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WO 2008/ 040094PCT/ AU2007/ 001515 1 Particle Formation

Techni cal Field The present invention relates to a

method feor form ng small particles. Background of the
WO INg0igan The benefits of decreasi ng tPer/AU2007/001515

particle sizes of pharnmaceytical conpounds are well

known. Conmonly referred to as micronizing, the

reduction in the particle sizes of pharmaceutica

compounds has br oughp by FohairpTent s | n.

di ssolution profiles as well as nore conveni ent

met hods of delivery. TrefmigakFiglshmon t echni ques for

t e me@&@mvéaﬁan%;a%o@ﬁ{e&ﬁa?w %&ggﬁﬁ)g@g Wi th

Dense Gas (DG tec ogy 1 nc
Expansi on of SupE?@hWPUcdkﬂEtedmv&nunn(RES 5) process,

1 g GRRAGH d'eé&hﬁ%‘ﬁw&:%@e gs?f:ﬁmtag&héﬁr O%%]ﬂgldg are well |

- Sol vent Extracti process and
knoyg.c dpgrmponly irefemieg rtegs umicremiing thé rah(:@manﬂvedpaierusﬂaes of

phar%agtgﬁigglmm n[%ﬁﬁas ﬁ%ﬁlﬁ%ﬁﬁ@ﬁ%ﬁm&{&% inC 1§F3L1%on p(r:a%es as

Wella%wﬁmvmte:agbocbf ofagghiviexyabilhé nere Wriinen ttdmniaE&Sfor the

c%@a%%p%}&%&%tﬁﬁ%% 5# &?Béé%dg s"gll ven Sef %?S @Z@ff%‘&‘&’&%&? ude

the Bapiph dinpdngioroce Ssparq:rg;;cal BeluGds: QIESSQ\MGN,GEemeSAnn-solvent

(GAS‘{X &!egs t ?}?e@ dol Séjol.[ Plg %ffe%{jg%&ﬁ[gg mroc%?sz aln mare

I ons COﬂ a|

Mbuﬁmjﬂ@cssmnﬁmaf ar Expanﬂed higei Cprrgmﬁe SBE&ntQDELOS) process

oA BRICeR] £ ATl 38 R LB U

of appdicelilityn V‘&n]e rthe RIASSeschdi ]DEDOS meakes nitiss ébnsator supercntlcal
ress Ant.i solvent .is then i ntrqduced
O TSI bRUGL Rt P sDRBHeh Ol mpeaegas the GAS

-and ABBS m’chssaﬁge@iﬁmiﬂae ami-ssiven pabced cﬁiﬁn@ﬁ%ﬁh otahf¥koRtions

v sl sol ve onpounds occurs. The

mﬂu%#@ PB%F§¥%%1%‘?FW§@%fby passi ng carbon di oxi de (C(R)

f Keyrfentueestod hesd prob@sasess eltlindiSew. The ASES process i s

kno t he .Su Anti - sql vent stem

GRS Lo B B LBl Bl ik e aPhynals o aring
solutfam ishﬂtrdkﬁE&l e @e&sledl'SreisEEfitSﬂiﬂébpcliﬁﬂc(; brhane. ezﬁjlmsolé/ent is then
. | SRer . Si er ca s (SEDS). In ASE
introfu 3 R P’E%fr'loﬁgfpstﬁ% hﬁ gh 3 SpMEE o anution is

expaﬁdeﬂvmatpeemmﬁo@oﬂmmhsly @EHséllv&i &m;ﬂﬂh&ﬁ@&cmnthé ?ﬂﬁe is
ge) The flomﬁa

IHBG@PYP%E 5 ﬂ aégﬁﬂﬁg%h %éﬁé% eyessal-t he region of

ASES). Thé ASHS. mdcusris aleb khew e hé ﬂﬁ%ﬁh@n@&[‘f&hﬁ%ﬁ%ﬁ tem (SAS).
' Xi st wh wor Ki solutionis 30 intro 5 -
Aot Rbcethiiat s i acgl&rvgﬁl@rtqﬁs%zm@ws%méh@ma@uﬂnhanwd

DispabibRl byl S ﬁBQ Blufds (WEDR) SERSASESN 6w MRS Q81RA! § ?tgh?fﬂcaliy
Iﬁa |ntro uc - coaxi al MAth antl-solvent to ef
PUMpE 4t GOnFAGE e Y‘ﬁ;ée 1t (patainipg aptispbyent drqughea gapillary

nozzls Phayétdze ﬁﬁ C%Zh?hé"ﬂ’év’éﬂa&goﬁﬂé Whi soldﬂi%n ¢ i%tﬁe i'e%wn

i nsed w th to renove residual sol ven;
ong

& /olfpimo Midareipozdlg o tigwations oist where the merkigs solution is

muocﬁﬁb@bbaﬁrehﬁtd AtisORsE thd ﬂ&ﬁl@ﬁ&é}g‘%&d fﬁﬁ%&m@ d d &g With
ext pa tiall expanded wth CO2, Simlar tot
SEDSEr%E atSO Hdatm%?%%ucﬁwalbhm cwtirsohugnt E)xpﬁqrtdéldtter

xm%oinéﬂvbéiﬂ tHeStwtdeRnG! @MvirydePt e Z ©F ntgé[ q/{rorﬂng 84014.&1011 the

I.nt o anot her vessel under iSobari ¢ condition

precipifateds gnses WighCoe b remore rassiiplagheahr essur i zat| on as a
result of critical cooling of the expanded wor ki ng
solution as CO2 flashes The precipitate is rinsed by
passing CO2 or nitrogen at |ow pressure. HESS. RESS
is technically different to the processes descri bed
above. RESS uses supercritical fluids as the primary
sol vent to dissolve the pharmaceutical conpound.
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Organic selvents are added (if any) in very snal

amounts to nodi fy/increase the io solubility of the

phar maceuti cal conmpound in supercritical carbon
walpwg/i4ess Thus phar maceuti cal conpounds are POHABINT/061515

into a seal ed vessel mounted with a flit at the exit

“to prevent entrainnent of solid pharmaceutica

conmpounds out of the vessel. The vessel is :
DEPOSS Siirkitg Gotiol BURRGEECCH! iR af dedlcl VelscP R S| Akt partially

condi tjonS capabl e of dissolving the pharnaceuti cal :
expansieg oy COan eimiles de dBaGAS dregass butswithaut awesipitation occurring,
Expafi@dSOmMRRtLS )cheHBs\lonﬁ d]egﬁe@‘g.ﬁlﬁgd e P iR IndtBGRAKE under
_ the solubility of the pharnmaceutical conpound into
isohape canfhensr Prepipititigrhecsers follewing daprassurizatign tahe result of critical

cooB R Rl febfifed SARRRE, P FRAS (A T RS HTREN, o Plca by

passing 60aponinegenvblyepressirsugh a capillary nozzle to a

)€ causes a dramat| c decrease |
superetiticatl ifhifdspaswile Rritdary ehpnedd disselve dhe pharpaesuiical siompound.

el \ i ogReu ' f ,
Orele SoRRAGYEC, DB TEURAN' 0o STRBE ARG o8 p it lorcnse e
solubilisy cefl lthe wharnageticklt @pmpound iSeswperstitical ysttainl idixideoriThus

SIS %, PRS0 R R B 5t e i

| RE%B gzrlicﬁr&:"’t?s{ Eeglﬁﬁﬁlg{'giﬁﬁp &SR 3&&%@@ %@%m&& Zhove. RESS_ uses

-to peaventi enérainoreRi oftpod lphtinorsutical coprfeuhds dua bl dr. veSiek hThovessel

o f G416 0 QLU it SBB Bkl St e
phafsagpeical compa@indf | Wikh neeessyyt akganiatdlwtiont qedeoloetsy may be.
aidt LI BOHRT aRTim o U cBhngt iecPhorgaciin gl epgiedinte e

. supdraditical | phmsef Adienc eattuating otheg atira@itical ohthod Ideuside , with the

second nucl eati on and. .crystal. growt h ,occur at ,
pha:arr\qpf; ch paund, p@%’&ﬁ?&c% nﬁtpg Clg%&]}t driged” it another vessel
throoging eapliliay horade to BihtehiByet praguicd Dupadchrpatidnd ¢flthe SipeRritical
ﬂ.%istripﬁﬁionsdand i nc. nsﬁs.ent resul.ts. 3QPri.or ?rt'“

i, pses A dramalic degreasq s sohvatipg poerded the nrpetpitabiop of previously
diss?l&bdb phdrﬁfayelﬁie@ cemlipmuﬁ.ﬂs? lﬁt&ffdc@ﬂ. Sl&eﬁpitatééx e rdt@n@lCiE! th8Gecond
ctors w .nozzles, flowrates etc. act working
Ve“’ﬁ@@?@%ﬁwg&?ﬁggﬁvent ratios are also often difficult,
| Sevepd] dryspUSHLOh echiighs! alkhias BEDSQRE SAR s Qalday Bozzles and

ocessges requj,re quite .conplex equi nt, resulting
Tow figwizich (71 AL dnaiormiss e soiiolt g esidaies oith ow

delimj"fmlvfﬁ oF w&m@l sdirfiiohe Hake E(? el @ URd @?ﬁ&ﬁ?ﬁobessh%g. ‘Existing
capillary nozzle spray  patterns as a function o .
SCH %@Eeé%@al Ak revrsiadidatioh e HPatngreduge angipalyang i ¢ yasking
solufiére tr Click Asal edhally\if Oclufeh eSBoRANCRAGRS ol fPmation of
conpl i cated design of_ critical ;§UIannt for exanple

conGEREHOP FRUPR x 5o AN HRoREnhBYdeation aad GRSl grevaDgsur at
diffes@it rdtbsPdpeiPALbE o chiPRE chiceBithtRins NEhiPhAF £33 8SbBhEparticle size
. prone to clogging and the formation of” a preC|erate
distriyutippsanddpoon@sientesuliser f er es with wor ki ng sol uti on

8 A At ) AR P Shion

scalg, dag it isealing dactersarriie mozsles | flomg rates eeufinek morkine stloden/anti-
t; iLd; u f
soxvaﬁ QAR LS MO Uheh Bl @ﬁmﬁ@p&@ﬁ g@?ﬂ vgﬁg.hgsmg of the above

these concentrati.on gradie Qoj %ﬁ , )
processereteaisn auife pemnplye eapipment, gesulting ipraddisionali aquipment mxpense.

Exislifl ﬁa‘é@&sé’é“&dﬁﬂﬁé&%g%&k% Mo %Eallé-%ﬁ%gﬁarhﬂ% r 'ﬂ%{&tnﬁféni@ gpray |

or nore of t e di sadvant ages:

first aspect of the disclosure there is provided a
process for producing particles of a substance
conprising: delivering a solution of the substance in
a solvent in at |east one shot into a supercritica
fluid, said supercritical fluid being a non-solvent
for the substance and being mscible with the



WO 2008/ 040094PCT/ AU- 2007/ 001515 4 that droplets of
the solution are distributed substantially
honobgeneously or ho ogeneously throughout the
supercritical fluid followi ng said delivering.

If nore than one shot i's uged, the shots may be into
the sane or different precipitation chanbers. 1f nore
t han one singl e shot is used, and if the shots are

PR L 50 E RSO SRRl IO §

(ASE&/S&S;a rAdsd, tiese ptbéa‘smseemnrp rcemplpnatedtdss;gn chaitivel syuipnivey for

lta n S C ext
ele Bl Shramie e o b P i STl Chlliy PR & thea i
exﬁ’d@@rscds&al tareép‘r@?éﬂm;]dio g‘girgrﬁnliyhe:foﬁﬁﬂioy fﬁp&lﬁeﬁaﬁaﬁaﬁt thdBozzle
article size. o e part,i e process
tipglerfiges Wik ga%)}“bsxl %?Ha% 4‘{@#{5& 3%“@?& TORBHFS operate
withl OftefirSion GhlichQkistind & 68 Pfe‘élpﬁﬁibn keasiepaSadid vp\equipment -
| ess than abqut: 500ns, ss th about 100 or
of hgtprocsscnBp A aler RS RAiton APAREAE o hess GRRCen fRfiopaazsdlionts

- about 0 and about M&rﬁpeﬁmﬁnabout 0 and 10ns.
In the step of delivering, the ratio of the anounts

g of It tinethe gbipeinef Hiscpressat duysabiary for Febsipofally; evepemneper at least
- amlER Galidsisb@W sol ubility in a
mnhlxtﬁﬁgg%f&ﬂﬁg SO Fﬁgﬁt and t%efl 15 supercritical
fluid in said ratio. Tisenmar¥o may be for. exanpl e
s than a L0 OR IR 2 BRSLS for Bro&d ]
bairl astrirétraf’?fc'rfg ¢ dSgiopet efrgl?gr ati opl?r)gys re Prgt e Ht%g;mtT e
ofanbﬂmﬂzmmnmmuwent in asingle shot, or to the total
noyRnt - o_ solvent ! heshat; 0 y
Fertlotin? g’ BBt S R B 3 Milpe gt o s
- f orsmpmgnﬁdabﬂpﬂg nanﬂ: Isesereritical ﬂmdd)ﬂmgmn(mmmm gibstance
~and. ssur.e eC| ation chanber should be-
suéW‘t Eﬁn?ﬁ@ﬂﬁr¥5§}épg céupercrltlcal fluid and
30| fesiing ipsirtitles bf the Sulpemet, |sm|dqmt1cbs hting diStibwimdl iy a mixiure of
dur this s t he .t ature of the mxture wll
1%%%& - fd %ﬁﬁﬁfghgﬁﬁﬁf in about 5 Cel sius '
Thﬁ@@é@? Sayds cohdictedl withvet thense of cipiltay nbtAsschr prifioss toceffect:
the.step of delivering, and the pressure of the
aAtopiZHoR-o Wi | | be- slightly higher (e.g. about 1 to 20

b a]‘heﬁt@hﬂ'ﬂﬁhﬁeﬁﬂ@ xdaﬁ}]?ieddalﬁddcﬁ B larml’gﬂd_’l_ l?]cﬂnscdﬁhvérbldﬁ'dle solution.
rior to the te (0] elrverl € process

