WO 2006/066317 PCT/AU2005/001915 1 Controlled release of biological
entities. Technical Field The present invention relates to ceramic particles
for encapsulation and controlled release of biological entities. Background
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maintain the biomolecule structural integrity during encapsulation, storage
and release, and to have a mechanisrh for enabling suitable release
kinetics. One common application is that of protein drug delivery, The
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25 encapsulation and release of larger biomolecules. The short-chain alcohols released on hydrolysls
of the silicon alkoxide precursors used o form the silica spheres are known to denature protein
molecules, leading to significant loss of biological activity. in addition, the sol-gel reag:tloné are
usunlly conduicted in presence of an acid or base catalyst, resulting in pHs incompatible with most
biological molecules. Also, proteins range in size up lo about 3000 kDa, and mayéxc:eed #0nnm
30 diameter. The micropores formed in acidic conditions are commonly 100 small to allow release of '
molecules of this size, although the mesupares formed under basic conditions are farger and may
enable release of small proteins. Kdeally & system is requlred in which the pH can be maintained
within the typical physiological range of ~ 5 - 8, conditions which are ot suitable for catalysing the
hydrolysis of sificon aikoxides. '
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within the typical physiological range of - 5 - 8, conditions which are not

suitable for catalysing the hydrolysis of silicon alkoxides. 2 JP5 261274

(Lion Corp.) describes a process for encapsulating biomolecules in a

ceramic matrix. However the particles made by the patented process are

not designed for controlled release of the biomolecuies. In addition, the

process exposes the biomolecules to harsh conditions such as extremes

of pH I hear.which may denature or otherwise harm sensitive ,
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precursor material and a biological entity; and 2s forming partic
biplediGH ARIBCIMAPRE; said particles having the biological entity therein
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be formed from the non-polar solvent, a surfactant and the precursor
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In one embodiment, there is provided a process for releasably encapsulating a biological
entity comprising:

- forming an emulsion comprising emuision dropiets dispersed in a non-polar solvent,
wherein the emulsion droplets comprise a precursor material and a biological entity; and

- forming particles from the emulsion dropiets, said particles having the biological entity
therein and/or thereon.

In the step of forming an emulsion, a first emulsion may be formed from the non-polar
solvent, a surfactant and the precursor material, and the biological entity combined with the first
emuision, or a first emulsion may be formed from the non-polar solvent, a surfactant and the
biological entity, and the precursor material combined with that emuision, or the biclogical entity
may be combined with the precursor material and the resulting mixiure combined with the non-polar
solvent and surfactant to form the emulsion, or some other order of addition may be employed,



solvent and surfactant to form the emulsion, or some other order of
addition may be employed. 2a Alternatively the step of forming an
emulsion may comprise combining the surfactant and the non- polar
solvent with an aqueous solution, optionally an acidic aqueous solution, to
form a first emulsion, and combining théfirst emulsion with the precursor
material and the biological entity to form the emulsion. The first emulsion

Il dro
A B R o RS SR P e g nc e o
pbiMcsgaiaMtewﬁhyanoaqwmgoMM@]ZGmemﬁI@’a’aﬂ MI/AMG(D&S/&MMG&,Btdeax)n a first
eﬁ%&%W'%%&ﬂMW@% ?LS:tu ﬁﬁﬁéﬁ}rﬂt b7 %lélt% éIW'th ﬁe biological entity to

precursor materia olo |ca ty to orm an emufs
ferontipsriemgsepdiee ﬁiﬁh@@lﬁﬁ@ﬂéﬁ@é@&ﬁtﬁ ewampiﬁwampmwjmdmelasmall droplet size
sPIiAss, comprising the biological entity; and b) forming particles comprising
the blologlcal entity from the polar phase s The polar phase may also
comphise fife (reletisoPIddasia . BIe6pSE) BT fRISFHAbE SoGAByatha pridiolegical entity
c6@BHaiRdng the solution of the surfactant in the non-polar solvent with the
precursor material to form a first emulsion, said first emulsion having a
polar phase dispersed in a non-polar phase and said precursor material
being located in the polar phase; and d) combining the biological entry
with the first emulsion such that the polar phase 10 comprises the
biological entity, The process may additionally comprise the step of
adjusting the pH of the first emulsion to a pH appropriate for the biological
entity In question, i.e. to a pH that will not degrade or denature the
biological entity or to a pH that will not cause It to deteriorate. The pH may
be adjusted to a pH at which the biological entity remains active, e.g.
biologically active. That pH may be between about 1 Is and about 11, or
between about 2 and 11, 3 and 11, 4 and 11, 5 and 11, 6 and 11, 7 and
11,1and 9,1and 7,1and 5,2 and 10,2 and 8,2 and 7, 3 and 9, 3 and
7,3and5,5and 6,6 and 7, 7 and 8,8 and 9,9
andi0,5and8,5and7,6and8.5,10and11,5and7,8and10,8.5and10,9and 11
or 8.5 and 11, for example about 1, 1.5, 2, 2.5, 3, 3.5, 4,4.5,5,5.5, 6, 6.5,
7,75, 8,85,9, 9.5, 10, 10.5 or 11. Adjusting the pH may be performed
before step d). 20 Step a) of the process may comprise: €) combining the
solution of the surfactant in the non-polar solvent with an aqueous acid to
form a second emulsion (which may optionally be a micrcemulsion or a
small droplet size emulsion), said second emulsion having a polar phase
dispersed In a non-



polar phase; 25 f) adding the precursor material to the second emulsion
such that the precursor material Is located in the polar phase; and g)
adding the biological entity such that the polar phase comprises the

wiolngigalkentity. Alternatively step a) may comprise: h) corqb&mg%mms
precursor material and the biological entity to form a polar mixture; and

30 f) combining the polar mixture with the solution of the surfactant to form
the emulsion, said emulsion having a polar phase dispersed in a
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centrifuging {18280 #iORaAIRHREISHAIO the particles. After the
§)  adding the biological entity such that the pﬁar phase comprises the biological entity.
Altamatively step a) may comprise: ' '
h) combining the precursor material and the blo!ogma! entlly to form a polar mixture; and
0 }  combining the polar mixture with the solution of the surfactant to form the smulsion,
said emulsion having a polar phase dispersed in & noh-poiar phase, such that the
polar phage comprises the precursor material and the biclogical entity.
This altemative may also comprise adjusting the pH of the precursor material to between about 1
and about 11, o between sbout 3and 11, 5and 11,7 and 11, 7.5 and 11, 1and 8, 1 and 7, 1 and



step of at least partially separating, the particles may be dried. Thus in
one embodiment-the process comprises: - addition of a biological entity to
a precursor material comprising at least one alkoxide zs selected from a

whGonim. tetraalkoxide and a titanium tetraalkoxide, with pH adjusted to
etweedn a%?prommately 2 and about 4; and - addition of the %Ig[é&éjl%%) /001915

precursor material mixture to a solutiap of surfactant to form an emulsion
comprising a polar phase dispersed in a non polar phase wherein the
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20  denaturs or ptherwise damage the biological entity, The step of at least partialiy separating may
addtionally or aflematively comprise cantrifuging the emulsion comprising the particies. After the
step of at least partially separating, the particles may be dried.
Thus in one embodiment, the process comprises:
— addiion of a biclogical endity to & precursor material comprising at least one alkoxide
25 selected from a Zirconlum tetraalkoxide and a anium tetraalkoxide, with pH adjusted to
between approximately 2 and about 4; and E
~  addition of the biclogicalf precursor material mixture fo a solution of surfactant to form an
emulsion comprising a polar phase dispersed in a non polar phase wherein the polar
phase comprises the biclogical entity and precursor materials; and
L1 — . forming particles comprising the bivlogical entity from the polar phass.
— In another embodiment the process comprises:
~  addtion of the biclogical entlty in aqueous solution to the solution of the surfactant to
form an emulston comprising a polar phase dispersed in a hon-polar phase, wherein the
polar phase comprises the biological entity;



20 c) adding the biological entity to the emulsion such that the polar phase
comprises the biological entity; and d) farming particles comprising the
biological entity from the polar phase. In another embodiment the process
WOragnedea31d) combining the precursor material and the biolegivatesntneto: s
form a polar mixture; 25 b) adjusting the pH of the polar mixture to
between about 7.5 and about 11; ¢) combining the polar mixture with the
solution of the surfactant to form the emulsion having a polar phase
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polar. [tayP B EeSB0g R E e pdshe petbirtitie solerapase rappises the
steps of: - optiegiedlypidjamsting the pH of the emulsion droplets to a pH at
which tigp bitlegigplreRtsbmprising the blological entity from the polar phase.
in anothsr embodiment the process comprises:
a}  combining the precursor material and the biological enfity to form a polar mixture;
25 b)  adjusting the pH of the polar mixture fo between about 7.6 and about 410
¢} combining the polar mixture with the solution of the surfactant o form the emulsion
having a polar phase dispersed in the non-polar phase, said polar phase comprising
the polar mbaures; and .
' d  forming particlas comprising the biolagicat entity from the polar phase. -
30 * In another embodiment the probess comprises:
8)  combining the sofution of the surfactant in the non-palar solvent with a solution or
suspension comprising the biological entity; .
b adiusting the pH of a precursor matarial to batween about 7.5 and about 115
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20 is stable and/or active; and - waiting for sufficient time for the emulsion
droplets to form the particles. The step of forming particles may comprise
destabilizing and/or gelling and/or aggregating the precursor material,

The precursor material may comprise water, and may be an aqueous

solution, suspension, dispersion, emulsin or sol. It may comprise a

ceramic precursor material (i.e. 25 a precursor to a ceramic material). The
ceramic precursqr material may comprise a metal oxide precursor . o
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time for the erg}zelrsfign droplets to form the particles may be between about
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be stirred, swirled or otherwi itated, The, step of compini o .
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the mayReaddedn salutian Alin rﬁé&%ﬁﬁr}%}“c&ﬁﬁi&%ﬁabﬁ@%g Y Beaqueous
a biomolecule, and may be for example a protein, a peptide, an antibody, =
salylionzgHRRENaIpbIfSBRIEIRAriRIBUIEIAD ISRl IRREX SerapTise Gr R ERhiscMBCHISDRerial (i.e.
PIRRURIIMMOEEEHANIC material). The ceramic precursor material may comprise 2 metal oxide
precursor material, for example a water soluble salt of a metal oxo anion. The metal oxo anion may
be for example silicate, aluminate, fitanate, zirconate or some other oxo anion, The ceramic
precursor may compnse a silica precursor material such as colloidal silica or silica sol or an
alkoxysilane (e.g. a tetraalkoxysilane such as teframethyisilane) or a metal silicate (e.g. sodium
silicate) or a mixture of any two or more of these. It may comprise any hydrous metat oxide which is
capable of forming a stabie colicidal dispersion. The oxide may be an oxide of a Group 2 o 4
element, including transition eiements and lanthanides. The precursor material may comprise
primary particles, and the primary particles may be between about 5 and about 500 nm in diameter,

or between about 5 and abeut 100 or about 5 and about 50nm. It may comprise a mixture of



