehihal @hJpask SAMS bR in a ratio such

droplets contain a primary particle, and at least some of the droplets i
that &‘)‘h%W?H@*&&?B%ﬁ%%?b?@%’é&‘?@é%r%ﬁ*e?PFE&%‘E‘}S‘Qrf PRORTeTREAIRNHTE B}, desired

raticand 25 - combining a coalescing liquid and the emulsion to form the

Pa{ticAle WARRIANES: HAE RAFIGHAE SYRSIARCe MBS SUSPARIad:Y substance

the continuous liquid phase or may precipitate from the continuous liqui
COMBRHEE. The emulsion may be a microemulsion, and may be a water-in- oil

(wie) micvakmulsiomilgothempmisispontibiplehophyshkiéspasebusandiieus Hquid
continggé& liquid phase may be hydrophobic (w/0). The conditions (e.g.

pH) within the droplets of the emulsion 30 may be such as to promote at

least FAAIAE RYFERI%EF thecHFdPols sBIdsscies, and the emulsion
dropleisimsypanniainhadasialystifonakamplsl dluade vk yteolysisohtth@plets to

form a condensable species;

— forming nuclei from the condensable species within the emulsion droplets such that at
least some of the droplets contain a primary particle, and at least some of the droplets
contain the condensable species or an at least partial condensate thereof; and

— combining a coalescing liquid and the emulsion to form the particulate substance..

The particulate substance may be suspended in the continuous liquid phase or may precipitate
from the continuous liquid phase. The emulsion may be a microemulsion, and may be a water-in-
oil (w/o) microemulsion i.e. the emulsion droplets may be aqueous and the continuous liquid
phase may be hydrophobic (w/o}. The conditions (e.g. pH) within the droplets of the emulsion
may be such as to promote at least partial hydrolysis of the hydrolysable species, and the
emulsion droplets may contain a catalyst, for example fluoride, for hydrolysis of the
hydrolysable species. The conditions within the droplets may be suitable for formation of the
nuclei from the condensable species. The droplets may be non-basic and may be acidic and may

have a pH between about 0 and 7. The nuclei may be solid or may be gels. The nuclei may be
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hydrolysable species. The conditions within the droplets may be suitable
for formation of the nuclei from the condensable species. The droplets
may be non-basic and may be acidic and may have a pH between about
Wandqostiie nuclei may be solid or may be gels. The nucleaenizotdi®: 738
2006/050579 PCT/AU2005/001738 6 porous, or microporous. They may
have pores between about 0.5 and 5nr diameter. The nuclei may be
between about | and 50nm diameter. The hydrolysable species may be a

o2RECIESHRA Qdul . t d | les. J1 f i
poRRECH p&BublYEEsiS, 2R 19410, hewondansable spe g'}%ﬁ dlarlng‘%é%}]e nuclei

maS%am tlg be an alliox ilane, and may_be a di-, tri- or tetra-alkoxys

et g of mHGr BT e Ensderisathls Speiesoimyeiseccies that, on
hydseligoncienbailéharthdeayiie peiyisondengableangies se0ssinkabiBalt, and may
be BV, GANIPHSE: ORGOLTINIG/ YIRS RIBA 615 0L 1N BNAIONEaDIC, e cpecies

specie an%ma comprise a s spemesc.’rﬁlmay aveo
ey Foﬁ?fg_ﬁgﬂ W%%%WO@CW&"WS@@FﬂM%EWW@ Rilaap comprise
Onmdfgg;lsiﬁoia? igehets Shihsisaolpepbipng: &(q%ﬁ@%%ﬁﬁ)aér?mma species.
It Jalo ]} skon, or it zo may comprise adding the .
e e poTen o i e R g @ monomeri
Sll@SW&%ﬂbﬁ%ﬁ’@ﬂﬁ@@agitating either the emulsion or the coalescing

liqUitek atebath cThBiskap iy RMBINIE ARy %SL%QI’E%&E%QEM@%Q@Q{%W, or it
ma}‘?%%?)'ﬁg& X ‘rgﬁ% of ¢ C?%%'?Inl%emc% Leadt . formation of the particulate ~

substance. The particu ate Substance may e sk B FARRFSE stirring, swirling,
sonigaien &8 odiEiet fsdgvaieibsibigridsinadrfitbecoriescinmidreidbnbciRi The step of

confblniampyedanisitonipscaBsrRel AdbH alifn abiherpucle) Ay ,%?}i‘(}%n%éay lead to

the nuclej, The step of combining may comprise allowing sufficient t )
o L AT o B M. SURERER Ol iy o
Pﬂtfal%cﬁ%hmﬁéhﬁsparﬁ@_%wagoﬁmﬁgﬂeﬁmtiowam sudstarfosuntély for example by.
coalOEBRESE! Al paaatiP AL GRRAS RS IORRALYEP ﬂgerﬁrcé%p?’l%r &%}%}Sﬁilggﬁﬁgﬁiﬂ 2 may

the condensahle sPemes. The formation of the particulate substance

of
Oy CompHee FEEATEBHE CMMNEA)IE e paEiedlaitmimime. Alislentficient time
mayThreypaiciehestiol Awpar el ftersulvstali tes gre thot o @nthita e comprise at least

partiRICEQRQERLE AN A1 BARFORANANS of NEY. IR VePAR® Qgggve%%]b%b%ﬁécies. The

f 0.5 an%&lgm diameter. They may be spherical,’or may be an‘irregula
OB OF AL B SRABRCO TR SAFIRIES Fhes AR 0& hiomansigesabizespecies with the
nuclobtviderpattislts3¢ aind bl £6Q0bsTanes briween UL 88dalepbrons and/or
mesdOR00M PRRLWELR.AbUEa0ang.aboyt 3 %r‘sn diampeter, The coalescing
o |i&l?i% may égfmif_ibiae wil))th the conet%}?uzé%)%ios}I g ' mﬁ?&a ﬁnépse?aa%’ﬁt ‘Fﬁaysﬁey may be
PR % estaDmeRvTisRaBcaTor Ay hse dumm e antrgsarayliguie s particte
size Bhg;m?mmsmamwd?mmmmﬂaeﬁw&ia%& Wﬁr@a@@@%@@@ﬂﬁ Dﬁ between
aborfERDRL Hof: MHSILE, tone and ethanol. In another em@o iment, the
" droplets which compr%ggnt%?c%{ﬁ%gﬁ(%eg%ﬁr}g’% SPENES Freghe it fp sgptinuous
liquig phasen gntheancarsisisse fmsobiising timidendonayidifyismrimsd rometpolar liquid.
The dndabiltiing Hq3Q aonde sabler JUPSIABLE QLAY SESRT HBIRLSUEN PRt ure of
acetdliding the, step of at least partially
In another embodiment, the droplets which comprise nuclei have a pH greater than 7, and

the step of providing the emulsion is followed by the step of acidifying the droplets and adding a
condensable substance or a precursor thercto, such that during the step of at least partially
destabilising the droplets, the condensable substance condenses in order to form the particles.
The precursor may comprise a hydrolysable silane, for example a tetraalkoxysilane, as described
herein. The step of providing the emulsion may comprise combining (optionally mixing or

agitating) a surfactant, a hydrophobic liguid, a basic aqueous liquid and a condensable substance
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destabilising the droplets, the condensable substance condenses in order

to form the particles. The precursor may comprise a hydrolysable silane,

for example a tetraalkoxysilane, as described herein. The step of

wooridingetie emulsion may comprise combining (optionally PoRisgRers/001738

agitating) a surfactant, a hydrophobic liquid, a basic aqueous liquid and a

condensable substance WO 2006/050579 PCT/AU2005/001735 7 or

precursor thereto, and allowing the condensable material to condense to
or AR M) (3o HQYANG Hle BHSRASRLD o e condensadle .
_pSubstance and then allowirgg the conggeghgg% g?egl%é?acr?gg%sgé% Qi dhgonuctei (or

T RS RERGEHOT e JomtibR famripastla prkslarsn dadorhor vl prow forcandensable
Sﬂ‘i@gm@w mg, mrﬁm%;f)emb@mt Yflae?ft% aaing RnRlstiffergbhrecursor
or i IRGB AL CORIAAEIRIA S UDIIANCE [qr the particles, as

escribed above. Typica Sé(lac-uré%ﬁsz%%’nﬁfgrég Sﬁ’?&r%ﬁﬁa%%%ﬁ&ﬁeée precursor or

congneabi Sy ey & téhromArtie astsp desienibery dholrs eByamimlo prramtisity comprise
hydrolyseissilasitanesiovhink Byerthgscendansable.supstancas WAISHM A /or partially

gondanse taform.the nuclei, or to farm the particles, In another
wnembodimentsih%mﬁégcaggslﬁ%? rg:?}(gl\(/ile ]lsn%)@guegﬁgﬂfg%nv@gﬁ]?pﬁlé"é’scﬁféiﬁ%epéoof?m the
nucked, opie e ra Bk mulsion, said emulsion comprising emulsion

drixphataieispabsadien a1RAIBNE WS BV RDBRCermALHING A BEAL: the steps of:
hydrol SS‘%%"EBL%?JQ the.emulsjon; - at least partially h _rolysm{g tshé) ,
first hydrolySabie SpEcas TRt H e BT R R STy i pm draplets dispersed in
condefsapiEnspaclantidphasidifying the emulsion to form an acidified
emulsigfiiand fapriach 8 seeotaydosaRigigRgeies to the acidified

emy_lsiotr]. Tt‘]eﬁséﬁ’eﬂ of a Izgﬁst partially hydrolysing may comprise

formation of mucia .h%@f? 8 e e Yol BRb IS Gperiesiigie e mToRsion

and mésobketa ynioroeimutsinderFideppecess may also comprise one or

mote okt iRl RRoReAANN RARTISHALS, Supsiance from the

liguid phase, - washing the particulate substance, and -

continugus at
drying SR TELL BRRISTHE etieiatesumaibp entisistother

Theetrpolinhins! thretetiylsicrolsipetar ompsits SrrlaasablesbSERSBa emulsion
mayBE 2 RFDEESS 34 m%rgxd%%l'%&}g&{ﬁl (%%able substance in and/or

on the particulate 25 substance. The releasa & substance may be
teMBEIRFRSIPE RS SOMITRA SRS &RPTs ahlitortens Bfe particulate
substepaetiiyatapattiesteieatablecs thstameesnmubesimmabilised on the

parti-%%g%%@ﬁgg],a&#uggtgnac@a&lg of being at least partially released

therefrom when'subjected to appfop.nate release conditions, e.g.
immdrEBtE Al diacea gaprechraatisiatesehutoasable substance. The

liduishovhst kentardenampiRcccaRiveit Roihereleanable SLBMAMC S uEhce, and the
procggéeg‘?qgégt partly immobilises the releasable substance in andfor on the particulate
substance. The releasable substance may be temporarily or releasably immobilised in and/or on
the particulate substance. That is, the releasable substance may be immobilised on the particulate
substance, but be capable of being at least partially released therefrom when subjected to
appropriate release conditions, e.g. immersed in a liquid capable of releasing the releasable
substance. The liquid may be for example a solvent for the releasable substance, The releasable
substance may be an organic compound or an organometallic compound and may be a drug. It
may be an anti-cancer drug for example doxorubicin. The releasable substance may be stable to

the conditions pertaining in the emulsion droplets before and during the process.
In another embodiment, there is provided a process for making a particulate substance,

comprising the steps of;
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30 substance may be an organic compound or an organometallic
compound and may be a drug. It may be an anti-cancer drug for example
doxorubicin. The releasable substance may be stable to the conditions
erednirrgST the emulsion droplets before and during the preCesgi2iws/001738
another embodiment, there is provided a process for making a particulate
substance, comprising the steps of: WO 2006/050579
PCT/AU2005/001738 8 - providing a water-in-oil microemulsion having

em”'%‘%ﬂﬁ?g'ﬁt%@%ﬁﬁﬁ 1&&0&9@&%0 Y5y dem?s%& Sl e ué?éf?@.rsed in a
droplets comprising a catalyst fo sis of an alkoxysilane, - addi %
the amw%ﬁélw%ehé%ﬁxﬁgﬁ%ﬁn@y lamé/@@ﬂﬁamwytﬁawgﬁﬂg%f hydrolysis of

alkoxysitdicexyulthiie,the emulsion droplets to form at least one silanol

spemggd éqﬁy%}a%og?% r%rﬂ]g@aﬁi@ | species within the emulsion

droplets s ast some drople is contain a primary particle of
betwé’éﬁﬁéﬁdﬁﬁla]éh@B@Wﬁ%&?&ﬁ@i@ﬁéﬂﬁ%ﬂé@&%ﬁi@‘ﬂ?ﬁ’ﬁi@f@l’lﬁs to form at
comprisg ngﬂj@m@lsp@@eggs and to - combining a coalescmg liquid and

the emulsion to c;or ar iculate subst ce havm Iggl
1 h that at least
e

anoth‘é}i@ﬁmmﬂéﬁﬂf%?@m\ﬂ@f@@@ ?ﬁb@‘é‘é@ﬂcﬂbﬁﬁﬂl ﬁ@@ﬁﬁﬂléﬂfb@et"f and

Substmeﬁst%@mwdﬁipmad@{gm%@ siubstaneeiesomprising the steps of: -
providi Ig a water-in- |I micra é1I5| n avm% ul§|o dro&llets dis rsed
an Is ﬁ

ina 8 Bﬁ%(@ugohq |dn|§h Iguid and B8 FEERGR Nt Rb RS Pa iy iare Substance
betwémla@@mmwdﬂeémvwm}mm@mméa@abr@gmm@hﬁmaad 300nm.

cajalyshios yabelisisef Me-alkoxsilane o RE6iR0 Miendkmy silgnadadhesubstance

emulsion, - at least %artlally hydrol sm the alkoxysilane within the
BndGHERYPEpecies; 20 - forming nuclei
from qinmsdal@Iaspetteesimm|mt¢reeamlsismdldmmewwéﬂnthh@ldﬂeaﬁﬁpemd in a

Somecgﬁ(ﬁmft}ésqf%ﬁa"as @s%r'm%aﬁﬁ&l %&L%W%ﬂga@m%t%&é@em iNind 7 and

diameter and a some ets comprise the silanol spec
combﬁﬁ@%l%&@géﬁ@?ﬂa@w%?ﬁﬁanémﬁi%?éﬁfﬁftgo }ﬁffﬂéﬂ& f&ﬁ%@@"yﬁm
substaﬁmeglﬁm/migmymele gizerdvdbiveen about 30 and 1000nm, or
petwegnARaaHie10 0NN, £ 1S RANG URSHBRANGAGAMRNSIN o form ot

the releasa tance In another embodiment, there is provided a
proce$asimssilang shgsiffculate substance comprising a releasable
SUbStmﬁﬂng(mt[DﬁSﬂ‘a@tkIﬁ: sibpsicbeqieowdting thwvaterdivotlroplets such that at least

microgor}}l%l Ix%Bleta Vln A au;|>5 %@&rgﬂ% gﬁ?e?\%%g H3&ht 1 and 50nm in diameter and
at least some droplets comprise the silanol species; and
- combining a coalescing liquid with the emulsion to form the particulate substance
having a particle size between about 30 and 1000nm, or between about 50 and 300nm,
the particulate substance comprising the releasable substance.

In another embodiment, there is provided a process for making a particulate substance

comprising a releasable substance, comprising the steps of:

- providing a water-in-oil microemulsion having emulsion droplets dispersed in
continuous liquid phase, said emulsion droplets having a pH between about 1 and 7 and
comprising the releasable substance and a catalyst for hydrolysis of an alkoxysilane,

- adding the alkoxysilane to the emnision,

- at least partially hydrolysing the alkoxysilane within the emulsion droplets to form at

least one silanol species;
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continuous liquid phase, said emulsion droplets having a pH between
about 1 and 7 and 30 comprising the releasable substance and a catalyst

Wsz% %/S%E%!ysis of an alko.xysilane, - aqlding the aIkoxysiIanlg ) %%?05]091738
emulsion, - at least partially hydrolysing the alkoxysilane within the

emulsion droplets to form at least ane silanol species; WO 2006/050579
PCT/AU2005/001738 9 - forming nuclei from the silanol species within

the emulsion droplets such that at least some droplets contain a primary
-pattieténgfrinetedanatie el diBomnin et erandontdepictg suek that at least
dr%@ﬁ%%f%%ﬁggf&%%&ﬁ siiangl spegies: sOURRIBING SRS SREiGidikhr and
the emulsion to form the particulate substance s having a particle size
beBhiEaT BB AToDisR GaBaHs e SUBRALBER Shout 50 and 300nm, the
-Partigiaiesubstansego tipidingtththectaadable sulistante, patipalatrrybstance
the particulate substance from.t ' jquj - '
M L R s G
antprbmii matanerensTHsgifed AcpreRis SEPsieRtElting a particulate

SURSIaRAR: PMRHSIIGE: RERMstageR e disienrosTsingassyision

droplets dispersed in.a c n%i)drjluquséiquid phase, - adding a condensable
“SpSEREg) é"%‘?ﬁ?ﬂ%%rf?%g @bAdensable species being capable is of
-entariing treperfivisionsdbetaats; - forming nuclei from the condensable

SPesiss within shaemision diorials suehothat ab:lerstiserepdroalRis substance
contain a primary, particle, and at least some droplets contain the

compiEdtensable species; and - combining a coalescing liquid and the :

emusianiiasfefnernasiotatersisos ancosie dFoplcorimessd|inspurissseliquid
be a ggis%ate, and may be a soluble silicate for example sodium silicate or
potagsmrh silicate. The process may also comprise adding a metal oxide

with aféngerrvedeasiismeciesiothe FREIEPHAT B S THAENAMNS AR e capable
examp@tg;@ggm,eﬁ;&gaﬂjﬁpgpjm, zinc, vanadium, chromium or hafnium.

Othey oxides, such as El%gse f tin, aluminium,.gecmanivm, calGium.OL, 4 mat at
pﬁos%wur%%ﬁ/ Al ”ecﬁzée%l.sﬁfé Nide maﬂygﬁe aﬁlggir? a ratio to the

adensableopirie kB INBEN A5TIR0 AR BORSOIBFHBIRIG tRtn the
basig,Qidetneep-akeuidd and 75%, 0 and 60%, 0 and 50%, 0 and 40%,

0 and 3Q%, 0 and 20%, 0.and,10%, 20 and,80%,50 and.8Q%, 5
759%CPBOHREAE3 ‘?S%%H%%%‘f{gnr? ybe Glgiraiﬁaglga |6€eo %é%oute(),

maybe ad ol
TBe 26defabl; 50066, P8P8 ek, neothrBy v haelebB;stisgiadanhreample

sodiuRUHEIRS ANHRERAHICRSte. The process may also comprise adding a metal oxide with

the condensable species. The metal may be a iransition metal for example titanium, zirconium,

iron, zinc, vanadium, chromium or hafnium. Other oxides, such as those of tin, aluminium,
germanium, caicium or phosphorous may also be vsed. The oxide may be added in & ratio to the -
condensable species of hetween about 0 and 80% on a molar or w/w basis, or between about 0
and 75%, 0 and 60%, 0 and 50%, 0 and 40%, 0 and 30%, ¢ and 20%, 0 and 10%, 20 and 80%, 50
and 80%, 50 and 75%, 25 and 75% or 25 and 50%, and may be added in a ratio of about 0, 10,
20, 30, 40, 50, 60, 70 or 80% on a molar or w/w basis. Biodegradable particies and/or particles
suitable for promoting apatite formation, &.g. for orthopaedic applications, may be made in this -
INanner,

in another embodiment there is provided a process for making a particulate substance
comprising:

- providing an emulsion comprising droplets dispersed in a continuous liquid phase,

wherein at least some of the droplets comprise a condensable species;



suitable for promoting apatite formation, e.g. for orthopaedic applications,

may be made in this 30 manner, In another embodiment there is provided

a process for making a particulate substance comprising: - providing an
emulsion comprising droplets dispersed in a continuous liquid phase,

wherein at least some of the droplefg comprise a condensable species; 10
ageing the emulsion for at least | minute; and at least partly destabilising

the droplets to form the particulate substance, said particulate substance
-CopypisifigeRattisles detviedsiromitiecanidensable species. The ageing
mabe [or 2lieastely b0 BRSO dhe ZoctimOIARANER, saia

It may be for between abolt 1 minute and 6 hours or between about 1
mimatEcatteSHRTRNG L RIBO A BRESIOR STty SO FATAGRE SRS Hh T 6

The agetyf %n%; %@@%9 mslarm;.@_, minutes andolntiouearatQ and 30 rinétesraritimay be
may be for about 1, 2, 5 10, 20.0r 30 minutes, or : I :

for e AR Ry R AR e T P o ot s

| and ¢Onoiensabld speuiesAThe bettsodinmsht Aol aEsey 2npdrictrte 10 and 30

i SURSIRES & APasticulate subslanee: coraRHsiag a:relensable Subsianass. The

~ when made by the processes of the first gr.the second aspect_of the
excing Ry o PR FRATHD R PR iy P R RS RS
Is rggé%b u%%qmqtg;lgf %ﬁ%ypgei%lgasg eﬁﬁwﬁc&emd NN EraDifisechibine ssubstance
€ aspect of the invention, there is provided a.micr :
com g SRR o SIS 2 T aHTe Do et s
ofthepiamﬁtemﬁ%}@p@dﬁ@ﬁ@@ﬂbﬁ%@@%@%ﬁ/@éﬁasé%"ﬂt’ R EFoApd may
be at%&@%&ﬁl}megymt%ﬁ@;mmrticles having micropores of less than about
ran “diameter, together. with mesopores. of
o TR el A e B R e e
commoinprsieableagalie SHBSaHERTHE QS IBIE LUBE LIRS He Ve
abou[%@@;%ﬁ@i}ﬁmm@m@ﬁdimmwﬂﬂ Mﬁr&esrhinfﬁogorbwg’amxfd@q@an about 1nm
diamsegegstt?ag%% Jhe paricles gfihe naticylate.supsiance may be between
about 30 and about 5000nm or between about 30 and about 1000nm or.
betiwesn %M%@bﬁlﬂf"‘dﬁc?ﬁ?‘é%ﬁﬁ%@gﬁrﬁgrﬁéfgcﬁgﬁw% i | P S
releapdticiulatanseiEtaneeamnbly haeermeanhparesize oimprRien abait @y gn the
micrgr;ocll'ngl%% %i&gﬁ@%%ﬁégw B%Yﬁiéﬁ;i%mﬂ@lﬁt{émﬁﬁssﬂaﬁmmﬂylFﬂmbetween
eter, together with mesopores aof between, {1
s e R AL BRI TR S o oo a0 e
aboisLHOStENoB-Mayrdom prEEAudn ReBtiatetrRSHEMEPATHEY AsEdMHHLE o
betw%gigl%?ﬁr?;@;gﬁﬁ @Uﬁ#ﬁ‘iérﬂ' hemseteimay have ammepndianeter bibhehveemn
_about | anc m. The particulate a : EQGBS
R E e RS S L S i v
and rifeyrb@hanestaislesin s aRIE BT CHRATERES APRY FRAPBESSTRRR fPgrarcd toeether.

They may comprise aggiomerates of nuclel. The nuclel may have a mean diameter of between
about 1 and 50nm. The particelate substance may be made by the process of the first or second
aspect of the invention.

The releasabie substance may be unstable in a basic environment, and may be stable in an
acidic environment, and may be a drug, for example a drug for treatment of cancer. The
releasable substance may be a fluorescent dye, a radiopharmaceutical, an enzyme, & hormone, a
biocide or some other substance. The reieasable substance may be releasable into water or an
agueous fluid or some other solvent. It may be releasable on exposure of the particulaie
substance to water or the aqueous fluid or other solvent, or on immersion of the particles in water
or the agueous fluid or other solvent, or on agitation of the particles in water ot the agueous fimid
or other solvent. The releasable substance may be releasable without substantial degradation, or
dissolution or erosion of the parficles of the particulate substance. Over an extended period e.g.

over about 6 months, some dissolution of the particies may take place. This may influence or



acidic environment, and may be a drug, for example a drug for treatment

of cancer. The releasable substance may be a fluorescent dye, a

radiopharmaceutical, an enzyme, a hormone, a biocide or some other

substance. The releasable substance may be releasable into water or an

aqueous fluid or some other solvent1 lt may be releasable on exposure of

the particulate substance to water or the aqueous fluid or other solvent, or
congsibiia i dheistease ieralrresciafihstet cuntites dirostmAumacsr iptidFusion out of
partsdyenthosoicagitationatdhe particles in water or the aqueous fluid or

2ha, SR AN SIRRPRNE FUBPIARGRNAY. BRI B SBRIM O b, for

substantial degradation, or" dissolution or erosion of the particles o

Xl 1SS DBIRRRS eSPRPISRTE A HE TR & ot BB GtiecHismirgtty
of gorareidissoluticianof thepditicles thayteke: place:idhisanaydnititencempridiis a

rel:gOBfERLE A0 dhe releasemrafie. Relerse aldhadelersableRHR RS MBvbie
occur b ffus n outg) rtlcles o&;[he partlculate ubstance. | #fone

S B et athé'flé i€ Tod B rERiy éoﬁa?tl%(?? ign may be a
disqgsamRseioTéitioaam prefer ﬁwﬁa eonprigibgeadminietel ihgftodie rhepemaadion,
pair(fherapeudically-effestive ﬂU@iﬂIHb’aﬁf]@r @@Hﬁ@;l@ﬁﬁuﬁﬁtance according to
the ﬂa@%em% e&%@ﬂeéa'dg ariples ggppf's'ngﬁén gleaca S;%Qi% ANEG: of
said re easa e substance eing In catecf?or e con tlon
medr@?é%ﬁiéth@dﬁéf@ﬁ@eoﬁﬁagpwwar@@ e o SRRy ao@laﬁlamiddm@#
subdang: ddngpdonglitiosamallbeubsidiseaséd Tdhenbrditinmmaydesfadewmple the

conSRBEErTRiabgtgshormenal dysfungtion, %H&ntereﬂg&ap@iaqqua?xdm%m

pain treatable_by morPhlne and/or op |atesé or asthma. There is also

Vpﬁ‘?SVﬁd)édpﬁ”bngéb?ﬁf SPHRHTRAP I R AOIRBE ISP S PRI Y a
medibementuftircthersredanidntuéd donditicrinta susmmal , for texarepbeest of a

conthBRR, asmmthl@&an@mm cwnq;aﬁ&egﬁc@%ﬁgI@éﬂ%ﬁ@@@@bqtame

ds d reé)? %b substanc bel cated for t con%ltlon Thebcdndltlon
sa1G re ea%a Ce DEINT N xca Olid]tl (‘1_0 011 H]EJ.V & TOTr examp
of example cancer, abetes Rormonal ystunctio

canwpéﬁéﬁgﬁoﬁwﬁawm éﬁéﬁ?ﬁ@ie béli’ﬁl”t?éﬁ?&bléaby ﬁ%r@fﬁﬁﬂ@ arigor treatable by
moppiaies)/®opistiinar kbhese is further provided the used of a particulate

SUbﬁqt%ntﬁﬁdf %EJQ:? 5@%&%&%@&%& e%eﬁ%@l nﬂnda}brf Eile\?( %nflgp a7e alsab]e

human, said partlcles comprising ar asa stance sald refeasa

subgisELatitdh BN ITRNCLRRERSHARE ATt %‘ﬁé%ﬁﬂ?ﬁo?’f%@if‘%é@rd}’e second
asp@xampledicancerbtiabetessihosmbradchistuntiiomchypertension, palpdfidrulate
sub&XRRIS-PA, gq%al@l@&% MQrphiRg anglog, gew(g%a@r e IR e

?ectofth inventjon there is owdedametho for delivering a
P S B AT B TBR T RO 3 B et age Sviring

or ofgysishestaictoiitimetiutheseeotitt respdet teeimetliametapalite ofposing may

configieasingnsaid relersable §h@5£am@@gimﬁe|q)aﬁid@8 ﬂi&%@nﬂ@ﬂiﬁl}l'@éﬁ‘a fluid, and
maystg'lbqanccﬁﬁ?mrpr?u@a thebrel%afﬁable% b ggs ggggef(%%%l% r%/ us fluid,
comprise immersing t & partic eghin the medium, and may - addiior ?f}
Sudtéh*r}fm%@bﬁ%d&wﬁwéoaftwﬂ@ BRERIRGSWIRIRgRP @fwﬁwig@%@mﬁ}?@s&ble
subdlaecn@ciumchaviagutherparielas: theseimpitematbselythe exposingrmayutical,

a drug, an enzymes, a hormone, a biocide or some other substance, or it may be a mixture of any
two or more of these. The exposing may be under conditions suitable for release of the reieasable
substance into the medium. The method may also comprise the step of allowing the releasable

substance 1o release into the medium.
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comprise passing the medium past and/or through the particles. The
medium may be a fluid, and may be a liquid. The medium may he a
biological fluid such as blood. It may be an aqueous fluid, such as water
woacagsEeus solution. The medium may be capable of disgelwing:togeo173s
releasable substance. The releasable substance may be for example a
fluorescent dye, a radiopharmaceutical? a drug, an enzymes, a hormone,

a biocide or some other substance, or it may be a mixture of any two or
more of these. The ex S|n%mac¥ bf‘oun?ftﬁe ?%IIIOI’]S suitable for release
of the releasable substance into the mec &R0 may also

cormmiferend Srap off hilanspntie reitasablenawibstdnwaibed dle 36w piieweeple with

reﬁ@@ymtﬁy@cgggﬁwﬁﬁg&/@mgslom 738 12 Brlef Descnptlon of
Draw ferr 'm of th resent |nve ion W now
%ﬁ: % )(/)‘{XI %fi?%x% C{é&%ﬂt}ﬁ I'OCESS r 151 com resen 1nvent10n,

rence O e

dr&wu@éwhmwelmmmon mwm@mm o E@fiamﬂeﬁfaapngdégsnﬂuence of the
iniBACQHHIREIP IR RISAEH [ﬁn@@}lgﬁ B AN WHERORTHIS OSSR (b) 0.4

microgra TE illus tmg the influence of the initial surfactant
moy&né%?rﬂ'é%’rl? &5‘% e"flnal particle morphology: (a) 0.2 mol/L; (b) 0.4
mdﬂﬁur(@)ﬂ!ﬁawmmﬁm) Digsimatitty ; g im8 Bsivowns iniEkls TMSSatingathethoxysilane)

coﬁ@&ﬂ%%% o ipifia IMQS (A SNAFHIRRG GORESMEALAD.Of #9RbS 4 mmol, ()
g ticle size with a water/TMOS molar ratio = 10: a) TMOS 4 mmol, (b) io