L fgepawmaﬁ%a AiveERpr(F-ge ltnﬁ@mé éﬁg &thlﬁ%ém gsleqliemto the

sup&rfifidal G & ndy B8 SconBGudted® WS u rfovg rgtat el the rwuﬁohaﬁm the

~~of the supercrltlcal fluid be del iv
* supgerisel S o7 oAy L P MR RFR OE 4P G dhout 0.5 and

abolPM0N %, |T§i¥"d§19}eﬁ9g |nha¢yybé iﬁsﬂaﬂﬁn&ﬁk o h&ly 185talRics or rap1d It

substantially 1 nSol dble |n t he sol ution.

maypeasuewithinahe snaes of émillt 0y 228 eﬂ}?rsé%’s‘ifrdregﬁ’%gtth%sduuon
mayhd Moy %dﬁﬁﬁﬁﬁﬂrtﬁné‘tforgﬁld 8astrifPRWhoRS R the hnae for

greater than ressure-of the supercritical flui

fonmn pEthephitigles. |’1th retn@f delivgring may he alfﬁﬁénfb{m@ﬁéhattdmpéﬁts of
the fs&uﬁcsﬁ are distritEd $hb ,ggm,} el Sfchifich TRYd SORRY fozﬁatmn of the

pent ng an 1 nj ectio as to permt
Pal't@lﬂs UKLiegatetod ddmbngm wayiibe isuffigiently prergisedithat droplqtmﬁihe Sfhation

e SBLE0 M LN SR 8 BByl o Y8 &l 1 may
be suffpicity. rapl\GuP00 SvrerEi o ABaT haUxbaipe 0o 1HstBbed throdgheut the

oo MR B 95312, B PR IS

supercritical fluid. The step of form ng nay consi st
of form ng the particles honbgeneously, or _
substantial |l y honogeneously, throughout the m xture
of the solvent and the supercritical fluid. 5The
process may additionally conprise separating the
particles fromthe m xture of the solvent and the
supercritical fluid. The step of separating may be
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The process may additionally conprise depressuri sing
the particles to anbient io press= after said
separat i ng. The supercritical fluid may conprise
wsepsaedoist i cal car bon di oxi de. The sol vent may/Aimo@001515
pol ar solvent. It may be a4non-aqueous solvent or an
- aqueous sol vent. The substance may be, or may
conprise, a pharmaceutically actlve substance. The

ﬂlats 1ANCEr 'ﬂé{ g&uﬁl&@ rape lzﬁs sﬁﬁs&én‘ﬁ%lly Hgmogeneously or

supstance or exanpl e I ns

Ofr U 3 o103 B GETHLRRLPRC!

| i'n may nat ur |nsu Syn etlc q¥ﬁMﬁn
precipitafiorschamberant{lroge é;aname isinglel shot IS| esddy and xfeha)shotsrare into the

L e

If tlzec skyps aﬁbb enbadrffeemtl precipitdionathianibensj ttheya may or may not be

ﬂmﬁﬁggggceutlcally or veterinarily active substance.
°SUbst ance may be a peptide, a protein or anal ogue

t Imethgsofaqntext, nthe [temc mﬂ:@ta:anally smnltzmegmnmy abferic avendy thahare

sufﬁ%nt b(':lgs%:ebrn%)%f;?gﬂmtgﬁ %@Mgr f 2 utgs A ed gaﬁle process is

the shme ag oo sinklk dap, fhﬂﬂ‘fﬁmgﬂMﬂ a bmgmﬁh@t, Th&lﬁlﬁil?s 185 PYé fparated

by e B3R RSB AETERS AEEL G ¥ st

500n68; BSweer atoay 0 &idbodl 10 of Bét@'éézﬂdbeﬁt fBﬁida],OIﬂsnt erferon

I N

fluid NetyHeisach thatSRE Substansethds lovhselability i3 i HRG of (B8 GG RS the

supef A, S, BB oot Y e £o1 AT I i abesioiy oo o

' volurBle WR4QC] GBight BaMid bpgymolarba@@ ZDHIP b Bay 21RO RY HdhBount of

or GEner | 'y Regar Saf e (GRAS) excipi ents,
solveﬂ‘bpy @lsﬁ‘ﬁ FHe Y g‘?rae&g quﬂ@mtmnt %,p gqqq);p p Rof§ ipsaid step of _
delivédipODuriag s @hedihieRafier ﬁx@@iep%'fﬁﬁﬁﬁ?% the %aﬁfé ¥ %Q ¥hrifons

nmer_..or. any . conbi nati on _t her eof

de ol
(tempega elag IPJ%FS“ﬁf‘ayD Ehsmprimistion WM&W@W Bpaigpre of

superdBfic] Bhid 2@ soReNEis M ith seheRIBCABERL tdo%ﬁiﬂ)ﬁiy @hring this srt%a the
veterltjslgerlly acceg,tale carrier. he Sol ution
teMPRIRHT ¢ putithq ssme (¢-5 withia ab@;@é Celsius degrees) as

that cﬁ’f 06 %&ﬁerﬂi&%ap@luﬁi BHOCRSthel Mp 8t dbiRRShg, PAHA! il dr¥ssure of the
oat.| ng .t he suspended particles wth % he subst ance.
mlxﬁif? W#L Hightly bisherleL. phput b a0 bardighenithancthatofdhaswpereritical

fluid WidrGH (HeQE rofggﬁve%n ore particle at least partially
coated w stance. Thus the sol ution may
dBepracss %r @dq@fmaﬂx lcemprisgHbe sy of presaising dheesplaiontwigh a

gas toszilﬁ%ﬁﬁpé: greﬁépﬁﬁﬁ Bkt BY e @ﬁ?e%?&ﬂﬁgfﬁmg ‘Bgﬂ%% a?#eﬁl?g #?'sStution

_gartlc eS at least partially coate
into the syperadiical fived, praisk gas handys dewi soluwbiidy liy thorsplutiss, tthbeing
substigMPinOSluble BPIb YGRIiAY 2 SO ution of a second

substance 1n a second solvent in at | east one shot

IThe prackss B edditipnallyadonfprise gresswmistig Shp eolotion toc alpressure at

St

least dol £ 1R iR AR Bl of 6 it A BUOR! AfGGing e
solutipmyimk fhgsmerdné!asltﬂlpdirtl ally coated particl es

tanc ast

2oL Pl v BAE Hhiki® Blenhiy HEHAVERe3h oy R pemit e

Solutlcrretawmpmemﬁi thy S@mmeﬂpﬁnd |’Hlees]edﬂannglx(élma)rbdibt etmiple a
second, solyent and the

ball v@ﬂ%girg%:drﬁlgﬁel cal‘}aP%tﬁa 1¥%§éb1%h€§%ng ?R?F%d BF%%e above

opti ons may, where appropriate, be conbined in a

particul ar enbodi.ment of the disclosure. In an

enbodi nent of the disclosure there is provided a

process for producing particles of a substance

conprising: delivering a solution of the substance
in a solvent in a single shot into a supercritica
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pressurising a solution of the substance in a pol ar
solvent with a gas, said gas having low, optionally
. negligible, solubility in the solution; delivering

“Kfﬁﬁm%&bytion in a single shot into a supergfihiveRbooisis
flurd, said supercritical fluid being a non-solvent
for the substance and bei m scible with the sol vent

and sai d supercritical fluid being at a pressure of
,_a%kleast bout 20 bar. |ess than tha@$of t he sol ution

 afferton AEOTPES Ay orusal fomeying thy vartislos dreughpe the mpxigre of
the @Blehd/ 81d M8 supdrOitiSal BuiB2Thd 66 S Hrnfif}emy RSIsRP OF forsAdlthe

_pari}l cles bejng distributed in a mxture of the
partiglet haipeseaprpsimer subseriallyihompeenconsiy, throyghet theimigturs ef the
Solvmgﬁdﬁlgg@e;&%tﬂ{ﬁﬁd_m xture of the solvent and the

supercritical fluid while maintaining the mxture in

i The @oerss may eiditipnally spmpriseweoargiingthp gattiples Femtthe nbgure of
the sbhielt 4ddPtnS RS G B, The!bflp of Sotthftingloh BEcdiihlifa Whnie
~.the anounts of the solvent and the supercritica :
mainfainipg) thegmixtyee in Hixsupetseitieal steten T Be presess|reay asdditiopallyi ¢omprise

_ wasﬂ}jﬂgtﬁeﬂirﬁ&%ﬁgﬁfthetﬁg salemtigand the supercritical

['uid in saidratio. I'n another embodinent of the
dihec prosess engsh edditiprallyr eopiptieel deprgrsudisisg theo paticlesi ue i angpient

press@ dflef L P s Eraﬂn;_.?.UbSt ance conprising: pressurising a
solution of the substance in a polar solvent with

nitersypaprtics] Seidwessrcontwiae superitina catbon dioXBR. Faer solvent may

Iy Iy T —

may heydorro@yrsqmpriseo a phpwraceiticallyn hotiverdobstarcte.oKhedmbstamiedmay be

o REA L o GAERAD, AhO0L 15 REH AN Bl RBSR St

eyclogértin dbudebmnideodr BridoagitcS 108 ror birg cableipativh theresis Tés insglin may

be » EP LA el SRuRl ol Tl 0O o Aol BBIRE o oy

- combipatip theref.0The subetass|marite aarither is upgrberd fhatadesutically or

£ ki d ting th -t cl. f t he. m xt of -,
veterhyetlyCacoeRBE cRF i BpBRcr SifiCs phasbeitiafibipt ksionarity
activenwbktencealing substang: thiyebed peptifle al protiinsor aniegue thdréafad nucleic
v, 54 O e o ey v,

may ¢ovigiriserea shoyl porweler nadcie® benoliodiieiog Humani ggdtth ]:%f‘mﬁﬂé? human
carpnon

unts of ,the solvent and supercritica .
ol ThEe Pleiogif, BB sl PoRhiRE ripii hareg, epfropoieti,
epoiedg OF dvtor ¥THOGHOSH)t InGdirfetdne Athtag Tostieron (R4, Entesferon Gamma,

el B RnBg g e b Belidls, E il Bonseam i,

Hmtﬂigbslﬂmg, im;;&o,g Ghsiliin S Akjvei)t GY&r@iJlig,nPEga@&ﬁ?ﬁt pAbEt tE‘E@gbn
apo n abo ar lverin e salution
Regraipy g NP PeRaall YA R4 NRposn; Hilsgens dnrasal an

antibod@ H aiondiloxd] datibiynen eP61eS SatbEhydratd, Ne FeABABy Rbgarded
| ess than that of the

PN TR COLORE RIat) A
polyethilens kol dlligeky, Wblyefhylene oxide oligomer or any combination thereof,
for example, or may comprise a combination of any one or more of the above with a
pharmaceutically or veterinarily acceptable carrier.

The solution may comprise suspended particles. In this case, the process may be a
process for at least partially coating the suspended particles with the substance. It may be

a process for producing particles each of which comprises a core particle at least partially



form ng particles of the substance, said particles

being distributed in a mxture of the solvent and the

supercritical fluid, separating the particles from

the m xture of the solvent and the supercritica

carbon dioxide while maintaining the mxture in its
_supercritical state, and @ashing the particles wth

the supercritical fluid;, wherein the ratio
“(vol ume: vol ume, nol e:nol e or weight;weight) of the
comtetbwith sheodubstinee s Thusethe selwibnsmpie pERDLiSE AT RATHYes whereby the

i_oxi i s, bet ween, abpj :10Q v 50

Pa’%ﬂgﬁ* 8?&‘%5!‘?5 Fil’\l}‘?rshl”u”%dé&? gh%ﬁ%eéépg%@ﬂié g?]?%ccﬁégﬁt e at least

partiliy qatet nGthelte sbgadcer ned with a nean WO ,
2008/ 040094 PCT/ Al | 2007/ 00.15%5 8 Sg(%[ti cle diameter of
be AceSHIHt BROLT SR I 5P bet ween about 10 and
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particles of a substance comprising: 7 |
* pressm‘ising. a solution of the substance in a polar solvent with a gas, said gas
" having low, optionally negligible, solubility in the solution; '

_e  delivering the solution in a single shot into a supercritical fluid, said supercritical
fluid being a non-solvent for the substance and beiﬁg miscible with the solvent
and said sﬁpercriﬁcal fluid being at a pressure of at least about 20 bar less than
that of the solution éﬂer the step of pressurising and before the step of delivering, .