The particles may be mesoporous, and may have an average pore size

between about 1 and about SOnm diameter. They may comprise

aggregates each of which comprises a plurality of 20 primary particles.
wiheopasticles may have a mean particle size between aboup@:-ffaebshs/e01915

about 500 microns, or between about 0,05 and about 100 microns, or

between about 0.5 and about 50 micrbns. The particles may have a

broad, intermediate or narrow particle size distribution. The process may

addiiganiaonmarsanmes aiimereiatie:talomingatepsnapsidintbed beiors
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sin sofusioheraohid Heeswblirib man &y eiivoic eatipis e dhienbiotagitaicsntidyd Haebs
gelaian RigdNambe scrm Walansalhbley sal wWinsrexanmte éﬂaﬁuﬁnszﬁm@m@a
Qﬁ@%é%&%&éﬂﬁﬁﬁ@ﬁ%ﬁ%éﬁ%&%ﬁ@fﬁg&f&lﬂﬁ%!&m?‘l%\ééé‘ﬁ( @' %;on
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msalbethmmwmmssam be between about 0.5 and 6M. The step
of at leapiepaKia iorafpgeiingrae COMP! SRIGRIIfNG Benfl e ideaiMY @ may
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rep&% %ﬁgﬁmﬁ%@edlﬁerent Washlng solvent. Each washing
step may, m{] pllowe a sto t Ie artlall the tlcles
. from the Wg |ng &y vem% S e>(amp ?Per\’ﬁgggpg an ﬁ%‘
stefPeH GRT JaREE-ORY &Pﬁe@%ﬁﬁéuﬁ@%‘ SSHERN 6 WA SermErRs G aa@m?f@?
wex PN pHrtices Thepriitrag R CR IRyt s s betite ke guandreiou 685
NohilAeMA Qe MRiwa@e Ak enbiabogicod endisys, Thessien egniBguBaybes)
Cora%wmrpﬁm@émﬁ%w@w iRl 5%%%&&%%@&% that
does n Sigﬁ% % Q] @ggfl reeo%la?/fbllom addltlonally or

- alternatively comprise a@% rfm?vacuum 0, Or freeze the
Odi

piological B SFFRY Nkt s S e

25releasablyaderstisdialasmgsirpivrmatisesiemdmprisiigovedmbining a
precurser wasiay ted mnidisa; aadution of a surfactant in a non-polar solvent to
rs form arygrywsigRgamMprising emulsion droplets dispersed In the

non'po'ﬂesggfﬁfsﬁ'&ﬁ?a%g Wkﬂfﬁ@&ﬂ amount to aid formation of spherical paricias. It may be

added in solution, and the solufion may &leo compﬂsé the bitlogical enfity. The gelation aid may be
30 & water soluble salt, for example sodium chloride. Altemnatively it may be some other material, for
example a water soluble polymer sucl as hydroxymethylcelivlose or hydroxypropyleeliulose. The
gelation ald may be added in solution, for example agueous solution, in‘a concantration of between
about 0.1 and 40% wiv. If the gelation aid is a sall, the solulion of the salt may be between about
0.5 and 6M. The step of at least parially separating may comprise centrifuging, filtering,



droplets comprising the precursor material; - optionally adjusting the pH of
the emulsion droplets; - adding the biological entity and optionally a
gelation aid to the emulsion; - waking for sufficient time for the emulsion

weoplgindesferm the particles, said particles 20 having the bigloaieahRmit s
therein and/or thereon: - at least partially separating the particles from the

non-polar solvent; - washing the partidles; and - drying the particles. The
step of adjusting the pH of the emulsion droplets may be performed

befpigumbife @arfﬂmw RALGRF &fi@t&léhﬁ’eﬁtﬁpm& %@'Mﬂ&&&'ﬂ@%rme

ent eattes me tim
. %ﬁ‘% ey {ﬁ@%"% ozglca R e e
proffl &f&%ﬂ?} E"i’ﬁﬁ’ & P@ﬁ&%@ﬂ?ﬂ‘ﬁg’%" taam@reﬁem@ o sxample
corhpristragnic aRbrersimity SoilolakebstiRsiutindThestin thd wasiig sayfbe tepetoy and
ANOrbgEb lapeaDivgthiEMeaNa Ak B LESION SONBRIISING/ @I SIRNHey Opleiswed
ggjfﬁas&%;a ﬁl%&@ﬂaﬁ%éﬁ&%ﬁus%&?ggi&é%%?ﬂ%% S§m€éamar%st ﬁﬂ
o L e SO BRI SBHE Sounfea ol K e g

the ﬂu&ﬁ%’&if&%ﬁffe‘”@ga”a%‘??@»é@%% 7% S8 e RBR Rt ROt deffiage o
waigetsdinesisal enity the denciziningtniay browrelcied Hown fiontieatienatoé oikita
wparditbastfromeritve: am dtsiont droplets, aitheiiecopREe] e aMRY dffionally or
b'OHTt&’r%%l@ a&ts@a%wmw@%ﬂ%@%@%@%@&&&&@ﬂ@ The

biomolegule may,be fqr, ?ﬁxé‘ é&ag fOt%'s% f%P%%“a ?%n? %ﬁng ngca%

5 antibg I a polysacc aric biher emb

pro‘fﬁ"@g’gsl'g? releasably encapsulatlng a blomolecule comprising: -

combiningeeBBigal BfeEE mateid shetio okl stiefswienwiin a fqumlment 0
1550l feBm Etos fransioraovmprisib Siouision XTSRSt Fian: oapheisehanasse shiflsion

thlem@w(%ﬁﬁrﬁﬁb\ﬁéﬁre%@égrﬁ%@on droplets 10 Icomprisir:jg the r(]:olloidal
silica; - a 0 ulsion to adjust the pH to
between ‘%d a%:%}h(%q é‘{ﬁéﬁ@%{)&@g%ﬁég &n’% (ﬁmuon ora sustenS|onpof the
biomolecutd¥ ng bty "?@8*&3’1?8‘?198?"39%%’@’%8 G .eaulion;
- wa!ting for suffcient time for the emuision droplels to form the parﬁcies said pariicles
20 having the binloglcal entity therein andfor thereon;
- at least partially sepasating the particles from the non-polar solvent;
- waghing the pariicles; and
= grying the parficies.
The step of adjusting the pH of the emulsion droplets may be performed before, at the same
25 iime as or ahter the step of adding ’_[h'e biological entity. The soluble salt, if added,.may be added
before, &t the sama time as or after adding the biological entity,
In another embodiment thers Is provided & process for reloasably encapsulating a
biomolecule comprising:
- combining colioidal sfilca and a solution o a surtactantin 2 nen-polar soivent to form an
30 emulsion comprising emulsion droplets dispersed.in the non-polar solvent, said emuisaon droplets
© comprising the colioidal slitca:
- adding a pH adiusting reagsnt 1o the emulsion to adjust the pH to between about 5 and
11; and
- agding a solution oy a suspension of the biomolesuis;
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15 - waiting for between about 1 and 12 hours to allow formation of silica
particles from the emulsion droplets, said silica particles having the
biomolecule releasably encapsulated therein and/or thereon; - at least
partially separating the silica particles from the non-polar solvent; -
washing the silica particles with the non®polar solvent; 20 - optionally
washing the silica particles with a solvent that is different from the
non-polar solvent; and - drying the silica particles. In another
embodiPHEAE F5aHd1R8 B%\%é@]%’ﬁ%@?@&ﬁ?ﬁﬂsing a releasable
biologiceditiity:, bsaedpaititclelmdingoaniavenay ooy siredietveeeiicalpatitles from
1 and 50nm diameter,and a mean particle 25 size between about 0,05 ,
Y SO RCTOR S B BE0R 5 G Gt SO e reri
ahtierahisradso T bided e péunainbe foatdgoaidciesioEite biptphiealeebidy fragment, an
ISt stantially homogeneously through the particle, or
JE Syb y g y gh the p :
am%‘ﬁz’%ﬁé %ﬁt(g%?nﬁgmogenequsly therethrough. The particle may be .
suchithatefebienigidaieshtibpie iHolgiEkely acarsdssiowingarsedseenerppulating a

b‘iBﬁd?@Jﬁi@'@onﬁQ(sﬁé?‘mple’ if the biological entity is an enzyme, the enzyme
may retain 30 its enzymatic activity following release from the particle. The

bioloyiANRIRg SeAg e ailicatne Atokon PER S GIGRMBBR AR EPIvent to form an

ARfARSHiAINRIg MiRB lepRe: R RRCIR o5l sassmbaiit HRuisféh droplets
80 or 90% o%@s, gﬁtivjty: The particle may be made by a process
CEBWISIGE HOCEF Hbining a solution of a surfactant in a non-polar

solventagdingpardadissinatesal antdkeiizidagtcaldstitictoHdobemeen about 5 and
Smu jon, said emulsion having a polar phase dispersed in a non-polar

pRase,’ and said polar phase comprising the biological entity; and 5 b)
formingepdiriciemlation prigisigtbesbiotd Jiedamiegfiom the polar phase. It

may be rabe@e j bove. The particle may

comprisae a g%}@gséfgpéggﬁ?n@t@ ggﬁi'%:%egls@between about 5 and 500nm

in diamé@éngTieiebehirerieahodl hank thawitsidyilavelonmatiercelsyisg particles from the

e%mﬂ%lesﬁﬁast,h%ﬁi@imdﬁ%ﬁialagrmdg% RRJHEIScaRA BRI BREapsulated therein
may comprise a meta

particles may comprise a ceramic an | 10 oxide, for
38QRipREe8Tica, zirconia, alumina, titania or a mixture of any two or more of

these, qft Iéh’%‘.‘f;)mi@lp@%ﬁa@m@(iﬁé sfﬁl@ér?ia@téﬂ@@ @sﬂm@ Wgﬁ@lﬂéﬂ@fﬁe@f;snicorg
titanium, zirconjum. an ??Ju inium, The particle may be mesoporous, an
mayhaW@SQW%%r%{bcé’B @@?é’&%ﬁ/&%ﬁg& 66??&55 d 50nm diameter. It

may coopticissiawat e thateiisd iwirtcmn piis as saipdot dity iefdiffeénsalyrom the non-poiar
spﬁ‘/rtriw .I%%d The particle may have a mean particle size between about 0.05

And &BoGt 500 microns, or between

- drying the silica particles.

In another embodiment, there is provided a particle comprising a reieasable bioiogical entity,
said particle having an average pore size between about 1 and 50nm diameter and a mean particle
size between about 0.05 and about 500 microns or between about 0.05 and about 100 microns.
There is aiso provided a plurality of said particles. The biological entity may be distributed
substantially homogeneously through the particle, or may be distributed inhomogeneously
therethrough. The particle may be such that the biclogical entity is biclogically active foliowing
release from the particie, For example, if the biclogical entity is an enzyme, the enzyme may retain
its enzymatic activity foliowing release from the particle. The biological entity may retain at ieast
about 50% of its activity prior to encapsulation following release from the particle, or at least about
60, 70, 80 or 80% of ifs activity.