B PhiBITMPTROE N IMES BAFPE2 mmol; Figure 4 shows
TEM@MWMMMQ&H&&M@ of'the satrfactdiontieifinibdn the final

|
P fth %%A(Eﬁ @nggﬁ%?ng@giﬂ%’ %Q entanoﬁl]{g %(?nj?)':ly e) Iﬁ%w% @ ng)és(d) Triton
X—Lbbﬁﬂghérﬂwﬁ%ﬂﬂol‘ltmﬂb@)( 8 with 1-nseieidiCLowrhel) Teterydd @ with 1-

peﬁagxyys(jl'ﬁﬁ@ illustrating the mfluence of the nature of the surfactant on the

flanJ bgg(aér) '%LE smgrgwi ol%q surfact fi]ljle%a%‘?y g%)sﬁlrﬂi%‘?ﬁi‘&@n the final

pentano 0 mmol (e P-9 with
paxiupemdlmmh@ipgy ﬁtﬁv@f@cﬁ@q@@\mfﬁql/lbe@ﬂa%% ,ﬁ:.@@;@l’eﬁ (d) Triton

x-showsl EMsilstrasingdbie i fiuenceef cosutaciant emfnakpariclesizeo with 1-
and %%mor hology: (a) NP-5 0.2 mol/L; (b) NP-5 0.4 mol/L; (c) NP-5 0.2

anol 0.2 mol/L; Figure 7 shows transmission electron

mImgmprséomwamqmemmeﬁw@ﬁmmcﬁm@ﬁm@mﬁhﬁaﬁ tpraticle size and
mdipRIBEY j&@ﬁ@@lﬁ%%%ﬂ%@bdﬂﬁﬁlpmmmmMm@eﬁmmz mol/L;

correspon lvent oleum benzen anol 20 mm .
heXAHES 4 - HF?BZ’H##CH i CBRBRE m;f%eg’(anog it glfd § eg(r%e,Of fiero
emblkiexanolv2tt mmolthée) ﬁzﬁld(pdémef,nmmbc@gbl 4ﬂi’tmm@¢5f(4§>1ﬂéﬂ%feﬁe with  100ml

acetone/100ml corresponding solvent): (a) petroleum benzene, 1-hexanol 20 mmol; (b) hexane,

I-hexanol 20 mmol; (c) octane, 1-hexanol 20 mmol; (d) decane, 1-hexanol 20 mmol; (¢)
dodecane, 1-hexanol 40 mmol; (f) toluene;

Figure 8 shows TEMs and a report of results, illustrating the influence of micro-emulsion
solvent on final particle morphology (after destabilisation with 50ml ethanol/100ml
corresponding solvent): (a) petroleum benzene, 1-hexanol 20 mmoi; (b) hexane, 1-hexanol 20
mmol; (c) octane, 1-hexanol 20 mmol; (d) decane, 1-hexanol 20 mmol; (€} dodecane, 1-hexanol
40 mmol; (f) toluene;

Figure 9 shows TEMs illustrating destabilisation of toluene based micro-emulsions using: |
(a) NP-5; (b) Triton X-114; (c) NP-9 as surfactant;
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Figure 8 shows TEMs and a report of results, illustrating the influence of
micro-emulsion solvent on final particle morphology (after destabilisation
with 50m1 ethanol/100ml corresponding solvent): (a) petroleum benzene,
wdessrish20 mmol; (b) hexane, 1-hexanol 20 mmol; (c) octeressbexanots
20 mmol; (d) decane, 1-hexanol 20 mmol; (e) dodecane, 1-hexanol 30 40
mmol; (f) toluene; Figure 9 shows TEI\/F§'|IIustrat|ng destabilisation of
toluene based micro-emulsions using: (a) NP-5; (b) Triton X-114; (c)

NS HRGATRMORRRIRE G oA éé%?lgzr]éﬁ‘n%%tﬁ'@y&%blﬁ’smon on

lllustrating t nce o ageing ti
thedpbprdegorcsiialgfidal prigéhioibhatsiie (8)adeingene 128, (@) ageing 168
b; ageing 48 h, (c) ageing 120 h, (d) ageing 168 h; Figure 11 shows TEMs

illustratin infl the natyre of he silicon alkoxide

s:e1§ anag % nafjparl‘g%}esi Sive ggrn r#ﬁc#’pho ogy: ‘fa‘fglg\lf mrgg? ﬁ"con alkoxide on
inid seasiiwdtfor gortivives endrnorariasdetaBViSAE 6 ey iirds: Gevargisation; (b)
meﬁﬁtaﬁﬂi&m&%}@a@ﬁ%@mm@hﬂ&wﬁmmnmﬁg we oS 6 mmol

ws TEMS illustrating the influence of the way the destabilisation agent
aﬂ?édosﬁa%%l 8ﬂ%al particle size, with particles obtained: (a) by pouring 50
mLFateedﬂeSimwst@%rdémemﬂ(b)mumm@tﬂmwmtbeﬂmtgmhsm agent is

adddld Bk FERIOPGHE Q)?QOWHQQI;EE%HHQ LO%% 8 i 2RPtRNealtbne into

by pouring the microemulsion into a mixture of 1 100

acetone
i ROPATe Bh  ROT 406 B FEASITL AR T ARy i pouring the
migueantityiaf tteidendddedoos; fiehyparticle SizenfabtuHondatonenpitisesd 100 mL

ace@ahecmq@@)@ﬂ% %Q&@L acetone plus 100 mL 15 cyclohexane; (c)

150 mL acetone plus 150 mL cyclohexane; (d) 200 mL acetone plus 20

mLFigyedrehats; Biltdnateog by efecrrbigmetinfekrraicnr 33 on final
parmwngzeo(ragimonﬁmracfmqop}mmsme @ibimeapiiofbpyOfeinl ladssaleeplif 100 mL

ahngm)leZ ’1‘&0 Eka%etone %?EN ?21%9; 'wc Qﬁé&%r H?%o (ﬁll)L acetone Eius 200 mL

trasonl |on; e) water po 0.2 mo IL 250 mL beaker, "P bar;
GY%BWPB shows TEMs illustrating the influence of pH of water pools
(diggaintinuauswi g} Qmsmhwmiefmmandmm@wﬁ@ym(ﬁ)qmﬁnm @article size

491)10 o O?(%%S{Jaﬁéll(ﬁ 2610 (‘(/3”’) ?Réggé‘ é%gf th'zgé&e lﬁ%ﬂ ?2%'}41{%@8(@ ‘* bar;

repo |hg the e gUantity 0 acetone on

(d)fmehmﬂeﬁ@mnfﬁbﬁeﬂ@ggp@@ . me @ HRrmkdesbem (i’ R#1°100 mL; (e)
20@1@1&-@ 25 HlgweerihahawstbEMsHhadntRass of sWisWitstpdislg (Bkcontinuous

shienee. ot e usnit el saneLon gl anls mornhs ogy 6?92576"‘(@1 80; (9)
1. 50

Figure 16 shows TEMSs and reports of results illustrating the influence of the quantity of
acetone on final particle morphology: (a) 10 mL; (b) 20 mL; (¢) 50 mL; (d) 100 mL; (e) 200 mL,;

Figure 17 shows TEMs and reports of results illustrating the influence of the quantity of
ethanol on final particle morphology: (2) 5 mL; (b} 10 mL; (c) 20 mL; (d) 35 mL; (¢} 50 mL; (f)

.80 mL; (g) 100 mL;

Figure 18 shows TEMs and reports of results illustrating the influence of the composition
of a mixed ethanol/acetone destabilising mixture on final particle morphology: a) 100 mL
cyclohexane, 80 mL acetone, 20 mL ethanol b) 100 mL cyclohexane, 60 mL acetone, 40 mL
ethanol ¢) 100 mL cyclohexane, 40 mL acetone, 60 mL ethanol d) 100 mL cyclohexane, 20 mL

acetone, 80 mL ethanol;
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80 mL; (g) 100 mL; Figure 18 shows TEMs and reports of results
illustrating the influence of the composition of a mixed ethanol/acetone
destabilising mixture on final particle morphology: a) 100 mL 30
Byrroeddane, 80 mL acetone, 20 mL ethanol b) 100 mL cyclptiexane;s@01738
mL acetone, 40 mL ethanol ¢) 100 mL cyclohexane, 40 mL acetone, 60
mL ethanol d) 100 mL cyclohexane, 20¥AL acetone, 80 mL ethanol; WO
2006/050579 PCT/AU2005/001738 14 Figure 19 shows TEMs illustrating
the ifluenoespbtheregiy e ing liguid.on _final particle .
ol orgrrt}}%lorgx; al@o ro anﬁ%%%%?ﬁﬁggrﬁet vI ethyl é)gggﬁé:?%lfscmg liquid on
chidrotort  8j h& HBERER ,lar;lTP’i‘@,aﬁ}’bRA gk iing keiwetg) d) chloroform,
¢} iohigten 6l bEigene, 2D BhiavE IR S ihrsiiating i itflisange of composition

of tpp%&gai@sgj 16 e. micro-emgllsions on the fipal o
Jpaytic motphgﬁjégggg%?é%%%gﬂ%rg%é‘?lvl?/ﬁzhc?a‘iﬂ??mrﬁﬁsg]@é’téﬁégﬁ@ Sepimcing liquid
2 %él%’p ﬁ&?ﬁfs"@}%ﬁ%é{%ﬂaﬁf% RItticly Faprphielosy- 20y ehihereatomixed3@ith (a) 40
mirdedepropafehld)-ppatoldgttent. 4wmie k-RIORANCLGIAHES ALo9hAWSRione + 30

e shows a grap |IT3:§P§?|ng the decomposition of pure
DokBRsicH ifheRS Fperamhopiclioranbivin: MmgpaRgshofficimmaph of function of

dotenbhdimtaikisn; release rate of doxorubicin from silica nanoparticles

iuéﬂ
0

) rubjci ulation efficiency as a function of doxorubicin
mlgg?}&ﬁcz%?guﬁ%ga%%ﬁgi U3 m%? Dol

ac ' e present inyention, in PBS (pH 6.9/25C)at37 C; =~
g B RS e dhe e rthencier BbReFablerowbiin i PBS (ot
6.94) ﬂéh%'bélgﬁicles .is according to the present_invention, in PBS (pH
6.9 2mée) 28 IhdwisFi0uFRpRS AW SHEAPRMOTRIERE RAte of doxorubicin from silica

naz?dsa?égfign-des r%iortlzjsotherms of silica particles produced by acetone

destabilisation of a mictSERTSIBrrelePeth BEcokBihG tth& hitertiGn, NP-
5/dSAeiseXastswaataraph sifl the fong it Feigaref 26xisrabsehdroatidlica nanoparticles

acdBHEHRHOMOHANERT SRARICIA ggy@ypg@gg@ai{rb%microemulsions;

Fi%ure 27 igsx%%w chart showing typical particle synthesis from the N _
addlifBiarx e SHEPY QL CHB R R cAdirmRERI eSO R iR thems of silica particles
profluesshin getheninflertaiibsafithe hatmieradthisiorysyieallydnedifigth the invention, NP-

sfcpéﬁﬂékagwaEQpap iges mefphology in the additional experiments
described herein: (a) 25 MTMS;’ (b .PTMS;éBQ OTES; (d) GTES; (e)
CﬁéWES?&}SA?TM@?WMWQL% ol %@iﬁ’tﬁ IO S 78RYoIv, prergsses  in

migidebitlsic®dsd mol/L); Figure 29 a TEM illustrating the influence of APTMS
Onﬁ%ﬁr@%@%@‘@fﬁﬂ%&%@ E@ﬁical particle synthesis from the additional experiments
described herein; »

Figure 28 shows TEMs illustrating the influence of the nature of the organically modified
precursor on the parficles morphology 'in the additional experiments described herein: (a)
MTMS; (b) PTMS; () OTES; (d) GTES; (e) CheeTES; (f) APTMS; (ORMOCER (25 mol%)
with TMOS (75 mol%) and [N-57] = 0.4 mol/L);

Figure 29 a TEM illustrating the influence of APTMS on the particles morphology in the
additional experiments described herein (APTMS (25 mol%) with TMOS (75 mol%) and [N-57)
= (.4 mol/L)

Figure 30 shows transmission electron micrographs llustrating the influence of the nature
and proportion of ORMOCER in the additional experiments described herein: (a2) GTMS 5 mol%
plus TMOS 95 mol%; (b) GTMS 10 mol% plus TMOS 90 mol%; (¢} GTMS 15 mol% plus
TMOS 85 mol%; (d) APTMS 5 mol% plus TMOS 95 mol%; (e) APTMS 10 mol% plus TMOS
90 mol%; (f) APTMS 15 mol% plus TMOS 85 mol%:;



0

25

30

additional experiments described herein (APTMS (25 mol%) with TMOS
(75 mol%) and [N-57] = 0.4 mol/L) 30 Figure 30 shows transmission
electron micrographs illustrating the influence of the nature and
woopostisssaf ORMOCER in the additional experiments desagribediierein s
(@) GTMS 5 mol% plus TMOS 95 mol%; (b) GTMS 10 mol% plus TMOS
90 mol%:; (c) GTMS 15 mol% plus TMOS 85 mol%; (d) APTMS 5 mol%
plus TMOS 95 mo]%; (e) APTMS 10 mol% plus TMOS 90 mol%; (f)

épgwggs %@OI% lus TMOS 85 mol%; WO 2006/050579 '
ETTAT2005/001 738 15 Pl St 5P s R aramhsmilustating derinfluence of the
PropoRiRt ot RS Huslalile theninfeepaticlé therpliojopytion efeT M@Soad experiments

e At S B

..herein: (3).TEOS,25 mal% (
md/‘”r??%%é% 7%8Wo’?(@“?§%§%%%ﬁiﬂ@@plus TMOS 25 mol%; s Figure 32 is
HewreRarsshownhgrashoodess foo destabilisasldiisafienolipleeRusioRion system

as desGMBAM) A AeAcERAdIRhe additional expstiments described herein;
}E‘i ure Sg shows UV-visible drift spectra of su dmicron powders
sﬁ%ﬁ‘?e I

o8By SadSVaBIROLRi 0TSt el sBbmime ity witssenyeihesised by
destabélfrotipsLdéitadtrfAgmhlsitmmine vBiH B)ifamathylyviokatateh v dye)dapesbie-B; (B)
ixing. jons: . ixed.befor ing.to 0.emulsion;
e e e e SRR i 515 a0
emulsigfstabilisation of mixed seed and oligomeric system in the additional
Eb_gpaarimm@%ﬁa&%&@mﬁ?ﬁﬁ?ﬁ%ﬁzﬁa@@%ﬂﬂfm l@? mixed
t ti . mLl. - . nunol F' and 1.2 mmal of
soed a?%%@?é%%%e%ﬁ%%éta "u?é‘ﬁi&%%‘%%fﬁﬁ PR AISIS) FaBg ) ores paricls
synthegizagip inses 3) o782 A additionmo g mEHEM NGRS fHomed!HFy and 1.2 mmol
of TE(dsﬁahﬂi&ﬂt?ﬁ d&%ﬂ&iﬂ?ﬁ&ﬂ@%ﬂ ?felaaégdg loPf %clﬁ@QrM W@%}_\zﬁﬁﬁﬂ)g, 0.024
= adl . oliowel deslabifl tIOﬂ'G__WIt the
o T T S5 G i Pl 2 gt 209 mL.of
1.OOMTHNG s, it ey Hasthbilisetioh of GO B Sl tbivg dastabiitatiog; ) with the
additioir @Ees3emele oA DIEERIIGING,2D.67AUSINN GONRHNNG ARPATMOS followed by

destabrflasnt?garticles synthesised using base catalysis (i.e. seeds) and monomer
]h_yarofiisged in acid media; Figure 36 shows transmission? electron
Higere dhapshe fivethatingholeimbilisation Girndistabiimtigiafasentalsitigcontaining
both néBiidisREd pRALGIRS W Meraddlianalixpe AN AP SRR UGB a in oo
me dia'WhiCh the seeds are made from: (a)?éTl\}OS 100(;0; (b): TMOS 7 §/o j S in acid
*VTMS 25%; (c):TMOS zs 75% + MTMS 25%; (d):TMOS 75% + PTMS_

P59, §6)shivee Sratbui ssiQl BB Qi n{fyoMapBs NhSART M&2H%htion of micro-
emulsi&ﬁl%@&iﬁ@%f@ﬁ@% %éﬁ%blé@lﬂ_ %@%dllﬁ%’nﬁl '\éfp-lc_am%egés%éscribed herein, in
which the seeds are made from: (a): TMOS 100%; (b): TMOS 75% + VTMS 25%; (cy:TMOS
75% + MTMS 23%; (d):TMOS 75% + PTMS 25%; (e):TMOS 75% + OTES 25%; (£):TMOS
75% + APTMS 25%; (g):TMOS 75% + DATMS 25%; (h):TMOS 75% + MPTMS 25%;

Figure 37 shows transmission? electron micrographs illustrating destabilisation of multiple
emulsions in the additional experiments described herein using 100 ml of cyclohexane and
100m! of (a) acetone; (b) ethanol; (c) iso-propanol; (d) 1-propanol;

Figare 38 shows a graph of pore size distribution of sample LK-425 and LK 428
corresponding to isotherm in figure 25;

Figure 39 shows graphs of particle size distribution of samples synthesized without

sonication during destabilisation;
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Figure 37 shows transmission? electron micrographs illustrating
destabilisation of multiple emulsions in the additional experiments
described herein using 100 ml of cyclohexane and 100ml of (a) acetone;
W) stfvanedy4c) iso-propanol; (d) 1 -propanol; 30 Figure 38 showswa@giapivs
of pore size distribution of sample LK-425 and LK 428 corresponding to
isotherm in figure 25; Figure 39 show8 graphs of particle size distribution

of samples synthesized without sonication during destabilisation; WO

%QQ%)@) P %é U2005/001738.. 16 Figure 40 shows graphs of particle
. size dis,t_ri%%én% Sﬁ\gr%%oggug@nstﬁgglfenob ‘ﬁﬁﬂ%‘%ﬁi’@%&% SYitiféped with sonication
during destatibsation: Figure 41 shows a graph illustrating the release profiles of

Fagticdels eRRiRIRIRGMONAERIGIE Rl &l@aﬁeéa?&fﬁzs%f BaFGHAE 84 SHOWE R orubicin
at pHEONRAHSRN of release of doxorubicin, and formation of degradation
roducts; Figure 43 shows a graph illustrating the release of doxorubicin
SRTHARcHarTt i semperren. af Fénase 4f dhomdmiopmpafisortifitheé degradation
produdgcomposition of a sample of doxorubicin at pH <4 o andpH7.4; Figure

5 sho raph illustraging the total quantity of doxorubicin released
R R b Tos e st GRS we Eegpapricies a

pPH=Tifustrating the cumulative release of doxorubicin from nanoparticles

RORAENINGHOIHS IMGNYABK IS RIGWRA0,3000S srdrap jlustiating the. o oir < 4
and lenuous release of Camptothecin from nanoparticles accor&’lng {0 the
Pihvention; Figure 48 shows a graph illustrating the continuous release of

Bamptotheinérangragindiantities aveatdingriadie isyenierbRwhiglhe fom
micro%ﬂﬂ@fék‘%&@@i?&g"i’@&é%@ﬁﬁ&?t each data point; and ao Fig. 49 shows

EMs illustrating the influence of the nature of the surfactant on particle

E
ElsWn Sth bR prigFarhaiirsirsnacthemeatietivey rakessnef([dortaskisi from
nanopartcRsmoltdniiag td weanv2dtiply) Tween 61; c) Tween 81; d) AOT Detailed
ip{o Preferr bodiments The present invention )
ggggrit?{gs %h%(?g::egsg% ?{m%aﬁﬁ%hﬁlgrt%%sc%?% e%sslrée esrf’lszee.éleﬁ%oﬁl@p ioghecin from
nanopartislesiasrigr Gpgdedhecmiepties initially producing an emulsion, for example
Bignieraemibleinn a vetipw alkpeatiol e aditinuoine g wellipiien from

nanoinrt(i-)cqgss g@c%r&?xglést'g % J1;']1%&;'.:1{1 1%5,81‘19 I\?vhslgg%%saqueous phase was replaced at each data
point; and

Fig. 49 shows TEMs illustrating the influence of the naeture of the surfactant on particle
size morphology prior to and after destabilisation by acetone ([surfactant] = 0.2 mol/L). a)
Tween 21 ; b) Tween 61; ¢) Tween 81; d) AOT

Detailed Description of the Preferred Embodiments

The present invention describes a process for making particles of a desired size. In one
aspect, the process comprises initially producing an emulsion, for example a microemulsion,
with well-controlled particle size through well-known processes, infising a hydrolysable species
into the emulsion droplets of the emulsion, hydrolysing the hydrolysable species in the emulsion
dropleis to form a condensable species and condensing the condensable species within the
emulsion droplets using well-known sol-gel chemistry. The resulting particles are then coalesced
by initiating a controlled destabilisation of the emulsion to produce a particulate substance with
the desired particle size. The chemisiry required for making particles having controlled pore
sizes is known, and by combining that technology with the present process for controlled
destabilisation, it is possible to produce a particulate substance comprising particles of a desired

mean particle size with conirolled pore size. Particular combinations of particle size and pore
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into the emulsion droplets of the emulsion, hydrolysing the hydrolysable
species in the emulsion droplets to form a condensable species and
condensing the condensable species within the emulsion droplets using
weethbaeosrsol-gel chemistry. The resulting particles are themcoalaneach s
30 by initiating a controlled destabilisation of the emulsion to produce a
particulate substance with the desirEt particle size. The chemistry
required for making particles having controlled pore sizes is known, and
... by.combining.that technol with.the present progess for ¢ontrolled
size o DR R el et st as
drug ig inppmeratyhintacies oralvesduplstscfihsdriti simeonithlsionsibledhporeleasable
substaBESmRAbE GUlaiseoP RiAbPIS Al iRATHE 128 AP RN 4008/AAR Rhay then

. PCT/AU2005/001738 17 size are thus achievable that were hitherto
G the RS SHEER 1P TR AEBIE U PR CHBEG & G ropHcte contol of
the paitiglsr porathelimtdciietembitiorednepletdangdted mitiattimitroprisisiamatisi’s body,
and bhRbisieasabiaaY bstaRGR Mk barelersablviPakiliseddn ARGy be

o ﬁ%ticulgte,s bstance, which may then (if the releasable substance Is a
conirg éﬁ’B TE& ’ﬁ}F‘therapeutic purposes. By appropriate control of s the
ﬁmtwgﬁzaﬁmmmmsmmg braysoé targetes ﬁﬁﬂ@‘ﬁ@btiﬁisppd’ﬁﬁculate
substaBf@ RAREN b 0D RRE RY-ADRERA '@E%s‘f%tépgg }:%ceahttﬁ’r}g{@ 'E%bﬁ??ﬁons dsuch as

release rate of the releasable substance mq%y to a desire

cancen dfe STHEPGte L& oFtfRRIFe e Rt ntith THiagsBd i subsignatariay be releasably
immobilised porand/paitichinieisofisinrceridith: e RARPITHR MlelgRTaileuarticulate
substaftDBIAN GG SAMA ALEORANRNESUE023 R 1SSL BRI Balier, o

example a humah. The releasable substance may be releasa

may b EMHsERPHn b A0 Pkt SPrsLLOB bS8 A9t APRR o peout 100 and
1000 onirepdesrdariotlateibsubSRRGE FORYCHBRIISE ARTioesthBb@reo and 250 or

a 1000nm jp.dia r,or m e between
sbot A S s o O R i by 2R g mov
be abogh 30,1800 B oAbtk HHARNPLOGE 1080350, SOAF S0 r 060G HEMFO0, 800,
900 or&%@@ﬁi%%ﬂﬂhﬁ@tgg d‘l?@paﬁb Edl??@%%@ﬂﬁté%ﬁﬁr@%ﬁ&}@@&%%ﬁ&%&. The
. .abo n r.about an nm, m e about 30, 40,.
perticl g e R g R it DB b eree bt s Gmeter
of lessgbmn oot dr POD0mY 9 BiesensuousT Bbeyaniylbs bfttherisarticuratend mesoporous.
They ﬁé@ﬁ@@@m&%mﬁ&%ﬁﬁ?&?'ﬁ% d%@(ﬁ@@x%ﬁ’,‘;] JP%%M%& 40, 30, 20,10,
suhstance e.micropQrou i y may have a pare diameter g
5,4, 3 S R ALy e Ol v L6 B B Re They may heve
mean poierdipoiersofhdtmesopomns s 204y, mdyetvarse abmeadnsport Dimmetdout 0.5

and 108{ GSsthan aheuinaPemaiiessihianateuldl $%nd %m0 olidutednd Sum or
1.7,.1.6 é{ggﬁ.4 1.3,12,1.1,1,0.9,0.8,0.7,0.6 or 0.

1.8 6 5nm. They
betweep, 20905 Te RS AH o0& P 2 0r B n/nPr Aot R s 20pm or 5 and
10nm, badwesnhabe atBerapo @ dimertabduboub 0ahd B0, awtd] andHnm,ars, 1.4,

1.5, 1.@bo%t 2¢and 5am er abput 4 and 2np orakoug 4,an t
S APHEMN O 9 0 AT D

They s bAVS TBESORPS8 ROSHIFFTtRY ¥hay PehoRORL MR ste¥ERpRIRs sl e obput Inm.
The pde5sReOAy bO. ilu@d 1byl ddjds@ngd Belednditions under which the particles of the

invention are made. In the process of the present invention, these particles are produced from
nuclei. The nuclei may be primary particles. The nuclei may have a mean particle diameter about
1 and 50nm, or between about 1 and 20 or about 1 and 10 or about 1 and 5 or about 1 and 2 or
about 2 and 50 or about 5 and 50 or about 10 and 50 or about 20 and 50 or about 2 and 20 or
about 2 and 10 or about 5 and 10nm, and may have a mean particle diameter of about 1, 2, 3, 4,
5,6, 7, 8‘, 9, 10, 12, 14, 16, 18, 20, 25, 30, 35, 40, 45 or 50nm The weight of the releasable



15,16,1.7,1.8,1.9,2,25,3,35,4,45,5,6, 7, 8,9, 10, 15, 20, 25, 30,

35, 40, 45 or 50nm. They may have mesopores between about 1 and

about 50nm and micropores below about Inm. The pore size may be

vedlaneelobysadjusting the conditions under which the particleyof 005001738

invention are made. In the process of the present invention, these

particles are produced from 30 nucl&. The nuclei may be primary

particles. The nuclei may have a mean particle diameter about | and

50nm, or bet abo 20 or ab ra nd 5.0r

substa e B o LR S0 6 G RO T S b e i Sl e, anc
may bab@mez@ mtw)éraa@daﬂwan@r moém?@%ﬁaub@twm@@ﬁ@ Zbout 0.01

and 20590 ChRaapORBVE: 8,018 B, '6@&9@0@@@%@3@*&%‘5@-&%@ 041 and0.5mg or

o B A H A Rl o o

about 8épahd Wmiher rktote] ofnghé Unggprakbtihé raduléred thherpetioulatel 1mg or about

0.1 an8¥RRIRNGE AR W@%@%‘é&ﬁﬁ&@&ob&ﬁ@&éy%%&ﬁ@mp@ @am Q? 2, 0.3, 0.4,
artlculate substance, 0?3 gﬁ §bout 0.01 and 20mg or 0 01 a%% 0, 75,

0.5, 0-fiofnfy BF 't bt Bifrofabdut 0181 AnthAd o sl "t%"oﬁ %hdd 8ngor

80, 85a9@,1ﬁ5)cﬁ]1 @(hﬂgOpﬂ:rrgm abpattdiddtand @208 gronagbbe i il Q0ng: @reater

than Ig&ﬁgip gu%tg ahouha0 and 100mg or about 1 and 10mg or
about 5 and 10m or about 0.1 and 1mg or about 0.1 and O.5m

“@r@FﬁC@FSp&ftlgiﬂa’c’é"gﬁB%‘?am?é’ SPRITSE, PR Rt B BIeHEe G l%n dl%wng a
conde&hﬂhleosﬁsﬁe@ 0. the.8isiphk, FoPlek, SykrdinSils, dMnkin?dr&@ietSOcdiprise the

dlscontlgu&% Sg %’)fggenggmgs?%z:;@o?ﬁj %Q o %a@%&%%&?ﬁl{ﬁbx% so that the

particulate su .01 or greater than 100mg
condegfablgranpriss puloeairséndhis sausess errHE g deadstvt’ fw@mm%roh H&y emulsion

mayb@@ﬂ%}{lﬁﬁ providing a precursor emulsion having a condensable species

in the emulsion draplets, wherein the emulsion dtrso&Iets comprise the liauid
dISBOI’]fLH]u%US 9) as% of%ﬂm%ml?%l%rﬁuﬁ%e e IIS|on Thay De aw/o  ous HdH
midfsseaulsion, so that the condensable species is Iocated in the aqueous

-emiaﬁiﬁﬁgd OBk Ky viBler el inlheneneusioion naayphasniRledy: discontinuous
emul?lon con&prlsmg emulsion droplets dispersed in a

pro
corln}’ﬁh (ﬁ? Iqui psﬁaSe -infusing a hydrolysable species into the

emugdiotyergpiéis livdrohsdibeopariedbusithnade) shhiemdisipisisaty form the
hy@gﬂy&g&mgpmggolysable species within the emulsion droplets to form

the :0 conde sab cies. Altern hec densable species
Mgl RO o B TR L STBURIG APl Fep of
providing\acemplsse mbmmgxasrvpmbﬂpmmmdﬂydmghwcahweéum iepviebundquid and a
smfac?&ﬂffﬁcﬁﬁmtiﬂég%ﬁﬁmﬂdiﬁgﬂ &%@tkﬁﬂﬁ%ﬁftﬂﬂg%m&iﬂ @f{Qmulsion. The

roducing an emulsjon, The surfactant may be for exam -5 and
suctecRp ) A 2P B S 16T AP SR APe of sy (40 o thrce of

these. The agitation may comprise one or more of stirring, shaking, sonmification or
ultrasonification, and may be mild, moderate or vigorous. The agueous liquid may be an aqueous
solution, and may comprise components that are required in the discontinuous phase of the
emulsion. The aqueous liquid may comprise a catalyst for hydrolysis of the hydrolysable species
and optionally a catalyst for condensation of the condensable species. The catalyst may be for
example fluoride, base (i.e. hydroxide ion, which may be from an alkali metal hydroxide or
ammonia), or a transition metal alkoxide (e.g. titanium isopropoxide) which may catalyse
hydrolysis of an alkoxysilane. The aqueous liquid may comprise a releasable substance, which
may be immobilised in and/or on the particulate substance made by the process of the invention.