e forming particles of the substance, said particles being distributed in a mixture of
the solvent and the éuperexitical fluid, ‘
 separating the particles from the mixture of the solvent and the supercritical fluid

while maintaining the mixture in its supercritical state, and

e washing the particles with the supercritical fluid;
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taste of the substance during oral ingestion of the
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supercritical fluid. In anot’her enbodi nent of

the di sclosure the substance conprises nore than one

conpound, for exanple 2, 3, 4, 5 or nore than 5

conmpounds. These may all be in solution in the

~solvent during the step of delivering the sol ution
“into the supercritical fluid, or one or nore of them
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1og%r’veterinarily active substances). In another
exanpl e the conpounds conprise two or nore
pharmaceutical conpounds which act synergistically.
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particles of a substance gonprising: delivering a '
solution of the substance in a solvent in nore than
one single shot into a supercrltlcal fluid, said
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device for separating the particles fromthe n1xture
of the solvent and the supercritical fluid while

mai ntaining the mxture in its supercritical state.
The separation device may conprise a filter, e.g a
fit It may be | ocated at an outlet fromthe
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delivering a solution of the -substance in a solvent
in a single shot into a supercritical fluid, said
supercritical fluid being a non-salvent for -the
substance and being mscible with the solvent, and
formng particles of the substance, said particles
being distributed in a mxXure of the solvent and the
supercritical fluid. 12 The ratio of the ampunts of
the solvent and the supercritical fluid should be
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- There is also provided the use of a particul ate
substance according to the third, fourth or sixth
aspect of the disclosure for the manufacture of a
medi canment for the treatnment of a condition for which
t he substance is indicated,. Brief Description of the
Drawi ngs A preferred errbodi nt of the present '
invention will now be-described, by way of an
exanple only, wth reference to acconpanyi n

h 9.
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exappl e; 2008/ 0400 / ATl 2007/ 001515 14 Figure
7 _sﬁg\ﬁ@"ﬂﬁg@oé? M“%ﬁ%l in (left) and of insufin
paThd sipesrifidat flazdedapblye lobstedinaeent nony petipbaticfrdhginbirs. The
Fi gure 8 shows el ectron m crographs. of rticulate.
sty By B cus U5 me R g R GRL APyt s o the
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creport of 1nsulin particles proquces t.ne 0ocess .. ..
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usd £5idbibath thad ¥ klffiSiehi Rk @D khd hiveldeBidrn goiats fof Setivefing the
. particles produced by the process of th rg(gren_t . _
solptinpd thompercritical-flyidiia ﬂﬁﬂ%@%"’&@&w@ﬁ A gpaced, so that
thegﬁﬂaiet Qe tHe Pradticles For SR Bl AR frbdes i @lshill a9)for EMBNH: tlhn, that
particles to“produced by“the process of the present
obtaek Apinonsingle ghete fithe shassvarephm: SEprapryegpitation chambers, they
f Absdubet a-cydodextrin (HP (3 CD) before
‘ magﬁghg%{@#)gg%{r mation-into. particles by the process of
t hin preamd adpedtoftntlisdgsure there is provided an apparatus for producing:
particles of a substance, said apparatus comprising: _
* 3 pressurisablé injection chamber capable of receiving a solution of the
substance in a solvent; o ' : o |

* a precipitation chamber capable of maintaining supercritical conditions for a
supercritical fluid, said supercritical fluid being a non-solvent for the substance
and being miscible with the solvent, said precipitation chamber being fitted with
an inlet port for admitting the supercitical fluid thereto;

* 4 conduit connecting the injection chammber and the precipitation chamber, said
conduit comprising an injection valve disposed such that when the injection
valve is in an open condition the injection chamber communicates with the
precipitation chamber and when the injection valve is in a closed condition the
injection chamber is isolated from the precipitation chamber; and

» an outlet port communicating with the precipitation chamber for allowing a
mixture of the supercritical fluid and the solvent to exit the precipitation

chamber,



Fi'gure 13 shows phot ographs of ‘Eudragit -S100 before
and after formation into particles by the process of
the present invertion; is Figure 14 shows photographs
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in which the nozzle size is not a controlling factor
for the rate of delivery of the working fluid into
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o by RIS, O R, & pOT oLty PRCRENEN Gy 08 o vsed
process guypepsionsyand peebms ceatiog epplications. Thowbsense ofibapiltery sozzles in
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e R ol 180 ol B PR d Msgpstion chanber,
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injectiQ, Tigcdedivery 08y be Zucinthal @I eiBe ambhmbO6E, the Svaakitlg solution is
delivered into the supercritical fluid within a very short time, or at about the same time, or
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100, 85 and 95 or 90 and 95%is precipitated. The
solubility of the substance in the W -
2008/ 040094PCT/ AU2007/ 001515 20 mi xture, at the

wo enpedopdsur e and pressure foll owi ng deliverypciRY206/001515
| ess than about 200ng/ 1, oisless t han about 150, 100,
80, 60, 50, 40, 30, 20, 10,-5,2 or Ing/L, or between
about 0.1 and about 200rng/L, or between about 0.1

i Gy, 0 A 0 2R B A

witl @i, sol ¢t dfoiloRB, the deliserihgS Partitleand tROsubsang 40, fofmed, said

P ar%zjj% @eﬁéd@%ﬂﬁt&:g 811”%1 14’1&[?{ %n%. tgg %Blggﬂtabg%? ggb%ir%%cé ﬂléld Thls

- prodess B reforredld,as ARISE QAtadGsed I0upiBhjectididior 4blveRExt@Biony 0,

Sqt isglgfdﬁéquhatls]igce, 711-'112%16 Ilyr%gént']iége’nﬁgr?,othe entire volume of working |
solution is introduced into antisolvent (supercritical fluid) at about the same time in order
to achieve a homcégeneous mixtore of working solution with antisolvent, the bulk of
precipitate should experience similar rates of formation, leading to a more homogeneous
product than is obtained using prior art processes. In the context of the present invention,
the terms “antisolvent” and “non-solvent” may be considered interchangeable. Sincé
excess volume is made available for recrystallization to occur, nucleation density may be
lowered, leading to precipitate formation occurring over a large spatial volume. The low
nucleation density may allow the formation of product with lower bulk densities than

‘those previously obtained. The present invention is preferably operated such that

atomization is not a function of nozzle (conduit) aperture, or at least the effect of nozzle
aperﬁzre on atomisation is minor relative to other factors. This may be achieved by using
nozzle sizes ina rénge in which the nozzle size is not a controlling factor for the rate of
delivery of the working fluid into the supercritical fluid. This enables the simplification of
the design of the equipment, and obviates the use of capillary nozzles. The injection may
occur through a single nozzle (conduit) or through multiple nozzles {conduits), each of
which conforms to the above description.

- If more than one single shot is used, and if the shots are into the same precipitation
chamber, they should be- substantially simultaneous or simultaneously. They may occur
sufficiently close together that no shot is made following particle formation from solution
delivered in a preceding shot. The shots -may occur within a time period of less than about
500ms, or less than about 400, 300, 200, 100, 50, 20 or 10ms, or between about 5 and
about 500ms, or between about 10 and 500, 20 and 500, 50 and 500, 100 and 500, 200
and 500, 5 and 200, 5 and 100, 5 and 50, 5 and 20, 20 and 50, 50 and 100, 100 and 200,
200 and 300, 300 and 400, 10 and 100, 10 and 50 or 20 and 50ms, e.g. about 5, 10, 15, 20,
25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450 or 500ms.
The rats of deliﬁ}ering of the, or éach, shot may be safﬁéfenﬂy rapid that droplets of the

 solution are distributed througbout the supercriﬁcél fluid before formation of the particles.

The rate of delivering of the, or each, shot may be sufficiently energised that droplets of
the solution are distributed throughout the supercritical fluid before formation of the
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160, 170, 180, 190 or 200ny/L. The solubility may be

| ess than about 1mM -or |ess than about 0.5, 0.1,

0..05, 0.01, 0.005 or 0.001mM -or may be between about -
wO08ds08nd 1nM or between about 0.001 and Opdr/a@2099@01515

and 0.01, 0.01 and 10 1, 0y, and 1, 0.01 and 0.1 or

0. 005 and 0.05, e.g. about . 001, 0. 005, 0.01, 0.05,

0.1, 0.5 or 1nM The substance may be of |ow,.
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chaiF(sT 0 St COTAPET P R O P50k A o5 8 g BAPRFA £¢8. those
throdgls arhitte Gupdrorvitoal TR, " aptichally fob&h&OlwiBNthet partidles, exits the .
rcritical fluid may be for exanple |ess than

pre%%ﬁ? 9 §haPehn A vol ume basis, a weight basis or a

thS pfb?ﬁié gnve?ﬁczfﬂoﬁﬁﬁi td4 ﬁﬁﬁnﬂ&s qhid o&ﬁn’&no@%ﬁf c%nc@ﬁratﬂm ents in

or ou
Precip%on hagbery by jising a8 oversigsd gro iggfon; Shagihes. Qg the
preo&}hﬁti&n &ha]’s-xg)eﬁﬁlgo abam fot ; ngbgeﬁ tiﬁ&déﬁ.ﬂ!ﬁr t sﬂnﬂ:@bﬁ Rbreasing
an an

the ‘1015*66 é% drorking so 9@ “éﬁﬂﬁl‘lfz%b s @dc&mfnailyéve acbleged without

oper@ﬁﬁg.lfoohe&pto the %151‘1’5t o fl%%gdé&}_l%g’% elth%g)oml a@%hwﬂ ﬂfeosattﬁ'atf&x level
aoou

of the. Vﬁmﬁsﬂl@go’lm@%‘? VeP*FCFXCQﬂéa)super criti cal f I UI d may

bﬁl SHELEPE:, thé ﬁ;’éaeﬁxﬁ%aﬁo@y@h&eba PSRt poParfhg O Bnce in
a weight or a nmole basis. In thls context t he

PW@?FJ%H@W&?@F@WE spijptiene 08 thei Wwapce i avehigreinto a
precipitaet VRHhber rbohﬁlﬁnﬁdé’ Lt dnﬁnsoWe'nP ufePorfi2hi Eﬁﬂaﬁ ahd) o&rﬁ% the

supercrltlca arlnglt Wt e vo

 supegmticple flgidp b extract dhe splvsmd ﬁ‘@@f reesedutiany ¢ Jorm partlcles of the

substance, The pressure and temperature in the precipitation chamber should be above the
critical ‘pressure -and critical temperature respectively of the supercritical fluid. The
solution should be introduced in a single shot, or in more than one shot, _or- in a single
bolus delivery. or in more than one bolus delivery. | ‘

A shot, as used herein, ma,y refer to dehvery of the solutmn in-a single bolus
dehvery or to the delivery of the solution in 2, 3,4, 5,6,7,8, 9, 10,11, 12 or more shots
or bolus deliveries into a single volume. The single volume may be between 3 and 100
times the volume of a single shot. Thus delivery of a shot of the solution may deliver the
solution sufficiently rapidly that the entire shot is delivered prior to formation of particles
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WO 2008/ 040094PCT/ AU2007/ 001515 21 - The process
may additionally conprise the step of pressurising
the solution with a gas to a pressure greater than
wa Besn@bost he supercritical f|UId bef ore del i ¥efhtiBhotRs15
solution.into the supercrif4 cal fluid. The gas shoul d
have 'l ow or-negligibl e solublllty in the solution or
may be substantially insoluble therein, so that the _
L.on t I pans,
for %0%%%5 8 B8 STPPEL 4 SRESIRoCHRT kERAE bR EBPY G2 sag abou
20cind mlpnes&thet\smgzbautsm and o charpiri s‘.lmgldaz o ard 1 0.5 and 20,

o:s S HEPoo 3 150 AL PGRTEe. (et BEED oy S it yg and

20, 5 asd 15 bﬁ&aﬁi‘bwtmi&%x wbont 83| 0Bj D4} §.5, ©6, oasse mam 15,2,25,

5330855 o STt 1012 da 103 18 1 19l o3k there i

mor8 tldh,on bbluadelitkry the Coltibe afeacd.s0dt cﬁﬂbo]lus al@liveﬁ)y iﬁfy be bgtween
0.6,

0.4, 0.5
abo 1 sty Bomaroll mugmbe of icty, fatgs gRelg velpingno )
S Qe Iﬂelhveﬁmg sHdid pacastsy ba sufficiehgy mpidmlamhe salytidaes ldelidered,
thanm? t 10@6vo|u anS|o or | an abou

i, the gpegent 1ets ey L 4rf fispersed
ther&limgﬁ b@ﬁg&f@hﬂ?ﬁg)ﬂﬁ&ﬁé gﬁ;nblbﬁf'll‘kﬁlb m&tlcfesbnﬁai?gﬁirﬁgrably (;ccurs
n about or en, about an

S SRR ShPoR oy BLSP B TIEO R SBTGT IS A, e is
thou‘ght et ﬂa@eﬁmﬁba b peoo@mn IhictOtha Relvat o@tﬂessohmeﬂ 1s?d11u@ed by the

supegtrz]ncj abf?q;d tgyths exfgor@hgtégwcor@l%;{lgog?@g p@? ggllﬁlrgng forj.he Barh@es
7Th§ defdverih® maklbe didler dohditibhs il fie ptvipilafion tBambed 1 avoid or -

20% The gas used_for pressurisjng.my, be contai ned
minjoyse, 2gelereisFer Uiy Goekiniefic BrrCBiREK Shrekgyemay be under
comﬁﬁaﬁb@fes@& ﬁﬁiat BEbrYdEE lﬁu&m@adnnmﬁhl RBp16R RS ﬂmﬁhﬁ the

ressure chamber na¥ be connected to a source of
Prectmf@ﬂ@tag hambepy Th dgheery y1ay hgspder gopditipng;ip o reqipigation chamber

whe%?stﬁé‘ afHcRE B Yo? @)t&@@lfﬁﬂn %g&%gé%&ch @fopﬁ@@nﬁm Jofition pnor to
exanpl € the sol ution may pressuri séd by neans of

deliysrg ﬁr@ﬁl thpripigctiqnechapibacio] féﬁ pmvmm%?n Reapalise Ay hae ne @mcles
ther&h. ﬁlt&ﬁﬁﬁ%ﬁﬁﬁ nlf%'vﬂa'i}g Ariitles iRReih dﬁﬁ)@iqed RRMBHRIes R suspended

sol ution may t héen be pressurlse pl i'cati on of

in ther sobvent and prgr sudicierilyesmallndigmster ped a? s Eelﬁ%#ﬂ loay concentration
that ﬂfe? S YHENoE B M}t&?qlg cg{»/gfpﬂﬂﬁ ga_ﬁlﬁﬁt%r'ﬁﬁi'zlp THe déﬁ\ﬁelnng such

pi ston_ and sai d seal being
that @irlewt s0me affhe Apstanee prasipitaies. be-ds &umed infe parfiples 5t mmebe such

that bS8 LhO sBh@sTRer oxidshertog! 80 kAGS, &e%ﬁgdtanéb tQL@S or

resistant to the’sdlutidn to be use I'n the I nfec
betwekmaltsaxt 80 Tk 1 (M), 88 s0¢ PRi8AGnARS, Brandd7a8p pred. 86 and 95 80 and