The particle may be made by a process comprising:



20

30

15 about 0.5 and about 50 microns. The biological entity may be a
biomolecule, and may be for example a protein, a peptide, an antibody,
an enzyme, a polysaccharide, a DNA or RNA strand or fragment, or some
other biomolecule. According to a second aspect, there is provided a
ceramic particle comprising a releasablé” biological entity, said particle
having an average pore size between about 1 and 50nm diameter 20 and
a mezin partlcbe 5|z% lgo nglrt ﬁ and 500 |cro S saJ %art cle terial
comprisingan a rega Orgﬁrﬁ 9 f&Ss“B’%Rﬁ éﬁo‘t? EJ grecursor ma aria
500nm in didntreteriplagicalreinity tt dothirdnaspeistotheed isrpuisidoleding a polar phase
particle a E / a

Combining S TeRa o S HbCLEn i 3 Sar oS AR Ebioogicl eniy
precursor #@terial 25 and the biological entity to form an emulsion, said

emulgion Raving SRekY RhaseindiFRese tdQ! @rﬂ bRl RRRASEh AR said

polar phase comprising the biological enfity; b) aggregating primary

partit[BiRG RN BB ArRsavsTAS EBRTRE Ies comprising the
biologigakeRiy-patiaRAREghasse %@ﬂﬂ”@ﬁ;@ﬂaﬁrc%@m%é\@%om%@n@ 500nm in

q rovi dec1,a cerarg fﬁartlde h vmgg ablolo ical entity releasabl

ulfed AneRsF HhErdIRISEd e&%ﬁ%ﬂeaaaﬂvcens@%ﬂ%ada%@ﬂ and/or
f”%@fdmmedmlmﬂmbmnﬂm rhaaetpesceaeaginoent ksreoinprise 2 metal

ed a method for deli iver in oIo ical en |t tient comprisin
OB LER s ASHOR AHTS I8 SR INL £ ACLTACEY R . or oy
cmﬂmhﬁmﬁmmd)métai thidpoirposies of mnelatniglla:m)rhmnmm, ginminias and aluminium. The

9&88%%&%&“%%%#8#&@ ﬁtfogmalebéﬂl%%? @éﬂgﬁ%?ég%eg%%ﬂ;%out 1 and 50nm

treatlng e condition. The Dbi entity m
dirggtaie At BRYNOTORRRtIIH TIeatMisteenTaprsay Beplielitjeetipimeny particles. The

p@ﬁ@@ﬂ!gy”}ﬁté@é’%ﬂ%'a% ﬂﬁﬂfaw%@%@we%ﬂ%W@b@faﬁefasoﬂmb ORERE or between

Injection or may Yy means of EU monary, nasal, oral or transderma

aa%/%é/%}dsa!?ﬁlét&m@aﬂm@ed PRSIty N abhenaebiRskpRale, and may be for
es@m@@r@y@per@@mﬁé% @NBoBE TN erRRHICIE DY SISV anGE RIFRNR strand o

1gcarrler said ca ein sunable for injection or for pulmonary, nasal,
8ISt 95?1%% 35 85150 In a fourth aspect, there is provided a

methmbfdlngieﬂ\feeuwrﬁ bupbzgmmrenmwdmdad|qwekaamm@rtmiug:exmgga releasable
t e I| {'(t) one orm

e or mare %rtlcles as disclosed above. In thi pec e .
e B A o 2 Rt R iy i e
aoétalywa mcfﬁm i thetwhquidbdt tRarothé0@mizodtiseat thartelés comprising an
BRI BGHTE A RIPAHIGIR P LRRIUCIRS RS HISH ISR ter,

According fo a third aspect, there is provided the particie as disclosed above when made by
a process comprising:

a)  combining a solution of & surfaciant in a non-polar solvent with a precursor material
and the biological entity to form an emulsion, said emulsion having a polar phase
dispersed in a non-polar phase, and said poiar phase comprising the biological entity;
and

b)  aggregating primary particles in the emulsion fo form ceramic particles comprising the
biological entity from the polar phase.

in another embodiment, there is provided a ceramic particle having a biological entity

releasably encapsulated therein andfor thereon, said ceramic particle being made by the process
as disclosed ahove.
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above for delivering the biological entity to either a patient or a liquid. The

use may be for the purpose of treating a condition in the patient, or for
catalyzing a reaction in the liquid or for some other purpose. The use may
comprise controlled release of the blologlcal entity to the patient orto 5

the liquid. In a fifth aspect, there is prov ded the use of a particle, or

particles, as disclosed above for the manufacture of a medicament for the
treatm fac |t|on i atient Y. : ;

ind B A PSR e Bayant oLy HBEci S Helegca ety o 2
ppmmmmd!meamnﬁmrmwheanﬁ@mm@@ @t’pﬁ@f@t@@dﬂﬁdaﬁr@mﬁéeétﬁb@ve The
n%mmgfﬂ@fm SIRROGH et LR df P AYdres e Medisameant Eﬁ%ftlent whereby

treatin condltlo in a patient, said medicament comprising a partic

tr&a@mﬁa wﬁtyesaryt«r@asﬂr@ enatingl thensp e dnsDilagisal aiisrEayrhe indicated for
reipegical arityAlisaid Wﬁét'ﬁlﬁnﬂs@ﬂf'ﬁﬁ%y'?ﬂé‘"@?:%é@t@{ trgabneRiiOfintravenous,
may a

the condition. The medicament may also comprise one or more CHII’]IC&”

InFERMISEHIRE SUBARERALH SRIPLAINR RS OISR LY SR DY SRGATSAIGH G2y, nasal,
otBEopatasieaTodanmanabme aset auiadhy U@ms@em@tabdewermémd@srﬂa@ comprlse

atient. The carriers and/ rlad uva table for injection into t t ble §

SR o RSP RA B CHESA) ot B CElEh a7 ey (21 bong Stabe for
irﬁbesimptlfonpofrmbea@ramﬂdgsra;cpn‘ﬁmdednhbﬁetmr;he present invention will

now be Seri y f I

cravies A oo R R TER 2 el S e SR A o e
cpartislegfernstigntaa figyid i@omwr@@%mmmﬁea@tﬂmi@ﬁ@é @baemis this aspect the
bﬁﬂﬁ%%ﬁaéﬂ that, allay iormatian o spkericabRYERenRl Ry cja%}ﬁgé’ F@a@hon in the

sca ning electron micrograph images of silica products produced

lifigithg various surfactants; 25 Figure 4 shows scanning electron

micrograph images of silica particles made using various surfactant
concentrations; Figure 5 shows scanning electron micrograph images of

silica products made using various emulsion solvents; Figure 6 shows

scanning electron micrograph images of silica particles made using

various 30 concentrations of Ludox SM-30; Figure 7 is a graph showing

product yield against the volume of added Ludox SM-30 using the

process outlined in Figure 1; WO 2006/066317 PCT/AU2005/001915 12

Figure 8 shows graphs of pH of colloidal slice (30 ml-) as a function of

acid; (a) Ludox SM-30
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and Bindzil 30/360 thirsted by 0.5 moVL nitric acid; (b) Ludox SM-30
tirated by 12 mol/L acetic acid; Figure 9 shows scanning electron
micrograph and transmission electron micrograph images of silica
products formed using Ludox SM-30 titrated by nitric acid; 5 Figure 10
shows scanning electron micrograph Irﬂéges of silica products formed
using Ludox SM-GO filtrated by acetic acid; Figure ii shows scanning

electron mjcrograph images of silica products formed using various type

of colloTIoN G R 45 RS Ao o o PRI S Banices. 2 disiosed

adistzitrtieivefipathelobitaivatantiing ¢heer 10 prress autingdTine Rigural,be for the
termj by light.scattering:. Figure 13 | raph showing particl

e o B SR Pt et ST TR IR o o some

oftlaepeinoas Uieasenivp roppnisasudeteihreaiking the ipainitebeFityuietisidatient or to

t@esﬁﬁ%ping electron micrograph of silica particles formed by reduction of

the pH to 6.0 inside the emulsion. is Figure 15.is a graph showing the

reledBe GfthReNAst (RS HERMSEd MU icicaritmen rarfives=ag discingadeabove for

tSnidru@ERRS Shovdngdheneimalizestfelrass ofalphane YRRty RSk bioiFSgicaI entity

subtlisin and alkaline phosphatase over a period of 8 hours. Figure 17

MY 5% EFREA SN § D ARRURERY nthe SliEifean B aR BtREH SEEamnalingh, and the
awtztial @@yﬁf@f@ﬂ%hiﬁﬁ@k? ﬁﬁ?%@ﬁ@ti@?@@ﬁ@oﬁ@-ﬁé@gure 13 is a grafh

snowing release or.chymotrypsin, alkaline 0S Se a crease.jrom .
ol A ETLRURTG RS MORhELA DRACATSAS Ferd 20 oy patnt
s6i miedi¢amsattberh phisingedezestcief anmadie;fto thepdistitiasavish Hpluriityadresd particles,
i ' i . howi | f N
L P ) S B gl LRMIBE a8 v consen
T18/medicangiANegifsatesmyse @ ROdsBor afiticaosriaytte peresizad/or adjuvants. it
nﬁé&?ﬁ%@ﬁ‘l&%r@%ﬁ%ﬁ%k@%@ BaRArPrSliERien a@r %a}??pﬁ (B rﬁglcéelivery o

ndzii 30/360 (9 rim) precursors, as outlined In Example 4. Figure
theeaAlRRG Blecersierhiard(iaphiuyeRaificaay iticuitablecrdmerctontetarioernagant, or for

plitabtier 2dsR SralMrépsastnindidieagmission electron micrograph) EDX
spectrum image from So a control specimen with no ferrlin showing a

distribution of C, Fe, Si and BRERaRGERHe shiheiBravinge 23 is a STEM
EDXAspedsftath finags saowisendisusridorar e Seatibéd iByaualices Bkanple with

Haricle 8m:eordin to the invention; F:q%ure 24 is a STEM EDX spectrum
image f}o &5 SP%‘B%SM?SMH@ Nerrlin showing distribution of C,

Fe, Sigared!Ghnves slitevdizastinididWie 2026406 63idPOTAR QS 001D 15

Figure 2 shows the structures of some surfactants that aliow formation of spherical particles
at pH ~ 10;

Figure 3 shows scanning electron micrograph images of silica products produced using
various surfactants;

Figure 4 shows scanning electron micrograph images of silica particles made using various
surfactant concentrations;

Figure 5 shows scanning electron micrograph images of silica products made using various
emuision solvents;

Figure 6 shows scanning electron micrograph images of silica particles made using various
concentrations of Ludox SM-30;

Figure 7 is a graph showing product yield against the volume of added Ludox SM-30 using
the process outlined in Figure 1;