The releasable substance may be a drug, and may be an anti-cancer drug, and may be



's these. The agitation may comprise one or more of stirring, shaking,
sonification or ultrasonification, and may be mild, moderate or vigorous.
The aqueous liquid may be an aqueous solution, and may comprise

sampanBntssthat are required in the discontinuous phase of pag; S ss
The aqueous liquid may comprise a catalyst for hydrolysis of the

hydrolysable species and optionallyl % catalyst for condensation of the

condensable species. The catalyst may be for 10 example fluoride, base

(j.e. hydroxide ign, Véﬂi}Ch may he from an alkali metal hydroxide or
doxo“éif’rfﬁi‘oﬂ’fa’}, B S IEtaf dk ot b gmRraritin isBh rSpsRG e BmRppe,
biocidenay watalpdecrhgrihatiyses Thanqikonsy Silmink nklgebaqueopH lifatidioeayot promote
decomBORMAISEAEICAIANR SRTIARC AN A RRANMORIEES IRABYUNSLeen 1

e particulate substance made by the process of the invention. Th

P e
amd 7 pg el w5l RoWst AR nhal e bRl AP ke e AbaRtidcHcr gRtigen about 5
and 7,ardwemyabeun\ 20 065ebOEARRGT 1Akt G050 435 ol® Taxd i hieimear ibout 3

and 6,?%@&%%‘8@%&@ ¥ AJABIRRAMACAUIGAL AR SAZY TG 2 NAIIANEs out 2

biocide or some other substance. The dqueous liquid may bé at a pH

and 3,theffgea SRt frafoted decsmdsatit Ak Ihasisieesabnat duprdahdstvesa about 2
and 4, petway febetween, dbovich dhehBiomdetiesiedn absli 20fmidct weBsvedaUbout 1
2 and 7, between about 3 and 7, betw out betwee
and 2 B e e A R ORI Tt P & Dot 25
7.5 orghdlhepsidiebradiio sresicinney, bethvarsiahdint 4ampedlpatdvedngahvlipbysed to
producd 4l @E@%Wsﬂ&%ﬂb . %ﬁjz?e%ﬁ%ﬁ&ﬁp@@@%ﬁr@g%@g @ﬁﬁW@%‘rﬁQ@%ﬁpﬂse a
an , tween about 4 a s tween out | an tween out
ydrol§% AR B IR Do DO AR P RS s g, 3¢ may
comprisach Srortbetofenohablenes] onndnxbirdefimedredivmyt Fodnbl Ssitandsrinejude but are
not @Qg'&k&’ ]{b(l5’ %712-%31 %éxﬁalﬂo@@@ieﬁré’t r?SLQZ@! Esob%@aﬁil fgﬁrpi?ﬁ!ane (TMOS),
ydralysabple Cles ma e a species | apabie of being .
tetrac %W’ﬁg‘éd t(ﬁ%?%%?tlce t&%ﬂf&"éﬁ%ﬁﬁ?& sp@[}iae%g.g]t ma§ B T?@Pég@}?ﬁﬁe a(TPOS),
methyHyidretysabibsi AVEIMShandbyhipiderysiyoedySab, sitbyicktingila®, ETES),
octyit&%tﬁb?%ﬁf&%sah‘fﬁrﬂﬁyP%&E‘ﬂﬁﬁ%ﬁa&ﬁﬁ%‘?@1 fg@ﬁ_kmgx CRRARKIRS 18- Esilane

of such silanes, or a' mixture of such silanes. Suitable silanes incflude, ut

‘ , , b

(HDTMS) a5t e SRasPr P er T i - GRS Sharsdadigyftmethoxysilane - (ODTMS),
octadetsiteimpitpisjiailan@TIESS js swetl st et arudyvETiEQ S \INBtRAD utioyly pittysdicate
(Epg),%%%&ﬁsyﬁs%moméﬂ%pgﬁJﬁQéﬁw&%ﬁ%L{p%@@éﬁé}%a@ﬁiﬁxaw&) functional

~_“methyltriethoxysilane S), ethyltriethoxysilane (ETES),. )
ek PP B R BB ARG (PR etoxysilane (PTES),
phenyl&&f@dﬁﬁykﬂmethoxi@l'ﬁw?)mDTM@i{%ﬂ@ﬂ}Gﬁ&ﬂﬂﬂﬁhﬂm&me _ .l(GLYMO)’ ‘
. cyltrime e isi
glyc*d%%%anﬁg v%gﬁs %ﬁ%ethw éx“%%cate ’?&é@gﬁ% po%’%ﬁ%@ |FTES),
mmcaﬁ@gf@_W&EES)&M@ Q[ﬁthyl BRI HERR hwaﬁ@mj%;taewms)s
i Ok TES X (P aitiassigriamqremittinathoxysi ATMS),
gm;no?r?ggl Itr'tiﬁet OXYSL atﬂela(%i%% ) ( I‘ggn I% imet gngsilane (P{%SP;S\ ® ,2)
- R s R R U .

(cyclobgyeibleiipropisthiettslapsilane (GIVETS ) mercaptsirspsihastpdisiland VIMS),

vinyltdMRokEshhne (VTES) or a mixture of any two or more of the above. The condensable
species may comprise at least 80% tetraalkoxysilane, or at least 85, 90 or 95% tetraalkoxysilane,
and may comprise about 80, 85, 90, 95, 96, 97, 98, 99 or 100% tetraalkoxysilane. It may
comprise less than about 20% trialkoxysilane, for example less than about 15, 10 or 5%
trialkoxylsilane, and may comprise about 20, 15, 10, 5, 4, 3, 2, 1 or 0% trialkoxysilane. Some
trialkoxysilanes may only be usable in the process in low concentration. The hydrolysable

species may be capable of hydrolysing to produce a condensable species. The condensable
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mercaptopropyltrimethoxysilane (MPTMS), aminopropyltrimethoxysilane
(APTMS), is aminopropyltriethoxysilane (APTES),
3-(2-aminoethylamino)propyltrimethoxysilane (DATMS),
Bej2e(@ammnoethylamino)ethylamino]propyltrimethoxysilanep@aIdd&@ ) @738
(cyclohexenyl)ethyl]triethoxysilane (CHEETES), viriyltrimethoxysilane
(VTMS), vinyltrietboxysilane (VTES®8r a mixture of any two or more of

the above. The condensable species may comprise at least 80%

te e 0 or 9 tetr silane, :a and may
SP‘""’ICOI’Erﬁ?ﬂE%’%%*%‘P%B IR R ok 6ot Yb09) s e pesrigontt may
be angle fogdehisa %@B@Qb%lugalmysﬂaﬂéaﬁojr exaps e essthan It may
beamﬁsﬂ&@r@%lgglalkoxylsnane and may comprise about 20, 15, 10,

TRe 4v i ? ?}7 WL 0% trlalkox%sn Some tri koxysﬂanes may only be

Usablen the process hiow cé?%%ﬁ?rﬁﬁﬁﬁl R ATy RR IS Bt riagulsion
droplejs depraprends pyarityising wprodisteranvynpetisabléapeeieteThe phases of the

emul@&ﬂdﬁ@%ﬁmﬁc\ﬁﬁ@gmg%géﬁ@rﬁ G MY RRR/0 9§§r§§e329f eGSR MY PG two

anol have 1, 2, 3 or 4 silanol groups per molecule.
phase B e o B e
Wherquoqj bggb@rhmm;ﬂbmlmmabmﬁ b icadool:sitaNols PRCISE-dIMbic phase. If the
matertdY %&%&@W%e@? Qﬁa@gdﬁf}l TR0, ‘%ﬂé}ﬂslﬁgﬁ ?*m%ma&{ ot fuaﬁernarxgopartitlon

into he emulsion s droplets. Commonly a material in'an emulsion m
BARHES BRREn AR HoB Bﬁés&dmﬁéblérﬁm%h tQh@?)a%ilﬁi@ﬁmlg flesirdepphobic)
phasedeepelmém pmﬂﬁemlgbﬁéxaﬂvﬂtﬂss@f)m sparaderinb o the dvia ;ﬁl&@é%e emulsion

drople-ﬁjuﬁrl?eﬂgbﬂﬁﬁ%%%w m lrﬁ)rﬁ(ﬁﬁ%g H#?aag:a E?Cﬁ%sg I?a?e species to

ueoys phase, Whereas a h

form sahs Tretie i %@ﬂfwm welgbriBbp Artitiotisninfortiolsi may
compmeoubqshm:andmeaﬁtaﬁb@remw HorbatsmatesRianay PRITHANED of the

condeﬂggﬁlwgp%&lé %ﬁ%%ye‘xdp Uonc%fo%qa\fn%g | sal%l? ?ﬁ%%%t%étg?mn or swirling,

continuous (hydrop phase ma to partl
IOWIH%FBW%F%IB&E% HatLGEDUS PR idag ighen eitiomltropits) mixing,
The/perecgonliio prsaayiDerizn Wm@bﬂfﬁm@@&ﬁwﬁh@ﬁﬁ)‘%% sable species and
condeﬁ%%q%ﬁé $ es to fgggg}the condte able s and subsequent
formation of nuc Forma?o% FRLE 8%3 géhﬁtel’@&ﬁ‘%ijﬁ%i?lets If
the Yé’éﬂ’déﬁéstwaﬁé é@r@@%ﬁﬁ@@p@@eﬁ?ﬂh@d@dm@mmdﬁsecmnpnse an_ acidic

ﬂuonmm&ﬁﬂblﬁrﬁﬂ%@% may &h{pﬁ%%b%@%%%ﬂ%@%ﬁﬁi@@ﬁ&% %ﬂgne to be

tio wirling. Brownian motion may pravide sufficient energy fo
hydr
Y 012%%19%;0 St eg%n Nafiy Sppiled LMY, riRegrsededBmmestbsent

AllerpaHehy, msia endiieuimpdy algsingshrend folysabledpaeiss @aditions and then
acidifi€d) Qﬂﬂﬂﬁé&&ﬂlﬁﬁg@n@ﬁm ﬁgﬁ@@@s‘%ﬁﬁg@ﬁg%ﬁ?ﬁ% m&%@%{%\g&me
OXYSiI

rolysable species is an ane, and

Alttr}%a ) IS{EI’] dr Jets If th?@é
the emurision g B RB lavcmo e Brderaslstisn, sFrsnpiRdhe nuclei
may befesptivigy @ﬁmﬁnsbladloﬁmgisuﬁhegelﬁamme baretheo By BIARI@DRAay be some
other Mﬁ%&'ﬁﬁdaﬁﬁﬁﬁﬁﬁw%ﬁgsﬂkg‘%&%ﬁ%?é’l%%&%e %&%r?] .cong nS%‘t forlrr?g the

. (}l Alternatively, nuclei and/or primary particles may betormed under
partic L ihc b%%eéﬁ trom the nuclei, for example by agglomerating the nuclei by
condensing in the presence of thc nuclei. The condensable species may be compatible with the
nuclei and may be capable of reacting with the nuclei. '

In one embodiment of the invention, the process of providing the emulsion comprises the
steps of:

— providing a basic emulsion, said emulsion comprising emulsion droplets dispersed in
a continuous liquid phase,

~ adding a first hydrolysable species to the emulsion;
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acidified, and the resulting emulsion may be destabilised to form the
particulate substance. Alternatively the nuclei and/or primary particles

may be preformed. For example the nuclei 25 may be particles of colloidal
wofusnedkatica, of some other colloidal material or may be spotesothereoi7ss
particles of appropriate size. The condensable species may be capable of
forming the particles of the particul@te substance from the nuclei, for
example by agglomerating the nuclei by condensing in the presence of

he nyclei. Th bl ble with l
i e R N R s e

the ifveriatrio teenpfovecsylofspbtnAtiisirshe emulsion comprises the steps
of. - pERuiging ﬁéﬂ@ﬁ{ﬁsﬁmwm ﬁ@%@fﬂb}&s&ﬁ{h}é%ﬂpﬂﬂng emulsion

dropl dIS erse (L} nuous I| addlgg a first
LB SRS R LA RS Ky SORRGbB Yo
TieGU2005/80 12324 WamleasubamdﬂgphmxbIly@mgqmemii@vemulsion It may
com Hé’é’&%ﬁfﬁ@!&?@@%ﬁpwﬁﬂ@% %@Wlﬂ@ﬁ%ég QM #0ant, e.g. 1-pentanol.

condensabl pecies; - a g the emulsion an acjdified
The cgRHIIER VAR DA S CEEROR i IS AR AT i S drolysable
speci@mudsieooipiidee diasigsémedsifim mxambke deivadonysikeenu sictesntahayjsewhere
herenpexﬁagn'ﬁ{%wm@a&mym grﬂpraﬁﬁ@eawfﬁﬁéaﬁﬁ S FB%@%% may be

dditionally comprise a cosurfactant e& I-pentanol. The continuo

betwq?abﬁﬁc’ﬁjfa%/%‘é L3 pakstxrspatey SorRbHbGARS $nd ‘Pﬁ@tlén&]s@%ﬁ?i or 9 and 11,
and nitydbelybaiie, Spdes.May.cansprise HikoXgsikEne sy ft examplee greater than 13.

After e&ﬁﬁﬂli&%@%@é}%qﬁﬁcﬂﬁé&fﬁﬁ%& \%@eﬁg ﬁforma;r hsxsgzwomﬂﬁm time to

same or may sic emulSion may be 1

at leagieortially dn@irlgsingdaestist MQ ﬁbémfp%w&% thecmyilyian éﬁ%?%@ to form
the cobliadRebls3sp6@eanshd 1o faﬁﬁi mal)mbﬁ)ﬁbﬁarhﬂ,e&)ﬁnﬁrﬁ;ﬁrﬂﬂeslﬁ‘ﬁe filhe of ageing

may lﬁle ]é%hl outOSr %?6 gﬁeg}%g}ﬁh nu:l'% ((j‘?é{;ﬁrﬁ ‘%‘%&"BB %faql.'(?ﬁlfg S§ and 20,

ysa € Species, t m’uqsmn may e age ient fime to ‘at

10 anﬁbé@,@ paraadyl ﬂ%‘r@@@id@@h@fﬁ%@ ROd?EIpaa R eisHe andsSiak wrid may be about
6, 12,.amulgi df@pigt%of;f@rm Ahez;qomgletﬁabless,pmle&,, ian@aos&grm rmggHel, 92 or 96

ample articles, Th me ofa ma between
hoursaoé%)%l fi)é ours %r g ween gbouatgg J‘g&fgén ﬁy&) %eB @gennda%u%ls and
95°C and@ae qt@eanmm afat LOOILO 1 TO0PEB RIS oI ek depprare. The
temp@tra Q9 %@fo%siam beahoutbéit 13, k. 84 580nd8 0420 4 46 0AB0 464 70°C,

4748495%5 50?{ % (? %4% 9 I‘gi)rTh e
and max ba ABEHE on e maé Ur¢§ 0 gtg% |’1gz eh a?)é bgﬁb ngn a‘%é“l; After
acidifldatindo OBHE ondsivre thhevidifng sranlmonforaptemiifeedovrmashipentignst ghout 1
hour, SPRRIRALIRIBREIA3UEE s THEr 20 SePPEIRIMES Mk rb%mée%aﬁtwmm hours
’about 20 and 80, 50'and 80, 10 and 5 %r :%(é)u?(g1 OQ'C %rg drrégz r{? about 1)
or betpigen @b hndsh, s, BEE, BBBA)70Hs B0’ B g GOLTARGOU ¢
2,3, 4,5, 6,7, 8,9 or 10 hours, The ageing may be at betweén about 30 and 90°C, or between
about 30 and 70, 30 and 50, 50 and 90, 70 and 90, 40 and 80 or 30 and 70°C, for example about
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85 or 90°C. The addition of the second hydrolysable
species may be conducted during or ageing this latter step of stirring or ageing. Before or
concurrently with addition of the second hydrolysable species, a surfactant, optionally the same
as -the surfactant used in making the basic emulsion, together with a solvent and optionally a
cosurfactant (which may be the same as or different to that used in the basic emulsion), may be
added. The solvent may be miscible with, and may be the same as, the continuous liquid phase.
The ratios of solvent, surfactant and cosurfactant (if present) may be the same as or different to

the ratios in the basic emulsion. Afier addition of the second hydrolysable species, the acidified
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acidification of the emulsion, the acidified emulsion may be stirred or aged
for at least about | hour, or at least about 2, 3, 4, 5, 6, 7, 8, 9 or 10 hours,
for example between about | and 10 hours or between about 1 and 8, 1
woddbsasaswd 4, 2 and 10, 5 and 10, 2 and 8 or 4 and 6 hoursce;guine@bo273s
3,4,5,6,7,8,9o0r 10 hours. The ageing may be at between about 30

and 90C, or between about 30 and 702430 and 50, 50 and 90, 70 and 90;
40 and 80 or 30 and 70C, for example about 30, 35, 40 45 50, 55 60,

emu?sion fngﬁ?] 80 8? £r Fu 2 tlo eas # ?gltt Yy s?e%s f% sacond hydrolysable

%E%
pecies con UC urlng OI’ ageln strring

spe&geéaﬂ‘gnmﬁmbw learichrerhbais. s didersbrpie §8c%d%wbﬁo?g~}§atﬁ% hours, may
be 5@@5@@ aBos mwmqpﬁh@@@mmﬁ&mﬁme@slﬁ@mmﬁae%a 54 or 40 and
akin wit solvent an optlona ya
Eﬁr ({1 W g?‘fg%?é/ gg’f?] as or duﬁserent to that used in the
Hﬁélgmthﬂ)ﬁ)rpm‘éiobemadheduatﬁethg veasesaesyof ehmisedbiowrpinanep the step of
coli¥ihe ARe Fame AR ﬁ%%%%ﬁl%ﬁ'%%ﬁ%ﬁhg f}‘ﬁ’t{é\li% QheQh¥eBt The step of

surfactant and cosur tania resent) may he the kgoas or different to

coRRuTR 32, HETERS ARG o AREP SRR CEY AETRGUFER/RABfSding the
codpebigsliqnel aﬁiﬁﬁ@lmﬂm@ﬁﬂﬁM'ﬁb&m%@@ﬂﬁwm 2@uring or otherwise

2d§HISION MAY e é&@%ﬁ%@&@? %&ﬂm tQghieas %@%ﬂg'ysﬁm{ plvge thE may be

second h drolysable spemes hiS may be at |east 24 hours, or at

acqpmeligssuraRIeou slordys A b 68HiRRSTYRA P A LRl TaREee hgpt 1 and
10@@1‘{)@,{!‘@ opbbstvenababaundsdnd 48 280ahd:60] B had 50,AI04@@ND00, 500 and
F
togl, IR BOLFIRY OBl e, e ol B2 Stk Bor TS W25 50, 100,
2084e190f 4@8m%@ﬁm§08 cHlle SOMMGURT WRROMETBIRIRSIGR 8%bBS hesome other rate.
Fonaxtigylaie @d@ﬁ&nﬁmﬂﬁamﬁem@i woalhiniy M desoaiiecoddeingmihs to proceed.
ion.to a coalescing liquid a co n le
Fquu? ottlllwneeemrﬁalsmnp"l% 2 dlqu)gflma% con pr|S|ngﬁa%(::l’dpgplz)r?e1 %@%rlﬁ%%g% about 30,

200tRebnisé @dﬁﬁ@ilﬁﬁ@ﬁma@ wavRcahapahifd bl dgitation, Kuitinglrifxiag, 40 or 50
miﬁﬁfééngr%ﬁnﬁﬁg 1aube i) acgonaplishesraTEcosisiewlylidiie addbioniiquid that is

te of be ween about 1 100 mI/m r be een about.1
S0 900 DB T TN A a5 TOUT LA L0800 A TOQg e s plar
liqaidl,znd 500 be IOCsmPEOSIeNT ouRShaned ﬁﬁagawa@me mﬁ@mfﬂl@ids It may
foﬁex%&p?écég 4605 20032, aAR%aB 01600 AR0s RA s A0 RE liquid, and a non-polar

1000m1/m|nute be at some othe rate. .Following the. addi
B PRLS DB NRE P R SR B RGBT e g sign,or it may
be HfésfemthBotienenmprytipecopi¢sramigdiquid habs, ominiues abecttsnoand ;yclohexane or

M&&f@ﬂ&éﬁ% @g}:log@(alag Pu rai00P R MUPHIGR: HtiRYRSARMU! iquid may
0,05,1,2 15, 20, 25, 30, 40 or 50 mlnute or aboutﬁlgﬁ :§3 and 1.1,
3

be&’@@nﬁb@% 103 i@%&r‘é’/"ﬁ‘i’é %’af”éﬁ'cfﬂ@%%k??ﬁﬁ?}‘ Phidoid®
1:mistib Witheshdth the: tendinubus bhasd arig 4hé emutsiehaitdpletd: it lay:2 or 1:3

wiSPTIPRE ROlaE gL @&ﬁemg%{g& %%meée ﬁ@ﬁ&%@ & ethan9hritation of the

may comprise a mixture of liquids. It may 20 for example comprise a
pestivaie BbatAsSt iRt P AR RS B HaR FERARC Pt e pibidhe coalescing

liguid may be in a quantity that does not lead to formation of a gel. The amount of coalescing
liquid may be between about 2 and 6ml per mi of emulsion, and may be between about 3 and 5
or 2 and 4 or 4 and 6m! per ml of emulsion, and may be about 2, 2.5, 3, 3.5, 4, 4.5, 5, 5.5 or 6ml
per ml of emulsion, and may be some other amount depending on the nature of the continuous
phase and the coalescing liquid.

The process may also comprise one or more of the steps of:

- separating the particulate substance from the continuous liquid phase,
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liquid. The non-polar liquid may be the same as the continuous phase of
the emulsion, or it may be different. For example the coalescing liquid

may be a mixture of acetone and cyclohexane or a mixture of ethanol and
wyrioheosmsm. The ratio of destabilising liquid to non-polar liceid/A@pedien1 73s
between about 1:3 and 3:1 w/w or v/v, and maybe between about 1:3 and
2:1,1:3and 1:1, 25 1:3 and 1:2, 1:2 add 3:1, 1:1 and 3:1 or 2:1 and 3:1,
and may be about 3:1, 2:1, 1:1, 1:2 or 1:3 w/w or v/v. The amount of
coa}leswcgrg% qu%hig n%%%lge guf{)icient tg cause formation of the particulate

substance, an .
substance.%ma esu |C|enst?8 cause coalescence of the nuclei. The

coalestiripelipimiayasclinegdha pariadatedobsiaselead to formation of a
Oehe T REpARUNT BGOoAISSEE lishdd fPaynbe: beiveemiRROUbehRTHBIR]  decanting,
er
ultrac
N

| of emulsion, and may be between gbout 3 and 5 so ar 2 and 4 qr.4 .
FRHISR IR SIS R St o8 S0 oy, i westing
may @mprper axpesinsribisionaiteniplistoncsdme stiteblarsmiventdepiémditiy agifating the
sothgnaleniihe FantRLaHs RiRse adchtiBCoatassing libithnEBeTt may comprise
process may also comprise one or more of the steps of: - se%aratin

the
suspeRding e SPTERIRE fRERIARGS dBATIR OLE o FHEaY SRS StoBTHpE Fae solvent
thiP QAL POO6I004 FESt2Rs. Washimpitimnperttidetepstibdtancapenshetactant from the
pafll¥iDge 3nsUandreqte dowbgh (e Bartickiale: SUPHRNGeRIbE: SERAWRING: for particle

may comprise one or more of settling, centrifuging, decanting o
waghtiag SHYIRARY! Atetos RIS UpLtth BT Senembid stiadapaH is highly
somﬁi}ézéﬁ?ponﬁaammr@cﬁ maaom mﬁesemd}gimglﬁ&etpautihdanﬂﬂomfonn, non-polar
soﬁ}éﬁt%t%%eué%@fﬁk‘éﬁﬁli%é wXﬂi]ﬁgPRE,QHc?M@%?ﬂ@s%&%ﬁgtccﬁm&?@%omd 10,

separati g the solvent from the particulate substance. It ma comprise

theggfstarng esacalycoluble dupdbsneelan Qhew&sﬁ%wmﬁemw comprise
expassin@dheraolvestubieng téhe:pgiielate sy hitatinegdl) eatashingidayr mixtures
at | artially remove surfactant from t rticul . :
T B B B AR R SR g ey compri
pageighihe) ARy GE pE Hirenstn &8 dembinsaeneg bR 1B S YO FBRET . SHAHBE the gas
thdapanis highboselulissimpelasBalyenigsutlh ad-AaRtaNeOiessRelakposing the

pa%?léﬁ?ﬁtéu&i? nas Chlor%&o Mahon-pplar, 8 1%{6‘;1&1%% US%ng Eulljaﬁts!gigte pressure of

SRS f—(fLaBpg evgé%ur%lc'tan?% commonlfy around 10, t?le
lessubracehonti §ermerafijesoibisehowithidriobl 806r B8h-PA18F soRERtsharynd may have

anCIEOELERLCORE RSB oBXDSSING, the, Restioul ateosybHANG.e 1orR0eASH I2 or 0.001bar.

example air, nitrogen, carpon digxide or mixtures is thereof. The gas m
Thﬁegéiya}% Jue ﬁagﬁﬁ‘gb‘%% ot [FRIBFE ISR LLOéV e@ﬁoé%%a%agﬁ%omm ydrure of the

relpasbingibggas, cedrontihorftreiisyradionite substaidhe aldarable substance. The
rORRHS SHSkina B PRz RUI b e RRrisuIateoSEbSt AR an AN IIRRINEIO, 70, 60,

SR R SR Cieeeng L B B9 0 B v
somb@tticd Sitatr cderdgssatioan about 0.2, 0.1, 0.05, 0.01, 0.005 or 0.001 bar,
aﬁ@lé@%@@{ﬁstaﬂce that has not been incorporated into particles may be recovered from the
coalescing liquid and reused if required.
An example of a process for producing the particulate substance is summarized in Figure 1
and may be described as follows:
1, A stable microemulsion is prepared by mixing a surfactant, a non-polar solvent, an
aqueous solution containing the releasable substance (e.g. drug) and a catalyst for the sol-
gel reaction (e.g, acid, F).
2. The hydrolysable species (e.z. TMOS: tetramethoxysilane) is then added to the

microemulsion and is allowed to slowly diffuse to the water pools (i.e. core of the
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20 an absolute pressure of about 0.5, 0.4, 0.3, 0.2, 0.1, 0.05, 0.02, 0.01,
0.005, 0.002 or 0.001bar. The drying may be conducted at a temperature
below the degradation temperature of the releasable substance, and may
weredansodepend on the nature of the releasable substance p@ha tdoying173s
maybe conducted for example at less than about 100C, or less than about
90, 80, 70, 60, 50, 40, 30 or 20C, and%ay be conducted at about 20, 30,
40, 50, 60, 70, 80, 90 or 100C or at 25 some other suitable temperature.