90, 8 AR I@P?Htanf‘??ﬁ'i’asfs d&gel be§6 %&kﬁi‘od 39 R ‘iﬁé ngeingfmbfb@ 99 and

supercrifrca ore Ivéring t
100%nThe délevesop erayrbet suchlas fd t‘qrm a partigylate sulbstanab beting 8 bimodal

oyt pudred s A A, (el By RO pioca

. distripagtiony mesyt ey sugh Mtthsesnalbb@ﬁtth@ﬁvcamddﬁohas 20peakidt BigyuR 00 and

zoo:@%d%%gm H o6 &Hz%oan zé@bo z[%d?g)% 5@%@8&03@0 81}90&% gé‘gnd 100,

10 asd 50,58) alﬁU}O 85 andﬂDO?B) arg030 @520 &, 408/, erg. #60it Har15, 20, 25,

0. L5085 <16, ST AL PRTE 0000 048 ETHIEn°Ti, 1o o

200nb? Bndatie 125%6r of1the tan mogﬁﬂhaszﬂﬁcﬂrﬂﬂ 1655 ﬂ;an]dbﬁutamjmﬁﬁﬁ],s or less

tan 30 55808 A oG B e R So D 1588 oot S beween

140 and 170 bar, e.g. about 100, 110, 120, 130, 140,
150, 160, 170, 180, 190, 200, 210, 220, 230, 240 or
250 bar. The pressure of the supercritical fluid
before the delivering may be between about 50 and 200
bar, or between about 50 and 150, 50 and 100, 100 and
200, 150 and 200 or 100 and 150 bar, e.g. about 50,
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o the nature of the supercritical fluid. Conmonly
the tenperature wll be between about 10 and about
60C, or between -about 20-and 60, 40 and 60, 10 and
woesiokbioand 20, 20 and 50 or 30 and 50C, e. gCcTaliRwd7/001515
- 10, 15,. 20, 25, 30, 35, 4Qg 45, 50, 55 or 60C. The
- apparatus-of the invention may conprise a device for
mai ntai ning the desired tenperature. This may be for

o AR6, P Ban 28, RS ol dlr 200 4 BB D about 1,2,

prov erature contfro
3, 4,THé6, Hid B, 1@0&1 dizhé3, ldeld,.de, ois rﬂﬁlqntflalnmmwgs Theblmodahtymay

bo dhF RAPES sl (R R B EL b LG i il

0The &eiiwnngmdg Qe ets ratCofat deaisieabioltty.01He, astablpagifabout 0.05, 0.1,
0.5, gei ver 5,78, G07%% IuIiSI 9PgNLY: n%{‘abo‘l‘& 61! aﬁﬁl&@'oﬁ arC100,

S’toprmt’t on'to co
0.01sang &S50¢c 0.01 |aﬁdll10f(l) 01 dnd The0l mjdett0.@nandal.V.€0.5 landil €, RDatxk1, 1

wa DT 511 D128 19BTGE) A0S L BoPAFBE I, o g o o
50, H)(ﬁ;ﬂfﬂOﬁZT)chS(};)él dnld\Zﬂlo(N 6,rané_1SUSgeﬁODbth1ﬂfb stoubf. Oﬁdh% 0.1, 0.2,
o 4085, YELYS, SPB8L £ oL 30,4 3054201002, 0,45,

50, 60 Pers; O HIcEIOLF4. U shimd dcumelanteds dire ﬂcwv ra@indly Yo higher than this,

T R S T D T -

md@ﬁﬁﬂésﬁﬁﬂgtdg@%f dt llestlabohB20 bee, @‘lasftﬁ&a@ﬂ a&a@afamfe 3008 3yad, 45¢ smss,

ese rpet,t arti,cles are

60, §h Bughoith SEreTaruitD B FIENESR AR e 1 ber or between

abmﬁllpeshf@ 60} 20caMd 40, ldemd'Ebi 30 4xRly100e 801 aid 1 603 308khE G0 00#0 and 60 .
ver ine partic , a

bar E&ﬁ‘t?‘i &1Be2bost 2% 7P g@rqsbﬂiéaléénﬂg 14? %émﬁ%t ?%%335% B 95 or 100

bar. |T§§ SloWhak sut QRN {RL@BsstheadrBp Blong He ﬁ(ﬁﬁ]‘& i¢ leedthan about
about

9 40, 30 0 bet
10 31 S oS o b 490§ﬁa8mr PR SEAL S FBeLa D, or
beua@eﬁalgﬁbt t@@% %ﬁé’ 54@0421%11&%5) G0ardr1, @Q)lgﬁd o%om 3 Omro Iegd 5, 0.1
be abou or
and 3 Ok} L P, Mt Rt & Bl B BrPE Y Fnds oy 05 04,
0.5,08, 81t odvevager P, s 1se38i 2,46l 3/ igde g, lwcrmmmr The delivering
average particle si ze) of |'ess than about 5,. 1thess

mayt PeaigPih dRpaniancaus or searly msfarsanequs; It pay qgpur) Wi @ space of
aboR 1 defel RBrRBYr &w&nta%ﬁt de End @oo‘ ©r1m1ﬂg@oemtaﬁ@ 50, 0Eand 10,
regat es. may be oselé/‘ regat es. The
0.1 o SUra: Ayandd, 1 634 100 A 00 TBPoM 100 S FRBL0efend 5
0.5 sHaaat £1d. 500 0d €58 500/208 Q08506 CROARSHOALE Y S8V Bnd 10ms,
e.g. about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1, 15,2,25,3,3.5,4,45,5, 6,7,8,9,
10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450 or
500ms. The time for delivery of the solution into the supercritical fluid will depend on the

nature (particularly the viscosity) of the solution, the nature (particularly the viscosity) of

the supercritical fluid, the pressure difference between the solution and the supercritical
fluid immediately prior to delivery and Von other factors, The delivering may be
sufficiently rapid for the solution to be distributed throughout the supercritical fluid
following said delivering. The linear flow rate of the solution through the nozzle may be
between about 10 and 500m/s, or between about 10 and 200, 10 and 100, 10 and 50, 50
and SOO, 100 and 500, 200 and 500, 50 and 200 or 100 and 200m/s, e.g. about 10, 20, 30,
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23 than about 15, 10, 5,2 or 1 micron, or between
about 1 and 20, 1 and 10, 1 and 5,5 and 20, 10 and
20, 1 and 2,2 and 5°'or 5 and 10 microns, and may be
w@bgﬂh“ﬁmlz 3, 4, 5, 6, 7, 8 9, 10, 11, 12¥C%§ﬂm&ﬁmmsw
,5 16, 17, 18, 19 or 20 nH?rons in dlaneter
nay have a ratio of d(0.9) to d(0.5), as neasured by
light scattering of between about 1.1 and 10, or 5

a5, 00 358750 AP 480 8] Sy B e

.thallalﬁmtméxgr&at&thénﬂmuﬂ.lmhn/ﬂ.8 1.9, 2, 2.5, 3, 3.5, 4,

P R e heacR oot BF aQBincRr ageiip aotatige of te

supefozitited flowd off atilget stame 10 i ehet xhﬁmﬁ@bﬂﬁlb @Blutién, or at least about

h the supercritical
10,4 30 8 L ST a8 1500, BB 551 B
timpy the Sruhlﬁmdjfftﬁceﬁcﬁm‘@, aﬂﬂetweélﬁabowew ehd/5E 200aH Wees0 tRES0, 10

fmd4@2ﬁgﬂggﬂhg@ﬂﬁﬁﬁ%gﬂﬁggﬂgggﬁggc'pg%aﬁ %ﬂ%chanber The

bélthbﬁﬂé‘seﬂgmﬁnhdm ahfs p&h@[ﬁ e&badlﬂﬂzﬁts 10 a@n&fbdieii%t% of entire
n abou
V"l’gne é‘§ 8}9‘{‘5‘8% g‘&&“"‘?ﬁ@ %F’é‘&%s’?l’%vﬁéadms ﬁ%‘l’lr%%/ t@oﬁmﬂeg@g of -
proSefiag ety élBsinmalsl héas déﬁwwd}ﬁnglsahﬁaﬁ aPlowl BofRes, as is

" sol vent and the sup ercrl gﬁgal he seﬁar at i ng

comgn %HEF%P@@?SF?% & pf Workieg selpfien showd de as highly

cfpoR8 2! HREbRI %%%eﬁ SETPRE bdr R, thﬁoﬁHﬁ PvePy high flowrat
= separ atﬂlmr?g1 | 1rﬂgreferab y conducte whi |l e rmle?]’i algrl11| ng ©

valy rlpnge danerfuses.sass pisetieedi inj the) prosent dnvention,
devdl bpssat@h&e@ b@8ysS ﬁﬂ@%ﬁgﬂ%@fcoﬁ&ﬁu%nvg?ﬁmﬁsr A84BE to be small,

so that when the particles are

| _
negﬁ%%\eleéfs ggﬁeéfeé\f ths Heddugsolytien dprsafficianly rargetiedlys distiputed
throBghovt BeteAftd wbdi 1taft1ro%ech91§1be§‘0ﬁ'}{§%1d dJl‘E @rg?tgcs @gf% t;l}fa prosent

redi ssolutjion o particles,
inveaipp CORMORLL u%ﬁayorsﬁreaﬂ;;éo&as avpe@trmhtcn thiy @vq@k@g mb@oufmto the

| predifi@iis O biteiler B1% dilifle BAG LR B, 1.d HEa

20

30

additional |y conpfise Washi ng the gtlc es Wlththe

sUperatio efj tb%\ampw$ ef ‘é’éfsék’@ﬂto?@é ﬂlaﬁswmcsuw@ fluldemay be such that
the Rd{ah&d B8 1o RERbA ft% & a ﬁﬁﬂﬁf@&f {08 sdiiA&: BAJ EHeCéu?éi'cﬁﬁ{lmmd in

t he supercritical addi t1onal supercritica

saidiratin. Thewgtiogaay be sich ﬂlﬁt wndeh thepooditipristnerthioingdh dremrecipitation
charfib fEIRNFRE BB %Pth'é@gldﬁg} b4dt6 Itk?essu ki ﬂgﬁggle%xaée of the

separated from' arti Hescr
solvyjagd ﬁ?%%l@%rlhw}v flyi mesaxda‘atl@ mme supfamﬂs:abﬁtaiso'l‘hm rthe mixture

of ﬂ{e thé's \ﬂéfc EJT fh?‘\l}ti fIﬁ&mﬁ& %hn%{lof? ﬁl%?eo%tbe%oth above
er ably 1n ves
the cntlcal temperature and above the cntxcal pressure for the mixture. Prior to the step of

delivering, therefore, the supercritical fluid is preferably sufficiently far from its critical
state that the mixture, which is formed during and immediately following the delivering,
is in its supercritical state. The mixture should initially be a homogeneous or single phase
mixture. The solubility of the substance in the mixture may be sufficiently low that at
least about 80% of the substance present in the solution is precipitated, or at least about
85, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.5 or 99.9% is precipitated, or in the range of
between about 80 and 100% is precipitated, or between about 80 and 95, 80 and 90, 80
éndSS,85and100,90and100,95and100,96and100,97and100,98aud100,99and
100, 85 and 95 or 90 and 95% is precipitated. The solubility of the substance in the
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“-qhi's may be ‘achieved using a flit or simlar filter
fitted-to the -outlet port of the precipitati-on
chanber or fitted to a line leading fromthe outl et

wPSh$nbost he precipitation chamber. Thus t hepdtiiofiootsts
filter may be an in-line fédter The flit or filter
shoul d be inert to 30 and Thsoluble in the

\ supercriti cal fluid, and preferably to t he sol vent.

misb, Epd SR PRI BBl B 9 L B boom
200mapb,udr 1&ss tHat abos IS(O;YIOD,G&S 60,6 4@030020,40, 8.2 o2, 1mky/L,@r between
v Day o5 D5 VRS ARG R 2D 23 o 1 585 20, .
and €0,00.1 &#08)0.10ind 2, 0.1 2nd @, #ad 200510 6hd7200150 @nd 20, 4locoand5200 1
and %?]:é@sﬂ)q-ﬂ he ?ﬁg&%ggsn%{wg@%ﬁg/ﬁfan AR TSI %aot £02,03, 04,
0.5, 30 8/704.8 9L ACT/ A1 32.H) 7/ § @1 90,5 5240, 28] 305 35,0449, 437 508604 | 7@ 80,
o0, Y8 $50. 0380 FSETHOL . 15 5B o BDpght mhlsSLEIRl Sy be
less tmh%bﬁitl]hﬂ@, 0¥ W6 thah lab 1 @l 5, Qqnd 08, I(mms oms bhe.0bihhebr By be

botvigy ot (L et PRS2 Rermat 30 ShSh oty SO s St 0.01 and

1, oafahan YT @n@@ﬂ&fr@toosgmdiﬂdse elo€ BBut 3@99@@@ 02! 0.05, 0.1, 0.5
“"as used herein refers to a fluid at or above
or 110 B

upgiafce praysti plelopt nagfieile iof peralsolubiiie imthgrsepereritical

fluid® Ttk BRE 9 Wshulility HeleSURSR! £7JduE bevRg/fl bitiesk m/h.ﬁ hbo@@ 150 100, 80,
mai ntai ned at a pressure of between about 10

60, 30l 3Pp 20,010, 35, 2 e lang/L, 10t betgeencrbowt 8.1¢ @dlé’}mu! ZQOmyL or

betwle@n aéou‘é otloanaQ8olo @ah@ 5600 1 %n& z%,CD 11Qnd i{a P f Qnd1§> o 11a191 2, 0.1

end 1. g 202 10 00300, $0E04 208, 19D 47 20041 it B2 i 802095 #nd 10, 1

and éoilsfaﬁd %mﬁg/Llaﬂd ﬁqu e ébdu@otllemso £Co.49. % 0. @Wb gL o@ll 2,3,

4, S,ﬁ, 158 911@ 1512(23,5 30 35, 440, 45, 50, 60, 70 80 90, 100 110 120 130 140,

150, 160, 170, 180, 190 or 200mg/L.. The solubility may be less than about ImM, or less
than about 0.5, 0.1, 0.05, 0.01, 0.005 or 0.001mM, or may be between about 0,001 and -
1mM, or between about 0.001 and 0.1, 0.001 and 0.01, 0.01 and 1, 0.1 and 1, 0.01 and 0.1
or 0.005 and 0.05, e.g. about 0.001, 0.005, 0.01, 0.05, 0.1, 0.5 or ImM. I the substance is
a mixtare of components, each of the components may, independently, have a solubility
as described above. The ratio of the solvent to ‘the sﬁpercritical fluid may be for example
less than about 1:10 on a volume basis, a weight basis or a mole basis, or less than about
1:15, 1:20, 1:25, 1:30, 1:35, 1:40, 1:45 or 1:50 e.g. about 1:10, 1:15, 1:20, 1:25, 1:30,
1:35, 1:40, 1:45 or 1:50 or between about 1:10 and about 1:50 or between about 1:10 and
1:40, 1:10 and 1:30, 1:10 and 1:20, 1:20 and 1:50, 1;30 and 1:50, 1:20 and 1:40 or 1:10
and 1:30, e.g. about 1:10, 1:15, 1:20, 1:25, 1:30, 1:35, 1:40, 1:45 or 1:50 e.g. about 1:10,

- 1:15, 1:20, 1:25, 1:30, 1:35, 1:40, 1:45 or 1:50. The supercritical fiuid may be present in -

excess over the solvent on a volume basis, a weight or a mole basis. In this context the
ratio should be determined by determining the volume of solvent in the solution prior to
delivery into the supercritical fluid and comparing it with the volume of the supercritical

fluid before delivery.