13 Figure 25 is a graph showing the effect of components of the
encapsulation process of the invention on activity of alpha-chymotrypsin.
Figure 26 is a graph showing the activity of subtillsin after treatment with

ngmggggnicals of the encapsulation process of the inveg@g&&i&gf{%m 5

27 1s a graph showing the activity of alkaline phosphatase after
encapsulation and at two weeks, usingzvarious encapsulation processes;
Figure 28 is a graph showing the rates of encapsulated enzymatic activity

for parti ini ilis] j L (£),
5mg/gf|§§e g%f’c iﬁﬁsﬁ%%‘fﬁi@q .360?1&?%62“9) ?bré;@?ﬁégge k@?‘h”%éﬁ?é‘ﬁao
the's anm‘mr the een%}/ir@é'?n 58 ?i%??’ %?%%%i{ﬁ% Waie by Lopiprgtic acid;
electron e 8 Gl TRAERREE G Mg eeiciad taoereiin gleeren agaritionges
stor it pradudtsdennee neing taitioxe i3l et Bfoinided; Figure 30 is a graph
showingrifie: ag iy ShaHiSIRoM RRREXAKIRMS:S 17 AEE RARM NS JFIIURx
31 saofanty Wmﬁhe change in activity of encapsulated alkaline
phosph%tase1 fter storage below n for two weeks; is Figure 32 Is an
optical micH qfﬁﬂﬁw& %\%ﬁ%giﬁ?ﬂcﬁﬂﬂ%e’%@%ﬁ iR PR agaatt using
inveTRERA FEI%lEisEs canning electron micrograph image of
zirconotitigwraite shiors papticidmpiciar cadingste thierbotsen tourmcen ioned-lghahe
1034 ote@rahn-ghoming e prrtBie gzjghdggmgon for zirconotltanato
particless £ ARSI 2hER OMRIBRANR SIS A6eorag 9 e
pregent inventian, Eigur 35is a graph showing the normalizé roleaE s
bromg?al?‘ﬁepggpn‘%ﬁ%%})‘fﬁg?’?g@’ "ﬁ)b%rﬁ% S B 64D resent
" InventioRSSeth RS EREe A5t Bictprsaph ateliza gacipes dnmertedneionsidusant
invérfiibnssitiessntisithe encapsulation and release of biological entities (for

1525 exarAgles hinmaetept SRsvaRHEEBAIE I AIGRRIBMPhAR RIS R0 1AMEd at pH

examgple, the particles comprise sal-gel silica derived from aqueous

colloidal.silica_.and/or a silicate, salt sojution, Near neutral pH and the
i R T B AR N
asSei F@?é‘?PﬁW@e FIRE A PRIRLCERRWHBIre of the biological entity. In the case
where &giliea7dgeidowsad siewingpartige sytthesiyedinm a\Blas eHeno EAIRIAS with
wressiiapftg o eigalpRepfbticagmimary particles, the size of which 30 -
determipgad e AR RR:I U ARBRIER BIHA. LIS IR RIS,
. Thi &o@&%‘legf %]%g’%;% ¥ er%égt%% th;% pgér%nelal forE congo g release
applications, it the particle size Ahd SRAPE CRYCTEE B 20 ﬁt?é‘l‘fk@?‘%f}’at the
ag e A A B TR DI A S PRI HlaRARSin-oril emulsion,
the inveiges Sinw ersFotioved isorstreitad siilisibirerskavinidivanasing @ | Biali
as for 3063a0r Ol Binlicascoehdia lpgicnd;
Figure 20 Is & graph showing the pore size distribution for the particles made from silicata,
Sincizll 15/500 (6 nm) and Bindzil 30/350 {8 nm) precursors, as outlined In Exampls 4.
Figure 21 Is & scanning eleciron micrograph of silica particles according fo the inverttion:
Figure 22 is & STEM (scanning transmission élactron micrograph) EDX spectrurm imags from
30 &control specimen with no ferritin shiowing a dislribution of C, Fe, Siand O in.a slice of a particle;
Figure 28 Is & STEM EDX spectrum image showing distrioution of C, Fe, Siand O in 2 slice
~ of aperticle according to the invention;
Figure 24 Is a STEM EDX spectrum image from a control specimen with no fertitin showing
distribution of G, Fe, Siand O in a slice of particle; '
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dispersed in a surfactant solution, and particles are formed and aged
subsequently in a few minutes. The pH of the initial colloidal suspension
Is typically about pH 10. It Is possible to reduce the pH of the colloidal
Woswedsier before addition to the surfactant solution, but thedisiadisigng s
25 pH range (about 7.5 - 10, dependlng on the colloidal
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The surfagtant used in this protess may ba for example; NR-5, ACT, Spanzo Spandd,

Span60, SpansD, ste. Colloids which may be used include: Ludox SM-30, Ludox HS-40, Bindzl
207360, Bindzil 15/500, Snowtex 40, Snowtax UP, etc. Praferably, the colloidal parsicles should be
30 less than about 30 nm in diametsr afthough somewhat larger particles may be used, Colioidal sffica
and surfactant concentration may be broad, and the seivent may b selecied from a range of non-
polar salvents. ‘ ‘
- Properties of colioidal sllica




ambient temperature, After stirring for about 10 minutes, 40 mL polar
solvent was added to destabilise and dilute the emulsion. The resulting
particles were then filtered off, and then rinsed with solvent. The particles

WEHBd&q¥ied at room temperature. In a particular examplg-NEBoasehio1s
cyciohexane were used to prepare the surfactant solution, 25 and the

colloidal silica was Ludox SM-30. Acetone was used as the polar solvent
acetone to destabilize and dilute the emulsion, and to wash patrticles.
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Possible mechanism for gelation: 7
in coltoidal soiution, there are fwo main “forges: the van dar Waals forcs (FYDW) and the
slegtrostatic force (FEL). Total force (FTQOT) is the sum of FVDW and FEL {according to DLVO
theory). It a colloidal solution containing large polymers, one more forca exists, the depletion force,



may be characterised by the surfactant footprint (A), which may be
calculated by dividing the 20 surface area of the water droplet surface (ac
* d2, where d is the water pool diameter) by the surfactant aggregation
wanebesddsd7 A= (ir (r)d2}tN Using values from the literature, sye/kaatpsiné191s
was calculated for the range of surfactants used. The results are listed
below. 2s Semi- uantiiative sbucture étimation of liquid-liquid interface. -
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To fom particles according to this process, the surlactant may naed to have a medium
strength molecular interaction between its polar head and e waler pool. This molecutar Interaction
may-be characierised by the surfactant footprint (ﬂg}, which may be calculated by dividing the

s suriace &rea of the waler droplet surface (x * d2, where d is the water pool diameter) by the
surfactant aggregation numbar (N).
- A= {x * 0N -

-Using values from the fiterature, the footprint was caloulated for the range of surfactanis
used. The resulls are listed balow.
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Bami-quantitative struciure estimation of liquid-liquid inferface.
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the gelation of primary particles to form submicron particles. The
oxyethylene units, which form the polar head of the surfactant molecule,
may interact with the particle surface by hydrogen bonding, thus

wllugRring the interaction between the silica particle surfaceapd faéshosis
which may control the coalescence process, This may explain why at low

pH, where the number ratio between (-2H) and rs (-0-) Is higher and
hence the hydrogen bonding is stronger, the coalescence of primary
collgid is not favdured, and no fnicropartioles arg produced. Th | %—f%
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tails\- PR R A nah-80.and 8 .

Hence a W/O type emulsion is produced by these surfactants A

proasesseshasismisis follows. When colloidal silica aqueous.
suspension Is introduced, It Is likely to penetrate through the liquid-liquid
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NP-6 485 10.9 A re ated particles Trion X-114 537 12.4 9ei NP-9 630 13

el Triton X-100 646 13.5 at ACT 445 10-16 Micr articles Tween 21 522
13.3 at Tween 61 606 9.6 ' el Tween 81 650 10 el San 20 346 8.6 Micro
vetitiessaam 20 403 6.7 Microarticles 5 n 60 431 4.7 Mi ar8ciest/Spzmnsad191s
429 4.3 Micro particles Spherical microparticles Were formed using NP-5,
ACT, and the different Span surfactants.” The particles formed by Brij 30
and NP-6 appeared to be aggregated. All other systems produced
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15 Epherical microparticles were formed using NR-5, AOT, and the different Span surfaciants.

The particles formed by Brij 30 and NP-6 appearad to be aggregaied, All other systems produced
imegular shaped products,



In "Effect of reaction condition and solvent on the size and morphology of
silica powder prepared by an emulsion technique, W-Kyu Part, at al.,
Korean J, Ceram., 6, 229-235 (2000), it xo was demonstrated that the

wWeoplelsigan the emulsion, and hence the silica gel particujate; stzRosn01915
could be significantly influenced by the steno effect of the organic solvent.

In order to confirm this, the authors used octane isomers of various
structures with the same chemical formula, and a series of C,1Hxnra
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In ancther reference: “Solvent Effects on Copper Nanoparticle Growth Behaviour in AOT
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H20 mmol 51.24 76.86 102.48 153.72 204.96 258.20 JF60MNP-5) mol
ratio 5.12 7.69 10,25 15.37 20.50 26.62 Product 0.483 0,693 0,956 1.466
1.800 2.298 Material adsorbed (g) 0.088 0.100 0.165 0.280 0,219 0.322
WReghoeede102 wtP/, 22.3 16.9 2019 23,6 13.9 16.3 Density ¥Cutax005/001915
SM-30) =1.22 gl/cros rs 8102 in Ludox SM-30.30 wt.% 10 mmol NP-5 was
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From Figure 7‘. which plots the yield of partickes from the process against the amount of silica
added inftially, it can be seen the product vield is slightly higher than pure sifica addsd infially for
Ludox SM-30 (sflica: 30 wi.%; density: 1.22 g/em®), The addifional mass may be dus 1o adsorbed

20 surfactant and watgr. High concentrations of colloidal sifice appear 1o lead: o greater waight
' diferences, possibly due to the adsomtion of more surfactant.
Effect of colloid pH:
Figure 8 shows the titration curves of Ludox and Bindzll {pH versus amount of acid added).
‘ The pH 0f Ludox SKM-30 (30 mL) and Binczil 30/360 {30 mL.) decreased graduslly to sbout 8.5 with
w5 addition of 0.5 mol/L nitric acid. A sharp pH drop acours for both systems over the pH range 6.5 —




is 6.378. Effect of colloid type: The typical synthesis procedure was
followed using addition of 1.62 mL of various colloidal silicas, with results
as listed in the table below. The corresponding SEM/TEM Images are
Wwhowiasfiogure 11. Ludox SM-30, Ludox HS-40, Bindzil 3080y/Bind#dios191s
15/500, Snowtex 40 and Snowtex 20 UP formed micropartides, while
Ludox TM-50, Snowtex 50, and Snowté&x 20L produce agglomerated
products (about 600 nm spherical particles). Snowtex ZL formed an
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11GehA@rally, three discrete peaks appear from 30 nm to 100 pm, The
smgiesbiweml gentred at around 130 nm, appears to be independent of

colloid g GRIMEALNesk MO P R0 HERE R0k of 1.62 mL of various colioidal

sllicas, with results as listed in the table below. The corresponding SEM/TEM images are shown in
Figure 11. Ludox S#M-30, Ludox H8-40, Bindzil 30/360, Bindzil 15/500, Snowiex 40 and Snowex