Re'%%ﬁﬁﬁi%?% gi %f%ﬁ&%t P&?&féé%%% ﬁ% Eﬁéﬂg'%‘%ﬁ% ﬁﬁo@%¥nuc]el e.g.

be recovere e coa escin reuse require
xafbIeBIEaprHeEidadr producing the particulate substance is
wmmﬁzeﬂnknﬁigwﬁzanaaez ragyleesdrsatineg a&fsﬂa)gv@taﬁ;aﬂfnsﬁahlemh a non-
mICI’O mulsion, i pre IXIn suriac a no ak S
B B e el KSR WA SRR SR A cmutsion

catapstrRAee wsgbd radtiothye pyodesinertareer IHERGH Fslygabrecipitate out of the

Spe@iﬁﬁiﬁ@@s-ﬁﬂh@asIﬂQHE@t@ﬁhﬂiéYQNé}ﬁﬁsﬁﬂa?'&@m 10 theémixture, or the mixture
microe I%%% gag)g IS aI to slowly diffuse to the water pools (i.e. core
of tHe E& AU2005/001733 24 emulsion droplets)

whetbdmaritbes exedlpponaeiisié rddhsgziodiedformation of nuclei, e.g. solid
W%{ﬂu@s@sﬂgIﬁ@&&éﬁ@@&@@&%%ﬁh@@@iﬂ@%&%@rgs(%ai as the nature,

M D A5 T B e A Uk 7 nd

dzssdht:tmmclel thus producmg larger partlcles which precipitate out of the

CRMIRY ?Fbgﬂﬁo?tﬁﬁﬁmgs Whﬂ%@hﬁ%@é@%@ﬂg%ﬁﬁﬂﬂﬁs govemed by the

mlxture or the mixture may be added to the solvent(s). 4. The partlcles

sarip aehriaER S, Hhdt fRON oML iSIP PR RHSIGROPafatherareh by either sipening
agdsgidatanitomidatatio, TMOS/water ratio) as well as the nature, eo the

VH&“(Q BGiHE Xﬁ@%!e?ﬂ?oﬁ%‘u?ﬁ&éﬂgd'%'%ﬁe@qg%‘i‘l "éﬂx\ﬁﬁﬂiﬁgoﬂ&% U when the

partl e size and_distribution. The growth of solid precursor particles
iatip o SPRIDEHDI WETHASIBISI G 8V e SarBlrth Ehe dliseontimenn abase) exceeds
theaﬁuﬂlaaﬁ&HOtdfdsBUBpe{mpnmcm@tlaﬁf&ﬁéhgéommhymlther iy nifgsical colloidal

sus‘R, %e at'%'ap rg%%%qga&%n ﬂ&lesspl%t C?s" ﬁ{%%@lﬁgﬁé%@ iy gﬁ“&%}ﬂ@t& Thus, the

r-in-oi ef‘nulsmnst és place when the” concentration o

congshaimnplogplamblsrssiss maychanes S iaterseohtmbatrs prridis from droplet

to e&aﬁe@s HhetRscleadin Hreshnidd ol Hhenbaryodifiereosedeiweabeiisble species
d classical colloidal sus emulsions, the salution is

mcé%arsrclas B rgﬂe?#aﬁlsegr e 50 Eréeli’op?etls th% %average Sncsniration per pool is larger
than [Cn].

Based on these considerations, the number of nuclei increases with increasing concentration
of condensable species and decreases with the number of droplets. Since the number of
molecules of condensable species is proportional to the amount of free water available per
micelle, the number of nuclei increases with increasing free water content. In other words the
number of nuclei increases with the water to surfactant ratio. (Free water may be contrasted with
bound water i.e. the water solvating the surfactant hydrophilic head and which does not
participate in the hydrolysis of the hydrolysable species, e.g.silicon alkoxide. The amount of free
water depends on the nature of the surfactant (size and nature of the hydrophilio head) and the
water to surfactant ratio.)

Another specific characteristic of emulsions is that the emulsion droplets are capable of
exchanging their cores during collision. An increase in the rate of inter-micellar exchange can

induce a redistribution of the condensable species before the supersaturation reaches the
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concentration of condensable species may change from water pool to
water pool (ie from droplet 20 to droplet). In other words, in emulsions the
number of molecules of condensable species increases with their
weaenggesssipersaturation until the average concentration peepookhisotargarss
than [Cn]. Based on these consideratigns, the number of nuclei increases
with increasing concentration of cond@nsable species and decreases with
the number of droplets. Since the number of 25 molecules of
muclCRARFERRRRIE SPERS iRPLaRostignalinitisapiotRtafl ea v algt ayallaliGease in
per micelle, the number of nuclei increases with increasing free water
nuclegfifgfttein other words the number of nuclei increases with the water to
Agrfddianuatio. (blealxatespmaiohe gonttastetlsoitth dotrldswiaternisithe follows

nucl%%ﬁ{_ %%l\éaﬂ %?ﬁ%@ﬁ@ﬂ%ﬁ%ﬂ&%ﬁbﬁﬂ%@%ﬁ% V(%' '&chggx?u@% phase) may be

. participate in t ydrolysis of the hydrolysablespecies, e.g.silicon )
viewgtksxmistorTR RO BiF e i e sratiy b ehaleGrihe didion @ otompsnsable species
to theurfialeiamhvsjzhedndaatisrauafitie hydspilie sheatt) archtuei waikitely, for a fixed
umBer g &9&5’[%@1&@%9@%&? g Hharacierisie of §@%%'?§L§e§tﬁg%t ne nuctei,

emulsion éroplet are cap B]ie of exchanging t%epir cores Ing co? |S|ong.
An mrevionsd ipbeve, r SRiaRe ATA REIRIE T iRe Hith thedurelyon droplets collide
const@elistipUtnR aldhecandansaiitsperias bEMRER thasuparsaididtighocess. Growth

Tt reﬁgh?sr the th? 29&8{%/()?510? %)9 cF:)o TS/JS\ILiJ gp Oc%? Ol?n a8m12115 Qo? 1%}}: r} or nuclei with
0 %ﬁregﬁgafn@{usﬁﬁcreagnat XCO |sllon Ofpmlcsé 85 cahn read 10 a decrease !

undansytudiedtivreareniininghoatiu condsrishbtosnesiespdnsithes, yradahesiedligan take
placP85ficias iR Rint Isions-ialavwsnuelestian proRslratiansredmatinmg theus the final

water pog]s (droplets of discontinuous phas be sviewed as :
Dt e T TR S TR STARIBY S pechanges.
Bawdenshisle sHesibsth thechonieprPhatsstimthrdodthlysitimobdersatinnciend, more
impdRGrE A gL HIRBHC 8 N i RH e ARk Rl SHACI8jadbe Dighesd sol-gel

the supersaturation in the water pool, the % er_the resulting nuclej.. As

cherpiRitiSAEY ‘Ao VR LRSS e dgrihd VAo GH IR condensation
leadsinopletsptd |idescmpstantly withhonezitotably eretiangnglithbeconeticofand further

grovyt}? '{aﬁ‘&uﬁ%’é lﬁp rzfgéfhE] Enﬁrg&ﬁ%ﬁgﬁéo&f{ Bitler %{Q&i&r %Iﬁ'és iy H&R1ution rates

take place by collision of pools containing solid nuclei or nuclei with .
DS st 88 PhIETHTHRATHG G RY PN 201 e Areresairs diigyed during the
collisiofdst drplets cantdiakes plabe bycBhsueijoTiafsunithturftedomicdligerdint, once
el RS %‘gﬁn%ﬁl Gfitﬁu%%!eetﬁ%?ﬁ?? 2)'f Migﬂ%a%yﬁfﬁﬁﬁ@a% @8% g&[ﬁﬁl ﬁﬁrolysis
ht mber o

Increases with the nu collisions or micellar exchanges. Base o
and gxpxfifsief grstrleh| YOS SAIIES 965 Rt BIyRIeie sRe s dfidheapryulsion is
destibiiedLlis impattamdd, Hidseiuiodeidited cortthinecwithimmatingmulsiotimels are
formi° TSRS ROALLSNANS RE AR AR R R AEILA A S O Soout 30 to

Igh hydrolysis rate. The rapid condensation leads to a rapid
100Qen dipmpttorrblarind tofdiimable species inside the micelles and further

Acid catalysis promotes hydrolysis but hinders both condensation and dissolution (except at
very low pH i.e. pH < 0). Consequently, for the emulsion synthesis of silica particles using acid
catalysis, many nuclei are generated but very little growth is observed. In fact, no solid particles
were observed in acid catalysed enmulsions even afler 48h ageing. A condensation catalyst such
as fluoride must be introduced to produce solid particles. Even in this case, nuclei remain very
small (i.e, about 10 nm) as revealed by direct TEM analysis of the emulsions prior to
destabilisation (see Figure 11). At this stage it is likely that the nuclei are soft aggregates of
linear polymer. They appear to be solid when observed by TEM due to the drying intrinsic to

sample preparation. This suggests that, in contrast to base catalysis, no coalescence takes place
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growth takes place by ageing and scavenging of other micellar pools. High

dissolution rates ensure the production of spherical particles by ripening

of the aggregates formed during the 20 collision of droplets containing
WelesfserFigure 26). Thus with reference to Figure 26, oreer/AUehos/501738

have formed within the droplets of th?éemulsion, base catalysis leads to a

rapid hydrolysis and growth of particles, whereas acid catalysis does not

promote growth. If the emulsion is destabilised in a controlled fashion as

betwé@seib@diihevpigspRtiavesliancPRlamshano el diRs fgwen, iRpdinadplet core
colloidal growth tg,form nanoporous .particles, in the range,of about.30 t

by o SR o O R SO0 CIOr R ACI Bty g Sbpgacd by mal

AngleyNeotyeis SsatttriingebobSiHicoite rsationreaitbeflsisollaldn lexvépeinshpaty that the

partil¥sRE ARy EHais_a%,):ir%qgm&ﬁ%ManB e mmuIpanayRihesis of silica

Tabl ﬁglsc(ﬁ\? u85|tng acid catalysis, many nuclei are generated but very little

a g § Berved. In fact, no solid particles were observed in acid

catalysed emulsions even after 48h ageing. A condensation catalyst such
30 as fluoride most be|intiaguesin.produce Qlid pRrices, FyaeHadis

case, nuclei remain very small (i.e. about 10 nm) as revealed, by direct
. TEM-analysis-of the-ermulsions-phorto d\stabi!isat%ﬁ‘(},%e‘&iémeé&—mt
this stage.itds likely that the nuelgi are soft aggregates gfadinear polymey.
They-appeartobe-sotig-when-observed by TEMtueto thedrymgintringic
to satgplédmeparation, This suggests thai, in contrast td4ase catalysis,
no coalescence takes place WO 2006/050579 PCT/AU2005/001738 24
betw&h 18%8roplets during intéicellar]collisions. Th&hrticles grow fo

fﬂ&gﬁidﬁ%ele&e%%re by consumig%slowly all the conden&ggle species

presentin-its pm? This-is-confirmed-by-Small-Angle-Neutron-Seatterng
SANS (results are summarised in Table 1), which shows that the particle
e afte ) e qirnitar i : -y -

p RS %%%%5?%%%%%%@ O Ry oy fawid

a cogqseipg HONid, st orenpent Al aodalp dndvsa 90uGEs YR Mo sy emulsion

dropRaditiemos AEeiRNe kR0 DOBEhediasistahthmgeesent invention is the
ASSIRSAURNOT AR EMY'SRRUSNGLAPRIAIRHIAE LA OHEIAN0 dbis and 1o
Or as a component r@’oﬁ to induce Coalescence of the aqueous ]

produenUrsien neERepISBIANPe SN iAatcCEiotATBMNhGE BHAH GRS fiach multiphase

dom#te6Igle ARRIKIDR of Wakeraiai Righly PoldiseVehd S48 FadamENANS experiments

ulsion.droplets and.to produce larger particles. Thi%works up.fo a
t f the droplet
v A OBORL O AL AL A T g @ Il Bt e aropt
cores (see Table 1). This suggests that acetone does induce coalescence of the small droplets into

larger droplets. In contrast to water, addition of a larger quantity of acetone, does not lead to the
formation of two distinct phases (e.g. water and reverse emulsion). In fact what is observed when
the destabilisation is successful is the slow precipitation of particles out of this single-phase (i.e.
acetone + cyclohexane + water+ surfactant) system.

The destabilisation of the emulsion system appears to go through the following steps:

e Step 1: when acetone is added, the droplets start to swell.

e Step 2: as more acetone is added, open channels are created between the cores of the
droplets forming an associated lamella-like phase or bicontinuous structure. This
phenomenon has been observed for NP5/water/heptane solution at high water to
surfactant ratio (C-L Chang, HS Fogler, Langmuir 1997, 13, 3295-3307).

e Step 3: Further addition of acetone leads to the swelling of the channels and ultimately

the destruction of the emulsion structure, the system reverting to a single-phase of mixed
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domains are formed (e.g. water and emulsion phase). In the case of
acetone, SANS experiments reveal that addition of a small quantity of
acetone leads to a significant swelling of the droplet is cores (see Table
Hothissuggests that acetone does induce coalescence of therstaadhs/oo1738
droplets into larger droplets. In contrast to water, addition of a larger
guantity of acetone, does not lead to thé formation of two distinct phases
(e.g. water and reverse emulsion). In fact what is observed when the

destahilisatien isiiasessivis thecigyepiaciRitation gl narticles AutefdYigispersed

single-phase’(i.e, acetone + cyclohexane + waters- surfactant) system:

20 ThéeRbiAYh SheveHitRsRIns amr iRt erh fbb gt e and other
follasidgrstifs spSiapid rwbiefrodgetoneiig addidestibe draplets atividal growth (ie.

Sweihdﬁg?&%(ﬁ%é%%%%gg%&iﬁ ﬁa%ql%gleﬂpen channels are created

between t roplets forming an associated lamella-like

pRaée ssrtsRtituerie SirhdhitederiiliBHiRoRTRSh HadBebriists piagess with
corh@bihiidh/ateshaptanelsohtapRt bighwaies ateariutfactaniiiratithiGation of ope
Ch , Fogler,La ' 97, - 7)...Step 3: Further .
ch%ﬁ%%ﬁ%f%éecse 6%%1 lfé%(ggg%ﬁ %e% 's%vségltf%ag% %?%%%%gﬁ rels F;md ultimatel ,
thE e thganethurithe medalsitiaed dhove, e rpsibin trapbipmljse the influence of the
diffeiealesieasenel paixrdiiiCz A06/0aRSBsRoH/ AURROGINMLFASEN3 Ale final particle
nts (cyclohexane + water + acetone) where the surfactant is

sqlv.
moﬁq&?ﬁ&ﬁarly dispersed as in a true solution. The swelling of the aqueous

chafirehddidasahbanendisseing lbthisk feondidiesaniyapadibgheyia@aanfsppbserved:
forming payticlesbySlassicalap!oidabanandd U:6- reaeiional lwlr@lysedisation is
monomer to the nuclei). 5 It is important to note that this destabilisation
procBeERitiFso a kinetic process with a competition between the emulsion
droplb¢ comlestancewdte iEhadithedsesuitagetddermioreof dpely. dhenvedkpel appears

with,the sol:geliieastipmrate (enlica RIMUEI QRN dHSIPEIGs glued strings of
mechanistic model outlined above, it |sg$ossmle to rationalise the

infl RAFEESE the BifEsHROCARIRD IsaTaielors Breire s pidiisis of gout 10mm
the dimuistoinariidinefitalgdaptiols W grdsphiotogy. After addition of the

coalgseing iquish Burdiferent.oastol beRavindr fpy Rerkaarved pdiitles fused

suspension remains clear. No particles are formed and the destabilisation

is itRarhae » TeasrsieRbRstvRhalhe Mriahyehisira geibo Fmelians leads to
slowty. Theditval g€l hppeats dmas:R,sphivheiiftecstructueepinicstrasitth but the
collai 2lS,: Whi ppear.a ' 8]
B R L e e
in atgegths&nsional sponge like gel structure. The suspension forms a gel
inmEdiaialyerkha floahgetismoltoidale inpacticldthfusedan particle size of between

about 30 and 1000nm, or about 50 and 300nm or about 150 and 500nm. The channels
have been swollen (or even destroyed forming one single phase) thus releasing the
micellar cores and enabling their contents of condensable species to participate in particle
- growth,
Using these mechanisms it is possible to postulate explanations of the influence of different
processing parameters.
Increasing the surfactant concentration is known to increase the stability of micro-
emulsions.l Correspondingly, for a fixed quantity of coalescing liquid (e.g. acetone), emulsions
with increasing surfactant concentrations are more difficult to destabilise and result in slow

gelation of nuclei (see pictures ¢ and d in Figure 2).
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together in a 3 dimensional network. The partial destabilisation of the
emulsions leads to 20 the formation of the water channels, which induces
some patrticles growth but the destabilisation is not "strong" or rapid
waokahangdhe partially grown particles aggregate togethepFR&200s/001738
suspension forms submicron-size particles with a mean particle size of
between about 30 and 1000nm, or aB8ut 50 and 300nm or about 150 and
500nm The channels 25 have been swollen (or even destroyed forming
sm Ie thus releas the mt[ce ar,cores and enabpli

Gisp {)ela JtICOH TECHISOT q% an IHCI'G&SG in
COI’] ents o COh ensanle speC|es partcipate Iin rucie grow

partigie stzmedharnisinet: 1B aaisite hypobisimtelctisiaikends of th’@hnﬁuértbe rate of

condheifierent 19¥CRERARAIAMAIE e M@@i&mﬂaﬁlwﬁﬁﬁ&ﬁm is high and the
onc ntraLlon is kno nt% ease the |I|t}{ of micro- emulsion
il

o IR St B AP PSSR RIS THRERS b A RER iy, omber of
hydrefrisddipresursion mm&ﬁgmmmﬁn@emrmwmm Hroremiféicwlf tew nuclei.

Whéi%&@@ﬂi??sa%ﬁ (RS ithslaviqoelalion.g §b£§&? SIGHRSHAR ki and thus
| ure ) WO 2006/050579 PCT/AU2005 01738 28 As expected, an
arg?h &' the amount of silicon precursor leads to an increase in particle

sizapat duith gkt ttrsa atcToftdry drd i svbidin doatho risledeshiglvatddisebiteation, two
surfRaGRNEGH ?ﬁS@tﬁbbﬁ lovsrmdieD PR thatdhes %'aef\r?% MORRGhve intermediate

molecules is high and the number of nuclei remains low. As the amount

HLE$ siesrdorbturstr iR Riad8amisaimbetong rnpBiphla sritisrsge: balanced
hydmdigicite samtrbpdeplsibitifiantii rareithan thedwmberofthewslemikir interaction

behWe%%He%%?ﬁ’&éHﬁ%%?A} H&&Péﬁd“@&été? %%?ntﬁa%}@él&r E&Qﬂ%%%@x%%?&%%ﬁ leads at

to nuclei and thus larger particles. Apart fromthe case of Triton X

high, e RS R SoaRsF tRca s duamdsts g s faBmmienyedtopen chavnels as

surfiankceh subinieron paminie shweraidiP yigndhiBicramaiehdoadiepersed droplets. This
' ter dtate L I B,o ndicate tr. .

rei afﬁfﬁt e né%ﬁg}gé(i%eﬁ@%nceé%?/%&ap |I%%§/l%agr]1% un(%%) at%fgl) %a?t’Jo provide a

Pathd@ﬁdt@s%%ﬁé rsEeieath PRRBEGRAI me%ﬁoﬁowetwe‘e ﬁrtaei@umt@iéaaﬂ “prison”

towdResailaadanchwapesianiferdopetyotch adiediun HeREliomieaas dbs were
detect:]tgp s\tllvéaé; I CO%%Q ttho ap Oalefs cence %f tegengg Q (I:%:%S p ddtes?[ {30{%?:%: re%];nulsmn
nnels as surfa an WI Weaker ors ronger Interaction w

In cm,r&ﬁﬁh%@ igjsetanlisgiioplistofivhitoa asbipid ibesitivdeirmpeneate dooform a gel
befoi@%f@ﬁ@@é@fb@ﬁtwa&ﬁh&ﬁ@ﬂmﬁlé‘eﬁlgﬁi qmﬂesta@ﬂiﬁati@eeﬁq&ﬁwt@eoausm Thus an

ST .
appagrowtht. ﬁefaletag& itaymg rbatwema}m‘e%mé(ﬁe@m@gmn@mmhbm polar head
gr(,@qﬁggm oliagptaneHessohsdagssd in destabilising the emulsion.

When the concentration of surfactant is increased, a similar trend is observed, with the
difference that destabilisation by Brij 30 produces a colloidal gel with fused particles, suggesting
a partial destabilisation and coalescence of water droplets. The important reduction in the
average particle size obtained with NP6 may be explained by an increase in emulsion stability
due to an increase in the surfactant concentration.

TMOS hydrolyses more rapidly than TEOS and consequently for an identical
concentration of alkoxide inside a droplet, the TMOS system may reach the nucleation threshold
faster, thus leading to production of more nuclei. This larger number of nuclei in the TMOS
emulsion system leads afier destabilisation to the production of smaller particles {since more

nuclei for the same amount of hydrolysed monomer provides for more and smaller particles).
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In contrast, for HLB>10, destabilisation is often too fast and the nuclei
aggregate to form a gel 20 before growth can occur, although Tween 21
(HLB 13.3) has been found to be usable. Thus an HLB of between about
WO g @aomut 14 may be a suitable guideline for the surfactgity it @ o01738
appears that surfactants having between about 4 and 6 oxyethylene units
in their polar head group may be suitéble for use in the invention. When
the concentration of surfactant is increased, a 5|m|Iar trend is observed

w% Iﬁﬁe() ICE 5}1&13%; albélfﬁgltl II?CP é{le {}F O(i ges were used
wit ?us%d pa uggesting a part|a destabiieation an%
eﬂh%o%}fe@é@ﬁ@éf%f%a@e?%me@gnwmﬁmdgdimtﬂhﬂmewawr%g@mwn and

prodaaétmimaexppéﬁmﬁﬁ Wi MNbe mahie @@i@lﬂ@ﬂzﬁm@ H365eBBE 1B their dielectric
ili to an mcrease in rf ct nt concentrati

cons%{}lt CEfydr fgeg 1Fnoree ?‘élﬁ?éiy“tr?é{n eﬁ]:'@fg and %onsequ T A%ers drastically

depqading oal tigdy @@Méﬁﬁ@d@%f@mwmééwmetwwm&w@w

may reach the nucleation threshold faster, thus leading to production of

| b f lei TMOS I t
e R i el s S st S R ns s (o
Experipeatahprcieicorsthd’ Sabienalpiint BNOydWois 68 maod@med ronttles fdexane: 50
mE/TRRS: %rﬁqn%muﬁlrg%m@)@e%)abvﬂg%Q%@/%QQY&P%JJ%@&%M 38142 Ane.

wide range of organic liquids with different dielectric constants and

p I:n'rhnc- were ||mrL nlfh =Y3 h\l fhnmcnl\lae oF |_n anhlna.ugn \A”th )
Ocyclohexane to destablllseIHalé\dH&emula n and produce submicron |
N" ppPalres (see Table 2, whigh,shoys the lig |8%°‘&B%‘6‘Fﬂ|ng to their dielectric

constant)The effectomtheemursionsyst
. Sri aEei;lrastlcally s depentling, g theippola iR PR h B P8
iscibility in both water an yclo exane. Talpa:?: Coalescing liquid
9 Si?ﬂgef accordllr:q t?ff.'f glgée(%tﬁﬁ,&onstag Exgetserlaqfeptgrl paramete.rs:
INTT=IJ.71U IIIIIIUII}JI_I L TUNUL, VvvdlTT OU T . 50
3 _mTHNeOgile mmollageing FBIraradestabilised phases WIGollewisy olvent
4 angyip0 mL cyclohexane.| ig Piglesisie NojSalyent Rhengmena Constant
1jWater s0. 10 at 20C 2 phases, W/O (CIOUd ) ¥ W cClear ZDMSU 4668
> a Mﬁ’g‘@‘ﬂhases—au—clear YN A phesesical pikaces W/O « D +
Q/W 4 DMF 36.71 at 25Q 2 phases, aII cIeaI phivteflesael BPpdRielt25C P
6 phiadeaohy| clear 24.55 21 25°C cettled
1 phase, clear, particles
7 | Acetone 20,70 at 25°C
settled
. 1 phase, clear, no particles
8 1-Propanol 20.33 at 25°C
settled
, 1 phase, clear, no particles
9 jiso-Propanol 19.92 at 25°C
settled
' 1 phase, clear, particles
16 | MEK 18.51 at 20°C
settled slowly
I phase, clear, particles
11 ] 1-Butanol 17.51 at 25°C
settled slowly
1 phase, clear, particles
12 | tert-Butanol 12.47 at 25°C
settled slowly
1 phase, clear, particles
13 | 1-Pentanol 15.13 at 25°C
settled slowly




6 Ethanol 24.55 at 25C | phase, clear, no particles settled 7 Acetone
20.70 at 25C 1 phase, clear, particles settled 8 1-Propanol 20.33 at 25C |
phase, clear, no particles settled 9 iso-Propanol 19.92 at 25C | phase,
wieandasysarticles settled 10 MEK 18.51 at 20C | phase, cleer/Aadictan 738
settled slowly 1 phase, clear, particle§011 1-Butanol 17.51 at 25C settled

slowly 12 tert-Butanol 12.47 at 25C 1 phase, clear, particles settled slowly

13 1-Pentanol 15.13 at 25C 1 phase, clear, particles_settled slowly WO
2006/050579 PCT/AU2005/001738 30 14 liHgxaneld3 034420C 1
14 phbdixetwdr, particles sejti@d3lavZly’ L5 Pyridine }5421'47 at 20C 1 phase
clear-particles—settied-slawly-16 THE 7.58 I95E WY co_clear-partidles
settled slowly 17 Dichloromethane 8.93 at 253G ikghakes, fatitear) + O/W
15 (¢lourdiReL8 Chioroform 4|82-47 268% phas SR iGdRARy O/W (cloudy)
19 Benzene 2:284at20C2 phases; Uﬁ:iec(rj‘i; OW(cloudy) 2 phases, 0
16 (:L%ﬁ@ + O/W 20 Toluene|2,3§ g} 256, (cloydyPreaecybHeREEs2.02 af
20 settled slowly
2 phases, O (clear} + O/W
17 | Dichloromethane 8.93 at 25°C
- (cloudy)
2 phases, O (clear) + O/W
18 | Chloroform 4.81 at 20°C
' (cloudy)
2 phases, O {clear) + G/W
19 '{ Benzene 2.284 at 20°C :
{cloudy)
2 phases, O (clear) + O/W
20 | Toluene 2.38 at 25°C
(cloudy)
21 | Cyclohexane 2.02 at 20°C

They may be classified into three different categortes:
s Polar solvents (e.g. acetonitrile, methanol), which are only miscible in water. Addition of

such solvents leads to micellar swelling until the system moves out of the W/O phase

5 domain into a two phase region (Water phase :W/O emulsion).

Non-polar solvents (e.g. Toluene, Benzene, Chloroform), which are only miscibie in

cyclohexane. Addition of such solvent leads to the contraction of the mice'lles, but a large

quantity results in the production of a diphasic mixture.

Medium polarity solvents (from ethanol to methyl ethyl ketone), which are miscible in

10 both water and cyclohexane. Addition even in large amounts always leads to the

production of one phase system.

As described above, the key to a successful destabilisation is the formation of a single phase
system which will allow the content of the droplet core to participate freely in colloidal growth
and consequent production of submicron particles. Phenomenologically, this may be done either
by a substantial swelling of the polar phase channel and the formation of a bi-continuous phase
or simply by destruction of the emulsion into a classical solution. In other words, to produce
submicron particles, the addition of the coalescing liquid should form a single phase (or bi-
continuous) system. This requires the coalescing liquid to be miscible in both water and

cyclohexane.
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They may be classified into three different categories: Polar solvents (e.g.
acetonitrile, methanol), which are only miscible in water. Addition of such
solvents leads to micellar swelling until the system moves out of the W/O
whases/Geomain into a two phase region (Water phase :W/@@Emutsien)e: 738
Non-polar solvents (e.g. Toluene, Benzene, Chloroform), which are only
miscible in cyclohexane. Addition of Such solvent leads to the contraction
of the micelles, but a large quantity results in the production of a diphasic

Mixigerihe diunRolpinuseveRtsilfie rathanalite metvh 6oyl ketQBleient. The
achhICh re misgible,in %g both water arﬁ?j%y%gpgiﬁne. @ddglg eyen |n,Xed with a

B LR A SRISEE G SRR, e e bHas ikl Cyhichs md
non-gekeribpdticdbaymethie ey torkesing dguid) destaiitisatifm imvthwifofiiatifmadtion of
subRidRglpRRseraysieM el Wil AlQuHAR CaniGRL BhI 8 HONET SI& IFully used

participate freely in calloidal growt  consequent production of

to DL P R o AR B Lo o L) e geted and

fourrdl_,l bsmabswemng@pﬂaqepmiaﬂqﬁhaw@haﬁﬂiébandﬁﬁedmﬁmﬁﬁmtbé dact that the
nﬁsc@ﬁiﬁﬂpﬂ{lﬂgﬂﬁw @&%ixﬁ{oﬁm%p&Q%ﬁﬁgﬁt@W}tQgtﬁ@bjxlﬁ&'aﬂgﬁoo? a single phase &

classical solution. In other words, to produce submicron particles, the
systerp @i ievehidi etioedsing sutfisiay & ATimits BIRgRstamLie bmgston particles.
contiruinye)isysteypothbisseetiuirds: thelatiglesciigdigtitddanfrenmigcihle dastabilising
tiqu Qti‘avga%%{g%%ecﬁ'%%e’&%gg-S}M%P% {Qa?%%?§f%h%TgﬁHgng%9aO§%%§c§3n of the
1t & %port {0 stress that this misc ility requirement Is necessary but
submistasupreishee- T dfbisvels dent sdehdhorolrety i detdnlinig wrmds lowered
by @Q&fé@jﬁﬁﬂbﬁﬂiﬁﬂi@ (wbisﬁeismi;?cp@whm,?ﬁ??]nd?pimdgu@ ?n@ﬁt?a@i@dha slowly
coalgscing Jiquid) is important for.control of t rmation of s icr,
vl R P A TAEN IRl ARl SR LIRS RooR e B gadually
degrade detosfetiyd guint 10 prudilicad ubmiedn i ferdsnanh stg A lge wplution suggests
that,d_uielﬁﬁatdie%&ﬁ&s?ﬁl&@t%i)%t&ﬁiﬁg{ﬁqsawdé%dpdf{ﬁ B?Qtd;s'tff]ﬁi?tgh power of the
ingle-phase emulsion after addition. This underlines the fact that the
deﬂ?ﬁ??é’@ﬁiﬁﬂmﬁ%ﬁusfh 'e%%c’ﬁffhuous phase and water, as well as the
prothystiorenflogitntile phaspeyystbah diterddetapiiisatidmnreliofentidichwing the
destiBiBRRINE Hhe REPAUGHOoR R eHRIGERR;PRFICIRS IR INYEBIALS 10 fow freely and
hypothesise, that thgé)olarit or dielectri¢ constant.af the dest(?bilisinghﬂléo bilit
| Ehﬁlo HILY

C NI.
iR Hr RPN e €L BOELs i S BT TALBR 17 e SRAERer

of tipragidetipsedbtieeursabbeicnor rarticlbsn Hignreofersvasis steatwinibnstigelation takes
placB QALY iR ARAARNIGINgI2A5TY 18 IWELeHoRL TR LR AUNSHUUAG: channel or

acetone by n-propanol, the morphology of the_ final product slowly evolves
the BefonERHRicER S it SNSRI é}%ﬁfg %wﬁ@arm&mwme@ﬁﬁafe of the
gel givaahul in mmawﬁm@mé@mmmmmately 'Fo a
C%{f%?&%&%ﬁl‘%léf?'%@&%%% 1 BB ie el SR RSB ressively

of the mixture Is lowered, the destabilising power of the ]
evolves towards dense aggregates of submicron and micron-size particles. This trend may be

-explained by an increase in the destabilisation speed and a further reduction of the condensation

rate by a re-esterification of the hydrolysed silicates in the presence of excess ethanol. This
decrease in condensation rate might lead to the production of “soft” non-fully condensed
submicron particles that aggregate due to Brownian motion into dense clumps.