10

15

20 -

25

30

1.3, 1.35, 1.4, 1.45, 1.5, 1.6, 1.7, 1.8, 1.9, 2, 3,
4, 5, 6, 7, 8 9 or 10 tinmes Pc. It may be
mai nt ai ned at a tenperature of between about 1.01 and

wd 20080m894Tc (Where Tic is nmeasured in Kel vi npCTRU2007/001515
bet ween about 1.1 to 4,2 t¢ 4,3 to 4, 1.01-to 3, 1.01 .
to 2, 1.01to 1.5, 1.01, to 1.1, 1.01 to 1.05, 1.1 to
‘lor 1.1to 1.5 times To, e.g. about 1.01, 1.02, ‘
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d
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s Q055,530 008 505805, 78,208 9,90 500k e o
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apthi0p30 gpé) 73 pr 4t 60 barigsentercae bRu Oo%w@, 35, 40,
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urtber a vant age of the use supercritic

Pressmelﬂfaween £hept 108 gug ehﬂyié?%b%rh@ hst‘@e@@b@uttlao anth?2 ¥t 50 and
250, DOCSHRLIP, 16018 MYIMQBEGIGO‘EﬁdtIQOtm 2290/ 150%hd 260 120
and thereby readily separated fromthe sol
particles. The supercritical fluid should be a
non-sol vent for the pa substance from which the
particles are made. It will be understood that nost
substances have a finite solubility in a solvent. In
this context, the term "non-solvent" should be
understood to nean that the solubility of the
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The ‘subst ance may be crystalline or non-crystalline
or partially crystalline. It my 30 be a m xture of
substances or may be a pure-substance. It may be

WOL@SMogos0r Or ganomet _al lic, pol yneric, oli JOPEF/kB200%/001515
nmononeric, hydrophilic, hyﬁ ophobi c or anmphiphilic. -
The substance may be or cofiprise a pharmaceutically

"~ ‘active substance or a veterinarily active substance.

ot S TPl s P Shlon. ARPLAL o BEH) 08 B .10,
200f 2Hyre2as 230, 2406rme 250Her. Tlyppresfure Y¥0he supercritical fluid before the

I e LT R

100 H€raad 200,459 thd D@boreti0mnd 1 S@baran gl abguies0f 6% 170080, 90, 100, 110,

120568 T et A0 BRBFER perc kil oot i e

injectivnsthamber #rlythb rétfsitition chasta iuting theogot@s useehntbled to a

bl SEREIS o 5P L40 4 3,03 e e of e

supsttitkhinfed ms@r&ieg;usw ﬁﬁg _ﬁie_'csﬁbdm'%ﬁ i fod degradedd aﬁd)ﬁbuch :Cﬂ&t the fluid
. treat.nen Q t e.Cco 1t on. e ati.ent. ma or
is SRR T L, et gt SRt TP of they Ao ho préssuro and

- the Hatreef thRrupatditeal fluilh€oRaiohBthe topehfura wild Be betiREn about 10

\ Jan patient e 0 a t, a. horse, a cow,
and JGTRY B Bk ot i S ot o g i end S 38'ana s0
or 30 RDSI°ES ¢, g AHOBITEY, 95, ZQ B, 30, BEr40¢ 9510t 536 SIECCThd dpparatus of
treatable by inhalatjon of a particul ate substance.
the KENUON FRAVAGEWPTIFD arﬁﬁws oL ARG e flepyed ERRPEING Lhis may

be for Gxabiyle B bath, eNal datedbab>URAtBBGRAR Bl 38 Jrovided with a-
i nhal ati on_conmonly do nqot require gastr.oresistant

tempsrasprer ¢nElichilos bt (eoathshidpvice don megnisiBnecioppeaRedsmay |

mai@RiR (SapEard WiRREa ) CelsRRRERBE @8 ab@f 178320.5, 0.2 or 0.1
inhal ation conmmonly require a particle dianeter of
Celsjusdlesieeian about 5 microns in order to reduce the

gp:@@@éﬂjéna Mn€ 5i8R 6RO eriAS ?%oﬁﬁﬁé&ﬁ%pﬁg%ﬁﬁﬁj@&iéﬁivmv% S0 as
igavailability of the nasally 1 s_adm nIstered

to pampithe Aeleton toreombriewith theppercrien! i dhe injetior grakve should
o BRIt oM RIS T 0y o8 . 1
may feyo preauigg be a){)aﬂ valve, a solenoid valve or some other valve capable of rapid
actuation, Thus under the pressure gradient between the solution and the supercritical
fluid, the solution is rapidly propelled into the supercritical fluid, such that fine droplets
are dispersed throughout the supercritical ﬂﬁid. As the particles are formed from these
droplets, the particles are formed throughout the mixture of the solvent and the
supercritical fluid. This may lead to formation of very fine particles, with a relatively
narrow particle:size distribution. The particles may be less than about 100am mean
diameter, or less than about 90, 80, 70, 60, 50, 40, 30 or 20nm, or between about 20 and
100, 40 and 100, 60 and 100, 20 and 80, 20 and 60, 20 and 40, 20 and 60 or 30 and 50nm
or may be about 20, 30, 40, 50, 60, 60, 80, 90 or 100nm mean diameter. They may have
polydispersity (defined by weight average particle size divided by number average
particle size) of less than about 5, or less than about 4,3,25,2,1.5,14,13 or 1.2. The
pérticles may come together to form aggregates. The aggregates may be loosely bound

aggregates. The aggregates may be less than about 20 microns in mean diameter, or less
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be any drug, biologically active peptide )

(rnonopeptide, dipeptide, oligopeptide or polypeptide

e.g. hornmones Such as testosterone, nandrol ene, '
woRgEseR Ns, progesterone, insulin and urof /Ao Dpi/eisis

erythropoi etin and epoietigy |ynphoki nes such as

interferon- 20 .al pha, interferon-beta,

interferon-gamm, interleukin-1, interleuldn-2,

| obul'ins,” betda-globulins, g g ns and
20, 1 Oranch2fy |l givd 2} B afdF oeRanp |16 nholops; ahd mey bgebort 1sBebi% b, 7,
I I ng, | e4. ' - ' i
s 5L A1 .01 B0 1. 0420 LA BBy e
ratiouid©9) i é0,5) aoneasered by dighbeptiirie afieivgengband.l and 10, or

vetxfieh SRR 1Rl . 2R, SR T Ll B85t w5 BER IS 1.5, e
aboint Brick, 0, Jeil S, E6, 4} 1.8, 19622, 5303, 8, 65, S167e8,® or 10, or

Loxin, capsular antigens of enteric pathogens,
Opﬁ?ﬁgln?%%ﬁ%‘?lf%’l i of enteric pathogens, H V surface

amtirine rise, defivaringathk @regsurs imthe isjecting dibinbergeilisjicrease, singe the

. the JHRE 1 €440 8 Fn AVl OF b abhu TalBID, PECHER AR5, 5 and -

| her. moi-ety. .. | d whi i
SN R T T W e

willcdepdnd \vasth | @essayes tifferdnee gand| fethiivai vobnmeadbsiwedm éhe injection

cnarffi 8 MerhCpo P0G F o RS S AR LSBT Rl B i 16 b,
or baeicDtHUs Y ShdiN 1I(d@, 2 do& & radnd, 10a2 ehd ant knd Jeapeg.mbout 1,

nal_b L renor phine, iial oxone, ketorol ac,
2, 3@3&@%5’%%%& fol, metacurine, mvacurium )
S U6 pfochss iody dildjtionally taggiNeasparatingribgparticlegfrom the mixture of

TG, POV SRR ——

filteFBZ | 0@ Cdollel Bthed pRIEACTJr| deparatist. ORtiet ktop @Ef @piraling is preferably
cond S50l e and azty conam .. When e V10 20081 040004
promotes separation of the solvent from the particles, so that when the particles are
depressurised to ambient pressures, the particles may be substantially free of solvent. This
prevents redissolition of the particles, and aveids any toxic effects that may be associated
with the presence of the solvent on the particles. The process may additionally comprise
washing the particles with the supercritical fluid before depressurising the particles. Thus
after separating the particles from the supercritical fluid, additional supercritical fluid may
be passed into the precipitation chamber and contacted with the particles. It may then be

separated from the particles, as described above. This process may serve to remove traces

“of solvent remaining on the particles. The step of separation preferably involves filtration.

This may be achieved using a frit or similar filier fitted to the outlet port of the
precipitation chamber or fitted to a line leading from the outlet port of the precipitation
chamber. Thus the frit or filter may be an in-line filter. The frit or filter should be inert to
and insoluble in the supercritical fluid, and preferably o the solvent. it may for example
cotprise a sintered glass or metal frit. It may have a particle size cutoff of less than about
5 microns, or less than about 4, 3, 2, 1, 0.5 or 0.1 microns, or Eetween about 0.1 and 5, 0.5
and 5,1 and 5,2 and 5, 0.5 and 5, 1 and 5 or 2 and 5, e:g. about 0.1, 0.2, 0.45, 0.5, 0.7. 1.
2, 3, 4 or 5 microps, depending on the size of the aggregates formed. There may be a
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106, 07508 14Ren 4i bl Srngs b Bk icton 1 AbbAs i

t herapeutic agent is insulin, the particulate
substance of the present invention may be useful for
the treatnent of diabetes. The quantity of the

woSibidspge adninistered to the patient may weIyAU2007/001515
dependi ng upon the partlcghar substance, the disease
or condition being treated, as well as the age,
wei ght and sex of the subject being-treated. 5The

valvé“Qgt Qrﬁgﬁdlg%\)e AP %H’?ﬁ’&h 'Eﬁé‘tﬁ‘itep %m!“%r Qﬂd&l Pofﬁn&v flow

pesti a rode a fung ICI or
throsglbtht ﬁhenanr frit whﬁmalptamslpetfcnutﬁ cor[dﬂmms |1mﬂneﬁﬂt9cr che‘fnt

to form coated art t cle
SR8 hitels” i R SR B S acp SRR b SRR 10 Rmpient
pnmaayamasmdaqadmhg an encapsulant They nay be at Ieast

D254 bR R SRR LA 1 Rty

presnhe B, rmaé reritiodl. temperafure O) eineulttanetiusiyn The lsepgperivelsfuid will be

maifioR & e L artrech et LPEIC L0RmEr 2o RE T RE1S, £2%10,13

to 1@ricapsld, it toi 10, $.6ltit10ON7 té bO,A.&tos1peroctoi 10| 2ad 16, 13uod.0, 4 to

0 50, P54t 6%t PR £ P RS T oo 1.5

timeSPg,Gldd hisousil 1oh, 1.0%, ISGW vent1.05,ne0d v Log. @S 1UhRYS,ar%E 1.25,

13, AT PR S b LR A, B 0L it PEpnfL Yl ve

'malﬂtﬁmbmat%ct’eﬁ@eﬂaﬁlré of Edﬁﬁe&luheﬁtﬁ‘l OI hﬁ‘(ﬁﬁ tlfdesl 11“9 (WHeRET, is measured

e ant forms a coat| art| a
n Ko Rer g ehecot o are foh 4o FHERG 4 u e BohoRd setot.
W01 qt 505 RENS5,0N1 td T oF RY tHE. salxﬁ@ITcpé gladbotl BEENT200.03,The, 1.05,
io between the core partjcles.and thesgdgaps il ant.

drldl ! fbd e 25 3
or 428mds TN 'ﬁ'lé/\ﬁip%htl edl R4 ﬂldgaéd rlsk cmcaﬁfaﬁubn amkme or a
zo and 10: 5 and 5:1, and 20 an %
mixtﬂrqoféﬁﬁer%ﬁ@ cqb@ dingidy With@fl alwbolam Bleﬁlan?lo?thano propanol,
1sop@b&’iﬂl| lﬁltalﬁﬂ‘ @1i e lﬁﬁma:gl@ lé%_‘ tﬁ’zége% Iflt%ﬁ(turé ls]-usaffr 1@- slbo%lcﬂ-be ina
or
PTUPWE@ su@b %@%ﬂ%ﬁéﬁ&%@%@%@é de{B’F? &hemlg fraction of the
alcoﬁ‘arqeldmﬁa%odlﬁeﬁ sﬁtuél cafth dioxs® Ba %Bé lds$ihas aachﬁb 436191633 than
a

difficult to dissolve in a suitable solvent.