20 UP formed microparticles, while Ludox TM-50, Snowiex 50, and Snowtex 20L produce
agglomeraled products (about 500 nm spherical particles). Snowtex ZL- formed &n aggregated
product {initial colloid abolt 70-100 nm}. Snowtex N did not gel, which may suggest that there are
some surface active agents already fncnrporatéd in the colloid suspension by suppher,
Colloid properties and corresponding products for different colloidal silicas. '
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S0 (wi% | Szefom) | pH Proviuct
Ludox SM-30 |80 7 9.9 Microparticles
Ludox HS-40 40 12 8.7 Migroparticies
Ludox TM-50 £0 22 ' 8.0 Aggoregated spheres
Bindzl 30/360 80 9 130 | Micropariitles
Bindzfl 15/800 15 6 14 Microparticles
Snowtex 40 40 10-20 8.0-10.5 | Microparticles
Snowlex 50 50 20-30 8.5-95 | Agorenated spheres
Snowtax N 20 10-20 210 | Notgelling




slightly from 1.45 pm to 2.2 pm as the Ludox concentration increases. The
largest peak (1-100 pm) changed from 17.4 pm for 1.62 mL Ludox, to 23
pm (3.24 mL Ludox), 26 pm (4.32 mL Ludox) and 30 pm for 5.40 mL
Wadose/gmsiricrease in. the volume of colloidal suspension:ugertigediasawicis
rc Increase In particle size due to an Increase In the water to surfactant
ratio and thus of the size of the water &foplet. In order to reduce the

particle size distribution, more energy may be supplied to the system.
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25  Encapsulation of profeing
Certain proteing may be encapsulated &t high pH, depending on their pKa. Alkafine
phosphetase has a pKa of 9.5 and a procedure for encapsulating this enzyme while retaining full
enzymatic agtivity Is given In Example 1 (see below). However, the majority of izymes have



this method, enzymes of varying sizes, alpha-chymotrypsin (-25 kDa),
subt lislh (- 27 kDa), aikatne phosphatase (- 160 kDa), and urease (- 480
kDa), have been encapsulated. The surfactant used for most of this

wHSaRMEaHen (ie reduction of pH to 6,0 inside the emulsionphas BeMo1915
Span20, although AOT has also been used, with similar particles being

formed in both cases. Is A typical SEMiamage of particles formed using
this method with Span 20 is shown.In Figure 14. A mechanism for
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microparticle es, an lon o? roteln re eased from mlc
Alkaiine phosphatase {8 myo dissolved in 400 ].zi of buffer at pH = 9.5) was mixed with 2.6 ml of the

above colloidal silica suspension, then added with stintng to a Span 20 solution (0.2 mollL} in 50
s ml kerosene. After sfirring for about 10 minutes, particles were separa’ted by centiffugation at 2000 .
’ mm for 3 minutes. The resulting parficles were washed once with kerossne, followeed by three
washes with hexane (using the centrifuge to separate the supematant from the Solid after gach
washj and then dried el room temperature under flowing nitrogen and then stored inta freezer.




to was determined using the Bicinchoninic Acid (BCA) Assay as follows:
Standard Assay: Reagent A: Sodium Bicinchonfnate (0.1 g), Na200a2H20
(2 g), sodium tartrate (dihydrate) (0.16 g), NaOH (0.4 g), NaHCO3 (0.95
WP, Idesdpy to 100 mL. If necessary adjust pH to 11.25 usirgiNaédsimi91s
Reagent B: CuS04.5H20 (0.4 g), made up to 10 mL Standard Working
Reagent (SWR) =100 volumes of reag2 nt A + 2 volumes of reagent B.
Method: Quantification of protein In microparticles; Protein containing
microparticRisitROobrphalaescvge speansldaeth whos iladite h‘uﬁb@mﬁh@l@i}r@a 2Dy
' (PBS@nmhmmh(@éwrﬂemoarwfaheosv@mnmnuﬁé@m:ﬁa;eﬁé% Lﬁ? was
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§o|u‘iﬂ¥ﬁ'$§ﬁﬁ?@§i§ﬁﬁd at 562 nm, and compared to that of a series of
standardSge0id sioRs 0t /B:6: 016 eirmkdi® phoémita@SQupeuiibication 087 as
protessuisdeageg from micropartcles: Protein containing micropartioles

(10QmgwerensbsRfRgeA in PBS solution (2mL), and agitated. At time
points r?j%h] o(lmtnt?e%ts S enS| Was centrifu d and a sample (50 L)
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meaXteEd 465862 rim, and compared to that of a series of so standards at

0,1, 0.2, abe).6, DofraBidcdrmgsnly ¢) Fratope,2. Eé}cﬁﬁﬁwmqﬁmmm
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(re H = 6 Inside emuIS|on) alpha-chymotrypsin,
phatase were encapsulated into particles formed from

alka S

%lndzu 3%3/@86 G ietdid iR emiB i B g of Span20 was dissolved
In 30 ro@ﬁ‘W@W&Rﬁ@%mmﬂAﬂmt@mm BOvsiEneseneagutls.
stirdfegio.25 ml of Bindzil 301360 was mixed with 158 ml of 1 M HOI to

reduce tb@aﬂ#ﬁaﬁé@@pﬂ&éﬁﬁn%émﬂa%é)f protein was dissolved in 200 lit of
Water ap,gtgq @'iﬁﬂ r%g?&v ing, into the B ZI| solution, The
§or SO %Qn gentaln nr!mh e?‘gsro i Wad” ?ﬁ% ?B&’ﬁ‘?eb@ﬁ‘ﬁfl%ﬁ*
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theﬁlstmg%qﬂgmexane then dried overnight
25 Quantification of protein released irom micropariicies:
Protein containing micropasticies (100 my) were suspended in PBS solution (2 mL), and
agitated. At time points required the suspension was centrifuged, and 2 sampie (50 ul} removed,
The sarnples from each #me point ware combined with SWR (1 mL} and incubated at 60 9C for 60
minutes, The sampla absorbance was measured at 562 am, and compared to that of a series .uf
30 slandards ai 0., 0.2, 0.4, 0.6, 0.8 and 1.0 mg/mL.
Example 2, Encapsulation of alpha-chymetrypsin, subfllisin and alkaline phogphatase at pH
= 7.5 {reduced to pH = § Inside emulsion),
aJpha-chymot:ypsm, subtilisin and alkaline phosphatase were eﬁcapsulated into partic!es
formed from Bindzit 30/360 using the following method: 4.5 g of Span20 was dissaived in 30 mi of



100 mg of the sample was dispersed In 2 ml of PBS in the case of
subtilisin and alpha- chyrnotrypsi n, and in ethanolamine buffer (pH = 9.5)
In the case of alkaline phosphatase. At the in specified time points, the

veamhleorasyspun down at 10,000 rpm for 10 seconds, and $@-#4t2005/601915
removed. The protein content was determined as described in Example 1,

and the, release curves calculated. Figure 16 shows the release of
alpha-ohymotrypsin, subtilisin and alkaline phosphatase over a period of
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shown In Fiqure 17. Relea rateﬁ were 20 measured as described In
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encdgefulated. To increase the size of the pores in the silica, a mixture of
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16: R r%f’éé"&% of urease tern the Bindz)| 30/360/Snowtex %Omng(&re 'SZL
0t reprod G REBEEA R B EHAL T RIS BF R TSI and Snoviek
was employed, Snowtex ZL. consists of 70 ~ 100 nm colloidal parficles, considerably: larger then the
% 0 m colloidal particles in Bindzil 80/360. alpha-chymotrypsin, alkaline phosphatase and urease
ware encapsulated info paricies formed from a mixture of Bindzil 30/360 and Snowtex ZL by the
following method:
18 g of Span20 was dissolved In 120 ml. kerosene with stirting. 1.5 mL. of Bindzi 30/360 was mixed
with 1.5 mL of Snowtex-ZL, and added to the emulsion with stirring. 30 mg of protein was dissolved




solution which Interfered with the protein quantification. The increased
release for alpha- chymotrypsin and alkaline phosphatase from the Bindzil
30/360/Snowtex ZL particles (which have an average OFT pore size of
warzpsEssepposed to 5.5 nm for the Bindzil 30/360 particle@cmdinatesoisis
that the larger pores have a significant effect on the rate of enzyme
released. to Preparation of particles u§|ng both Bindzii 30/360 and Bindzii
16/600 was conducted using the method outlined in Example 4, but
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0.21 g Nae80«
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Example 4. Encapsulation of subitilisin at pH = 6.0. Defermination of pere mze eﬁeci.
Aeloase rale measurements of subtilisin from parlicles made using Bmdzii 30/350 indicated
that most of the proteln release occurred within 1 hour of immersion of the powdarin 0.02M PBS



acid required to reduce the pH to 6.0 (0.115 mL 1 M HCI per mL of Bindzil

15/600, compared to s 0.183 mL per mL of Bindzil 0360). The porosity of

this product is discussed below. Alternatively sodium silicate solution may
Wae 16e6kas A precursor instead of colloidal silica. Sphericalaftialesymig:s

produced by that preparing an emulsion containing’' 9g Span20, 60 mL -

kerosene, and t mL 4M HCI. Addition ¢21 ml of sodium silicate solution

(27 %) resulted In the formation of spherical particles in the size range

%broskss&.onl@gerpaege@ A@Oﬁxﬁ%pre&%ﬁtgﬁﬁs&ﬁ@gr%.éwecgﬁaam&ﬁiaa’ 42R!Gica
Rec?fj %hon o PS(B ngcglg |ur$1egs leate 56 |on res Wt ﬁq Fr?f @d%?gzﬁ 15500
- pre@pRgERs ! ?ﬁ“B ﬁ&'é*’r Q@%u@é"fﬂé"b?@”i’f’”rﬂ%@s“&ﬁﬂ fferpraRn e amount of
sodigith redlitt® et dre, pihid Bd0déstie B HiCimecohtefindail rig/500, immpared o
exchapgeLiesin. JEBRdHIEBIBR RS piosod el paineds silisatesseiion is 33
waick Sef’d'%*E’*"%?tﬁ?g'?ﬂﬁ@ﬁ‘é%‘mv“ﬁe%ﬁ@g o Rillb ety t*""%ﬁ“*’"’a
St T e P B S P S AL PR Bypre, o
filtrdHofFesr @idlé’w Hehirlie e daebsreiBeterrltion 83 B) @smn the
Spanmdioy slsptiericalperticiadth e siegangel SBuL-Kebosee Hovmieq fitia erepktio:
160IUficuassad filbaShB furan-asdRibatiGokii At RRIRONEERL FHNHIeM -4 BRakS6
In t%@ﬂﬁ%@&%&&%&l&%ﬂ%&'re@&ﬁ%@ 1$n#\4dla§$r%ﬁa@&dﬁ%ﬁﬁ%%m the pH, it
emuéslon § fﬁ‘eﬂeods sw\‘laécf so%tsm ngv Fi z? { N
centrifugarion. an was smgékerosene a?ﬁ 81 pise %3&3
poré’@@@%’ﬁﬂ"freeze drled sample is compared Wlth those of other
colloidalfseasia psenssaitt hideiphedriletie solfepapsulation ofsubttfisin: 4.5 g of
1Bpan 20ssvatsotissatvgigain SOl Zkenasbiancwtin et ogiss ek, i 2Hor
mL sfMithac, asHindeih b/RAY 9&%&39@%@%@&% QN8 he

mix Was acidifi ith 1 M
(Ao ReR Rt LTS e zwa%%%”% s
addition ofY8 Y R W&@%’ 8081 ipichibesicairoitidion
Theﬂ?e‘éeﬁ@)ﬁ%%ﬁncéﬁwmf%ﬂwm@fmm@mﬁemmrbynmre 1 mL of
2gentiififationdiabsb @ withiberfisesie Adsiuies M iMdyal ehevadw and
driegngeia &Iﬂ%éﬁe%ﬁiﬁf?&%ﬁ@ &&’&hﬁn&%@ WRIR P ARE B0 P iRilisin
Wa%eeggm%%&%%a@mm 9{5&&&?&%@%&8 Smg fg%me 18 9 Span