Following the concept of “destabilising power” discussed above, it appears that the amount
of destabilising power (i.e. a combination of the volume and dielectric constant) needs to be high
enough to fully destabilise the emulsion, thus freeing the contents (i.e. hydrolysed alkoxides) of
the emulsion droplet to allow them to participate in particle growth.
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destabilising liquid is also reduced. Phenomenologically, it appears that

the water phase channels formed during the destabilisation are not large
enough to permit the content of micelles to flow freely and participate in
weartigigogeswth. In other words, as the destabilising power decieasassterss
mobility 20 of the hydrolysed precurs%become lower than their -
condensation rate and thus gelation takes place rather than particle
growth, leading to the gelation of the content of the water channel or the

bicoptimiays Bhaseildigbvrathesiisdurtheeconfrmesipyihgaeny collision of
open structure of the gel ohserved in TEM (Fl%L{Jge 20,c and 13%11 %red 1 £5
nuelgy Hogp o &Oi%seiﬁgtgw@% et o, PR 8 PR A RSb Py B 17 £ for

ethasghjanol, the morphology progressively 25 evolves towards dense

aggregaies Qb s BmIcremANe MiEPRwIZe, RRMHAGH ENSIT&REHMAY Phe non-polar

. explained by an increase.in the destabilisation speed and a further
liquich 4 dive sBIRH PSR A e o d6 PP TR QY iRE 6 B Rk mEHY B Sigades from
Wdld’ﬁﬂﬁéé?sjfh_éﬂ’imbpaﬁﬁ_rlmainfm@maﬁ@Iﬁ_gﬂlﬁ6}1&8de submicron particles
in a&0Q Qﬁ'%@c@@@@ﬁy?a@d& t&? ﬁ%@g lf)%ﬁ‘?ﬁe%f s";ﬁﬂg"iﬁ‘%@féﬂgyand articulate and

condensed submicron particles that aggregate due to Brownian mation .
condpperd IS ACIFFIBE. A PSHSIHY BT oSN acreanipmtrtjqbdivation power (e
saméliGeussedfabevas)| tpprarbihatidiedamaed viftokstabilisinggpdalect(iccastant of

ompination of. thg vo me dgiea[ﬁ ig tapt)ne ‘%?hte%? N tone b
the (ger?g%%f}:slflcg% })l/ﬁdeﬁsl%lasbl i%ént% grﬁlu QI?C%%, t(‘%%%/rgée%ng t%e contgxﬁts i.gef?tce one by
less polarciiseat ik Sia despaionnd ardimsnsirarbptt t8kallow them to participate

in particle growth. WO 2006/050579 PCT/AU2005/001738 32 If

ingufficient coalescing liquid is introduced, a gel is gradually formed by
Tabf@o lii‘?gﬁl%nfsenolﬁ:cﬁeﬁfgﬂg 68%% 8§a%q53?é¢sécing liquid is used then the system

can form a gel (as in figure 17 f for ethanol). As can he seen from Table 3

SotvaBe Figure 7, ps.tha:slieleplrin pansianiefogdagn-polar s liquid of the
coalescing liquid decreases, the morphology of the final product degrades

i \

from—well-for@B5%Her

Hexagigregated guldricron particles in dodecane and decane (Figure 7ie and

Tohhefused partisles string’i&gﬁggggg%tggﬁ%@e and condensed gel in
hexaneand-petroteumn abilisation power

Cyclekexaeme qiiZdBty of adeSuh@icimRIEgSilisation decreases with the

Doddggieasing dielegtric consrativf 1@dne-destabitisingdicuies #ius leaging

gradually (as observed éQOV% V\g}eéllsr%@slljcing acetone by a less polar
——Sotvent)-to-the-formationor-S- ork: te-3: e of
Decdifferent nontge¥ér liquids Sonén:@xieredsetmvupP rsgiensiphology
Constant Hexanol 13.3 | 1arge polydispersity

Octane 1.95 Fused particle strings
Hexane 1.89 Dense aggregate of nuclei
Petroleum ether | N/A * condenged gel

* Not applicable because petroleum ether is a mixture of alkanes and the dielectric constant
varies depending on their respective volume fractions

It is important to note that the coalescing liquid contained 100 ml of cyclohexane thus
shifting the average polarity of the oil phase upon addition.

Figure 25 shows the N, adsorption isotherm of a sample of submicron particles prepared
at pH=1. The key values (surface area and pore volume) are also summarised in Table 4. The
peaks in the pore size distribution were determined from Figure 38. The isotherm reveals the

presence of two regions of porosity, inside the particles.
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Toluene 2.38 Dense aggregate of nuclei Cyclohexane 2.02 Submicron
particles Dodecane 2.015 Heavily agregated submicron particles with Jar
e polydispersity Decane 1.99 Heavily agregated submicron particles with
viargeopodysiispersity Octane 1.95 Fused particle strings HexarwAli8®5/601738
Dense aggregate of nuclei Petroleum ether N/A * condensed gel 15 * Not
applicable because petroleum ether i5 a mixture of alkanes and the
dielectric constant varies depending on their respective volume fractions
It is important to note that the coalescing liquid contained 100 ml of
cycl %exan thus shifting the, average polarity of the oil phase upon
Tablﬁ'&d% hr éﬁﬁ"@%ﬁsﬂ%}%&tﬁ@ﬁé’% tion'isotherm of a sample of
submicron particles prepared 20 at pH=I. The key values (surface area
and pote volume) are als@ summarised in T, 1Ie 4. mé—:- epgﬁ{i&tho%pc
size distribpgipsbmerecdeternginesérara-igure %rgpgfrhe isotherm reveals
Saarisrdsence oéi WO regidns o{{gprafity, nsiveltis partidles. Wae
2006/050578PC 17AU2005/00 33 Tlable-4BET resuliggfibution
Sub-mig¢ron silica particleg Destabilisation surface Area Vicroporous Pdak
in pore| SarBlé®GRLitions (m2 g 71) Vol.|(< 1.7 size nm){distribution B
LXR829 ks &dddmd.& 100 ml0510 36% 1.26Un cycloheXanem
Neutrallse W%%&%éwiﬂ NaOH, LK-428 then by 100 mL 513 19% 1.5
and-2-7mm- acetone & 100 mtTyclohexXame 5 ttismportant to mote that
the surfadSeHERBHEDarticles correspands to the surfdce of dense
silica partielgsxafioMad @, rim in size. This ¢onfirms that surface area is
Liglased Jo dhe injernal, surface ofjhe partcles apdconsenyigiiy hat i
submicfon par tles are h hly porous. Furthermore, the|proportion of
micropgresgienefim@ddakreases with an increase in pH by titration

cyclohexane

-

e

It is important to note that the surface area of the particles corresponds to the surface of
dense silica particles around 6 nm in size. This confirms that surface area is related to the internal
surface of the particles and consequenily that the submicron particles are highly porous.
Furthermore, the proportion of microporous volune decreases with an increase in pH by titration
of the droplets prior to destabilisation. It is known that addition of base may promote
condensation inside the droplets, thus increasing the number of solid particles. This will, after
destabilisation, increase the proportion of mesopores. This provides an example of control of the
particles internal structure and thus release kinetic of the encapsulated molecules.

An additional consequence of the destabilisation of the emulsion and colloidal growth by
migration of the comtent of the core throngh polar phase channels is the low encapsulation
efficiency of the releasable substance, for example a drug (see Figure 21). In the initial emulsion,
the drug is compartmentalised inside the water droplets. If nucleation and growth takes place
inside the droplet core prior to destabilisation then the drug is encapsulated in the silica. After
destabilisation, the contents of non-condensed droplets (i.e. hydrolysed silicon alkoxide + free
drug) are diluted in acetone. Although the silicon alkoxide may migrate towards nuclei and
contribute to the growth of submicron particles, it is vnlikely that much of the drug will get
encapsulated at this stage.

In summary, submicron particles may be produced by destabilisation of acid catalysed

sol-gel emulsions. The resulting particles may be used to encapsulate and release small



of the droplets prior to destabilisation. It is known that addition of base

may promote io condensation inside the droplets, thus increasing the
number of solid particles. This will, after destabilisation, increase the
wopostisnsed mesopores. This provides an example of contratnhi®osoe173s
particles internal structure and thus r%I ase kinetic of the encapsulated
molecules. An additional consequence of the destabilisation of the
emulsion and colloidal growth by migration of the content of the core

moldbIRNGH PelahBhase-channfis istBralh saPSHAHO tupS: S EiCiRRM PR internal

releasable substance, for example a drug (see Figure 21). In the initial o
struckue RS $H %@niélkamgfﬁﬁ%rﬁ%&%? i?%i&‘ékl‘?% W&&#Mﬁé@%ﬁeﬂ by initial
sol-geligleaticnesnshghowthHakés: placesubgide #iBadkoptetpperespiopdalependent on the
so}uﬁkﬁWB igpdgg%im%lggﬂg&&rgncapsulated in the silica. After

destabili

ilisation, the contents of non-condensed droplets (i.e. hydrolysed
Uircomaitieng aecssise e drEaneRtitifesleB iR RRBERSKARE silicon
-alkaxi_ﬂ:efmaytnﬁgiatgltmu_ﬁy&wiﬂﬁ&vﬁ;ﬂ@&mnﬁﬁm@ﬁbﬂvg@mwm afd 14. This
S“@ﬂ%ﬂ&f#& PariclessdisMalke ¥ dhrtmueh @l e Lé%d’_"ﬂ&@%ﬁahin% regions of the

encapsulated at this stage. In summary, submicron particles may be
protitiesayy Waishisireation e @%9%&%1}@5%@#&%@ Thquid crystals,
. resyhicg Mrrliclhs miydierictthéthenoapsdlaliealid elerseskiath¥\@:ticipation in
2000/080519 PCHA2002/001738 34 Mlaclles. 1 COMOHRE AP cfctan
over e?< ende pEI:IO s of time up to 6~mon S% ﬁe mtevrna structure o
thesbemiiereshoasiBarpeiraesds malerihdnicer s Bel v, it appeleaffadae water
by &E@Méﬁ@ﬂe@ﬂ@@%ﬂ&iﬁ#Gﬁaélfl’o?)l?aaﬂlfzﬁﬁé‘cﬁﬂﬁﬂﬁfmf@éb. pifigien@fprint, which
appear. t ependenton t SOolupllity ,or ar | stabllisin xture. .
TR ABHAED B MEREELY (et hose S e R S iregaton
to bembesoffdantiattinan B rophidiphophdnBukntee) ety footprint
ﬁo é?mﬁ%lﬂ U bialar@nﬂ%%ﬁémgo@?e@tad %@&ﬁﬁﬁ@@@&mf%th%é@ﬁah g @%frfactant
ydropnilc regions of,the suriactant, wnicn IS requjr rine mation
B B O RESES SRR G SR R BN S R e, or
hydediysadahtiotidetd Hhé mifkiBamifatdiipationSiand0 the pattiéle? and 8,2 and 6
groWth DIPASSH?AN AL IARACRIRVESiRRRISiUhdesiabiisatiomiBies 6, 7, 8, 9 or 10

surfagtant should have medium strength molecular interaction between its
poliPHERIEEHE the water pool. This molecular interaction may be
chatactelisein pyitidsuiiadtadicoatgrifimaiieh ihassicdiage dvesedividi ngater-in-oil

g}et%ﬁﬂﬁf&&% ARe S WalR! SraRish SyHare P REAIBLIRIOD PRWBPGAN lead to

e surfactant. A medium interaction corresponds tQ a_surfactant

fodkpieReEsRYNERACP B AR AREE 5 e AT & dbithBRELh RaYTisAL Phases. Tn
foougrit $0sehsdulifigatanirasablaliis theapsabaenbinvertanmbyguidd shetiveba miscible
2bRbdo A AR RAPIe iR 0f BEWEEA ARG Aepay. 2 and
5, gn a?l“ g, 1.5and s and.10, 2 ang 10, 2'and 8, 'gl?ﬂ% é%or 2 §nd 4
mnPhofisetitallisairmeg e dbsup cgnbingtipnzoBnolarity and vglume addgg) has to
10 sufficiently high to induce channel formation and free flow of droplet core content fo
participate to the growth of nuclei into a submicron particle. When the destabilisation
power decreases, it reduces mobility inside the polar phase channel and gradually leads to
an evolution of the final microstructure from discrete submicron particles, to strings of
coalesced particles and macroporous condensed gel. This could be viewed as a gradual
freezing of the bicontinuous/channel structure,
The process of the present invention is capable of producing sub-micron particles in an
acid environment by use of a sol-gel mechanism in a microemulsion. Acid catalysis is important

in the production of microporous particles that can encapsulate small molecules such as
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nm2/molecule. 20 A coalescing liquid which does not form two phases
(e.g. water and water-in-oil emulsion) when added to the emulsion

system. The formation of two phases will lead to heterogeneous
wackeatisesznd segregation of the particles in different physeal jplvagegoliss
terms of solubility requirement, this mgans that the coalescing liquid

should be miscible in both oil and watér phases, that is, it should have the
appropriate polarity. 25 The "destabilisation power" (i.e. a combination of

doxaiasity and Mpugenagdad) hasirosedfigianty. Mok torRekiceehanehses a novel

formation and free flow of droplet core content ta participate,to .the growth
oPDrgg S A COBTRITOR (5 AES OORA ORGSR CRBUTRY o s ok
(WodEesas Snyiréretd uBesletioilivptinticit tHieapolsephiascpatightelcamgositions  thereof,

proc@ERdURlY 18ads ARy OlHERRT tie fRal MICTQSHUCH 6. fEONMhEiSGERe to screen
bmicron Partlcles, to (%[rlngs of 30 coalesgfa%partlcles ﬁ\nd magcroporous

su :
Sl ISANER I st SRR H'GtAt SOk ARy st s to generate the
desiteit Gmtihpatislehinanilestreibtur ef Tleemrontsy aftthe gdsenthimvriiomisroemulsion

haviﬁ?ﬁ?éﬁ?e&fo?%ﬁ‘éﬁ“& FHRATHEIRAR PG RSN B SR IRMERLRYHSS produce
of a sol-gel mechanism in a microemulsion. Acid catalysis is important_in
Pl SRt i

EEEhABP R P s A AR R g BB S5 G dfkpd 400nm.
mﬂheqwgs_:ﬂatﬂwsﬁbsW@eZ@Dﬁi@ﬁ%ﬁﬁdﬁmngzoﬂ_ﬂi@@él%%b%immobﬂised therein
md/A0NLBICIRAN (Werse e . in.a.c Qpt led: fashion SRS RILS8R mammal may be

Invention usés a novel approach for building sub-micron (i.e. large nano) )
selegied i@ iHhe Bt FOTSHHRE ) f S WRATe rRRTRIPRO DIE: S BUPGe Hine, bovine,
lepoBadlefirconifaliag elikrsandetamie. pAHICasmeaihpasitibasthetadffrom a human,

rocesses of preparation and methods pfuse”) i ichyi eges
O Ech g’nﬁgrgel?rfgg%ﬁ segﬁiedr?%géogﬁblggsatg Igﬁ]aai'i’nne%lg\{gmu s%ﬁ%%_ﬁe%%ph The
condigipranalrdisict sizeas gEeaorditien daayrds fAemebaiife speerHiahiithobormonal
dysfahERBD rBpRMHANYER S IEbS it ialie reitapRNy Siphiayiagd/or opiates), or
droplets of about 5 to 10nm diameter, and then destabilises the
aSthIr%‘ri‘(:roemulsion to produce patrticles of between about 30 and 100nm, or

abuuresd st Bohsrmnserisinied 05idn tha oobrmicrer Rratigtal and selsataseudually in
PBS%H&%;JHM@%@!EJL@MK@ @ REuE releasably immobilised therein 10 and/or

thereon may.be used in the treatment.of a conditjon in a mammal., The
R TR O AR T B TR0 P et STReP Qi tdFecs, such as

 fluoreseshiurtss, pridiratheramenusicalmrimayeviratalugeriremevier, tapdae and/or other

substaling; ARELERNIAEs T1he MAnRELgR%RS, SRlmRglEonsaistiatapy WMsRYanology,

. ape, horse, cattle, sheep, dog, cat, goat, llama, rabbit and a camel, for
biorgaglons lmERE ¥ndition may be a disease. The condition may be for
ExaaMsmple cancer, diabetes, hormonal 15 dysfunction, hypertension, pain

Y RIRVRE palB-lieaRiR NHRARE AHNALLP ISR, RbARiBIAdetailed below
Doxorubicin can be encapsulated inside the sub-micron particles and _
for @m%rwgmes containing doxorubicin, with the variations from this general

procedure detailed for the individual experiments:
1. Dissolve NP-5 [nonylphenoxypolyethoxyethanol, CoH,9CHs(OCH2CH2):0H, n=5] 4.40
— 8.80g (10 — 20 minol) in 50 mL cyclohexane;
2. Add 1.08 mL dilute nitric acid, pH1 (equivalent to 60 mmol water) containing 0.06 mmol
NaF and 0.1 ~ 1.0 mg doxorubicin. Stir for 20 minutes to produce a microemulsion;
3. Add 0911 mL (6 mmol) TMOS (ietramethoxysilane) into the above system;
4, Age by stirring for 24 to 48 hours;
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PBS (phosphate buffer saline) solution. The present invention may also be
used for controlled release of other substances, such as 20 fluorescent
dyes, radiopharmaceuticals, enzymes, catalysts, hormones, biocides
wociesother substances. Applications may include diagnos#csau2005/001738
radiodiagnostics, radiotherapy, biotechnology, bioreactors, imaging etc.
Examples The following general expefimental procedure was used in the
experiments detailed below 25 for preparing nanoparticles containing

oxgrubigin withthe yanatiangison thiseaengralrrogegyedataled iy mr) and

the individual experiments; 1, Dissplve NP-5 . .
InGASIBHEHIE O B e LORTSHa e s GRPoR s gpelesce
- 8t1BOgattitles20 mmol) in 50 mL cyclohexane; 2. Add 1.08 mL dilute nitric
bgcjl_g_i_?[g eﬁﬁﬁgh\f%%% EQp%t@ﬁ@Lmtﬁé}t&%M&% %1%391(130 W{HQH)%ﬁggnﬁ%sh the

.0 mg doxorubicin. Stir for 20 minutes to produce a microemulsion;

3. PFHAeD TR e P MG S qeirs Rt ditei Atisyarits e hppBirdicles may be
systetheddudge bypsbisehgefateddrited 8 ouid /A0 2 (B&HS M 7Bartlett, “Controlled
P U2 , (e Qn i '

d
UL R TR, SO R ASIIRE o e
10%hiARes, to destabilise the emulsion and coalesce the particles; 6.
AftengedimeMatione separatetitlessolich particles fiomeigarioliguishiution with a
phase and wash the 5 particles three i with. 30 mL acetonge.ea Lo
e S e R R R ER D I By RN 8 Dl s o

desiitbadd Nl b Ssem@ aiyéhe Rhrtienio wekerBirdinakéns asedeéramic

ThisRClERSe CATPRSIHANGIRarens) RiacesspaolREenaalienR:and Methods
of Use"). 7. (Optional) Mix the solid particles with 5 - 10 mL aqueous NaCl

L MRt g ot e entration calculated to provide at least 85% of the

dBerticles vktheyoladsiwifdngies hitidallandiy a@Perimsntileparanemipigvater (pH1) 60
mmSPIFQNA0 Make thedRakdnmspdutoRtiaderesediye asdolloweddatens b and

1lto 6éW|th the f’ol_lowmg varlaﬁg\rlé]s: 1. NP-%?%%cen ration effect: I;lg.rrtltcletsmp 5)
destghil s HOR (S 2R iR th E R I A B AP P A B PR R P ppctant (NP-
condahthtvn s shepol, a0 BBicinfiomTMOB® ol yoibdexERd(atistepyaphs of the
resuﬁ&wgg%%ﬁmwFgg%.?geggilisation with a mixture of 100 ml

acetone/l

00ml of cyclohexane. The surfactant (NP-5) concentration at
Resulis 1o, BEGEIR SR BFTERe B (8RS G DL HERA FAEFSBIANAG GYaRes 04 molL,
no ciakstngapast olesmed.shown in Figure 2.

2. TMOS concentration effect:

Particles were synthesized using the following experimental parameters:
Surfactant NP-5 0.4 mol/L, F/TMOS molar ratio 0.01, water at pH1, cyclohexane (at step 1} 50
ml, ageing 48 h and destabilisation with a mixture of 100 ml acetone/100mi of cyclohexane.
The TMOS concentration at step 3 was increase from 4 mmol to 12mmol while keeping the
water to TMOS molar ratio at 10. TEM micrographs of the resulting particles are shown in
Figure 3.
Result: The particle size was found to increase with TMOS content. The coalescence/fusing of
the particles at [TMOS]=12 mmol is significant.
3. Surfactant type effect
low conceniration:

The following surfactants were used in place of NP-5 at step 1: {(a) Brij 30 (HLB=9), (b)
NP-§ (HLB=10), (c) NP-6 (HLB=10.9) (d) Triton X-114 (HLB= 12.4) with !-pentanol 20 mmol
{¢) NP-9 (HLB=13) with 1-pentanol 20 mmo! (f) Triton X-100 (HLB=13.5) with 1-pentanol 20
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Result: The particle size decreased with increasing surfactant
concentration. Above 0.4 mol/L, 20 no coalescence was observed. 2.
TMOS concentration effect: Particles were synthesized using the following
wrpesimestal parameters: Surfactant NP-5 0.4 mol/L, F"'/TMES/aokae etiss
0.01, water at pHi, cyclohexane (at stgp 1) 50 mL, ageing 48 h and
destabilisation with a mixture of 100 ml acetone/100ml of cyclohexane. 25
The TMOS concentration at step 3 was increase from 4 mmol to 12mmol

mamrwm@m&ew%ee TS0 RIAswato @Eplegm-EEtM gt@@r@uﬂfactant 0.2

the resulting particles are shown i u]t The parti S|ze
S s e et e Koo e peick Bie i,
ageinp@ﬁtﬁc!esxﬂtc!&’msgzaﬂ@lrmnbIalglsrgnﬁloﬁﬁﬂiB@iBa@tsmfaﬁﬁhnl)qM}eﬁé&Xane- TEM

e used in place of NP-5 at
mm@g 1&?&“ @) gﬁé %%‘gﬁj%}ggw i %%ﬁ?%?(c) NP-6 (HLB=10.9) (d)
I

Reswi SR oMY L R PSR B SP teP N S B NP No
destailizdtime niohplR0 iamekll Titdh& i00eiidBiaflE) withphodentaloh@plc (f) was
o U0 POOBIOR0RES. BETIALROORINAL A 87 raumal Ralglesvere

synt using t e following experimental parametérs: Surfactant 0.2
highsemeenfyatiaépHI) 60 mmol, F* 0.06 mmol, TMOS 6 mmol, in 50 mL
CW@@@M@(&@E&@&@WG&Q%@&&@ and: destaliisatiomovittubonektine@bing the

surfac 0 m!)ggee Rh eé%%?@!c Ofl ‘%X%!%“ XgﬂeTFrﬁmm@b gﬂ@%ﬁh%fg%gr rﬁﬁ’ﬁﬁ&@pmﬁcies

HicTee &re ehown in Figure esult: The on ystems t
are Ségb’mi@rﬁmgliéd spheres were those with NP-5 and NP-6. No

ﬂ%t&laili%}i {eak plasenhupampla heldhiat tualastatharepiRtntration were those

am f) was the resu s of th ble re
Wﬂh?n?ﬂ% OB e A U A B
@m@ﬂmtswln@ﬁm@aemwmﬁﬁmé mhﬁww%%m&%ﬁ%ﬁes do not
coaIEQEe IgnSHFRGIAN CRRES I ationiastaR v Bst Al for TEMmBiaY MRlaSsefgests a

the corr%&ﬁondlng particles are shown in Figure 5. Result: The only
B u§9 Fif-submicron spheres at this surfactant concentration were
4. dhasefwetthiffebt: All the others with the exception of those with NP-6

Prdiigedpadigamafidia %th@ﬁﬁlm@ﬁg?&ﬁwnm&mgﬁimmt the
a

micro-emulsion are not dest

lised d d t
Wolgh BRI IPEP A Ao 00 FREL L GF QG BRBIF AP SV B A R Rgein 48
h andulgiebitisativecuitbc destats gatitnmd aGtese/ifordmfaffelhexane. The surfactant at

step 1 was: (a) NP-5 0.2 mol/L; (b) NP-5 0.4 mol/L; (c) NP-5 0.2 moV/L, 1-pentanol 0.2 mol/L.
TEM micrographs of the corresponding particles are shown in Figure 6.
Result: No visible improvement was caused by adding a co-surfactant (i.e. surfactant) to the
emulsion, Increasing the surfactant concentration (experiment 4(b)) was more effective in
narrowing the particle size distribution.
5. Microemulsion solvent effect
destabilised using 100 mL acetone/100 mL various non-polar solvents:

Particles were synthesized using the following experimental parameters: NP-5 10 mmol
(0.2 mol/L), water (pH1) 60 mmol, F" 0.06 mmol, TMOS 6 mmol, a non-polar solvent (at step 1)
50 mL, ageing 48 h and destabilisation with a mixture of 100 ml acetone/100m! of the non-polar
solvent. Several solvents were used as the continuous phase for forming the microemulsions: (a)
petroleum benzine, 1-hexanol 20 mmol; (b) hexane, 1-hexanol 20 mmol; (c) octane, 1-hexanol

20 mmol; (d) decane, 1-hexanol 20 mmol; (¢) dodecane, 1-hexanol 40 mmol; (f)_toluene.
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Particles were synthesized using the following experimental parameters:
Water (pHi) 60 mmol, F- 0.06 mmol, TMOS 6 mmol, cyclohexane (at step
1) 50 mL, ageing 48 20 h and destabilisation with a mixture of 100 ml
woetwnettHOmMI| of cyclohexane. The surfactant at step 1 was:{ayiiesni2s
mol/L; (b) NP-5 0.4 mol/L; (c) NP-5 0.2 mol/L, 1-pentanol 0.2 mol/L. TEM
micrographs of the corresponding par%i%les are shown in Figure 6. Result:
No visible improvement was caused by adding a co-surfactant (i.e.