abog G 03aPtli &106%, Prbstaen sheut & ard abqvaPd o5 |bgigvecy alaqﬁlt Q@Id 0.3,

0 20339 aﬂHB@ al @1 aﬁd@4 l0r0hdoxh G 0. 1I &N, §taﬁd mePe about 0, 0.01,
enca sul ant™ 25 hIS case_nay be a po neric

0.05nfe puléJ 0.29p:25¢ Oﬁmﬂ 3geordis4.dather pumserritisel Hyids hgbaey heeised
mch?%gh%&.snﬁéa% RfoRegak gﬁmﬁﬁéﬂaﬂﬁﬁ% ﬁ&éﬁg{éﬂﬂt@g difylene,

resent 1 nvVention. |In another e

chlogriBuquemethatices chlosodiffentometiangsi ichitrempiharce s driftoremethane,

hehdéﬁ‘ Vigdah '09 g su§ h@al Stfﬁ'x LD l)le ahy 909@ or oPé'Bf T a sugercﬁtical
ellverln? ution, onpri si ng t SUbSt nce
- mixtgresgbhwge df thesa vsflthr mrb@o Hipwide, Thﬂ tsapegcrdisple ﬂmdl mpy ghmprise a

modifdd bifla Lﬁ@fbﬂ p?«gﬁ%nﬁf ﬂh’éﬂ @huldl if! k\g’ g:gﬂg 21 Rerhe co&dlélo\llnws }Jﬁd in

non-so vent stance elng_nlsc]
the pressnff inyentios. cﬂhﬁemdlﬁmhnw becfon bxaniile at orgaei lignidod.g. corakeohol,

and gﬁ&t Iaﬁle's?[%r glr sc;rﬁ'éa oﬁllép ?{%?128 g%quﬁﬁ'AQi V%éscdf%ﬁe Qa%' percntlcal

stributed Tn a mx nt and t he

Hluids dip Ereciniverition indhde the fact st diey ok dow oscogitynibhis sllowys dor the

very SRR R0 AR SPRLYEE A aB R R RO L pard e fion i

thougttr hiic thés refiusdsr ihbtntmsibﬂlt;e nétdmlﬂ@tgtoalesmab leadmg to small and

oo b iBict S0 el OBl il e fos than

and being mscible with the second sol vent. Th|s then
results in formation of a coating (partial or
conplete) of the encapsulant on at |east sone of the
particles of the substance. Thus in this enbodi nent
the core particles are fornmed in situ using the
process of the invention, and the process is then
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5 coating of encapsul ant Ratios of substance and
encapsul ant are as described for the earlier
enbodi nent for form ng coated particles. This =~ .
webjeetiop|mnt nmay be suitable for produci ng cogteduzen7001515
particles in which the corg particles conprise a
substance that may be readily dissolved in suitable
solvents. It may be used for exanple for applying a
, ' lhed i
sboft @I, BL RS fiun Bho sy BlpP ot L 830Sup, 58 Bpildh, B4 0.001 and

I ¢l'es’ o I's

" aboydhitdny betyechebant HE0Y mad 0.03HGI @xdl. 1, IS A 01056005 and 0.01
' I : the foot N d | Ss 4007 0008 -
ot BADDsPInd i, BURSLANGR, Blogd D000 80P M ddsSh B, 0,007, 0008

Itable a 3 roduci ng partrclres
0.009u B 28685, Us02n @423 0.85,08.63 TydtiHo 6.04 604035, 686, .07, 0.08, 0.09 or

018 BR BN Vi TS o e EPRE R kPl ol Gt D geer,

and ofi euperaiticgl datbonatio:ddalmvirg abanid0.B sadlé frbetibnvitianobabodb0.04cP.

jection valye such that... .t he val ve i.,s.open the
A SlofHof EiNaBRed BEE B¥ GF alad il S denS o iRl e s iipre o
ambixna rjvessura) dle\yh[aay tﬁdaecmieﬂ@ih it thé @adud Beitd rahdﬁ ahdréby readily
chna er S 1,S,0l a romthe. precl.plta n cha er.
sepdl 8 BBl b st reBficie, K BioelisBh SRR Rl B¢ s S Selvdait for the
substice lﬁahnivh’fgh sheppartieled ire @hadeollﬁ d\?lll ibe dﬁﬁadé_ll_'ﬁtetm ﬁﬁlﬂhid)ﬁteslﬁﬁtﬁnces ,
[ sSure r.a supercritj.,ca ul.a. t C ey
havd b TG SPUBIE ot g HEP (1B, iR SORCK: L I6BP apgr-Eotvent” should be
unda@gobd @ inedin thihike SERPBIE of he2QbshaRtin ifabuperintica| fhid is very

may conpri s heated bath (e. ter.  bath) in
low 2R b 8 St e S Fpeds onke Denabon dade 5,43,
2, 1,ﬁa5 ot enmga% ag:nemaya te Iﬁ&%erpﬁtﬁﬁlt i1 taiaa gsctsut Qloaighe for 5&@»}9&& about
~,ha in i y coupl ed to . a source o
001,358 3 0 0 o Lind Pl ind s oo 1 a6 Bow 0 Y 5 e about
0.1, D€, 10.3,10.4)9. £ AX.6 S®7,00.8,SBIPET,CT, i3, 14C3] 6,8, or 10mg/L. KhBay be
con ukt ﬁ}% be a_%ube or a }%lnpe. Ig conprises an o
SUIBCIERRY (v pay fieRaridddes tfdhe SRSIAY, G Wi thpaupecritical
fluid WitRRR Tosd of st AThoRAS S paHSEEN.ct BELGANGH iof nRRthan about
o v$en he '|f§21£ect| on_valve is closed no |liquid may pass
10% thprely Ar iorre ol 2.2: 1. 0.3, Opherd- badbereafe inj ecti on
CrBeBverit SndyQRAE ol dolvenh Gt BRY Bk iaQbnaHeREQ0R A RSFay be a
) iag gre_atsg*r than the pressure 1.n the precipitation .
dipotaR AROSF SRIvER- {ttTeay by eéweglégﬁmﬂs%ghwﬁ@xmedl efhyb formamide,
N-mb@®3HS paratidensy raRhdegypul @ogﬂu@&nﬁae_ Sﬁloﬂilbﬁ“' f ERMnate,
... Ihe injection chanber into the 30 precipitation
dichloFpmpeesne or Aeme piher enlRnhgr B0ayibee migtug ObRIY e csaraze PHiicse.
The &QIVQHIROME Herlﬁ}t)ﬁfel@ 6F Bistih® LOBIRRLe from wilicH fhe particles are

convenjent in present Tnvention to use a
madg, Theisplvesiand thectmmtsaipcalifivid may be aiscipkt ip the tepertioasin which
they RS fresdi? fald f0fivey 8F el BRkRR0 e ﬁ{e%ﬁb@ 'c%uafi’ﬁb%r, either as a
. deposition and hence of the spray pattern of working
singlg ghetar gmmony iHen arcdet Thky may heintialle ésalppropiiivnserdhey may
0 .
o AP o R ACRBARETHARORIL NI Brromiod

pbre substan¢emex bie sriswHingfor peperystallinece] pattiallydrystelipus: it may
be d Qixfuftl TPAUBELRRs Ofr 11RG MOTKLAG SRlsthb N1y § b B€amic or
conduit), a port for pressure nonitoring ang a por%
organqspeteliiec palvgwsriof oligpmers jori mahomerid, dhydrophilidehydrophobic or
) A (.0 : uct ed
emplFHRIIDThe sLRaloB 6 e SRPRRES il SRS b BSnee or o
veterglagif @alivey speatinseadt may ehérugoritiiniayos angtoivit ez ipepide, a

| c : ui . jal is 12.57
polyfFEnltp b FroRC R Sprifenh MRl i B o Sol: ey of
be selected to contain the desired vol unme of working
solution, e.g. 10nil. The internal surface of the

i njection chanber is preferably snooth to mnim ze
retention of the working solution along the sides of
t he chanber sides, thereby facilitating delivery of

t he maxi mum anount of solution into the precipitation
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.25 Al so, .the back-pressure gas shoul d not interact

Wi th the working solution, and the working solution

(in particular the solvent) should not evaporate
werpgeminel y into the gas. Nitrogen has | ow pgluBidotbotsis

in the liquid phase of many, organic solutions, and

the solubility of organic Vapours in nitrogen

(evaporation) decreases as pressure increases.

her efor e h ressyres _as ,used.in the in
subgHiE 19l etbiablbd Tl 12° Hirt SxfiBot s Eiisl) i B Aefde CBeceot
erythmpelxme ot mmmhbgbe themuf,@mre&mw #eghalodoe ﬂfefbolﬁ,giyﬂmxypmpylated

bem[ Wg{oggg%]?mfe et ?r?ﬁ ekl)g?tcgl Gﬁhgﬁs S %ﬂﬂas L2 %h?/ Hsse%, or capable

of teig ﬁse@nﬁf It‘t;e penmentse Acariftivhakhi aDpatliﬁt{lsﬁﬁ fré@kment comprising

R e —

condgi;ien sursepafent m@l bé s ekample h&mepfiefm I 1 pa&ieﬁtt may be a
not e ve, rise a filter
e GRS R A A OO §ndign gupmalion patient o %tﬂ%a cat,

a hdr:h:@ amaw; acbhﬂ s:tc MTthe s:b@&ih@h ﬁias‘r Ge GONBaiile Sldbétad a8hma or some

S an ressure, ontr ers to allow the
othel S GHIck &5 BREARC b ARSI LPEF LA SUGHARE /TR ubstance
mayl 8 ddhenifieiet dby Iﬂl@lmareagt usy ahaulithARicde BuBSiftbes For nasal

nhajhat t he fllter is accessible, so as to allow

3HOR\FOPMPHY (dRe 1o FIIPEY SaStEesi it gprappriissofhicheare commonly

requide €fo€ I kufbbiaddesf hathisteb&d Snﬂ&ﬁihaﬂ? BYbARRES Rf BhsHC iMation
5fitting or simlar HiBaratus may conprise a

compoglyJAyiEseH Paricle &f%ﬂﬂf é@Sﬁalafl oty BEPSHin ORlghioreduce the

mucEHh&ryn‘élEarWe nanB| SchRBPL ir8Rodudii HiRVad Bl SOWC Rasally .
mﬁﬂas ‘that is of Iom1so|ub|I1tY in the solvent.
admﬂﬂa?é pestaness. Tha st avsation is neblimiod thearrarfiayar substance

to b@adrhintstddal. tThE sttt ARy bb Sk fheutldll hﬁenfmﬁhe tﬁﬁeri tic agent may

exanpl e an openabl e insertion port, nErlse
be s é&}gaﬂmélogléﬁbu BT tpeaﬁaden@mwea odlmhds,u gomeptide or

polyff@;ﬁﬂ% g _ borml&ifes %9&959, {esﬁ%oﬁétlﬁﬂgroﬂeﬁg Ombfifropins s, progesferone,

| Brem p| ati on chanbe may extend betwee

@né @‘F@fﬁﬂ"iﬂmﬂb %fh@ﬂémmeﬂﬂd gpoictiBy impbekigey pishogcisterteron-

alphg,os@arfaf&n zegagqﬁ{erfeﬁntg%ﬁd %t%géué%ﬂ ! ngwélga&én ggéﬁ%bhagﬁg and

mtefmlkﬁrg 290%1@5 A0 raRharglebuing rf@%#-globlﬂgls apome-gobulios and.

bl Biin e 3ol Dol enr Bty ARAIRG TR 142 o 1T ans-
tetarqug prfibodiss.calbuming el as humen serem ahtmsm @nd pyalberoin) tviacaine (e.g.
p@ﬂd@%ﬂﬂéﬂﬂ@ a&*‘zf’f%ﬁﬁtb& {ngé%oxjﬁ Wil arldivitdRYs, BE eﬁbﬂlﬁie eS8 blbmit of

eto ow rapl tant aneous ofr
the hfmts ahile antsoiexin elfi entargtowigenin . swlliuthoB subumt tofieholera toxin,

|
cosfPBIREbL e oS BIBPLY o B8 o HORL Sl A st
antigeh® metoal&rmmd ahdScan)  dlergens) pr kanditer onoidty aRghnipl&nnf drugs

. @, t. 5 . . .. 1 Y
whlcgch’}ibﬁp%’ﬂ 1&%%& prfgeél@ mfgn}}dnllg%lﬁdﬁ_é%%sfwglrc% r%Ct (%:htée cardiovascular
systerh Mtlédocsih@m@nmS wobireinawt dypdnaineecpimephtiheg woteapinephrine,

ol into the . .
Pha&%%%ﬁhgpdgﬁgon ah %ﬁg%?&%émkggg?fﬁmgyﬁmnﬁe ﬁbﬁﬁ¥mn’aﬁmﬁmﬂ’
dezogidy amlhtgﬂmtwt bhpremrphnaa,t natoxent,i dwtargat, hahidazolam, propofol,
y4 ft solutio can occu W t hout .,
meta@ﬁrgr[yb f ﬂ)ééfagg% 1 aJ? ?lglg: :meoggl .8 cyparatbme,
mitomy¢is) idogounibicig esjmcnkﬂlr@h \nnbihme) Qunddaitﬂndmcgt (ted. methicillin,

ezl Rinstocdfif oBoRlie: oo e Rin: b e foine e

absence of a capillary nozzle inproves scalablllty of
process by renoving effect of nozzle spray during
process intensification (i.e. optimsation or

scal e-up). In sonme enbodi nents of the present

i nvention, the injection chanber is coupled directly
onto the top of the precipitation chanber and is
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15 chanber. As another alternative, a single

injection chanber, having vol une about x tinmes |arger

than that used with a single precipitation chanber,
wdBlsosonnect ed using multiple (i.e. Xx) copgwistSootoists

mul tiple precipitation chagpers In this instance, X

may be any desired nultiplé It may be from2 to 1000

or nore, dependl ng on the desired rate of production.

el g i % B S ab0t o FotSs e be

usefbd Gort the 2@6meant gf d&betu{ ']216 @antty df,thé subétan& addninisiered to the

4 0, 80,90 15 200, 250, .
patifgdanaliess dipneBding Sigon (g parteylst Suhshmed d Dorgi o, corgiign being
treafelipaspedil dsahid ﬁge?wﬁighsdnﬁ%ﬁ‘o%ekﬁlﬁeqﬂbdﬁgﬂéatbdlvent I on

have & nmean particle . size.of tween abopu
e Tt B RO SEpoU TR 46 5 SR OIS A pas Acide
afmmﬁﬁdaeﬁmnﬁébﬂumhﬂMﬂ&me10 and 100, 10 and 50, 10 and
4 20 and 0,, 20 .and 50 or g nd 40t r|, ?