20 mL erosene with' stirring tion of 8 mg of
subfi water was added to the surfactant solution, followed

by add.tfeﬁﬂ@f wg%w%hé'%%&@mlsm@ee ;ar@&reﬁna&sw@scwemmw
20).6 Bl 515004 G5 olele ebitiedrie thacextive tp o ndshe. Helstigonas

. stirgpeifer s mhepuk@emm@wm mm@tmﬁmmwdes
Wera%%?o?ﬁ%d%ﬁé% Bl (el R i f?’%l"l‘ﬁr???ﬂ %%r‘?m‘w"’értaré sfired.

er sg cE ce wit exane cent r| t0 remove e supernatan
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0 Subtilisin was encapsiiated in silicate particles by the following method:
18 ¢ Span 20 was dissolved in 120 mi kerosene wiih stiing, A solution of 8 myg of sublilisi in 200
ul of water was added to the surdastant solution, foliowed by addition of 4 ml of the delonised
silicate, prepared as described above. 0.67 m. of 1k HCI was added o reduce lhe. pHi 7.2, The
solution wag stimed for 6 hours, then the solid removad by centiifugation. The’ particles were




each wash) and dried overnight Figure 19 shows a graph of the release
curves for subtilisin from Bindzil,30/360, Bindzil 15/500 and silicate
microparticles, synthesized as outlined above. The release curves are of
vainallewrosssorm, however, the total percent released varies aecaralingosmblne s
pore size of the particles, Figure 20 shows the pore size distribution for
the three different samples used in this 3Example The smaller the pore
size, the lower the overall percent of protein that is released from the
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“colloid gelled on addition of polyethylene Imine solution Example 5.
Distribution of ferritin in microparticles. The inventors considered the
possibility that a protein may tend to remain in the interfacial 5 region of

Wh sivsiepy rather than in the interior of a water droplet, dug.tq ¥ 05001915
presence of hydrophobic regions in the protein molecule. It was

considered that this orientational effectifnay have resulted in the protein
being encapsulated in the outer shell of the mioroparticie forming inside

the emulgigRFapich Rkl SRl aae dadistribution of

encapsulated protein throughout the body of the particle, silica particles
were doped with ferritin, which contains an iron core and thus io should
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30 near the surfactant/solvent interface. :
Figure 22 shows maps of G, Fe, Sl and O disiribution in & 50 pixel by 50 pixel area
cortesponding 1o the larger box on the STEM dark fistd imaging {DF1) image {upper lefi), The
spectrum displayed In the lower panel cleardy shows the Fe-K x-ray peak due to feritin at the
position of the smali ¢ross in the STEM DEL



35 Figure 23 shows maps of C, Fe, Si and 0 distribution in a 75 pixel by
45 pixel area corresponding to the box on the STEM DFI image (upper
left). The spectrum displayed in the lower panel clearly shows the Fe-K
waqagepesRidue to ferritin at the position of the small cross IrPtteAGNEMe1915
DFI. The Fe distribution maps indicate feflin is uniformly distributed
throughout the s analysed regions. Fiﬁure 24 shows STEM EDX
- spectrum image from a control specimen with no encapsulated ferriln,
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25 showsstbie ssfifisc tosdfdbmearierty enimpuiagirissiefuHbe ent ajibe atioes of the
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‘Waﬁﬂﬁﬁﬁ‘é’?ﬁiﬁﬂ@éﬂ et & %Y&¢5 ¥8BM to have a variable
influence. on the activity of the enzyme as well.. Figure 26 shows the
effesdsefidhe same cosapesigiistchemiqais: ghisame additional washing

?o _ ﬁH%‘fthe activity, %pg‘isin, The dwomost detrime 1tazl Ic_|heg‘nic:;1l§)
or%vwﬁ; ppear 10 gtg%tawms pH about 2),
and 48N, rion 4N .u.ugc%il;"’.‘ggt:ons ¢ %%ﬁ P2 1erewn-tb be detrimental
to |SMAsARGACIAlIso saltl ddlafata _a concéntrated solution off calcium salts

provergmgiR detrimental. As seen above, two chemicals used
occasionally for washing the particles, ethanol and Isopropanol, both

Cygﬁgﬂ%%%ﬁéﬂe el JSlE RIS %%m@%%m% HERR08 W

xane were found to have no rlmenta

actRiG PR BB Ao B JaRkAg g1 Smpkte denaruretion of o e o enzyme.

20 However, this was most Hkely due fo the high pH {B.bou 10) of the Bindzil, Aside from the Bindzil at
pH 10, the most detrimental chemical appeared to be isopropanol, used jor washing the parlicles.
The salt solutions alsp sesm to have a variable influsnce on the activity of the enzyme as well
Figure 26 shows the effects of the same componenis/fchemicals, plus some additional
washing solvents, on the-activity of sublilisin, The two most detrimantat chemicals for the aclivity of
25 sublilisin appear o be acidic conditions (pH about 2), and salt solution 4. Acidic conditions (é"pH 6)
are known to be detrimental to sublilisin, Also sall solution 4, & concentrated solution of calclum
salts proved o be detrimental. As seen above, two chemicals used occasionally for washing the
particles, ethanol and isopropancl, both appear 10 be extremely detrimental for enzymatic activity.
Hexane and ¢yclohexans were found to have no detrimental effect on the enzyme aéﬁviiy.




36 Alkaline phosphatase, with a pKa of 9.5, is significantly more stable
. than most enzymes at higher pH. This enzyme was used to test the effect
on activity of encapsulating at pH about 10, and to relate, this to the
vagtbeiyREanzymes submitted to the encapsulation procedurgcaifHe8s/wo1915
Figure 27 shows the post-release activity of alkaline phosphatase

following a) the encapsulation processsat s pH = 6.0 as described in

Figure 17, and b) the same process, using no salt ThIS proces's leads to a .
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Example 7. Storage stabllity of encapsulated subiiflsin and alkeline phosphatase

The siorage stabilly of enzymes encapsulated in microparticles is an imporant
ponsiderétion. The majority of proteing require long term storage at lemperatures below 090, The




consideration. The majority of proteins require long term storage at
temperatures below 0C. The WO 2006/066317 PCT/AU2005/001915 37
structural viability of micropartides formed using the process described
WelalaesIBeen examined during a freeze-thaw process. It iagAnRIadyo1915
suspected that the expansion of the water content of the particles-during
. .37
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pH vrksshyenblostintenii inte smtelisder 81081915 mL 1 M HCi. A solution of 16
mg efnsesaisimsn 400 pi water was added to the emulsion, followed by

0.39 mL of ﬁad%ﬁ@dmi%s dhBved in 120 miL kerosene. 5 mL of Bindzil 30/360 was added

s with stiring. The pH was Jowered to 8.0 by. addifion of 0.815 mL 1M HCI. A solution of 16 mg of
' subtilisin in 400 i water was added to the smulsion, followed by 0.39 mL of salt solution 1. The
particles were isolated using centifuigation and washed with kerosene and hexane hefore drying,
Exaraple 8. Alternative muttix for protein encapsulation



particles were isolated using centrifugation and washed with kerosene and
hexane before drying. Example L Alternative matrix for protein
encapsulation WO 2006/066317 PCT/AU2005/001915 36 Two alternative
wergimedaatrices have been investigated. The first, aluminapyasu2005/601915
prepared from alumina so) as described below. Alumina sol was prepared
by hydrolysis of aluminium sec-butoxitfe in water, using a water..alkoxide
ratio of | DA, and reaction -temperature of 7540. The mixture was stirred

for 30 mintigs ABeRe RN FRiise: rRise thionBMaE0gERMONS the, Sarahalas
Proghigsgh MiGAR YasIRaAdd Sat kAl RelabiP kAL
e solution  stirred for one hour lk 1 fn(w ! ure of
e PR BYRY PERA R BB ke 0 L Chapa e o
indicBfedhthaixpe Yo sifedon @I’Zée giirrmpeia F‘Wﬁ%"o@éﬁ%@r{ﬁm@dﬂ’e
Dy rodeiny pvduparditosatil was GrcedtrdeicnHobliGiveslE|Glind, 084 wl Hpasiaon
Wa%tﬂ&ﬁ?&\/@ﬁb | Re@OaFHssksE RS SRR ks Off sh Chtidh Qurll YA E BY20/86 complste
Ck%ﬁlg%!f) %@%ﬂ&w %”{ﬁa'i“lﬁéuﬁ%aﬁ" 'EQH&W@Q& @:ISS%r% éoi was
uo aken rom a ueous, ago“%‘% containing 0.19
KHW"B%@ S RISV RARY 85 @3‘5‘#@\}3@0 g was continued
for five HeWSPaTid i Hisoashi Bl rel iersseesn f1h getd M o8t fs added to
ey Siretdelissny nighrey athvwirsived 6T epvith kebub et heantiwivead@l
ethapRbue AERRARRRINAD. QRIERD, 089 B3R Arid-ighreaBR Wi digpte SRRt was
the&%\?48%%&%&&@&&%@9%@@% BUARIROU! A8y SN I6TaRBN AN o
the sample contained a sjgnificant tlon nan-sp erical fragments
fronf %Jﬁérﬂ{?ﬁ st tﬂ@ﬁa‘?&%%‘i?ﬁ%"resg kG (ﬁ%dn‘gf ge’ﬂu ﬁlcg
parfitsesrans rETas0sEb isaiiiehhedtaisien 8ts ﬂﬁ@gﬁom@%ﬁ%ﬁﬁeﬁﬂ
10f atueoish geLibBuentplttentined sy eigiitantapobyrtime olahomsiverips ifdeenisdfrom
seceaflofif oS T conAiianning larhmine resLilinalatvel wdhasdgeltmwhat
Wa%iQQNa%@ 9&@@ %M&Q&ﬂw@:@m%‘é’ HRPERE dMeRR Qﬂeﬂa&"ﬁ?'ﬁ)&a
mixtyre, of zirconium tet abutoxid e %n and i tit n|u tetr k‘) E%ld s,
(TB mﬁ?\ﬁ@@fﬁd »‘(gefoe ?ﬁsa'gce%lc acl %lﬁ ?’%)Gwrg'g ad edv Tonpe e Was
~ dovifYaH@HRfdrolysis of ZBT and TBT, followed by addition of water (25;1
smol) H2CHirc(itiiat) got P’@S‘mmm&hfmh aHiganeofaovie Bisbuiokdi<EEd)
of Zémlmmmﬂ%daiumﬁsqm) Rbgiciddab thenScdcstkageid: 01 2. Bmizobibe 1o slow
abo 9&9&%? Mvﬁm%}ga&m ARG NS Kﬁ%@ﬁﬁm}
d’éﬁ&f S“"'”%e.% A S T

WaS e @élr erosen Cro art|C|esw ere

obs@?@@@ @éaﬁt erﬂﬂ?i‘ﬁﬂdﬁfl aﬁﬁ{&aﬁigﬁm@ g S&pﬁlg%l@gm_%%@am
2fighbt stiintigr reechsutdin eWitswirciRRHBtoSREITpgaine] endrumied fveipg epaens

1 - kRDamesDBiResZienivitanRovetagecsizebaboitXtimicipn Kigae Fghoes a
34) wakdfER Ri%e. AaH RREAR MeRGaRE MERIS mdmsfﬁmm@ meatasial s
m'CrBB’%%‘éE WL R BERKS1Y IS IR %SO S HRMIRN, Rk 3 an
pomsaty measurements indicate that the materiel s microporous, with bwo peaks in the pore size
1 distribution & 1.1 and 2.0 nm,

As an example of encapsulating a blomolecule in the zirconotitanate pariicies, bromsiain {a
proteinase derived rom pincapples) was chosen because of its relatively small size (~28 kDa) and

stability n acidic conditions, The release curve is shown in Figure 35.