HexgHERGAN RN G SMUSIOR B Sas g% SUrRfiant SANC SRR Mhulsions. TEM

(experiment 4(b)) was more effective in 25 _narrowmﬁ{g the particle size

micH g RITh SRR AT SRR TR IE RN Siflsed using 100 L
ReadetSosdQbnlicuati pusiclon paiapsalvedtor Rapticiasniese sydibe sizeetsting that a
in low] imeptal parameters. NP-5.1Q mm mgJ/L) .
P e sy W G T Demuiions
synthepizgsyn feamsanmhiodsganty 48 h and destabilisation with a mixture of
desthBlisvd BEsione/ damilafdih e Depcdiaiamolvent. Several solvents were
u | S r forming.the. microemulsions: " .
a8 SRR EEAMNNBIREON [RIURRAGS DOSIURETR) Peuabitged using o
50 md) efbsaald 1 40 BL gYSIoDex AR ek ke 1 TR anisToryaphh of ey corresponding
partiidecanvizhexanpk 40 mmol; (f) toluene. WO 2006/050579
PCT/AU2005/001738 Hexa as add a cosyrfactant in.order to
oo e S R R ol e 1L bl ystems

formegrtitfermigrenshetielss Fgakscenfeesiiiths ostens(ibhsioren Partiotesl wekperiment ¢)
resufBEBNE OmH@ IR E6SRE BReSH ABERING HidbadeaBipbaarHR!eshd ¢).

p destabilisation, (ie particle coalescence) was achieved for emulsions s
tlHeUE KRR I U ane and dodecane. destabilised by 50 eul ethanol1100
mEbeyiclbbreicgrar fRbentameensedsiomios afdSErfodd) VR €binisito Nrdid and (c)

Np-pransieland:desiabiisad using teoR Mk ARRMULAIL SXHENEXANG factant 20

mixture at step 5. TEM micrographs of the corresponding "particles are

mmah SR RS R RS RS pE Y dRPBE 2P IO RERSN S Y gy (at step
1 nb)phexané/tyblokenal<d) mentg 3btbmsdfclesiebilktdtmicreithparticiesue of 100 ml

acet SIRABEEE FC AINS-QRERGHINGKANGL AR ek %ﬁgﬁﬂﬂlgc%afﬁa%t%gei Shown in

.~ agel and no coalescence took place in decane or dodecane (experiments
Figiezhd e). toluene microentulsions: The following surfactants were used in
RespladauehNBeoyiah iR Sifida)phritcasXe-drtdsalatbdcyota 1R SniPdotictesihviie and they

ever%ﬁ?%%%%% g{%ﬁwﬁ Jpg(l,gég N SRLEImanAl RArAMelg s, surfactant 20

mmol (0.2 mol/L), water (pHI) 40 mmol, F- 0.06 mmol, TMOS 6 mmol,
6. toflgefies tiver sifeght step | in place of cyclohexane), ageing 24 h and
Partiigstaitibsatnniviibed mitigofclde i experimental parameters: NP-5 10 mmol (0.2

mol/L), water (pH1} 60 mmol, F* 0.06 mmol, TMOS 6 mmol and cyclohexane 3¢ mlL. This
emulsion was aged for: (a) 24 h, (b) 48 h, {c) 120 h, (d) 168 h, before being destabilised with a
mixture of 100 m! acetone/100ml of cyclohexane. TEM micrographs of the corresponding
particles are shown in Figure 10.
Result: The ageing time had no significant influence on the final particle size.
7. Effect of the hydrolysable species:

Particles were synthesized using the following experimental parameters: NP-5 10 mmol
(0.2 mol/L}), TMOS or TEOS 6 mmol, water (pH1) 60 mmol, F~ 0.06 mmol, cyclohexane (at step
1) 50 ml, ageing 48 h and destabilisation with a mixture of 100 ml acetone/100ml of
cyclohexane. TEM micrographs of the particles before and after destabilisation are shown in

Figure 11.
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acetone/100ml of cyclohexane. TEM micrographs of the corresponding
particles are shown in Figure 9. 20 Result: During the synthesis, silica
particles were isolated from the emulsions with time and they eventually
Josmed@@ed with average particle sizes between 10 - 50 NGy AGRIRBO1738
time effect Particles where synthesized using the following experimental
parameters: NP-5 10 mmol (0.2 moI/LZ)? water (pHI) 60 mmol, F' 0.06
mmol, TMOS 6 mmol and cyclohexane 50 mL. This 25 emulsion was

Resﬂ%e%fc% @1@%%@1}3 %?rhcl@g)bje?&ehmﬁ%&gsd?s Eﬁ %ra%&? Uchalqrﬁ §I’f%% ﬁ addition

with a mixture of 100 ml acetone/100mi of cyclohexane. icrographs

of a5pipRS. ISR NI FASEATIRIS SFalS FRSHS L GReng, Hdbemiabltemiguntgusions
mtdlmelﬁi%jﬁecﬁigﬁﬂﬁ,cﬁf&mmmamﬂm&ﬁﬁb paulicleubitential. Rifeckofti@h. Final
dro sable |e t i d usi e
o B D R P R s B i
8. ﬁﬁﬁwt%téﬁf(ﬁﬂf)"@@ﬁﬂﬂbl F- 0.06 mmol, cyclohexane (at step 1) 50
MEaAPRING 43 bﬁﬂ%ﬁ%&@iﬂx@@ﬁ%ﬂ&%ﬂz@%&%ﬁd&%@&mﬁm NP-5 10 mmol

ace e/100 lohe T M mi rC}g @%1 of th es bef
(02 after 3e méﬁ Qa :%n ar)c(aPs own'in il—(gure % (O{ step 1) 50

, mL%ﬂ%lﬁ@@)OS/OOlBS 39 Result: A comparison of the partlcles before and

aftgldrsiahiinatian cledyly SROWE Bl RAdiian igfasataags which on the
g1 roscopic scale results in a crashing of the stable micro-emulsions into
—-—gaﬁﬁl&%%%&%%e, induces on the microscopic scale substantial particle
(a) Yyowtiningifdimparticiow éxiibit anstigkhylikiege (i drtiplersie e micTEOSsign into 50
mI, Usgehas, the yiIuRab!ensPrRaiesem Bsibil eriitaboneonditign L@ thy pouring the
Particles were syntheS|z d using the following experimental parameters:
micRYETIIFO B (P Y Wﬁfﬁfﬂ?f@ﬁ%ﬁ%@ ARG, SRR gozraphs of

the mm@pmyhi@manbs(amsimvh)ﬁ%m Bheing 48 h. The destabilisation of
Resait: F’A%M%%ﬁﬁ Qﬁﬂrﬁﬁ%ﬂ& %%ﬁh\é@ﬁaﬂ@a@} éﬂﬁqﬂg @h@%ﬁﬂd?d%%@n into a

by pouring 50 mL acetone into the microemulsion; (b) by pouring the
diluiReroRIMADE RIFHRNS GerRTiRERfohls! %&fB%GJﬂﬁ&‘fﬁé"i?ﬁBP&%@ﬁ%ﬁ@?Bﬁ Pgogenous
and 1608 mpragatdnamisiydy pouring the microemulsion into a mixture of 100

g’& ﬁ&g{g@gﬁ@cﬁp%ﬂh Lyclohexane. TEM micrographs of the

corresponding particles are shown in Figure 12. is Result: Although
sUBMRIEIT BRI S APSTBBkEME W ARt a8 eBIEBIFING P Mlcraesioirkignd SO mL

cycloiiexaneliigienhsal uioned atetonal(expamnanrt 100 hd). apflehssada;@yento a mixture

of 1%6)micz?c%tgﬁ% g]n%Sf gbo rrnrf) %9&%55{3116 {d) info a mixture of 200 mL acetone and 200 mL

cyclohexane. TEM micrographs of the corresponding particles are shown in Figure 13.

Result: Although the destabilisation with a mixture of 50 ml of acetone/50ml of cyclohexane

(experiment 11-2a) produced submicron particles, the particles were largely aggregated and

fused together. Increasing the volume of the destabilising mixture leads to a lower aggregation

but an increase in polydispersity.

8-3. Precipitation condition effect:

Particles were destabilised using a 100 ml acetone/100 ml cyclohexane mixture. The
destabilisation (step 5) was performed by pouring the microemulsion in: a) a 1 litre beaker stirred
with a rod shape magnetic stir-bar; b) a 250 ml beaker stirred with a cross-shape magnetic stir-
bar; ¢} a 250 ml beaker stirred with a rod shape stir-bar; d) in a 250 ml beaker ultrasonicated for
5 minutes; and ¢) with NaCl (0.2M) added. In €), 0.135 mL 1 mol/L NaCl solution was added
into the microemulsion, which was then shaken until clear, and then destabilised by pouring into

a stirred mixture of acetone and cylcohexane in a 250 ml beaker stirred with a rod-shaped stir-
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and less aggregated samples. 8-2 Quantity of coalescing liquid by pouring
the microemulsion: (a) into a mixture of 50 mL acetone and 50 mL 20
cyclohexane; (b) into a mixture of 100 mL acetone and 100 mL
eyrhoheosasm; (C) into a mixture of 150 mL acetone and 15080t/Au2005/061738
cyclohexane; (d) into a mixture of 200,mL acetone and 200 mL
cyclohexane. TEM micrographs of the Corresponding particles are shown

in Figure 13. Result: Although the destabilisation with a mixture of 50 nil of

bar %ﬁﬁ&ﬂ?%’?%ﬁﬁ&ﬁﬁ%@@é@d.(%ﬁﬂiEﬁﬁﬂ&éﬂi R) P BRAUCHASHHMIGE Rhrticles are

particles, the particles were largely aggregated and zs fused together.
PrOSUF: é@iﬁ’&‘lﬁel\‘}olume of the destabilising mixture leads to a lower
Resadjy Byationaibet avhineeasgiripstirdispehsity,. SifisPraeipiatimrsdordidiom had no
sigft ek SRR a HeRleplised using a 100 ml acetone/100 ml

cyclohexane mixture, The destabilisation (step 5) was performed by

9. Ber 9 RECCH TS SEHSTEI AR a 1 litre beaker stirred 30 with a rod
s%ﬁ@ag@is@h&sﬁ:ﬁm@aﬁn@aﬁmm st_'peeidmrithﬂ @mm&@haME-S _10 ramol
(0.7 G R lﬂé‘ﬁi?é% £l P RAC SIS OENEE 8 IFaD B(ﬁ{&ﬁ%{\'ﬁﬁ)s‘{%p 1) 50

a 250 ml beaker ultrasonicated for 5 minutes; and e) with NaCl (0.2M)

mLapefant {13 &), Bhe 25 Al et Araplpsonqiinaied:tiemial fhis they addition of base
(1MTigtREm NGO wibithnyabedtoen dhakikatil tleammad:then HEstabiissshe/100 m!

Quring.inta..a sti ixture of acetone I xane | 5Q ml
e B B oA e &
Resnlt- g igodson ¢fied ofths ik linehnsdisism s ies et gd.

10. WTRS PSS RY R coBmE pRIMIENORAEN P A siaEsSHERJRifFigure 14.
1O_figs&lt: The container volume, magnetic stir-bar shape, ultrasonication, or
ion had no significant effect on final particle size. s 9. Effect ofpH

of Anaidpusisnserdpersd Puing |ty Vi lendyatberirarnislepadsiowiRe 10 mmol
(O.%Bﬁlljfﬁiﬂﬂl@l @ﬂﬁrelgTEﬁl\i}l%Ig%@ml IQ‘{I@D& G"ﬁ])‘(bt)tl,\ﬁt!?éﬁihéggﬂé @I;Qstep 1) 50 mL

mmol, .06 mmol, mmol, cyclohexane (at step mL,
o RS 5, CER OIS GPHIBHET St TS it T g f 100 L
cychligition adhSeratt phapntsorfaMHoH @dLRiod), (e ftade Sthbilisdiddih0Q mL and
© fﬁb‘iﬂﬂ?ﬁﬂ@g&%@%ﬁ@%@@@@dﬂﬁsﬂ&%%ﬂmw %Wvﬁ'ﬁl\l{@%m ¥ ,Oft

e corresponding_particles are nin Figure 15. Result: No significan
Resalfe F GRARBEREH] LAHRS SOrAAs i Tk AL b e DRRE A, Procipiate was
obstrfhie howofethe gratenasleatly quraradtyvitl deccoltiramiestabilisbe|(GlidiL esdione), the

gel ARRIONERAHIAES We& syNesizeA1dsing e fofRwing 8XREeHMERiAbne), spherical
parameters; NP-5 10 mmol 1s (0.2 mol/L), water (pHI) 60 mmol, F' 0.06

subISIER ARSI & FiBIMSTelohexane (at step 1) 50 mL :
10-2 Ethanol

Particles were synthesized using the following experimental parameters: NP-5 10 mmol
(0.2 mol/L), water (pH1) 60 mmol, I 0.06 mmol, TMOS 6 mmmol, cyclohexane (at step 1) 50
ml, ageing 48 h. The microemulsion was then destabilised at step 5 using a mixture of 100 mL
cyclohexane and different amount of ethanol: (a) 5 mL; (b) 10 mL; (c) 20 mL; (d) 35 mL; (e) 50
mL; (f) 80 mL; (g) 100 mL. TEM micrographs of the corresponding particles are shown in
Figure 17.
Result: When the quantity of ethanol was 5 or 10 ml (experiments 10-2a bd 10-2b), no
immediate precipitate was observed, however a gel gradually formed with time. With 20 ml
ethanol (experiment 10-2¢) a gel formed immediately after pouring the emulsion into the
cyclohexane/ethanol mixture. From 35 ml to 80 ml ethanol (experiments 10-2d to 10-2f),

spherical submicron particles were formed although aggregation increased with the amount of
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and ageing 48 h. The microemulsion was then destabilised at step 5 using
a mixture of 100 mL cyclohexane and different amounts of acetone: (a)

10 mL, (b) 20 mL, (c) 50 mL, (d) 100 mL and (e) 200 mL. TEM
wiicragrapk® of the corresponding particles are shown in FigureAzo0s/001738
Result: In experiments 10-la and 10- Ibélo or 20 ml acetone), no

immediate precipitate was 20 observéd, however a gel gradually formed
with time. In experiment 10-1c (50 ml acetone), the gel formed

ethaﬁemg-w %e!fysé @o%ﬁyml%m? a&fiae@rgdlge dfé}%réﬂzﬂﬁl@%@mﬁ?é@wh 80 ml of

spherical’ submicron particles were formed. 10-2 Ethanol Particles were
othagol (GxRermERlsl At the BTN R ExpRs i S PP Bnat EReORIH PR ] 0-28) 1ed

to ggleiOr2 mol/L), water (pHi) 60 mmol, F- 0.06 mmol, TMOS 6 mmol,
10-FYsiohexane (at step haf,mL, ageing 48 h. The microemulsion was then

destabilised at steglés ‘using a mixture of 100 mL cyclohexane and

differdsleaae i ePetizsAdsies Bedelmying it naragpiss it -g)l0 mmol
(0.25Q0Mil); Fu8O (pHIT X gP 1R LE TEN micrh Jhsjihs ohtheavdshaatingt step 1) 50

ml, P%é %&f}ﬁraa%eﬁ'fé"%@(ﬁﬂ&nﬁ%ﬂéﬁ %Z a%ﬁmsé Qf&tagp%gm %%EH@Q%& 2) 100

experlments 1 no immediate recipitate

mL g dssaioctl Fdnsritns o BradihangfobmE with trplehevanroflnml. acctone, 40
mL eth\zaml &)ameﬁumep&t&ﬂd@azgeﬂpﬁm&xmedla&ﬁhﬁ@ﬁge{)n@ormg ctbaohexane 20

mL a < Ollsl!c':o éntCLt &1 Xf:l al.%rl-IE/etha 1S O turel‘rlégoggl 15(%':] E’%.?q are resented n
anofl (experiments 10-2d spherical submicr par icied W8

Flgl#tﬁﬁfi’ed although aggregation increased with the amount of WO

ResdfRO6{02Q6:09 E&M&@i&%ﬁ&&ﬂ% SiRARE b;@JMmﬂﬁe 4Qea)ﬁeiéﬁdr@tﬁﬁnol The
| for the sample dest ??d 0 ml of ethan

ucles and ge _
oo EANIEAEI0 21 A THERP I BIEREL R e Ap SPARR Y o e sacare fo
mormp@ﬁﬁvi&@mth@ngbwe@twagmanmr@@@mmm@bﬂé)cébdné%cad)ethanol 5
10-Poriglesiwgre synthesized using the following experimental parameters:

NP-5.10 mmol water ( I 60 mmol, F- 0.06 mmol, T

R e e o L MR 10 o
(0.2vwadd e wetes (@bilis 66 atstdpS G8hgraehiliM@oh ajrddDcynlochexane (at step 1) 50
mL C&’%‘é pherener oMb AGRIAR6 2R BleR tRARBHHRIIAQEN sQYGIRNEX AR E0F 100 mL

acetone, 40 mL ethanol; ¢) 100 mL cyclohexane, 40 mL acetone, 60

cyclgheraprang dbff%ﬁ ?HLOEVC?gI’iIé g?]l]é’“ﬁﬁglﬁo}ﬁfngcetone 80 mL ethanol.
() TEM nxorpgrapbls Ui thie, GSndspdhaing Prticles are presented in Figure
() 18. R%%&%&nﬂgr&rﬂ Wﬁﬁeftd@%if%‘@ﬁﬁw'th a mixture cyclohexane,

acetone and ethanol. The_aggr (?atlon mcreases with increasing

(9 proporitsthsEdrgivingtisedd b JO0Ht more than 20/80
{d) ethanafhiorafietonzsvelyfiemitid ((@nﬁerlments 10- 3b to 10-3d).

(e) toluene: 100 mL

® benzene: 100 mL

(g) tetrahydrofuran (THF): 100 mL

h) dimethylformamide (DMF): 100 mL

() pyridine: 100 mL

), 1-butanol: 1060 mL

(k) acetonitrile: 2 mL, 5 ml., 10 mL, 20 mL

4y methanol; 2 mL, 5 mL, 10 mL, 20 mL

(m) dimethylsulfoxide (DMSO): 2 mL, 5 mL, 10 mL, 20 mL
() tert-butanol: 100 mL

(o) - 1-pentanol: 100 mL
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is 10-4 Other solvents Particles were synthesized using the following
experimental parameters: NP-5 10 mmol (0.2 mol/L), water (pHI) 60
mmol, F- 0.06 mmol, TMOS 6 mmol, cyclohexane (at step 1) 50 mL,
w@aimg/d®319 The micro emulsion was then destabilised at stepra usicapar 738
mixture of 100 mL cyclohexane and oggerent amount of the following
solvents: 20 (a) iso-propanol: 10 mL, 25 mL, 50 mL, IOOmL (b)
4-propanol: 25 mL, 50 mL, 100 mL, 200 mL (c) Methylethyl ketone: 25 mL,
B e 100 22 1 bentene: 100 miL. (@) terahydrofuran (THEY: 100
@ L (h)dafﬁ?g{ﬂw&}?ﬁsri%?ﬁ MF): 100 mL (i) pyridine: 100 mL 0)
TEN-tmitergniphe Ofrmin B0 {ihacstosptilding pattidestire $0omi ji2Bignte {9) All samples in
FigMOUNA0Iof e e Mbin B LR I DN AR RMSOIR . of the
mL, 5 mL, 10 mL, 20 mL (n) tert-butanol: 100 mL (o) 1-pentanol: 100 mL
SPPIRR BB SR8 B IS RIATYS 19687385738 42 (p) 1-hexanol: 100 mL (q)

Resdith| bresabilimtien 18R gnitoFEpnvi eregraphsacdskd & dicHeromties pdgdivgth time.
Des%ﬁiiﬁ&%@rcﬁéﬁgt’vﬂakg Figidre fch ALRATAL S fiidndP ‘)oggrgsgﬁltqm S B¥es were

destabilising the microemulsign with a mixture of 100 mL of the s
formggh opivsriEBIRhicAhe PEBARN & terEta e Rt epudt asnighiipene, benzene
or TuEirgdso e prudabtiadai-fiopansideatts.the formation of gel with time.
10- Pﬁﬁ@b”'?iﬂgg did not take place when acetonitrile or methanol was used:

articles were formed. Chloroform led to the formation of coalesced

gdiastieletureranmissisidatiaadhs dpYerinsor PrmeiabnHanFsER ctighe NE-5,

| cycifdme}@ﬁl: ShELCI rgszﬂﬂﬂ,qyﬁﬂthwonwmr @&t&%ﬂ&lﬁﬁdl\lel’emiﬁﬁﬂzm{)s 3 mmol

usm erimental param t r P-5. cyclohexan
and S0 1 100 SRF MRNA VATRA B o YAINGENR 50 m.

cycl@hmhw: Wﬁfﬁé@ﬂmt?ﬁﬁlﬂﬁ@uﬁ‘ﬁﬁmﬁmmas then destahilised using
Destginyllzl ?fq151c1)dm L : Result

LNK-~752: 40 mL acetone + 10 mL 1-propanol Submicron particle
LNK-753: 30 mL acetone + 20 mL 1-propanol Particles and gels
LNK-~754: 20 mL acetone + 30 mL 1-propanol Gel: Fused particles
LNK-755: 10 mL acetone + 40 mL 1-propanol Gel : condensed
LNK-756: 40 mL ethanol + 10 mL 1-proparnol Gel : condensed
LNK-757: 30 mL ethanol + 20 mL l-propanol Gel : condensed
1LNK-758: 20 mL ethanol + 30 mL 1-propanol Gel : condensed
LNK-759: 10 mL ethanol + 40 mL 1-propanol Gel : condensed
LNK-760; 40 mL acetone + 10 mL i-propanol Submicron particle
LNK-~761: 30 mL acetone + 20 mL i-propanol Particles and gels
LNK-762: 20 mL acetone + 30 mL i-propanol Gel: Fused particles
LNK-763: 10 mL acetone + 40 mL i~propé.n01 Gel : condensed
LNK-~764: 40 mL ethanol + 10 mL i-propanol Gel : condensed
LNK-765: 30 mL ethanol + 20 mL i-propanol Qel : condensed
LNK-766: 20 mL ethanol + 30 mL i-propanol Gel : condensed
LNK-767: 10 mL ethanol + 40 mL i-propanol Gel : condensed

To illustrate, the morphology of LNK 752 to LNK 755 are represented in Figure 20.

11. Encapsulation and release of doxorubicin
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cyclohexane and different amount of the following solvents: Destabilizing
liquid Result LNK-752: 40 mL acetone + 10 mL | -propanol Submicron
particle LNK-753: 30 mL acetone + 20 mL 1-propanol Particles and gels
WwiieFBEn20 mL acetone + 30 mL 1-propanol Gel: Fused particles2065/601738
LNK-755: 10 mL acetone + 40 mL I - rg anol Gel : condensed LNK-756:

40 mL ethanol + 10 mL 1-propanol Gel': condensed LNK-757: 30 mL
ethanol + 20 mL 1-propanol Gel : condensed LNK-758: 20 mL ethanol +

3@ éé-i@f%%gﬁltﬁ%egéml_w %Sﬁﬁgﬁﬂli_ﬁt%ﬁ%fﬁ@iéﬂéy%lo aehctidd @%éwqﬁanﬁty of
an el . conaense ) - . ac ne + mtL..I-propano
o RS 1S TNROS G SR8 L AROBt T R DR iF o T B gponlated
the savtl yeislobNirIGR IR0 dwiiabidisatine 80 (dve itpripdngh Geltilisedl doxorubicin in

acet%ﬁ%%k%ﬁﬁﬁ? 10 mL acetone + 40 mL i- ro anol Gel : condensed
LNK-764: 40 mL_ethanol + 10 ml, |-p,ropdanol Gel : condensed LNK-76

36 G AR RBP P e P S r SIS AATESE CEEIRAS CAPRRCE BB 2 IS the first tens
dayetln'a}mdd_aif Gt (Fhrd péwot @GSl der_;(ande_rshedmw Kiigbie 20. ritheetivamobssition rate
becé%e@éid@@ ﬁﬂgxl ?@'dﬁ?&”&%ﬁ?%% JP&QH%%@%%I%‘&%&BS@R{Q%_@V‘%JEQl&{elease of

2.to LNK 755 are répresented in Figure 20. 11. Encapsulation an
doxopibicin BeRdkSRERIRATIE 3 G0 STOBBE RSP TkLrse 33/ 6bd 2ds Fageigdrabows the
shor2desh pw&zthe Islﬂmﬁuim cif encapstithdio mﬁﬁeﬁﬁeﬁym&g fivecpareab tbe the present
inveJHAR & Eogr%%(QWAgj%%ggﬁg 2 tg];?ivseotﬂgg—r?i&raﬁz?ﬁe%& é%;?o"%\lgﬁeg%’ fg)sfa function of

oxorubicin remained encapsulated the rest was lost during tr o
timey aath SRS Grs fe fUERre i e ﬁ?@ﬁ%&mm%Mas@oilersmrgwna@@td}wammned
ovetBldAs Washingeb di-narasatnho sphrtel buffent dOaRItiRHesRIPOIES active +
inacki ‘?r}el”t""}a'%é?“sﬁ'{&gsthﬁiim fen. days withhall decay (THe) hoULAS e presont

ays, as shown'in Figure PRE deto posf"llon rate PEcomes slower
inveatiep sOrdalpssaBexpyaTioT ORI nfdrsap peair siihipopibe kad Rusiagade an active
con&@htel@aribigin, from the nanoparticles is summarised in Figures 23 and
Ad 4, Figgre 23 shotws the short-term release behaviour of nanoparticles

§9ﬁf’ﬁ' §Bﬁrﬁ§?ﬁgsthe process of the present ro invention. The lower curve
1) Trapeekontthests aendiitnon-denaturated) doxorubicin as a function of time,

andoSh AN ERRE AR RORI AL HRACRNANEN Ot BRIV HOX QRBIE IR e & icid 0.1M

b,e,malné)%med ver.30 da@ he |ghe£?cyr\ée39!e resée!?at he tot?l tur
containing it %t FERBFARACIN 7o RS S YiteC SRHoRtantiFAEHIR 2R Jrd S URR X ture Was
stirrékdafon 20opantitie dospntthesise thissimgrtfreqr dtesmalf TMPBewenthen added into the

above systemx which was stirred for 48 hours. The emulsion was then poured into a stirring

mixture made of 100 mL acetone and 100 ml cyclohexane and was left stirring for 10 more
minutes. After sedimentation, the particles were separated from organic phase and washed three
times with acetone. The particles were then resuspended in about 10 mL of NaCl aqueous
solution, washed further by decantation with chloroform, and finally freeze dried. The particles
were found to be distributed homogeneously in NaCl matrix with silica and sodium chloride
weight ratio at 85%. The particles could also be used directly in the form of an aqueous
suspension after washing prior to freeze-drying. The process is shown schematically in Fig. 27.
2) Influence of the nature of the surfactant: This is discussed in section 15,
3) Destabilisation of ORMOCER/TMOS mixture

-The particles were synthesised according to the typical procedure (see Fig. 27) but using a
mixture of ORMOSILs and TMOS as the silica precursor. Both were introduced in the micro-
emulsion at the same time, 48h prior to destabilisation. The corresponding TEM micrographs are

presented in Figures 28 and 29. Only two hybrid systems produced particles (i.e. GTMS and
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invention can release doxorubicin over a period of more than six months
and maintain an active 15 concentration in vitro. Additional Experiments

1) Typical synthesis conditions A 0.2 M surfactant solution was prepared
wobDmmtseyelohexane. 1.08 mL nitric acid 0.1 M containingi@:96.mmebo173s
NaF was added to the surfactant solu}@n and the resulting mixture was

20 stirred for 20 minutes to produce a‘microemulsion. 6 mmol TMOS was
then added into the above system which was stirred for 48 hours. The

Aﬂ?ﬁ%" wag_ e %%ﬂeme@)stm&MM&@@@M&%@%M@ @g/g&mmpoxy

and 100 mL iﬁ/clohexane and was left st{{rln for 10 more %unutes

i AR Sth P pRFRRELY H9eTesais AT ATBUCH RSP B RIF Pt o a5 (amino-

propydshiedttorgeilsimpeiyitiftacétsnlifhppadticl dbsnodat ditribresusplhdgdand small
part?éi’&“tB%% &W&Em&g&%%ﬁ!g?%%&%@&g@&%?Sﬁﬁfﬁmgm The

with chloroform, and finally freeze dried. The particles were found to be

congrenisitgd heMogemassal Sn REGTRISHES with SiRseamPsolitin chfsrigicreasing
agglumighticatis die8h%nnidhenparticles ©ouldralsmpensest dif et Tlyis thaddmmoduced in

%E%aﬂ{‘? g g AW%”&%AQM%@QS%%IQ@%Q&JQ%%

ocess Is shown schematically in Fig. 27. 2) Influence of the nature of

4) Dpgahibntion of THEOR/ TMOQR 888 Section 15. 30 3) Destabilisation of

O RMQIeERAMB S asbdd aethﬁn@aH@@aawpf&s&Meﬁlsgd "BOROS AP Omixture as
the t |caI roce ure (see 27 but a mlxture SILsa d
Sﬂm? 5¥£ Tge SI c%%r?cursb% k(\)/fl%re ﬁ?r’od%%%e ‘?‘1 ICro- MiCrographs are

Pfeﬁ@ni@dgibﬁla@%éls%tﬁﬁécﬁg rqhﬁmn&s* m@m«wﬁmﬁ% ebrnesisopranegtions of
TM@@M}mjgrographs are presented in Figures 28 and 29. Only two hybrid

syst roduced particles (i,e. GTMS and WO 2006/050579
3 Eﬁ%ﬁ%‘&%ﬁ E EYEEE 28-d and 29 respectively). The ‘
infFetuctisroobabiensf @m‘M reghreitiopropding  tamidthdxyisiarsehetsito conditions.
mﬁﬁﬁﬂw&g%ﬁgﬁﬁdﬁmﬁﬁﬁﬁ'%&%%%% RIS B’i@repféﬁ@éﬂihsanon

trimethoxysilane) I r.de Ilsatl bLmodaI ist but aon
the D A G T AT SO AU ULt ULy g sablsation
by thermetinges-[Bh &5 mﬁ:@RﬁM@Sﬂgsd ﬁierﬁcc@rrebp@pdmgéﬁme resulting powders
werB HALEARRE LT GR EEWF@%%EIWQ&%IQ%MM@%%&@ Fourier Transform)

agglomeration of the submicron particles for increasing amount of GT

SPeHRRRPHIRSaTEEU Y- R ERe A HiToR eladéveﬁa%rﬂ%ﬁwa?eAﬂbe?mgﬁhmed and
analysbcedide pactiglersize decreases. 4) Destabilisation of TEOS/TMOS

6) ﬁ%@%ﬁi{%ﬁ%ﬂq}?s ‘Heé&@ém%ﬁ&%ﬁé%@ﬂ%@%ﬁﬂ&oﬁﬁﬂﬂéﬁﬁﬁ%ﬁg base

S/TEOS mixture as to silica Bﬁ cursors in place of a single alkoxide.
€

cat#w&&&%%mmm%&w&m dinaejbumeiad in Figure 31. No
Sighifieaieh aidfensnticl wascdbsat wsithp/ihséthatahaigmgpsapbetand of follows. NP-9

(6 M%Sﬂ?e%ﬁml (6 mmol) and cyclohexane (30 mL) were mixed fogether, 0 648 mL of
aqueous ammonia NH;OH (1.333M) representing an equivalent 36 mmol water was combined to
the previons solution to form a micro-emulsion. TEOS (1.2 mmol) was then added into the
microemulsion and the system was aged for 48 hours. An acidic aqueous phase was then added
to the micro-emulsion now containing 50 nm silica particles and the system was further stirred at
60 °C for 5 hours. NP-9 (12 mmol), 1-pentanol (12 mmol) and cyclohexane {60 mL) were then
added, followed by addition of silicon alkoxide. The mixture was further aged for 48 hours and
then destabilised using a mixture of acetone and cyclohexane. The corresponding TEM image
are shown in Figure 34. A summary of the synthetic procedure is given in Fig. 35.