8‘?}&9%33 qfsthe jgvensign mgy begused onrsco es;rahe gﬂ@mcles
maydbe g%l%@lly E%_ﬁed Iﬂﬂsyt rﬁ%lgb? l:éﬂxpgaﬂet@ﬁ coal&io Thé Qnayl'l%) coat&Dby an
~or e particul a subs
encm%%ta{llg%apﬁx hya! gqsﬁgafaﬁl.f)t BRI DY FLcReABR|aB}. Sgeh particle

maﬁ%&d%y@ﬂ&%nt%oﬂ&n@ﬁs Sapemvefidnabove for the nean
g%tlcle s(g The larger of the two npdes may _be as
d

eRT FEoBBFRIIRF BrocPHe P isTinehdisparion f; pore articles

in asééhﬁ;h@@ﬁﬁ RrsFRN R Rk HE WHcapSilai? Yh RBIBAGY, i6t8!d ¥REdritical
ﬂm% Eartl cul ate 30 substance nmay have a bul k_density

uidh eiag Gy pomsenlgetiiion they ergesrtichasognd Bor the.
en atOandlb nﬁ'g?:iblé vﬂﬂhdth% Q;olvlmta rl'ﬂe %Qrtlcﬂes aa@%e@r a:[% fohfkd are

10 and 20 and 50,5 and or and
: dlSt%blﬁed BisgmiKture ofzthe solvent ag t}g sugercrgncal\;ﬂmq.(j[‘hui@sn‘%ﬁ)dls}ggﬂon is

m_]egtgd m%'é thé&up eéc%uem ﬁﬁ@%@h@ﬂ%ﬂ@ﬁfrﬁﬁ QWb §y£>gsﬁa%aung,

have a speC| ic surface area of reat er
Suﬂawmg thy ﬁ@/egwa-'ﬁwl@r'@m Epersighmay ba e swenszw Ipmay Bpa cglipidal
dlsp@fsmﬂom o Bbrsdeh YIRER LestéhdaRencutant in the dis V\gersmn may
2008] O40094PCT/ AU2007/ 515 32 100nP/ g or
be hebrswn aboutaln20 ansbakous GRY/ ep »weinht preameledsist ItI@Yabﬁjalmt 1:10
a 2 ]
and%g& gr@ a:;igo'alng ?ﬁﬁ%nﬂﬂ) 1 ﬁpa&?j'ﬁl 5101 m%%%aggl é*%&d Fggill;i and 5:1,
for ggmplg and mayse abeot 20’@:, lfgd),, 5 904 é;r3 10D#21. §:1, i, ﬂmlyS de2, 1:3,
1:4 &nj tltl Jrquf”ﬂ of ﬂa?%%oﬁg%ﬂf‘eg 9%381%(1 baw. ﬁﬁs%n{ﬁ%ﬂﬁhent £ js us usefal for
ter | ess”t han m crons or | ess
coreakm'mleﬂ that Bre Qlfﬁmhltcsdms@mm a syitalje tsekvent. dbeagt cqre emmGles

mchgcQQHt;Jg%g gafgag%gu%a;;mg&%@ WSyt ofBY i ard 130, Unchpsulant
in tlipoase may be aaqolymeﬁg m@terial, o, it mayb@ as KescribRd fdxsﬂ‘ne]sdlbstance '
earlnl:?ﬁ;at?]xgay He/ma ]]?arggl%szat%c@d&r .y ﬁ'ieg)resent mJﬁQlﬁO ar.t Icles

par |cu TS Ut ance e )
pbi wmdlkr aimbfodirnént thievwees particles aﬁ mnducad als,’mgaﬂe probess) of the

mveht%(f et%g_llugr hsélr}%ﬁg %mc%g &oqn%l%%é ﬁé}ﬁ\%hp% Qltlél"gt lﬁ“@%’g?‘?@“gﬁ% i og the
substamoe dissmimdonnvlfnfsssq‘lvme rigiot a lsepeedtitical ﬁmé,omcamqﬁrmttcbﬂ fluid

xR 955 SRRl LA RAEHE e F L. o

resuhmmsftmnationzﬁ atonerpasﬂcﬂas ofdbe subsiases), Saszyarhclghbqﬂn@dsﬁiba&d ina

e { The b f ox duri
mixtBC8 R, Tk o8 PR P BT TG S BRIBY bPprisng an
encappdant elissolved furaatend stBvemx,l idl a]henv@hdagd aﬁtatth@ mpefcritihel fluid

B B PR AR BB B st

sem -solid matrices may al so be perforned durlng
pressure rel ease follow ng particle formation, when
dense gases revert to the gaseous phase. Key
characteristics of the present process include: zo
Using a pressure differential, a volunme of working
sol ution containing dissolved pharnmaceutica
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m xture of working solution and antisolvent with a

much | ower working solution concentration in the

vessel; This | ower working solution concentration in
wo hesveesel allows the formation of .precipi tgg@awvdobRooisis

much | ower bul k densities;,qg WO

2008/ 040094PCT/ AU2007/ 00152135 33 Wth the al nost

i nst ant aneous delivery of the entire volune of

rkj i on., | i Z | went -

for )Q% éﬁng@%ufa?xjt Hﬁd Bn n?igaug’ ‘%%ﬁ%é S%c‘gﬁd %{31\%19:. hiil thel% results in

fon are mnimze entire bulk o

formmtiok iofig @ating (partiakop eoinpletd) g thdencepsuiant ev et leaft some of the

sol vent extractipn,. l owi,ng. fo roduct .. v t e .
vtk S s R Tup s Y2} o Pl ] G Bt i s
usingitlsd probast oHthy inventich) ard the podcessipitidnanyd spmbrinasdana form the

coui, § SRAPRINRCEBioe Worhiencd, whl SreipliES] af ol JGH or e

earliea pinbbdimyninfoz foraing codted particlet. oTHihembodiinent egbe suitible for
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prodihe ianied picles B WARE Y ecre e cBoutih 4 PhpiEss fRfmay be
readiintdissslvbd @ntuitablel dolveat. Of may du mesdcfor tekmﬁinlfe rfomsgilyiegta slow

such as to effect the precipitation t.0 .
roleqiPa g GOy TLeBr s RSB b Sty L5 caspyg siteble
coatRipemay bedh papnel ephlasH @hirsiihgtrélons dfthe saiRtance of the core

antisol vent environment nedi a of the present process
pamr‘f%\%ever, offers a fundanental advantage over ot her

- proseiable Rgpapitad fod Hidducinp Patticldd @f a Rabskaice it tHeuibo¥e method
t he above-rr,e%i oned. Er%ce ses are br_i,ef,I%{ %orrgar eg in._ .
commfﬂsearpyessunsa e mjection chamber and a precipitabon chamber. conduit
conﬁ:@ﬁmssﬁ;ehmg%mﬁﬁﬁe; li‘aﬁﬂ\/t_ﬁlélltp%@%iaﬁeﬁ Rhaebd] bid iPMhitted with an
.. chani sm | prllar ressure an . .
injoq5 31 5P PEHRBH AU V4 2 GRETAIE £ GHioEHaE Frguounicates with
the SetipRAleRahNrana Qvichi thé\pilve SOlYRAthe DRGHEN Gamiter is isolated
So] vent CQ2Capi | | aryAnti - sol vent, Nozzle/ Qifice

fronphegreppiiatian PigElEe Bot VBRPRIAteR o BTSRPMY ey capable of

maidPhinfr@r RPECAiJRE dusdifiohd (iitpekin® AL Gressure) for a supercritical fluid,

Sol vent CO2Pr essur.eAnt i - sol vent : )
Thus the precipitation chamber may have a temperature controtler. This may be an

electrical controller, or may comprise a hecated bath (e.g. water bath) in which the

_ precipitation chamber may be at least partially ‘immersed. The precipitation chamber

should have an inlet, which may be coupled to a source of the su;ﬁercriﬁcal fluid, and an
ouflet port for permitting egress of supercritical fluid.

The conduit may be a tube or a pipe. It comprises an injection valve so that when
the injection valve is open a liquid may pass through the conduit and when the injection
valve is closed no liquid may pass through the conduit.

Thus when the injection chamber is loaded with the solution and pressurised to
greater thari the pressure in the precipitation chamber with the valve closed, opening the
valve leads to a very rapid expulsion of the solution from the injection chamber into the
precipitation chamber, thereby forming a fine spray of the solution throughout the
precipitation chamber. _

It is convenient in the present invention to use a precipitation chamber with a
relatively wide access neck, to allow for visualization of precipitate deposition and hence

of the spray pattern of working solution. Wide access also facilitates precipitate recovery.
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Differential and Intn ID Tubing WO
2008/ 040094PCT/ A1U20071001515 34 Exanple Material s
-and Method A schenmatic of the apparatus used in the

wobigMb@s i s presented in Figure 1. In Fi gungrau2oemoeisis
nitrogen cylinder 1 and cajbon di oxide cylinder 2 are

provi ded for supplying s gases to the apparatus.
Syringe punps 3 and 3" are provided for pressurising

t a carb n_di respective
ﬁe 81%11[)(9 ent @% Frecin goPl ﬁ@ﬁ?rncé’f'" [ﬁ?‘pﬁ goxtijzgrﬁgflr?duchon of
superaitieal g, avmu-tc&)r 1r$mdﬂﬂﬁbloétl&fw¢rkmlgablgﬁgn g;el the@enduit), a port
f | ar| M2, kS . :
for prlSiRe RO By s rortitiate o pienriteginga b teheeper
| Th&: amahioﬁ cHambso hxaiyl bg oﬁydtﬂuﬁﬁ&rfrcﬂ% dnyositaylei m@erigluiiat is
| oVlI eat i the :
physCcalipRn Sl b erishad ¢ P aoad et TRy uted tn the process. A
smtdbmmetgﬁ%lus @250 mmSe.D. ¥alinless \ééeelaﬁﬁmg’g ghk laﬁ@gavaf tWBing A be
n,syrin and_cq to open
selog e n e R BT SRS R BT & 10k coi | a.
amit hﬁerﬁil@tleﬁaée bﬂ@i@f h@&neﬁ chanbans qdréﬁsﬂaﬂly ¢noth to mimmize

reteriibn 5 i e B8 FOL GO Y BESEES Ff F GEBHPeF S, Tereby fictating

delﬂ&l’"}e6§ H;Hel ﬁa}ﬁﬁuinhﬁnwiﬂ l@f@@luﬁ@ﬂl Hith Ghe ?feb@itaﬁﬁl fRhibée Mhus the

_ nd check, kvalve V2' are prow betvvee
: mterg@@ @céq epiRgHon %ﬁfa'bsfalw ﬁ'éa%daﬂosﬁp Bhopen

OTheCinRRBort ARmSONARIGHrEGpitRidh Wﬁ&ﬂbﬁ@ ldﬁﬁill@be capable of withstanding
sudden pressure changes, and should be constructed accordingly. Suitably, 2 300 ml bott
closure vessel is capable of withstanding pressure shock and may be used as the
precipitation chamber. .

It has been found that increasing the volume of gas used for pressu:ising the
working solution decreases the pressure required for its energized delivery, since at
constant mass of back-pressure gas required, a smaller contained volume implies a higher
pressare.  Also, jby maximizing the volume of gas, there is less need to control the
pressure within the back-pressure chamber. In one practical embodiment of the invention
a 150 ml back-pressure chamber (Whitey 150 ml sample cylinder) was coupled directly to
the injection chamber.

Ttis preferable that the back-pressure gas does not liquefy within required operating
preésures (for example within the range of about 1 to about 200 bar at 25°C to 40°C).
Also, the back-pressure gas should not interact with the working solution, and the
working solution (in particular the solvent) should not evaporate excessively into the gas.
Nitrogen has low solubility in the liquid phase of many organic solutions, and the
solubility of organic vapours in nitrogen (evaporation) decreases as préssure Increases.
Therefore at high pressures as used in the injection chamber evaporation of solvent into
nitrogen gas is expected to be low as required. Accordingly, nitrogen is a suitable back-
pressure gas for use in the present invention.

The apparatus may additionally comprise a separation device for separating the
particles from the mixture of the solvent and the supercritical fluid while maintaining the
supercritical fluid in its supercritical state. As noted above, this may comprise a filter, e.g.
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and chanber 5, and to prevent backfiow of carbon

di oxi de into syringe punp 3. Injection chanber 6is -

connected to- back pressure chamber 5, and is fitted
woWodshsgpessur e transducer Pl for determ ni n@Uiings2007/0015t5

pressure in chanber 5, anggwi th valve V5 for

admtting the working solution to injection chanber 6

and for closing off back pressure chanber 5 and zo
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required WO 2008/ 040094PC. T/ AUZOOtK 001515, 35 .