As an example of encapsulating a blomclecule in the zirconotitanate

particles, brometain (a protenase derived from pineapples) was chosen

because of its relatively small size (-28 kDa) and stability in acidic
Woraee60MS1The release curve is shown in Figure 35. WO 2088/0888&M61915

- PCT/AU2005/001915 39 Synthesis details: 9 g Span 20 was dissolved in

60 ml kerosene. B mg of brornelaine Was partially dissolved in 200 |

water. The sample was centrifuged to remove undissolved protein, before

addifigRds @& yherirsonatienate spkrispamdasiestsibadsiaily.
ggﬁlts}g:rg%&d%gg{rgwet? W@%ﬂﬁ?j&iecggﬁﬂ%ﬁgt&U'@%M%ﬁ?&%ﬁf%@ﬁ“before
oo RRR e Lt S v s R S vl copra e
hextdisormad Y8 rRiA0e RIRHer GBIt e s ST ioF aﬁe‘ﬂf%éléﬁ $Ridsype
Advamtades afttiegriversiowa ywahed path deseriehoirs| yaremiss pldiekena S8

of %ﬁ@dai&%ml@mg@ﬁgﬁﬂaaﬁﬂmm present invention offers the
foII nﬁQn Production uses relatively benign conditions for

rotelns a ot er oIo cal ent ies, thus maint |n| rofein,
gCtIVItleg Yo(olut é@ggﬁé s"fra?ed malf)e?amp ecg b qegé%.?%‘n g in e
muwwgﬁw@ ?SEF%\%?( NGRRARRIRT, long~chain organics during
isynthesis Bmduttien emaﬁ@w@t%gmm%ls Tormivtsins ipngrefm kol tnatis s
the matinles rRchprEpREUiRg apbofalbiechio) dgieabetit jn rBayhpha ThadUs ety
?ﬁ%@:%@&%%@%@%@é%ﬁwgﬁ éﬁ@ﬁ@rd&ﬁ’dfgﬁmgggpiﬁtﬁym&@&pw ating
: é%?“&ﬁ“f orﬁ?cgl emlcal € vwo'%srﬁg% #ﬁg i eﬁ%ﬁﬁ%@%ﬁ ey may

varRESHIucRa e BRRL RMBRGRment). Metal oxides are intrinsically
rhydrophslidin citaes Sheehim ds rhio usiern Reronoh | Strmakprres 6 oeratiabletiie
mayRiRaseiie: 124 alsspiad teadaltemiag uadusient bichpsotdtydsgsvariabiity
mhgﬁtﬁ%&%gﬁmﬁgus environment and the resulting particles may
contain Wt water. T |

storage stl%ﬂy’?or s%rerﬁrém ?%?{nggé'%h ggﬁeﬁugr%s ﬁé%}?&?%%g}gﬁ%@g Nove
Addadirikmon ey s sese! %ystem has Intrinsic features which make it
aattractive fGeinplotiezeddrom eaueoehaliel UtPveioR ighespstio HERSageausTHionment
cergmigpasifing pitehanyicalzrandibislayieay Thertgbdd: et peedt! for
W“Qnﬁ%ﬂhé@@i&é%@@ﬁibﬁﬁ%r%%%@! rsﬁyﬁ@@éﬁm&uma&z Theyare
stable In, Seh ARG Lendlinan Caualamarhl KIRKAGAEHRANY

stable an Ilght metal oxides are

mtri‘ﬁEf&'ﬁi”WWﬂ)@HWﬁeﬂ%‘?@Wﬁnd some even occur

25 e The cerami¢ paricles are chemically and biologically inert, and do not react with
soivents/ichemicals 1o which polymers are susceptible. They are stable in even strongly acki
conditions (e.g. stomach). .

» They are thermally stable and non- ﬂarnmable
v Silica and other light metal oxides are inringically biccompatible, and BOME gven oLouy

s naturally in body,

« The synthesis of the particles is piomoleculo friendly’ and the silica’ ge! Precursors arg
bemgn o proleins.

= The ceramic particles have & hydrophilic surface, which enhances stability in bleod, They
may offer novel biodistribution characteristics.



sa naturally in body. The synthesis of the particles is tiomalecule friendly
and the silica get precursors are benign to proteins. a The ceramic
particles have a hydrophilic surface, which enhances stability In blood,

wheNedhay@ffer novel biodistriburiion characteristics. WO 2QQ6/Q¢6sk 401915
PCT/AU2005/001915 40 e The ceramic particles are mechanically strong,

and are not readily damaged by external forces. It is possible to exercise
independent control over the size and release rate of the particles. These

parameters, Ay he Itiaduced with agog eproducibiy, A a Ml aytheses,
maybe conducted at ambien fnempera ure. “The same generic process for
enc&f&tilation may be used for all proteins. The process uses relatively

. inexpengivié inppastiie resewerieh ingepenganhrerethyeatidilsitiend rifrdisteialol the
quapdiites, THSEppRIRASS et IRSRY Tlvyeapimidritggtiment, 10 It maybe
possible,tosfunatiopaliseilieRadie\s shbitagsmpbRis-anight open the
possibility ﬁ% starégetneecriwdecii)\éggy r%f the ‘Rrﬁ%ﬁein. g—ehz% é%rocef S to[ﬂthe present
Invention was %v%?opearln'orcier‘icgpgx e_ncirl fie con rolIBd TeTease
technololy Mttt WRe kel RPRATe P Ysdrna 0 22 oo eyl fyalzble in
reletdistod gdiietnolecules such as drugs to release of larger
biomoleeulrs paite: RGupsotRINGEW vagkachngteazymes), is polypeptides, and

PNAIRNATAGRSRISHE RERERFGRS #% BM%&Q%&%@ Bben the possibilty for
sof\{lg llJe%r]‘actaDQ{heeﬂ%%ﬁion system to form spherical silica particles, but

n
usesrg?iem?s? which 1S more suited to proteins and other biological

~ entities. RERREH AT BRipres ARy e AARaRthin g e o suen e TRl Rivsse
is aleshnaiase dstailodiincBegs! iod BerilaihidNe & /83280 KU famielepton smalititiomes
of sadiues siligate sddesionttaiethemornlssl tehpaytinteporeaiong Waghds),
ROURRESHRAS A DRIRARISRIRAL 2R AR Weste QVRECQR NG MRnysuractant

le Eirstl i vpicall tured hol )
e A R A R
the BPIAS A0 RS, RORER TEP AR PE SRBBBY LRELEL MR 22, B et e
 In alnyrivspo PotSpRIR slicaicalpBresmitue eleips ot qptivers At ehensiit
protsiicas, swiiioh infayheacoerinisizericerol- fizentse Althauglh taspatuskases
2§ili%rw;ﬁt_£és‘ rw@@aﬁswﬁierﬁ@siebﬁq%ﬁe_t , @&éi\@i&;&%&&iﬂumf tr@@%?iﬁé aicoho]is
pre U e I .. I urpose. or .
P oRRkaTy 68 A ey RS WIH Al BO,c0h BE RUROSRE
ST U i SR A=) PR T2 1 FSSRSE e GLGCHS]dvth pores n &
Al ST dOftoH AR ol el IS R HENBR B e BTG Altiaest

agueous based silica precursors are preferred because of thelr low cost and ease:of preparafion,

25 they may he substiuted if required {s.g. for the purpose of protection of the pa;iioad i base) with

other ayueous based ceramic precursors such as itanates, zirconates or aluminales,

Possibie applications for the technology described in the present invention indude

« protein medicalidrug deltvery (protein drug delivery, skin graft, bone regeneration, gene
therapy)

3 « biotachnology applications such as controlied release of enzymes (biocatalysts), for
example in detergents, starch hydrolysisfiructoss production, frult juice manufacture, brewing,
texiiles, animal fead, baking, pulp and paper production, leather industry, food production (eg
cheess),



protein medioalidrug delivery (protein drug delivery, sldn graft, bone
regeneration, gene therapy) 3D- biotechnology applications such as
controlled release of enzymes (biocatalysts), for example in detergents,
VeEhredsMeadialysis/fructose production, fruit juice manufactur@Cierawamg /601915
textiles, animal feed, baking, pulp and paper production, leather industry,
food production (eg cheese), WO 2006/066317 PCT/AU2005/001915 41
specialised industrial use of enzymes e.g. in biosensors and other
analytice, Sesdrised ingeptdaioresdel aRz(ees tootiptiswnseo ntd ciiemmayianpegdnal
fineceteemiivets Kmpuinbtinre, (emahitalycipating) AR ARG Pro@BB USRS Ialy pure
| Se”&tﬁM@hBﬁé}%@ﬁﬁﬁi‘%ﬁ%k@ﬁﬁﬂﬁ&?ﬁﬂ%ﬁﬂbﬁﬁ%ﬁﬂ@&%@%ﬁn ).
,cosmetlgsc%%%‘ﬁegﬁ%%%goqd, nutraceuticals veterinary applications
Al PCT/A. D019 eceived 19 October 2006 42 Claims: 1. A
i)rocess"fo%? I @@B’f?ﬁlﬁncapsulating a biological entity comprising: a)
combiningvalesprierissiassurfactant in a non-polar solvent with a
precursor material and the biological entity to form an emulsion
comprising a polar phase dispersed in a non-polar phase, said polar
phase comprising the. biological entity; and b) aggregating primary
particles in the emulsion to form ceramic particles comprising the
biological entity from the polar phase. 2. The process of claim 1 wherein
the precursor material is a non-alcoholic and non-alcohol-producing
precursor material. 3. The process of claim 1 or claim 2 wherein step a)
comprises: ¢) combining the solution of the surfactant in the non-polar
solvent with the precursor material to form a first emulsion, said first
emulsion having a polar phase dispersed in a non-polar phase and said
precursor material being located in the polar phase; and d) combining the
first emulsion with the biological entity such that the polar phase
comprises the biological entity.