The original seed synthesised in base may also be made of hybrid materials (i.c. using a
mixture of ORMOSILs and TMOS) A typical symthesis procedure for these seeds involved
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5) Destabilisation of multiple emulsions system: Two microemulsions were
prepared according to the typical synthesis conditions. is Emulsion-A
contains dye-A and emulsion-B contains dye-b. Immediately before
westalilisation, the two emulsions were briefly mixed and siered fo6ok@de173s
minutes. (See Fig. 32). Destabilisation by the acetone/cyclohexane
mixture produced submicron silica part‘?éles. The resulting powders were
characterised using UV/Vis DRIFT (Diffuse-Reflectance Infrared Fourier

mizRNSfoTm} SresiepesRY.{erh&ithe33) ﬁﬂ‘@ﬂ%%ﬁq% e Mé%%%;lowed by

thed C%'stlwerequ nthesized and 20 analysed to provide a compayr
D%(/as%a%lﬁigatlo Oéy Sh BRI SHSH RESRHSEE ot 2esinso i dfebasyhtAdsisetesponding
m%fg&?k;wwﬂﬁwsiséﬂ&mwmﬂmmmgmhyilﬁezﬁ@eebm@jdém%% of 1.5 M
nitribheigi atalysis were synthesis .
e on, Noeb, e O R i oo o
Wgré) ]inlxﬁe(ﬂlf%g or. ©.69BHLBE oxclhernits @hmbhiweuHaddel, followed by the
additi @BAM yneelasETvit afhe guivatent Shninalgyater Was crrmbinad s tion with

a n@kﬁ&@é‘ﬁ'ﬁ&%@&_@%&%%&{ﬂ@ L€ i n'rTEga)&a 1s(%f2reré]u?6i?1gévﬁ?§é?§ QA%preseﬂted

: Heyo)
, .added into the microemulsion and the sys%e as age
in tha peht colip S1IHEE Whis then added to the micro-emulsion now
7) dstabilivgtithnot silicavpasinigsand gyﬁ@ysﬁmwmfugﬂprcgﬁ%ahmp articles

. ¢ - ol), 1-pentanol (12 mmol) and cyclohexane
(Sy‘gﬁ%‘é%rn‘%ﬂ%% e b SR oAU AR dE e
iRufrathetic rarasedug daliovs dhsostemedin . dishtabithsBthuling a using a base
catahybibune] Fhadeian? @nskeyaldaexane. The corresponding TEM image are
shawn i Sigure 34. A mséjc{%mar%{oft nthetic procedure is given in Fig.
35. The onginal sted synthesies é?é%%ﬁs&ﬁ@%ﬂle(gmﬁﬂdCYCIUhexane
mafeRard-i B QipdS aninbéd r3aMORIUOB (5 anab M@ SRy piogbter). TEOS (1.2

synihfsis pieeegusgdar i Teial 6/05057

PCT{A%ﬁqoSS{o 1738, 4§t Eﬁ%é%%?ﬁl\}%yg %‘éﬁﬂq%{ngg%% é%%lé%%%gﬁe“fz%‘ms‘ TEM

ml;éé% 8%4?71 V34 %ﬁf 1 followed by the addition of TMOS or a

tix@audnies: Breetpsenaseibageing SOVE24 (Soursol) hedoarReRRGNE0 TEVhnd 0.648

mictogEaRNs OfERSERMPRTICHAS A5 SheMIAdR %é%JtEﬁ:FI& (3L GRIMOY - into the
en

O.54ircnrlo_e%f SO M réit ic acid with F" 0.03 mmol was dvé%Sd Sl%hae
mixture and the 89 (SIS RE TR tuR vad aged B S frvsshours. NP-5 (5
The fiiipstpelsivesy viokdhanei@S pk) dvenbibsdad;dollowadiiy sheo@aditinMichexane

and $0mm9|&defMQ§,ﬁEﬁh? SRR "Fﬁ‘é’fﬁ\%%&@&%ﬁﬁ QP Wi C%Hi%%gtg?@f\% particles are

dqs ab}lsation with a mixture of acetone andcyclohexane
PIESERIG 68 alﬁﬁgeg? resulting particles are presented in the right column of .
8) Thigpeee3tzergiftedtatitisafionbafiaronos vy (5ien a1 &) SHamd5iel 6P 888abilisation of
miciRBaIRsmanoparticles to (synthesized in base) and the other one
coptains oligomers (synthesized in acid): The synthetic procedure follows
tﬁﬁ%BH&ﬁ@iﬁdﬁ?&tﬁ'Gﬁmﬂ%@m@Fﬁm@%mles synthesised at two different

pH’s have been discussed above. In Figures 38 (LK-425, synthesised at pH 1 and LK-428,
synthesised at pH 7, neutralised before destabilisation), the coz‘respbnding pore size distribution
are presenfed. These were calculated using a Density Functional Theory (DFT) model with
cylindrical shaped pores (P.Webb, C. Omr in “Analytical Methods in Fine Particles Technology”,
pp81-87, Micromeretics Corporation Norcross GA,USA, 1997).
9} Influence of the sonication during destabilisation on the particle size distribution

The particle size distribution was measured by dynamic light scattering (DLS) using a
Malvern HPPS instrument, The silica particle suspension was sonicated for 10 minutes in water

bath., 0.5 mL of the resulting suspension was diluted by 5 mL of pH 9 NaOH solution and
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catalysis and Emulsion 2 using acid catalysis. Emulsion-I was prepared

by mixing NP-9 (6 mmol), 1-pentanol (6 mmol), cyclohexane (30 mL) and
0.648 mL of 1.333M NH40H (36 mmol equivalent of water). TEOS (1.2 is
wdwlewas then added into microemulsion and the system was/agsa<o61738
48 hours. TEM of particles is shown iQ6Figure 33a. Emulsion-Il was
prepared by mixing NP-5 (6 mmol) and cyclohexane (30 mL) and 0.648

mL of pH 1 HNO3 with F" 0.036 mmol. TMOS (3.6 mmol) was then added

ﬁltéw@tm@ugaigmmlm&m &@aﬁ@%ﬂ%ﬂ@ Wikidiccwanager m&&mwszs °C. The
resui?&%gear%{ fesr(%gl 1ﬁtn %1‘%%5’? 1ts %Tn(%ll)r(nenl_ Ogr]ug?? ?&t |I|sed 2 Ins‘%z }}f'{.?daj with a

exane an eren po?ar SO ven

smal Eivekntentgaplostof 3ifenooasbpburein gskraenshroyme Séhte. |Wﬁ@uﬂ%§ solution
wadonaledSNAEC S 49 ISHIRUBOBOf fH Bmie @ﬂy’s Higgenaiiolgscsyybestae@onicator-

by destabilisation of micro- e ulsion, ZSITQT] g destab — 1
Ul e o B O S roT icra (HE  destellisgighpicp, the sma
peabifie3 & mmplitephearecb gudistils gotingbioedo [n FigureeddBs{eK digghution centred on
an M&Q@ﬁ%g}f@bglﬁ% and LK-428, synthesised at pH 7, neutralised before

destabilisation), the corresponding pore, size distribution are presented.

10)Fneapsiafion Ak e bishgsHish SRyt ahestrd gt dFesepfifel
wigtiliey lirdripatichapechporeg (BaiiabiciC Wore iproaaztyteabMeathddstie following

- proféa&é’aﬁta%kﬁm?wgymﬁa PRR U8 i M Qe IRIG S COTBUAUNHNO; at pH=1,

Norcross GA,US 97). 9) Influence of the sonication during

0.1 GuERA S I B IO TPB Bl SRR THE Al BB L B psialion
th&meaaurﬁgmyeﬂm@mlcm@mt spasienhg{DNGDEsng ahbdahddkd HRP $he micro-

emﬁ'i‘s%”r‘a”&‘r&s“t %‘g PG ﬁﬁ”ﬁ'ﬁ@l ﬁ%ﬁe&i% W@éﬁ%?%@e@%&&ﬂ@%‘rﬁg‘% water

e resulting suspension was diluted by 5 mL of pH
pO@Sltpa@%oluuon and WO 2006/050579 PCT/AU2005/001738 46 filtered

threpgh ) SidiubdiligT ihdobasg|ase wargile. MeaswiamPbiis Weﬁﬁ)re hours prior to

‘des gslé é%dugﬁzé 6: Fﬂ]{] Gc Er%%}élltln ;%hwicﬁgeh%lks tneb 0 Isse r&- &e 8articles at

e particie size I1s a small pea centr aroun

the 3sttwm aﬁalabaﬁg@rtbe‘awe@nwaeérw@hd b arhrcolor hiprtiBaatbhethe particles
we&%&@&ﬂduglﬁgaaﬁbm{{a@%ﬂ@@@ahﬁwm 2006 Nuty eysiaRadR BesLysfalcionised

(Sonicator s Ultros m&eproc ssor Heat stem Ultglzgmﬁo%n roform each

& gt e &L al ﬁgmk fondiine UL

tim¢F apuir&es@y;dgivihg rise to a monomodal size distribution centred on an
11) %&w&mﬁ%&% BolébuBRerPaiationaf HRWREHR Risl Edng HPLC

e IGHABTR BFCD EYC-SERBTCH LT ARG 0 g oo demesing
by reamichtéN PBhw dSHhiX eslywhith' 10@sistedf ofy coMéstense 1 236 eyt HRIG3 atp, in
conditzdion with a Waters 717 plus autosampler, a Waters 2487 Dual A absorbance detector
(480 nm), and a Waters 2475 multi A fluorescence detector (excitation A: 363 nm, emission A:
550 nm). The HPLC column used was a Waters Atlantic™ dC-18, 5 um, 4.6 mm x 150 mm
column, with Waters Atlantic™ dC-18 guard column attached. The mobile phase consisted of
1% acetic acid in water,. and acetonitrile, with a gradient of 5% to 95% acetonitrile over 20
minutes and a flow rate of 0.8 mL/min. Doxorubicin councentrations were determined by
integration of the area under the curve and comparison to that of standard doxorubicin samples at
0.4, 0.8, 2, 4, and 10 pg/mL. The minimum acceptable R? for the standard curve was 0.9.
Processing of both absorbance and fluorescence HPLC spectra was performed using Waters
Breeze™ goftware. -

11.1) Release at pH < 4
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0.12 mmol of F" and 1.5 mg of doxorubicin (Doxorubicin-HC1 purchased
from Australian Pharmaceutical Ingredients Pty. Ltd). 12 mmol of TMOS
was then added and the micro- emulsion was aged for 3 days. Then 0.432

Wi 0643634 0.5 M was added to bring the water pools to phi=7aiSAEHesi 738
the addition of the base, the samples were stirred for 2 more hours prior to

destabilisation with 200 mL acetone afhl 150 mL cyclohexane. After
settling of the particles at the bottom of the beaker they were washed with

%&&&%@%ﬁ'& &H‘\%ﬁs %ﬁaﬁaam@waﬁa WIS LeASRERAISE N Bnost stable

tion compose NaCl dissolved in 20 mL of delonlsed
at thig . ?ﬁ@@asfa@ﬁ%ﬁnwa@%gﬁé apselopgBickhiansh tamgrites (1 8-
Therpb,r@ﬂeb Ipeptosependid 20 Imemaddreeszm MijiEQaracie (@Rt ofSamples

[ |
v S S 0 U8 O30 ALAGHIn
%rﬁsdiiﬁ‘é‘i%‘fé]d’ deseieders 1525
bIF@Mé-kFiLs@opwm tﬁle@wﬁmﬁamwmaiwwﬁd? Thphampetopanpiend at pH=1

shogz\%/ater%g%%%ngr oxoTub1 CISOI’t}anCGDd%gé: toaglzlrslséag% i gh&l gd azvgaggequent to day

escence excitation nm, emission
2, beBospsiemy reammed bowim slowedeoersaininsesiigih denmnetion Bys decrease is

due® BN ﬁ%%%@d@ﬁﬁ”ﬁf %%M@&ﬁ{slﬁt@&%ﬁd\ﬂceﬁk%gyamh@%m shows a

attached é obile as? conS|s1 1% cet %\(’%ln wa er n h
compaBEOR IR e HARES ot EORRS %?bsee fiie over 2 mintesang oo e
forreaflow shideghdadon Lﬂmdch@@Hmbmmbdﬁbehtmwhs m@@mﬁnmmmythat the

decra@sRAAHILAQLINE AT8SUARRGNR %mglcmaﬁm&ha&@aaaum product
standard doxorubicin sarl?glesqft 0.4,0.8, 2,4, and 10 g/

detegifd i e ELOtAFAER Y H0r i EaR A (P ISR AT O &Ot Qﬁb 8%5‘"1%‘?3? 0.2 pg/mL
betvbmhchﬂys?bahédae ansirfilyie scbstoe driPth At vtas veb spledet nratticuditigreported, as

relelVQER REGREE b ﬁ%‘&%@é& Hﬁ@%@%ﬁ&ﬁﬂn M%@QQ%@QQS&Q an orange

PCT/AU2005/OO 738" 47 The release of doxorubicin was studied at pH <
ColONGE} PRyl AR LA P HOLE SR | P AR P vied To th limited
sohiiperif lentsdnenalpeticimabeukingdoxoprbitict dapetcoanepaticies (1 g).
71.2 elB él L werge suspended in 1% acetic acid solution in Milli-Q water

mples were incubated at 37 C with stirring. Aliquots (100 11L)
wéFédeak@f?r&ffé}dééﬁlﬁ%agfhﬁnr@lﬁw %Orﬁﬁ#fws%gw ogigthpld{7-4) Release

studiegreab alygeshby HRL02as @m&y&aﬁ&w&eﬂ;ﬁmﬁ&tmmrmg to the
sam%e'%éé &fof"edOVEfﬁ‘é day; %%gg/@%&%%ﬁagggt P 7.4 Tn the

owea an mcrea e’in doxoru ICIn I’ eas tween an Initia

sw@;ﬁ@?@@m@qﬂﬁ ehttb theye ﬂ%@tﬂ%?@ﬁé‘?ﬁ@@%ﬁﬁ?é%ﬁéw SO8fGHIration in the first
24 Wesgeragdn dgnerbisinepacepitation. debicade cheasdatratientes themlownalysis of

resu?tggr{%g‘laggy £ f\a%g X 1%91'1 E] Ellg &lggz?(?alf'f%r? %rr]cgdﬂgtg g}ug%é%gpfl%v Wit the peak of
doxorubicin at retention time 11.7—11.8 min. Beyond day 5 no analysis was possible, as the
peaks associated with degradation products began to swamp the peak of doxorubicin making it
impossible to discern.

The decomposition rate of doxorubicin at physiological pH (pH 7.4) versus iis
decomposition rate at pH < 4 makes analysis of the system difficult. Figure 44 shows a
comparison of the decomposition of a known concentration of doxorubicin at both pH 7.4 and
pH < 4. The increased decomposition at physiological pH is clearly evident, making study of
this system difficul, as the degradation products have a retention time similar to that of
doxorubicin itself.

11.3) Cumulative Release
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to comparison of the release profile of a sample synthesised at pH=3
(diamond symbols) versus the formation of degradation product (square
symbols). It may be seen from this graph that the decrease in
sanywsraon of doxorubicin is very similar to the amount of egsadertsonm 1738
product detected in the HPLC trace, with a change in concentration of

both being approx 0.2 g/mL between day 2 and day 9. Analysis
subsequent to day 9 was not included in the data reported, as 15 release
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cenfrifiugel 43 300Wsthe rileaseuter) evdblminapanptan? dethwthe. Shmplerticles were
resﬁ%@%&iﬁ?ﬁ&h%]b&ﬂ@f ?1%@%@@%%@@@1%&@%9%@ supernatant was

concentration in the first 24 to 48 hours. After 48 hours, a significant,
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quaditficolt dasceeiscad atlen g dduc thbaganparérdepbangeaithitiiepotak dha3able shows
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wds possible, as the peaks associated with degradation products began
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relegpibant apuh forma dhomibristsserpe04 sgdthrrdeasertasiprptinid gver the time
pe@g%mgsition at physiological pH is clearly evident, making study of this
2 stem&iifficult,fas th% QE%r,adation products have a retention time similar
) BRARSFA SR SHBERIREK ."11.3) Cumulative Release ' WO 2006/050579
P rAatbosroRIRESn 48oTioreve loched attimp foBlemithrn &igreativencer efficacy but
whieKRELMARER} RIRGASIH € @S AE VS IeRRE: DRy RRPRSRFARIPIEMIGH soluble in water
b mg}agds herﬁ an aliquot of %he I%%]uid Wa%i;olated from the total V.(S)Iul[gsr; adent
Ut RBIRLE BIBCRNYBAR S SRCRPEIE TR SR ST S e A TS A dypendent.
Whmptp GirreaBo b Bicihedagiene rfano pattisiefon88dring) Werbyduspie addddarboxylate)
fonk Bradtisk Chmla endshakenish Eans) temperature. At the required time
points (1 hour, 1, 2, 6 and 9 days) the samples were centrifuged (12,000
rmeEBOF[pinutes) and the supernatant rergqug’. The particles were
rlesyspehde ) ahd agitatjon cg‘ntinued. The
' ping HPkG{according the

me pove. kigtrexd5 sho 4103
B0 O
[ e
S on 8 HG O OH O
Lactone fomn Hydroxy add Torm

Ry Ry Ry

Camplotecin H H H

‘fopolecan " OH CHN{GHyy H

g-Aminncamptatedn WHp H

H
Q
Iénatasin G-N H CHLCH,y
o]
O

8M-38 H CHGH,
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guantity of doxorubicin released from the microparticles between time

points. The table shows 10 that upon initial exposure to water, 0.9 mg of

doxorubicin was released from 35 mg of doped patrticles. After 24 hours,

wdartiersis7pg was released. Between days 2 to 3, and 3 te@r/av2005/001738

approximately 0.3 g and 0.2 pg of were, released respectively. F_|gure 46

shows the cumulative release of doxortibicin from the nanoparticles,

showing that even up to 9 days, doxorubicin was released, and apart

from the initial burst of approx 0.8 g, the release was continual over the'
Thtime 15% E)eriod shown. 12) Encapsulation of camptothecin Camptothecin

C presen

COMeLin BN SIS e 18 RIOEBISEIR AT WithasHrighding - delivsay ettty In order to
achitye whieh fsepemitigljodeh mésiﬂeﬂmbhan@ﬂjaﬂ@mmrb@wilaﬁmmme form of

Sl aihled e ich is cligjc I'Eative.Te e
ca%?;'ﬂ tgf%l%h'sation ffcf}m\l%eﬁ%“(%%%gﬂﬁ%{g?ﬁe%sagglégegetﬁdeeﬁ.pfalmgﬁlﬁl-ﬂ’gmphfhc
ol Bles T (DXt i RO S O ARIATA oSt cHipcyfelseing  alternative
encgpavisdioyl preyeftamn, and below pH 4 the reverse reaction occurs.(l)?z (I)?s

R i . ~ IXINX. O~ PPG OH .0 HyQ. , :

iittjogn'M or%%l)%%‘%iél agsfj%\;‘e(%n)%l%wli én&i)//{ (Sj(gérh%?o% o )ﬁ% slgil%% (g‘fgg&ﬁ“@?}traﬁon-z

Y& N EHx B A RIScalMErRotRs /addedrtn NP 30D DI ik@OWiN 50 mL
cyc)ohdxieh€ H3GHs S N 3Rkt i .@fdﬁé&ﬁ@ta_ﬁ%{gffg%?@carbogyﬁ% gog? éocated in

R, gﬁ&g 05(0 49 The present invention relates to producti :
the pﬁ%ticalgﬁhgid%%\ég%%c&eem n Order 8 AT Rié‘sé‘ﬁiéxf\etﬁ@?%amhems process

described in paragarhdiend Bcapstiftmagringyth bphubibddvwmeilsiomofere mixed, and
subsaprmityheieial MW aning. IBSARkD\@RIINR-S (el InsHiReNRaRRHIAISixture of

ili is limitation the inventors

oo R RIS S O DR I N
botigmafibibilests Wy dissomedhid 6. timrsliisisgdi0rmbycdutdasel uiors i, acetone.
TheBOF AT 3T NN . ok @8 Mk QIQ&%I@Q&Y[@&HJE%@&W%&Q%%? méom;é?ght ratio
betvperég(ginP égd%é(éflm\{ggq 55 QSSn\I{ras mixed with silica particles and the mixtare stirred for 30
minutes. This acidification was designed to transform the encapsulated carboxylate form of the
camptothecin into the lactone form inside the pores of the silica submicron particles. The
resulting suspension was freeze-dried to produce a light yellow product suggesting the presence
of camptothecin in its lactone form.
13) Characterisation of the camptothecin release

The release of camptothecin was analysed using HPL.C. The HPLC system consisted of a
Waters 1525 binary HPLC pump, in combination with a Waters 717 plus autosampler, and a
Waters 2475 multi A fluorescence detector (excitation A: 363 nm, emission A: 550 nm). The
HPLC column used was a Waters Atlantic™ dC-18, 5 Hm, 4.6 mm x 150 mm column, with
Waters Atlantic™ dC-18 guard column attached. The mobile phase was isocratic and consisted
of 70% 0.075 M ammonium acetate buffer (pH 6.4) and 30 % acetonitrile to which tertiary butyl
ammonium phosphate (TBAP) was added to a final concentration of 5 mM. The flow rate used
was 0.8 mL/min. Camptothecin concentrations were determined by integration of the area under
the curve and comparison to that of standard Camptothecin samples at 0.4, 0.8, 2, 4, and
10 pg/ml. The minimum acceptable R® for the standard curve was 0.9. Processing of HPLC
spectra was performed using Waters Breeze™ software.

Cumulative release
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cyclohexane to produce a microemulsion with camptothecin in the
carboxylate form located in 10 the water pools. A second microemulsion
was produced using the typical synthesis process described in paragraph
wardokago28. After ageing 48 hours, the two emulsions weregnixed;sanot 73s
subsequently stirred for 10 minutes. The mixed emulsions were then
destabilised by a mixture of 100 mL c{})clohexane and 100 mL acetone.
When the resulting submicron particles settled to the bottom of the flask,

they nagvashed ér&ﬁik@%@%&&&@tﬂ&kiﬁml&@@%ﬁn@a%%@& AGRIMR release
is Then 50 mL of HNO3:0.5 M or 0.1 M solution containing NacCl

) such .
“pPE R herBlghe F At meRreE Py e NERIRFS e% %@Wf&erﬁﬁeﬁp&ﬁw HPLC
moiﬁmécgmagti@iﬂs and BePmiddede (3tmec),fand Gtimédutestiminisshcidifisafientime points
reqeﬁé%ﬁ %es '%%gego N&@ﬁ%ﬁﬂ%ﬁl@%&*@ﬁé}%‘* 9?5@9%@&@%{%&%&3 isolated. The

camptothecih into the lactone form inside the pores of the silica submjcron _
supaniEle &/ oF paakset g B EE En ot Rtk conrsatieisronl arapighecin. Figure
47 %M%@r@ﬁmﬁhﬁu@@@ﬂgﬂM&ﬂhﬂﬁ&. 20 qf camptothecin in its lactone

(Ot e(%Qs%E%Céﬁékﬁéti{?%@%@%M%@%&Hﬁgkﬁ?&lﬁ?a&ﬁb%%%focgmfptothecin

camptothecin was analysed using HPLC. The sglstem consisted o
relegseql/istapEros gk i BiPpeteimepvoh & BrriBmhatisn (Withdexy didssyagegirddhat the

amEIQHRARIptBREa MRLAr e TR Patick Shdareseansakieierisitiigxeitatitfothecin
nm,.emissjion X: 550 r%@ hetoztgeHPLC

in K g’ E151:3 conditions_1tis néo { 3 ox({lo“élmnnu%? (sjo}/vg%\?n water.
RS R ATV a8 S m e a6 mm X 150 mim coluntn’ with. V/aters

Relpgte witrira s gie sormear attached. The mobile phase was isocratic
angreR RsiStackv Rl £0 Y0 OAa M 1RBN QR Ty apata@psienic Gaad Stperiment

% acetonitrile to which tertiary bytyl ammonium phosphate (TBAP) was
ot 5 o AP R o B o PP B R ok b & Brovent the
saturatitminf Canpotibesinsserbntiatimied spdutidirrimppl¢syoh feagiatitheein (33 mg)
weld P EHNHLIRCHPEC HYSIB ML MRANROTHEA Al RbSNgRMEme periods required

Camptothecin samples at 0.4,.0.8, 2, 4, agd 105. /mL. The mi imum 4 and
the TR IR ORIHAS Diar WaoLBF SVBEREGiRG YRR Temoved an
anabpedtfar Wasipetfermenhusinpiivatesin B RREETNhe pfiviiales. €umtlietivesuspended in
BRI WQ 2081950 18 RETIAMAR05I00%E 38, BT hidnitial release

studies of Camptothecin were performed usm? a cumulative release

app RIEEAS SR IR Sredrtsh matir GHLRiatss RdRspliiuR (pogyarticles. The
totalle rqustispyeroliedeih fiddh Chammibiie gshims thivithxoifbhA RBsagdldedt (86ubik )the quantity

rele%led iﬁti{ﬂ@dm?é}!nlﬂém%&aié& RS HMeRe iﬁ@c&?&%@fd dhespmeles Welptothecin is
centrifuged and an mt (200 L) of supernatant isolated. The s

depepgsat paansofullin dYEhHIBYE to determine the concentration of
14) Bacapinifacioin of-ighee ndoleshw's the cumulative release of Camptothecin.
ITL BRI S RMRN FR l zeﬁc%t%%%?eaeﬁ@ot@ﬂmega%@ie%g ! the acid

lQu
a
of amptothecin released IS a roximate , Sustained Ver a period o
destapitisatiompsogesy éﬁ@‘%%&ﬂ@hﬁgtf@mm&ﬂ %R—B); thodamine-6G (R-6G); methyl-
violet (M-V); copper (I} phthalocyanine-tetrasnifonic acid tetrasodium salt (CuPC); (tris(2,2 -

~2F

bipyridyl) dichlororuthenivm(Il) hexahydrate (Rubpy); rhodamine-B isothiocyanate (RBITC).

The encapsulation efficiency of each material may depend on one or more of:

1. the polarity of the material i.e. the solubility in water, cyclohexane, acetone, and
chloroform;

2. its interaction with a silica matrix;

3. its molecular size ;

4. the existence of hydrophilic functional group such as hydroxyl which may form

hydrogen bonding with silica surface;
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amount of Camptothecin released from the particles is limited by the
solubility of Camptothecin io in aqueous conditions. It is known to that
Camtothesin is only sparingly soluble in water. Release with aqueous
whase/negiacement With the knowledge that Camptothecin IComly2005/001738
sparingly soluble in water, an experimgnt was conducted in which the
agueous phase was replaced at each time point, to prevent the saturation
of Camptothecin caused by its limited solubility. Samples of Camptothecin
(33 mg) isitargsusradpddmdhesHRLGabilerohasevithves, TRARme of each
added. At tlge tltme eriods required the particles were pelleted by .
centrlfugasﬁ T and the supernatant completely removed and analysed for

The@amptmhtenm concontiesion tsingtkEes of Hrempertslcuwiom dpgebilisation, due to

dissERIPENEAS ddBioieSthin@Rile RASE blo ik @aﬁlgrwm&m&mﬁg fRrdh@mised by
required time. Figure 48 shows th cumulatlve ntity.of Campjothecin

wsing RGP o TR R BT o W TS 8 N

- 15) pdicizgvinstiSaebqugsiment is almost double the quantity release in the

Theeggm[%@%&%@Bﬁé&@@@;&ﬁ@é&}%%&&%&h@& the £RIGAGE Phe corres onding TEM

Camptothecin is dependent on its sqlubility in the liquid medium. 1

micfegraph, L BFFSGH P BTN S PH 8%.3%%%&3{39&05% fr the Tween
surfenaspsulated fot ANt &idtidless y singethBracitlat2bdpstatidishtibnhe HLB and the
presgﬁgg %ﬁ’[&% b I\f 4% l’l:)l’erkhogi@%9&@@&@&3@9&%%%@1@ &B‘L&S@l Because the

methyl- vio copper (an p hthaloeyanine-tefasulfonic acid
qu@}rggg%@ﬁqsmt%@gﬁégst&p (21@1 SH?B?A’ WIEEI@FGWH@W&WD to destabilisation
werdalsahyelsdte (R bpyyrahaddiink: Bisaeblinayafdigu@BITC). The
Dis %ncl%gsulatlon efficiency of each material may depend on one or more of.
——'%—%FrE‘polarlty of the material i.e. the solubility in water, cyclohexane,
1) Destabitisation o BORMOSI/AMO S oixtarsction with a silica matrix; 3. its

%Gﬂ&fﬁ?@:oﬁoﬂwmn eaxoftRyhiopiike-lonet onal@iean beehRsin addition

WhIC may for r%drog %ondln with silica surface;
o OB OT J0 Elo BUAETr ea  ppsaon
efficigngy ééfth]@aaﬁnﬂ; Hheopercstitias, and inbtnnk behen dapeifissag. Wﬁ]ﬂe&S providing

cheARAYeRRIG BE MdREclRR Aol §iagas o, @@I@ﬁﬂﬁgﬁﬁxﬁtﬁﬁ}ﬁ APTMS which can
bilisati n due to dlSS&ﬂutIO? the acetogl% and X\?aShci
§H P

reaq h‘gﬂgaﬁf aliﬁgxi%?gr ey VoS tising an olar sc&qgmie 30, two
ORN@W@SIMﬁgTyaW&I% @Gﬁtéﬁif AeShyargdraie Foenddolesodsy Arerreppeparticles and

mé%@%ﬂ%ﬂ}h@ﬁ%ﬁ@%ﬁéq1@%69}3@9 with several alternative

tf nts. Th rr
S %Cé[\%otgucceses s?/g ems a e a Mydrophlhc organic group attached to the silicon:

amino propyl and glycidoxypropyl. In acid, the epoxy ring of the glycidoxypropyl group is

hydrolysed and opens up according to the reaction:

» "
’}j
o H,0F

0o

Nod
N, s

{ Yo STAW

The fact that the alkyl and aryl substituted alkoxides (Methyl (MTMS), Pheny! (PTMS), Octyl
(OTER)) did not produce any particles suggests that the organic group stabilises the emulsion

(perhaps acting as a co-surfactant), thus preventing its destabilisation. The gel obtained using
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micrographs are presented in Figure 49. Submicron particles were
produced for the Tween surfactants but not for AOT (HLB 10-15),
suggesting that the particles both the HLB and the 10 presence of PEG
woit@eymasole in the successful destabilisation of the emulsio(Basauses
the Tween surfactants produced unstable emulsions, TEMs of the
particles prior to destabilisation were also recorded and are presented in
the first column of Figure 49. Discussion: 1) Destabilisation of

CH%WS%%EQM Gt qﬂétw@éﬁ&gﬁd NGRFPALAHA NGRS W N the emulsion,

particle structure is impaortant be ddltlont rovidjng alternative
i L) PGPS 4 HSUIE ey oA HEAB LR oo el

effistemoyvby cthagginglthenpdidedigitaemi fivearrel thr ol rewplydngylof the particles.
Flg,y&?'hﬁssﬂg%d{ﬂg %59&?% anehgrsdar %P@ﬁl@@ui%ﬁotgnﬁ%g’é&étﬁée ﬁ@eﬁmg and

amino %oups from APTMS which can react with carboxylate groups ina

AEETIBHNR PR Vs, RSt ARt OS2 80N BRSSTI S B iRy S for this 15 that the
mcr@EiMQﬁihb@yﬂ&fh&p@ﬁ&E@MAﬁﬂ'gdlS‘a):has/epbmanﬁoumnﬂanqatmdup@nts between

c'i’é%nﬂs%cﬁ Qgréﬁ: les.aRdy g%%?@%gﬂﬂ relatively low molar fractions (15% or
ess). two successtul'systems have a hydrophilic or ic_grou
ég( Mémroduced A

atrga«ré’dl%&h@%m%w.eé BFBTSI Hit 1@%?&8‘5%?}%
posﬁﬂ@k}(ﬂiﬂ@ﬁkﬁﬁﬁ&r@ﬁ@iﬂﬁiﬁ/ﬁﬂl@tﬁyh@ At paial hipcktiys ed taadaﬂimr@dm) on the sol-gel
ccording, to the reactio Hl o ast
oo AR Ll N (RS T B B e o
grogtad comis Pagigledt produce any particles suggests that the organic

2) m&m}ﬁﬁ%ﬂs@ﬁﬂﬂe}smWﬁaps acting as a co- surfactant) thus
preventin %stablllsatl Lﬂ(l)ct%taclnrrred u aﬁ&c e(%5305 Qised with
PCTFARSS 738 B sUggests {ﬁa? cyc exen y1
purdigMHASAEE R oew iheasrativity brugns. &W@EWIW%bWM}ﬁIWéWBmST starting
ﬁorﬁ&m‘é)%@W%@Qﬂé@ﬁ%g@@dlaﬁaﬁg@m&rp&w%@&h@é@ dense get.