4. The process of claim 3 comprising the step of adjusting the pH of th

e
“first emulsion to a pH at which the biological entity remains activg, U2005/001915
step being performed before step d). 5. The process of any Beeetetai %cu’ber 2006
1 to 4 wherein step a) comprises: €) cambining the solution of the : '
surfactant in the non-polar solvent with an aqueous acid to form a second
~ emulsion, -said second emulsion having a polar phase dispersed in a

noq%‘aﬁir phase; f) adding the precursor material to the second emulsion

such that the preiatssy fomakesa)jsiesaiacin suRgla AiRsSARE)
‘adding ége b&(@h(})&icnal ens%iii%(.gucp that’i%e%ﬁolar phase comprises the
biologicAl ertiy e i Priteds HrUTRrBRTECNNRER" BpefinkiaiA sragHrsor
a) compriseéﬂ&if)f't_&bmﬁ)itﬁm@Qh@%f@ﬂtg’%t@rfmatmiahaﬁsbrth&fqi@bgia@b&lﬁtﬂk)ase
to form a pokagnarshiirea mRddkCHRRINGE B RALAL %ﬁﬂﬁﬂ%%ﬂ% 6%%031 ety

solution of thegsurfactant to form the "emulsion, said e avin
polar phase?ﬂ persed in a non-polar phase,- Amended Sheet IPEA/AU

PCT/AbRO0B#OBYRIS pRempeeitidOiCihtadensRH06 iohd cHiahidatitRe BpFising
phase Compmé%ﬁﬂgﬁﬁa%ﬁ{ﬁ?ﬁﬂ{tﬂéj}&g@r%@ the biological entity. 7. The
' ISi Sti

process of claim 6 comprising adjusting the pH of the polar mixture to
betweeh aboul TEHaFESRGAHN 1 Whatsinde erpcurses misdapise ags-atoboly and
one of staiitokprodusinasRicutoensuigion is at a pH between about 1

and abput 11. any one of claims 1 to 8 wherein the
preculro_osqor comgﬂg § Cgﬁ%ﬁ?@“ﬁ;ﬁlc génbe%\?égﬁs BAPERAFS00nm in
diamet8k. 1oMHENS Hessiiisn shipomsiatastinis taomlavkeveitviitethe precursor

precursor canapiiges HomadyfirnasitBR NP enBAUL BRI phase
diameter. 11dESThr%e|8chaesgnpf ]arnlel( one oEclagns 1 to 10 wherein the E
- precursor comprises colloital shita: £2° TR PRSCESS IR, R6ie Braledrighe
1 to 11 wheRSH¥ thésBiglsgical entity is selected
d}  combining the first emulsion with the biological entity such that the polar phase

comprises the biological entity.

4. The process of claim 3 comprising the step of adjusting the pH of the first
emulsion to & pH at which the biofogiéal entity remains active, éaid step being
performed before step d). _ )

5. The process of any one of claims 1 to 4 wherein step a) cb‘mprises:

e)  combining the solution of the surfactant in the non-polar solvent with an agueous

~acid to form a second emulsion, said second emuision having a polar phase
 dispersedin a non-polar phase: '

f) adding the precursor material to the second emulsion such that the precursor
material is located in the polar phase; and

@)  adding the biological entity such that the polar phase comprises the biclogical

entity. '

6. The process of any ong of claims 1 to 4 wherein-step a) compriseé:‘-

h}  combining the brecursor material and the biological entity to form a polar mixture;

" and

)" - combining the polar mixture with the solution of the surfa_étant to form the

emulsion, said emulsion having a polar phase dispersed in a non-poiar phass,

Amended Sheet
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from the group consisting of proteins, polypeptides, and DNAIRNA

" fragments. 13. The process of any one of claims 1to 11 wherein BGE/AU2005/001915
biological entity comprises an enzyme. 14. The process of dRgceiwedafd October 2006
claims 1 to 13 additionally comprising4dding a gelation aid before step -
b). 15. The process of claim 14 wherein the gelation aid is selected from
the group consisting of a salt and a water soluble polymer. 16. The
process of &H§hahe drchaianshass Tomiidischallyecorsypnisitegalenstbp bibiagical
least partialbyggparating the particles from the non-polar phase. 17. The
proces{s of s':xjealm 16 W?ereln the step of at least partially separating

comprises 'th&"&F S %ﬂ%ﬁ)ﬁ’i’m@f‘ QWF%W%MF@HQWH@WNEW%H
- witiouh Teorpitatin i spiveintiep s to precipitate the particles, said

- precipjating.sojveatheing SHéSSt%f{X %%ﬁ%ml@ LRONGTE A5 U‘be ogn

process of claim 16 wherein the at least partially Separating comprses
S?QBUB? eah8RRYGHg the emulsion comprising the particles. 19. The process

of claitn 16Tadgibossalty mrmw'&ﬂ ogidlsying 8ehBititIe Brefsol BMBIESESna
ry
06;9!@!5? M@g@}?g%{]% ﬁ giat[tﬂg golutlon of the surfactant in the -

non-polar solvent w lHica oform a first emulsion, said first

emulsi@n hE%rf@oﬁeé%%ﬁW@fcﬁ%‘éﬁéé@ frvhpisin the-perarsphesswrikds primary

qelitiside gshedpHtaltberdirsiormin siandera pH between about 1 and about
11; Aiqen gl Sf.hed PEA/AU I]?%' IFJ%O\%%OlQlS Received 19 October
2006, 44 | co?ncblnlng HEFY SRR ARSI RSO PR TSGR Frllaig!

tﬁ@CBoIar phase comprises the biological entity; and m) forming particles

compnlfazlngrﬂéephjéémahfamwfmwﬁmwmﬁm &Qﬂoqam mﬁ}ﬁ%%%t&&ed

:fl 1com risin rchom inin the solution of the surfa
L P R E R AP B RS oA B husion, said

secon‘cBem’ﬂtS@ndaw/nﬁgna pelaf chitesé tolispensath ithd théplogiaipotay ﬂmﬁ@e
Qharging colloidal silica to the second emulsion such that the pH of the

second er%t.ltlsmn is between about i and about 1
14. & process.of any one of claims 1 10 13 addstsonaﬂy oompnsmg adding a gelation

aid before step b). ‘

15, The process of claim 14 wherein the gelation aid is selected from the group
conStstEng ofasaltanda water soluble polymer. -

16. The process of any one of claims 1 to 15 additionally cdmprising the step of at
least partially separating the particles from the non-polar phase.

17.  The process of claim 16 wherein the step of at Isast parlially separating cotnprises
the step of combining the emulsion 6omprésing the t}articies with a precipttating solvent so as to
precipitate the particles, said precipitating solvent being miscible with the non-polar solvent.

18.  The process of claim 16 wherein the at least partially sepéréting_comprises the
step of centrifuging the emulsion comprising the particles,

19.  The process of claim 16 additionally comprising drying the particles

20. The process of claim 1 comprising:

j)  combining the solution of the surfactant in the non-polar solvent with colloidal
silica to form a first emulsion, said first emulsion having a polar phase dispersed in
the non-polar phase;

k}  adjusting the pH of the first emulsion io a pH between about 1 and about 11

Amended Sheet
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A

. p) adding the biological entity to the second emulsion such that the polar 7
phase comprises the biological entity; and q) forming particles cospfyfigifSoss/001915
the biological entity from the polar phase. 22. The process okglaiged 19 October 2006
comprising: r) combining the precursognaterial and the biological entity to
form a polar mixture; s) adjusting the pH of the polar mixture to between
-about 1 and about 11; t) combining the polar mixture with the solution of
the sutfactatfmeriogrinetist @mwwiomm‘ﬁiﬂg)iaimarepmﬁsecﬁimewﬁ&gr@%@

non-polar pb@ﬁ@;sgga{ﬁieg%;m%;%@prising the polar mixture; and u
forming particles comprising the biological entity from the polar phase. 23.
A cera&#ioc AheRre #’Fﬁr‘?@l?@’%{”&'f@a’g%@ﬁi%@iwmnﬁﬁr shigeparticle

. havingan Sveragespdmasizecoepises about 1 and 50nm diameter and a
mean parti ’ - 5 and 500 micrqns, said "particle
compr@?n‘g%%@a{éﬁi%éggﬁo[ %aﬁr%% [')Qgrct%: Lo *%%RR/E%%’"&B@Y?P&, R aqueous
500nm in dERRPTB4 F9eneraRopasald sesbataemBRWhsiEinathelar phase

primary parfigiesaiia thetweanabasES and 100nm in diameter. 25. The
© ceramig pattigle.o I or glaim 24 having an average pore-size
betwrggfn agaoﬁtlj%légfﬁgj 5lpd;ntm 5‘?§rnee§8?%% .%H%%?H@?e"@% Hi9yPbhe e second
~ claims 23 tﬁrﬁ@\ﬁih'éﬁ%a@'éabwwmmtéEwtﬁmprising: a) combining a'_
Solutig) of acaawsadIRINeMPY,SAERE WNER SEFAL FAGAL ..

and the blOég@lCEm e{ﬂtlg Iio formrﬁn emulsion, said emulsion having a

polar phasé diSpersed-n WA B Bhase, and said polar phase
compfsingfeenpreridts abentisigdinmbiniaipgregmiingnniipary pragicles in

the emlsi@ﬁbtﬁ}&g@@am%ﬁaﬁg%s comprising  the biological entity
from the polarrgﬂhﬁgjg. Amended Sheét IPEA/AU 45 27, The particle of

any oHe of 4% GRS Roh BRI e bitadinlesicalently \edenp e setmixiure;
proteif). 28adisingdintipkechramyianmbat-eiritesvasntsma MhardsLe
biological eptynts. distri : tiglly hgmogeneously. through the
partic%a. 233.6 'ﬁ"ﬁ%{g‘%garticlga %ﬁ%%%se%c a%/msg %”?o"gg"%ﬁ afipohdo form the
biological EATHYIE "BYBHY RUANPERSRASRSRARIA ¢ eetempeianpifasth eaftiatialghase

* comprising the polar mixture; and \
| uy  forming particles comprising the bioiogical entity from the polar phass.

23. A ceramic particle cqmprising a reieasable biological entity; said particle having an
average pore size between about 1 and 50nm diamster and a mean particle size between
about 0k05l and 500 microns, said -pérticle comprisfng an aggregate of primary particles
between about 5 and 500nm in diameter. ‘

24, The'geramic paﬂicié of claim 23 wherein the primaryjparticles aré between about 5
and 100nm in diameter.

25, The ceramic particle of claim 23 or claim 24 having an average pore size hetween
about 1 and 10nm diamater, :

26.  The particle of any one of claims 23 to 25 when made by & process comprising:

a) A combining a solution of a suractant in a non-polar solvent with a precursor

material and the biological entity to form an emuision, said emulsion having a
. polar phase dispg«zrsed in a non-polar phase, and said polar phase comprising'the
biological entity; and _

b)  aggregating primary particles in the emulsion to form cerarﬁic. particles comprising

the biological entity from the polar phase.
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30. A method for delivering a biological entity to a liquid comprising
exposing the liquid to one or more particles according to any one of
claims 23 to 29. 31. Use of a partlclé%iccordlng to any one of claims 23 to
29 for the manufacture of a medicament for the treatment of a condition in

a pzaitlent W'Hweereﬁng Eil Ot¥|olo gn%l %P tl %u‘%s |E§i |cat%i wge?ghdtgee abttg?c%rl]ctal entity

comprises a protein.

28. The particle of any one of claims 23 to 27 wherein the biological entity is
distributed substantially homogeneously through the particie.

29. The particle of any one of claims 23 to 28 wherein the biological entity is
biologically active following release from the particle

30. A method for delivering a biological entity to a liquid comprising exposing the
fiquid to one or more particles according to any one of clalms 23 o 29.

31. Use of a particle according o any one of claims 23 to 29 for the manufacture
of a medicament for the treatment of a condition in a patient, wherein said biological entity is

indicated for said treatment.