The amount of organicall fied S|%ane%§flu nces the final morphology

3 Dgstpbilsadtioned 3¢ Sé?fbwgsfﬁg} hera§difY the amount of GTMS
leSdectal imtraasidgrivbckingtardedaderdjasidn thewpeticles pardicrskbartbe present

prof&stanilisation aa%p'éé'%&f&@lﬁnam fQr s hebihmioraasidthe water pool
numbers of opened glycidyl rings act as potential condensati
foﬂ%rrvé’gnmsaﬁrf%r%%n B PR E ) BN S A BRI Y stoms in
whipaditfersir edivereadesileitinincrshstiffcaanioaetivsl MPITWMSs frvel beesl ivcorporated.

~ The destabilisation of both systems leads to the production of submicron particles containing the

different dyes although it is not certain at what the scale the dyes are dispersed. It is not known
whether the destabilisation of a multiple emulsion leads to a molecnlar mixing and homogeneous
distribution of the actives inside the submicron particles or whether the submicron particles
contain nano-domains of concéntration corresponding to the initial water pools of each emulsion
prior to destabilisation.

4) Destabilisation of an emulsion containing both seeds and monomers.

The results in Figure 34 shows that 50 nm seeds synthesized in base may be successfully
embedded inside micron- (and submicron) size particles using acid destabilisation. The acid
catalysed hydrolysis of TMOS provides small oligomeric silica units which acts as glue between
the based catalysed seeds during the droplet coalescence triggered by the introduction of acetone.
This variation of the process is important as it may enable synthesis of particles with high drug

loading using the base catalysed process and their transformation into microporous submicron
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possible explanation for this trend relates to the catalytic effect of the

amino group on the sol-gel io condensation, which leads to a faster

nucleation (i.e. production of more nuclei) and hence less growth and

wmadteroparticles. 2) Destabilisation of TEOS/TMOS mixture p&® £¥posingss

there is no significant difference for mgrphology for particles synthesised

with pure TMOS/TEQS or with a mixture thereof. During acid catalysed

hydrolysis, whether starting is from TEOS or TMOS, the same hydrolysed
partRAE2BUI MG R AvEe dudibestelilisation LI AW R INeREming the rapid

. _system (i.e. 2 dyes) Several active mat_elrials may be encapsulated inside
diffigipochaarsasisetersed Brheisriariiocess. The actives may be
inBigrecelshitive iy fhiiongegmainlitadiypinsieib ithisyadengehlfotiedsedhyugh not
a1l GRRARAGIIBN LN 08, JHCONBEEAUISO LAl R MR saysaligmulsion

systems in 20 which different active molecules in which different active
5) Denbilirationaob Hoen reBisiorsSatem rra SopinGag Spnsticisy e in Base)
andlgadakertbreparinbiian slavbmaiergreigarticles containing the different

dyes. &%ﬂmﬁgtﬁ LERN i%&gﬁ&@é heseals %3@9%@%&[@&3@%@& olbus seeds

. Is notknown w r the destabilisation of a multiple emulsionTeadsto a
dispariste e ARIFRIRATEMR GO GEIRBEES S liktATTis isdp i demvEsisrbentrigions, one
con@ﬁﬁhﬁ@i@ﬁ@mﬁarﬂﬁf@@@ﬁ%b%ﬁ@rm siebdsﬂlefqrneaﬁéctg&gz_sam@ﬁam particles, rapidly
before: Qﬁs_tgl%@%lt?(?np §% %c):%?}t{g : Ce%?ﬁ%??t%@%sn ottos.t%gelré%?l e 586181%'85 &lcstx‘ibution

0 desta )

eacn emulsion prior Isatign. estabilisation of an emulsion

- was qpataivihgHdtHive sdsd regeh angilsss entrered inkin cRilvdad aehelvausatsmaller

part@ﬁ:éﬂ'ﬂﬁ@%ﬂa? %g&ﬂﬁﬁ_ R )d Hybﬁ@eae?ayat}emﬁm%fwuye@m@ﬁdl ad iﬁﬁde@éogemer,
micron- {and submicron) Si articles usin ' tabilisatign. The aci
e R B S S B SIS T ALl T R gl ef tads to
a rapidhictndensationghi dhserlignancn énphisetinoala (st mse dsnieiny and Bropleeipitation
of Sﬁ%mﬁgm@%ﬂggaintroduction of acetone. This variation of the
process is impartant as it ma enakr)ée sgn%eﬁs}is of particles with high d[lg}g
6 HgcasiheFioRiAG Hik Sgnieasieh S Set R AR aRIP festersRalvlicpREr
miicgopofidushewbtiet e EROGIO 6878 1RSI WRBOS/D0LTEEatER: is capable of
proR@Hicles, tius fievidingShemiibeNsipingd Faleers GRAtBCISHS Y6 3B rasts with

overcoming_ the rapid diffusion characteristic of based synthesise

carlise fipdines prlices3asenisd Dt e bsn ol g diion did Aok Rave el ﬁ%%w*dwe over the

paﬁimla&;’z@acﬁemdﬁ;cﬁﬁgpygh_ not all ORMOSIL particles produce submicron
p%WS'ﬁ%f@IE%’E @ﬁ:?(t:?p ﬂl%aﬁll%bm) tQ %@b“ﬂﬁ%@ﬁ&;@a%%&@ W&'Q [B%rfonned using

system one containing nanoparticles (made.in Base) and the qther one
TEMoihithifrRevomfehe A dyalisifepAtinie 1ay B oReRE i giftasound source
usedslubiinscratipantisiamenntain inbathasteo tbas theadisa-dinperderchitisidia was used in

the ﬂmg&% r&g&gﬂ%@g%a&lﬁ&g@%ﬁﬁo mix two different emulsions,
one.
7) Encapsulation and release of Doxorubicin in particles synthesized at different pH.

Figure 38 illustrates how, by adjusting the internal pH during the synthesis, it is possible to
change the pore size distribution and thus the releage rate of the active. To demonstrate this, the
inventors encapsulated doxorubicin at different pH and studl;ed the release over several days at
two pHs, 3.4 and 7.4, vwsing HPLC (see figure 41 and 42). The interpretation of the results is
rendered difficult by the rapid decomposition of doxorubicin during the release experiments.
Nevertheless Figure 41 suggests that the release of the doxorubicin samples synthesised in acid
differed from that synthesised at pH=7. The concentration of the doxorubicin monotonically
decreased when encapsulated at pH=7 as it gradually increased for two to tiuee‘days in the acid

samples before decreasing afier. The decrease in concentration appears to be due to the
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containing the acid catalysed species and the other one the base

catalysed particles, rapidly 10 before destabilisation. As shown in Figure
37, this was not successful and a bimodal distribution was produced, with
the initiabesed particles entrapped into a colloidal gel of mudlr-smedies co173s
particles. This may be explained by the fact that, when the two emulsions
are mixed together, exchange of the Rficellar cores leads to a rapid
increase of the pH of the acid pool, which leads to a rapid condensation

deg&d%r? '&Qﬂé%ﬂﬂx{!ﬂ?&ﬁ m‘%&e& %@é}&%vm gtﬁ)e%d ﬁ%‘?tﬂ?éﬁﬁé?étaﬁko Bhown in

5 of small nanoparticles that rapidly gel. 6) Introduction of. ultrasonication

Fig*&er% s tBIAZAEN Th 6%@5%%5{93@%9@5% o s heeyes decrease in
doxpeitaim md&xﬁrﬁiﬁaiahﬂishismmggwemuﬁrﬁmn iaatipsulsteh paple=of the doxorubicin is

rele Y '@kag & A%e@t? o1& rg%\%z{' %%%%:%Té% ?‘@%Hﬁr &a&iﬁ!ﬁ it i sulated in

IStri utlon S contrasts wit S eg%gested t at t e
morgaitiRint aamir@wam%ﬁfﬁa% Bh%%lﬂﬁe‘f%g%\@nﬁ@ pateers dfy@hich shows

an @f@mfahgg@gyeﬁmyﬁfferent factors are important to note: the previous
ﬁ/lsu Sanere. pe erfo d.using TEM, which is a poor method for

%) Eg‘r?g sing partlc ms?ze |s%nbut|on and the ultrasound source used in the

edrraiheoimuat wresnsHaed ek ciclnsadihethiim ke aetansrant sethagylate form.
Ali¥aghugesd i tb Q{pﬁs%&w&rm@mﬁm f;%mumm&raﬁmwhra&ﬁ)me exact

Enc d rel f Doxorub n in rt| les synthesiz .
DrORTLAL B8 PR PR BT By o R LSk e i groporton
of thhemwppshiatid, qmﬂwﬁmmewschﬁfgl@qheqf@r@&ze distribution and thus

th?H@ IeRsSHRL pliheAety %ua_r&%@@&l,%ﬁw maﬂﬁ%ﬁ@% shows that one

ul ted doxoru eé)lcm a dlffe |OH and studie é‘%’ releasetove led
of e RIATHAAITE WG RESe S1A SRR oGl R PEE PO RIS H1idihish fod o a
larg&h enioteripof tediopilafibecinesidisdd s&mﬁﬂem@@fﬂt@aﬂ Wyitheveapitlanged at regular
1nte§j\%‘f§)fp%9§ét . 9f 9 QAIDIGHY ALERG, TR IRASR LORE LIS a slower release took

Nevertheless Figure 41 suggests that the release of the doxorubicin
Pia@am.sre@%m ‘gé%‘*ar?%‘éi“dn&ﬁ’éré’&%}ﬁl tFft SRITELiElge i opmpipthecin for

therepauterpatiostiohdhe doxorubicin monotonically decreased when

9) Aq&%gﬁg@gﬁ%ms 7 as it gradually increased for two to three days in the
acid samﬁles before decreasin é; after. The decrease in concentration

appEes 4b H-R 2 abank Wes2Bb 503 Poresirad iatstsble siagorythat gencrated
subﬁﬁgﬁaciﬁﬂﬁﬂ@fﬁherdemmﬂmamﬁn tithesasublhdwonphigiee wére of similar size to

thode" %12*&“«?@&%5? Wd%é {&4?4§%%%%%%'8£88&%?953%Q% this case the

pro uct correspon StOt erve xorubicin

subpiTeB pFEifim ! qxﬁwﬁ@léa’@@@e@@ﬂeaiﬂmrﬂé%abﬁﬂa{b%@aﬁﬂm ¢hdween 21(HLB

13, gwmu@w@ip iSatiR easﬂ&@mm(MtaﬁaemﬁMawtﬁm&ﬁewadﬁ@md to opaque
fterw itis e capsu aC|d|c

S e A R ey

20 meﬁ@le?dcﬁéa@agerdaémday@llem}ﬂ:&ésma@w &%&ﬁ@t&h@@monnal yield after
destabilisation). By TEM this product appeared to be large irregular aggregates and contained

some gels. Only a few particles appeared spherical. The inventors hypothesize that when starting
with a stable micro-emulsion, acid destabilisation is necessary to obtain submicron particies.

The inventors hypothesize that the number of oxyethylene units in the surfactant molecule
may play an important role in conirolling the production of submicron particles. In those
surfactants which provided an acceptable product when used in the process of the invention, the
number of PEG is relatively small: 4 for Tween 21, 5 for NP5 and 6 for NP6 compared to 9 for
NP9 and 7.5 for Triton X-114 (the latter two surfactants having been found unsuitable for use in

the invention). Furthermore the number of oxyethylene units, (which form the polar head of the
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Camptothecin was encapsulated and released both in the lactone and
carboxylate form. Although, due to the HPLC procedure used, it is not
possible to determine accurately the exact to proportion of the two forms
vobthesdrisgrencapsulated inside the particles, a substantial propartoos/@fi 738
the encapsulated campthothecin wasdp the lactone form. The comparison
between the quantity released in Figure 47 and Figure 48, shows that one
of the factors limiting the release of campthothecin is its poor solubility in

& AR S

i

ower release took

surfiaigmaRichdad o ianirrae iamauntabcaniptathegpielrasetbuhentiosur factant
T%chagged at rel%ular is intervals (Figure 48). In this

BETBVEr W6 days a sl

plattowgb ithenmeitrd Hoywtkiloningith i potentiftfor susieiviediaiea satil role in

Omécé?oﬁﬂ{ct{&?r%%%ﬁﬁ@ﬂc
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x ) E&H%%sg) i@‘lti%r%ﬁ:ivﬁl%kff%?tat@tseﬁsure proper
an ween roaguced unstanle
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oxyethylene

unit host shitmforon peaticlestwdsont Shmilaiosiznetiopittbee obiairegmfenticles after
destasickdentabilisaion. LhedpyaniaradyRothesizs 1halkin thiscease & abilisation, the

submicron particle Tormation takes place prior to destabilisation. In th

surfactagt gh éﬁvzﬂﬁ@é@fﬂ@gﬁ%}wg%ﬁfammr@%m%?sﬁer@rﬁﬁ%a%%.%ead and the
wat@PproXiMdtelydranipareatascaompaited deopagised foy Tweanfdinarfdotprint (A),
whianolr?;i@ﬁ%&{ﬁﬁfa%}gb ﬁ%ﬁﬁ}ﬁs tﬂ@ gupﬂgécd?e% %%@%ﬁ%@é&%@@ Pﬁ)mdz, where

' min to recover a relatively small yield of product (relative to the
d is fsrraiesrorl diertga i saBairts serrdrtior BrBaEE Ehpeared to be

large irregularggoradpies and contained some gels. Only a few particles
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sta%‘l‘égmlcro-emmsmn, 5010 destabilisation 1s necessary to obtal

that suiprwedo T pramsertis. apdisab Ry hfpsrrdismeitiapeHaMGPRISEPWEs to a footprint
betvdeyetRyiane oS parthristifactant molecule so may play an important

role in controlling the production of submicron patrticles. In those
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mber of PEG is rel
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atively small: 4 for

AOQT

Tween 21, 5 tfor NP5.and 6 for NP6 compared. to. 9lfor NP9 and 7.5 fdr
Apmsaiont 4 (tRedidPOvo surfadahitd Having been t8nd unsuitable fd2=>: 60
NIBY the inyéhitlof): Furthermore the number of gxyethylene units, R=10: 130

(which form th&5Hha88 of the WO 2006/050579 PCT/AU2005/001(738
Reyssrfactant [ctedRe] ARy influgnéel theninteractipAdhemedirthe) polaR=5: 4.8 nm
nhiegitbgroup of thens(Rfdéidht andSvshE i@tséeimay| control the R=10: 6.6 nm
désagdésicence process. Although tHENShAber of oxyethylene units in the

surfactant mglecule plays._a criti A8 R in controlling the production-o
FogbRiiefon parllda8 (il fibk suﬂi&'réﬂt(% BRFproi8rs s destabilisatiph2? (gf%
(rimadsitieio- s BaMplitidd DY BABTRhidh possesses 4 | 05 (R=10)
oxyethylene ynits units but forms stable emulsions jthat do not produce ’
Redesniedon paJrMIé@ﬁfﬁ‘éP‘ls et i K. Osseo-Asare, et | Robert J. Robson, | F.J. Arriagada,
al. Adv, Colloid at., Colloids and et al. J. Phys. K. Osseo~Asare
Interface Sci. 89- t Surfaces, 50, 321~ | Chem. 1977, J. Colloid
90, 169-194 339 {1990). 81(11); 1075-1078. | Interface Sci.
(2001}, Chia-Lu Chang, et | D. M. Zhu, etal. J. | 170, 8-17
al. Langmuir, 13, | Phys. Chem., {1995},
3295-3307 (1997). | 1992, 96, 2382-
2385.

R: [water]/[surfactant} mol ratio



destabilisation. Moreover, as mention earlier, in order to achieve

successful destabilisation, the surfactant should have medium strength

molecular interaction between its polar head and the water pool. This
Whaesisateraction may be characterised by the surfactaRCRsotprs @AY 38

10 which can be calculated by dividin%the surface area of the water

droplet surface (Il * d2, where d is the water pool diameter) by the

surfactant aggregation number (N). A= (1 * d2)/N Using values from the

liteEtsas tﬂﬁtf@&ﬂa@ﬂahw&ﬁiﬁmm:\fwnaab@lﬁie ahthebowTactaikt hivadgvestween

ed. T e results are | ste elow.-A.m d|u erac rresponds

o S o R B R S KRR s may

be suitabbOf O indep orpstivinNedian 50 R 6.210 140 R=5:60 Number
R=1.61:45 R=10: 130 R=12.86:362 Reverse 3 mn (R=1.34) R=6: 10 nm
46.5 urn (R=5.5) R=5: 4.8 nm micelle 6 am (R.=13.4) (SANS result of
R=10: 6.6 nm diameter ANSTO) 13nm Foot print 0.628 (R=1.61) 1.50
(10 nm size) 48.5 1.20 (R=5) (nm2/molecule) 0.312 (R=12.86) 2.55 (13
mn size) 1.05 (R=10) Reference: M. Vasilescu, et K. Osseo-Asare, et
Robert J. Robson, F.J. Arriagada, al. Adv. Colloid at., Colloids and et al. J.
Phys. K. Osseo-Asare Interface Sci. 89- Surfaces, 50, 321- Chem. 1977,
J. Colloid 90,169-194 339 (1990). 81(11); 1075-1078. Interface Sci.
(2001). Chia-Lu Chang, et D. M. Zhu, et al. J. 170, 8-17 al. Langmuir,13,
Phys. Chem., (1995). 3295-3307 (1997). 1992, 96, 2382 2385. R:
[water]/[surfactant] mol ratio WO 2006/050579 PCT/AU2005/001735 56 It
appears that surfactants with HLB between about 9 and about 14 and
having between about 4 and 6 oxyethylene units and having a foot print
between 1 and 5 nm2 per molecules may be suitable for use in the
present invention. WO 2006/050579 PCT/AU2005/001738 57
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Claims: 1. A process for making a particulate substance comprising: -
providing an emulsion comprising droplets dispersed in a continuous liquid
phase, wherein at least some of the droplets comprise nuclei; and s - at
Ve geisartdydestabilising the droplets to form the particulate BUDSEII0&/001738
said particulate substance comprising.,a plurality of particles. 2. The
process of claim | wherein the step of at least partly destabilising the
droplets comprises at least partly coalescing the droplets. 3. The process
Clafthgélaim | wherein the step of at least partially destabilising the droplets :0
colmpri esrgoe@sbflgri% 1g:oales icr‘mjgrlif:qsu' 3 aggetgge me%éjlsion. 4. The process
of claimt* T Wherein the co%?é)scmg Iqui comprlsespa cline%tabilising liquid
and TRyiding] anliguielsion T pricies STopldaiti spevieerdinatentuesiliamil phase,
liquidys SERINR LT RERBRIEHY RopriKUbmpliacsiensg and ethanol. is 6. The

process.of claim 1 wherein at least some of the droplets comprjse a .
TR o R SR g e P
specipstisuleirvabisfroes eongpuisikoryditatity of paikdsysilane or a mixture

thereofrpr GRIDRESES RisHICal8eRRANSHEREr Af R iXEe HGERMERY Sre droplets
The progess of claim | Wher%lné%eédroplets comprise a releasable

compirisel A s tH SO HFS R8s 4IOReeH e particulate substance comprising
the: releEisapecsstistalaie. v MTeipfbesss of aldimspesibidingtiisistis droplets
confPiseR QR SecandienuBiancompesinggioplets dispersed in a

continugus liquid phase, wherein at least some of the droplets comprise, .. .

ndclei, SARPERBHRE UaimpliEhgcpdhs serisinelisaid prenerisetariostablifing liguid
and earobipohg Hagiémulsion and the second emulsion; said steps being

capaucizd BHYLE dreiRiEPLAHERSHBALAIN ARIARIRINS MR AIRA Shanol o o

_wherein the step of at least partially destabilising Coniprises at least

mixgEpRfigreleseisihgele droplets of the emulsion and of the second
emulsiamesaistarostssimakingitie pasiauwate: silikéaicpleBatdsprise a condensable
(ggrticulate substance comprising particles comprising the releasable
Substance and the second releasable substance. 10. The process of

cldim 8Thperesrctie telskBap siisstindbascaniengable spedesrdtedaiped fom a
tetrdll@ysHAhe teihe g is amantieAReriY bieob@riiiiar RIBERESaGIt8itate or a
. | wherein the emulsion is a microemulsion. WO 2006/050579
mixye s

05/001738
8.  The process of claim 1 wherein the droplets comprise a releasable substance, and the

spe

process makes the particulate substance comprising the releasable substance.
9. The process of claim 8 comprising the steps of: _
— providing a second emulsion comprising droplets dispersed in a continvous liquid
phase, wherein at least some of the droplets comprise nuclei, said droplets comprising
a second releasable substance; and
— combining the emulsion and the second emulsion;
said steps being conducted prior to the step of at least partially destabilising the droplets, wherein
the step of at least partially destabilising comprises at least partially destabilising the droplets of
the emulsion and of the second emulsion, said process making the particulate substance, said
particulate substance comprising particles comprising the releasable substance and the second
releasable substance.
10. The process of claim 8 wherein the releasable substance is a drug.
11. The process of claim 10 wherein the drug is an anticancer drug.

12. 'The process of claim 1 wherein the emulsion is a microemulsion.
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58 13. The process of claim | wherein the emulsion is a water in olil
emulsion. 14. The process of claim 1 wherein the step of providing the
emulsion comprises: - providing a precursor emulsion comprising droplets
wispamsenirea continuous liquid phase, wherein at least somerofibess/ 001738
droplets comprise a condensable species; and 5 - forming the nuclei from
the condensable species within the dn%lets such at least some of the
droplets comprise the condensable species or an at least partial

cqrd enﬁ%ﬁr&@@g@@fcﬂaﬁnﬁ henpragess of.alain 14 Whersining sieref

forming the nuclei comprises ageing the precursor emulsion for sufficient

(kb for FSrFRREIS QA BB RGH B HABRSAEIE OB EEESIoR P PERE"

processvadialaimnpiebwviter eimitkierprosesikiaf pioyitinglikepedcitraorontinuous liquid

emUSIa. SOMIPLRSPING SIERRPlne BERHANG AR RTLIIRAGOBR ISES; and

emulSion droplets dispersed in a continuous liquid phase, - adding a

hydrdiraBetpaprad fomdisrrondmabinaresiesayibua fisdieists such at least some

hydralysing dhg i wlysabletbpesieineibia thectmwision sirdplatpiaidbrandensate

the c %gee able species. 17. The process of claim 16 wherein the

hydro ysa% e species comprises a tetralkoxysilane. 18. The process of

clafm 1Bhpecesss ke oy whereinficies eftEwminaths apsiairopprises ageing the
pre&@e@e&ﬂﬂ_d_ %§ﬂ%ﬂ?s@c%ﬂﬁiﬂf@_f&%ﬁﬁéﬁ&iﬁﬂtﬁ&f HRAEIEL !‘r’_dtﬂrp!_ Iﬂﬁaﬁﬁb i@fsable species.

providing the emulsion comprises the .steps of., - proviai asic .

e sion o S s A oM P AR o e e S e 10E iogeor emulsion
compuistin thewtetig @il phase, 25 - adding a first hydrolysable species to the

emulisignyyihdeastRarisdprehigina ke stpysllipaRie SRAUERnuous liquid

within the emulsion droplets to form the condensable species; - acidifying
the enfif&8n to form an acidified emulsion; and - adding a second
hydrolydahig shpdielyithihepedidificthe sulimmterfdrm the emulsion. 30

20..The: @é%?%%ﬁil?ﬁ%&@sﬁf&#ﬂ@ﬂ?&% BRI ISiBg AAFh AR droplets to
and a solvent to

thé acidified emulsion. 21. The process of claim 19
additiofmy tRe ABAENSEP L E i the acidified emulsion for sufficient time to

atligastipartiptyctsgdrofysdaihe décombersiorolysableispeciels. 2pedife comprises a
tetrﬁﬁggggﬁagé_claim 1 wherein the droplets are acidic.

18. The process of claim 16 wherein the hydrolysable species is tetramethoxysilane or
tetraethoxysilane.
19, The process of claim 1 wherein the process of providing the emulsion comprises the
steps of: ‘
— providing a basic emulsion, said emulsion comprising émulsion droplets dispersed in -
a continuous liquid phase,
~ adding a first hydrolysable species to the emulsion;
— at least partially hydrolysing the first hydrolysable species within the emulsion
droplets to form the condensable species;
— acidifying the emulsion to form an acidified emulsion; and
— adding a second hydrolysable species to the acidified emulsion to form the emulsion.
20. The process of claim 19 additionally comprising adding a surfactant and a solvent to
the acidified emulsion.
21, ‘'The process of claim 19 additionally comprising ageing the acidified emulsion for
sufficient time to at least partially hydrolyse the second hydrolysable species.

22. 'The process of claim 1 wherein the droplets are acidic.



59 23. The process of claim | wherein the: nuclei are porous. 24 A
microporous particulate substance comprising a releasable substance
wherein the paticles of the prticulate substance are between about 30
and about 10000nm in diameter, said particles having micropores of less
than about 1nm diameter, together #4th mesopores of between about 1
and 50nm. 25. The microporous particulae substance of alaim 24 made
by a process comprising. providing an emulsion comprising droplets
disﬁéjrsed IR PEStnbUS iGlia prass Whereihdt 184se some of the
droplets camprisesiucieizsaithdropletsccomprising the kelelisabletance wherein
the %9,%@;@@5@5;}@ I midlilease partly destabilising the droplets toform.a., diameter,
. plurality of paticles of the microporous paticulate substance. . 26. The =
S RRPSOroUS P aARICHRATE" SUDSANEE G Sihirtd 24 WHdTeil the Tl AsabTera s o
behgyistance isdréleasable without degradation, dissolution or erosion of the
partigles. 27. &, microporoud particulate substange according 1@ claim 24,.cq
for use in the treatment of a condition in a mammal wherein the
releasablé substance is indicated for the condition. 28. A. method for
delivering erreléasable substancessaickmethod. Camprising: exposingsaliquid
Dartl;qui;ﬁteéu%t@%%%%rd' g EPr%l@m&%ﬁhFQ@m%d' W) Ge hle:*Qfl nrising the
releasing,; said releasable substance., the particles of said particulate
subEtaRHEE CoMpiiEingthe releasable .substance. 29 The method of claim.
28 wherein release of thefeléasablesubstangiioteiirst bydiffusionoutctf of
particles of the.patticulate substance. 30. The method of claim 28
wherein the releasable substance js selected from the group consisting of,

26y The mcronetous narficuiate. substange of clatm 74 wihercin the relBasable
a fluSrescent dYe A TAUbPRAHEEECATT A GrY, AR erzyme d hofmone
subgs ;b’rg@idé;aaaﬂﬁba&shﬁ%gﬁeggfﬁaﬁwt%sgﬁmmr@ of:these. the particles.

27. A microporous particulate substance according to claim 24 for use in the

Py

treaiment of a condifion in a marmmal, wherein the releasable substance is indicated for the
condition.

2. A method for delivering a releasable substance. said method comprising
exposing a particulate substance according io claim 24 to a medium capabie of releasing said
refeasable substance, the particies of said particulate substance comprising the releasable
substance.

29, The methed of claim 28 wherein release of the releasable substance ocowrs
by diffusion out of particles of the particulate substance.

30. The method of claim 28 wherein the releasable substance is selecied from the
group consisting of a flvorescent dve, a radiopharmaceutical, a drug, an enzyme, a hormone, a

biocide, and a mixture of any two or more of these.