1apid, instantaneous or near instantaneous delivery of the solution info the supercritical
fluid. Commonly the diameter will be between about 0.5 and 2 mm in diameter, or
between about 0.5 and 1.5, 0.5 and 1, 1'and 2 or 1 and 1.5mm, e.g. about 0.5, 0.6, 0.7, 0.3,
0.9,1,1.1,1.2,1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9 or 2mum. The diameter should be sufficienily

large to allow for the rapid expulsion of the solution into the precipitation chamber as

described earlier. An advantage of the present invention is that atomization of the
working solution can cecur 7With6utr use of a caliillaljy nozzle (as is used in some existing
devices). High nucleation density that typically occurs at capillary nozzle tips can iead to
a high bulk density product. Additionally, the absence of a capillary nozzle improves
scalability of process by removing effect of nozzle spray during process- intensification
(i.c. optimisation or scale-up). In some embodiments of the present invention, the
injection chamber is coupled directly onto the top of the precipitation chamber and is
connected thereto by a ball valve. This arrangement minimizes bends in the conduit
which would otherwise result in losses in cnergy of flow of the working solution as it
passes from the injection chamber to the precipitation chamber. Thus the conduit may be
a straight or substantially straight conduit. It may have no bends therein. »

The volume of the precipitation chamber may be at least about 10 times the volume
of the injection chamber. The ratio between the volumes of the injection chamber and the
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to contain supercritical fluid are.imrersed in wat er
bath 12 in order to ensure that correct supercritical
tenperatures are naintained. Wetted parts were all of

' W@@gm@g% stai nl ess steel construction. A 3p8ral2da9biisis

cl osure vessel (Autoclave .Engi neers) was used as
precipitation chanber 7 while injection 5 chanber 6
was fashioned out of a length of 12.7 mm tubing. The
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o 35 . £306 8 40y SRRTHE" 1 o SRELSL S T 00 o
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e S 5 SRR P4 yRboYe s By GRliGHed x times.
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99. 999% Met hanpol, A .ax Fi nechem Aus

a single precipitation’ chamber by multiple (i.e. x) condults wherein the precipitation
chamber has a-volume of about x times larger than that used with a single injection
chamber. As another alternative, a single injection chax_nber, having volume about x times
larger than that used with a single precipitation chamber, may be connected using
multiple (i.e. X) conduits fo multiple precipitation chambers. In this instance, X may be .
any desired multiple. It may be from 2 to 1000 or more, depending on the desired rate of
production. It may be from 2 to 500, 2 to 100, 2 to 50, 2 to 20, 10 to 1000, 100 to 1000,
500 to 1000, 100 to 500 or 100 to 200, e.g. about 2, 3, 4, 5, 6,7, 8,9, 10, 20, 30, 40, 50,

60, 70, 80, 90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 600, 700, 800, 900 or 1000,
The particulate substance of the present invention may have a mean particle size of
between about 10 and 200nm, or between about 20 and 200, 50 and 200, 100 and 200, 10
and 150, 10 and 100, 10 and 50, 10 and 40, 20 and 100, 20 and 50 or 20 and 40nm, e.g.
about 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190 or 200nm. The particulate substance may have a bimodal particle size
distribution. The smaller of the two modes may be as described above for the mean
particle size. The larger of the two modes may be as described below for the aggregates.
The particulate substance may comprise a drug for pulmonary delivery. The particulate
substance may have a bulk density between about 1 and about 50mg/m} or between about
5 and 20, 1 and 30, 1 and 20, 1 and 10, 1 and 5, 5 and 50, 10 and 50, 20 and 50, 5 and 30
or 5 and 10mg/ml, e.g. about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45 or
50mg/ml. The particulate substance may have a specific surface area of greater than about
10m%/g or greater than about 15, 20, 25, 30, 35 or 40m%/g, or between about 10 and
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100m*g or between about 10 and about S-Omzlg_ or. between about 10 and 40,‘ 10 and 30,
20 and 50, 30 and 50, 20 and 40, 50 and 100 or 25 and 35m/g, e.g. about 10, 15, 20, 25,
30, 35, 40, 45, 50, 60, 70, 80, 90 or IOOmZ/g. It may be in the form of loose aggregates
having a mean diameter of less than about 20 microns or less than about 10,5, 2 or 1
microns, or between about 1 and about 20 microns or between about 1 and 10, 1 énd 3, 5
and 20, 10 and 20, 2 and 10 or 2 and 5 microns, e.g. about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12,13, 14, 15, 16, 17, 18, 19 or 20 microns.

The particles of the particulate substance may be spherical, polyhedral (v;rith
between about 6 and about 50 sides), irregular shaped, ovoid, acicular, platelet-shaped,
oblate spheroid or some other shape. ‘

The present invention provides inherent benefits associated with operating dense
gases under hlgh pressure. Products precipitated using the process of the invention may.
be sterilized in-situ, as a result of high pressures used in the process. The absence of
oxygen during precipitation of the produce may serve to inhibit, reduce or eliminate .
oxidative degradation of the particles. Thus the process may be performed under
substantially anoxic conditions. Foaming of semi-solid matrices may also be performed
during pressure release foﬂowing particle formation, when dense gases revert to the
gaseous phase.

Key characteristics of the present process include:

e Using a pressure differential, a volume of working solution containing 'dissolved,

" pharmaceutical compound(s) is completely delivered into a sealed vessel containing
anfisolvent; , o -

e Delivery of the solution is uncontrolled and the duration of the delivery is almost
iﬁstantaﬁeous, if not instantaneous;

» The pressure differential is used to energetically atoinize the working solution during
delivery, eliminating the use of capillary nozzles;

¢ The working soluiion is not substantially pre~expanded prior to delivery;

e Rapid delivery of the working solution allows for a reduction in operating times;

e An excess volume of antisolvent is used - when the Workmg solution is delivered, it is
distributed into the entire vessel containing antisolvent, achlewng a homogeneous
mixture of working solution and antisolvent with a much lower werking solution
concentration in the vessel;

e This lower working solution concentration in the vessel allows the formation of

precipitate with much lower bulk densities;
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o With the almost 'instantaneoﬁs- delivery _df the entire volﬁme of working solution,
localized effects of solvent extraction are minimized, with the entire bulk of working
solution experiencing the same level of solvent extraction, allowing for product with
more uniform characteristics (tighter particle size distribution);

 Absence of capillary nozzles and, as a consequence, absence of the effect of changing

- “spray paiterns due to different flowrates through capillary nozzles contribute to the
higher degree of scalability of process,

Similar to the GAS and the ASES process, the present process utilizes the anti-
solvent abilities of a supercritical nonsolvent such as CO, to effect the precipitation of

10 previously dissolved éompounds from a solvent. The energized rapid release of solutions

inté an antisolvent environment media of the present process however, offers a
fundamental édvantage over other processing platforms. Operating cparactcﬂsﬁcs of the

above-mentioned processes are briefly compared in Table 1.

13

Precipitation

Process _ Solvent Anti-sclvent Atomizer
Mechanism
RESS CO, Nil Capillary Pressure and
- Nozzle! Teémperature
Orifice | Reduction
GAS QOrganic Solvent CO, Sintered Frit Anti-solvent
ASES + Organic Solvent CQO, Capillary Anti-solvent
Nozzle/
Orifice
DELOS CO; and Organic Solvent Nit Pressure Temperatuze
Differential Reduction
ARISE Qrganic Solvent CO, Pressure Anti-solvent
Differential
and lmm ID
Tubing

Table 1: Operating characteristics of various SCF particle formation processes.
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Syringe Punp |Isco Mbdel 500D, 500 ml capacity 7. 300
m Aut ocl ave Aut ocl ave Engineers Inc. 300 m Bolt
Closure Vessel PlI, P2 Pressure Transducer Druck, zero
wd So@dldear Vi, Ball Valve (also used to i sopgfRuz07/001515
I njection chanber from Pr e%i pitation Vessel) _
Swagel ok, Series 41, 884182, mninmumorifice diameter
2.4 nm .5 Custombuilt Equipment 1.0 nm1.D. Nozzle
E MNaterial Dinensions Part No. 31658 .Length: 100 nm
X, 3 175 nm ID 1 O * Nozzle was cut from |ength
Matefialt edpd Mgthoénds were squared, burr-free and polished

_t %A SRl oF %Eattprplalga ls uds(eeé iil\ll %{ey e)Pafantpie% rig presented in Figure 1. In
Figure 1, nitrogen cylinder 1 and -rcarbon dioxide cylinder 2 are provided for supplying
gases to the apparatus. Syringe pumps 3 and 3’ are -provid_ed for pressurising the nitrbgen
and carbon dioxide respectively. Cylinder 1 is connected to syringe pump 3 by ball valvé
V1, which is capable of isolating cylinder 1 from syringe pump 3. Similarly cylinder 2 is
connected to syringe pump 3’ by ball valve V3, which is capable of isolating cylinder 21

~ from syringe pump 3’. Heating coil 4 is provided for heating the compressed carbon

dioxide to the desired temperature for use. Valve V4 and check valve V4* are provided
between syringe pump 3° and coil 4 to open or close the connection between pump 3’ and
coil 4, and to prevent backflow of carbon dioxide into syringe pump 3, Back pressure

chamber 5 is provided as a reservoir of compressed nitrogen for pressurising the working

' solution'prior to delivery. Valve V2 and check valve V2 are provided between syringe

pump 3. and back-pressure chamber 5 to open or close the connection between pump 3
and chamber 5, and to prevent backflow of carbon dioxide into syringe pump 3. Injection
chamber 6 is connected to back pressure chamber 5, and is fitted with prjéss-ure transducer
Pl for determining the pressure in chamber 5, and with valve V5 for admitting the
working solution to injection chamber 6 and for closing off back pressure chamber 5 and
injection chamber 6 from the atmosphere. Precipitation chamber 7 has port 7°, connected
to coil 4, for admitting supercritical carbon dioxide to chamber 7. Chamber 6
communicates with chamber 7 via ball valve V6, which is connected to nozzle 8, which
extends into chamber 7. Chamber 7 is also fitted with pressuré transducer V2 for
determining a pressure within chamber 7. Outiet 7” to chamber 7 is connected to needle
valve NV via in-line filter 9, which is provided to collect the precipitated product. Filter 9
is openable and resealable so as to access the product made in the apparatus. Needle valve
NV is provided to ensure that the pressure in in-line filter 9 is sufficient fo maintain the
mixture from chamber 7 at supercritical conditions while filtering out the product. Solvent
trap 10 is connected fo needle valve NV in order to trap solvent which returns to the
liquid state when the mixture of supercritical fluid and solvent is returned to non-
supercritical conditions. The outlet from trap 10 is vented to waste. Water heater 11 and
water bath 12 are provided for maintaining critical components of the apparatus at the
desired temperature. Thus in operation those portions of the apparatus which are required
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0.762 mm|.D. Nozzle: 1.0 mm|.D. Nozzle plus the

parts |isted bel ow Material Dimensions Part No.

Stainl ess Steel Reducing Union Swagel ok 55-200- 6- 1
w(ﬁ_tg@é/@b@ﬁs Steel Length: 17.272 0.D.: 1.588 pawAudnot/o01515s

0.762 mm Port Connector Swagel ok SS-101-PC WO

2008/ 040094PCT/ AU2007/-001 37 | Total Length of

0.762 mMm 1. D. Nozzle = 124. 4 rum | njection Chanber

to coﬁgng%?ercn fe&t fh%d a:%' o Ie% m wa er li)at'ﬁlch 11? to? A oeesi%urgttﬁa% Icorre:c’c
supercritical temperatures are maintained,

Wetted parts were all of Grade 316 stainless steel construction. A 300 mi bolt
closure vessel (Autoclave Engmeers) was used as preclpltauOn chamber 7 while injection
chamber 6 was fashioned out of a length of 12. 7 mm tubing. The internal volume of
injection chamber 6 was about 10 ml. 150 ml sample cylinder 5 (Whitey) was connected
directly to injection chamber 6 with 6.4 mm tubing to provide back-pressure during
solution delivery. The mJectlon chamber 6 and precipitation chamber 7 were connected
by 3.2 mm tubing with intemal diameter of about 1 mm. The 3.2 mm inch tubing
extended past the cap of precipitation chamber 7 by about 30 mm, functioning as a nozzle
(8) during solution delivery. The contents of both chambers were separated with a ball
valve V6. Internal pressures of injection chamber 6 and precipitation chamber 7 were
separately monitored by two pressure transducers (Druck) Pl and P2 respectively.
Critical components of the process were immersed in temperature controlled water bath
12 which was held at 40°C.

Chemicals and Compounds
Chemical | Supplier Lot Ne. Puarity.
Carbon Dioxide Linds Aust. . >09.5%
Nitrogen rLinde Aust. _ - > 99.999%
Methanol Ajax Finechem Aust, 403041 >99.7%
Efhanol Merck Aust. 36739 997
Acetone Ajax Finechem Aust. AH310108 >99.5%
Dimethyl Sulfoxide | Ajax Finechem Aust, | AHA412153 | = 99.9%
Deionized Water From Milli-Q Academic - 182 MQ.cm

Water Purification System (

Eudragit S100 Degnssa GmbH 0490305044 -

| Pharma Polymere
Hydroxy-Propylated | Wacker-Chemie GmbH =~ '~ 2
beta-Cyclodextrin
Bovine Insulin Sigma-Aldrich GmbH 054K1375 28 USP units/mg (HPLC) .
Human Insulin Biocon Limited B-0510741C | 99.3%




Mat eri al

Reduci ng Uni on

Swagel ok SS-810-64 Bottom Cap

Di nensi ons Part No. Stainless Steel -

Reduci ng Uni on Swagel ok 55-810-6-2 Body St ai nl ess

woSo6gdaodeengt h:

I nternal bore of
finish to reduce clinging of working solution onto
surface (retention) during delivery. Volune of.

150 mrm 0. D.: 12.7 mm | .D.: 9.&Ef/Amoe7001515

Body was qgol i shed to a high mrror

back preSSL

ir e chanber and i nj edDOQi‘r?r chamber circuit:

Fe304 ]é‘

Nanop¥éitight ed ar

d

Qﬁ’fdf’” gﬂ gq%b?’ﬁglll 1gol ut |Ig z ;;r Q'TZE':

glass vl

rount of corrpound i's amuk;e.@l intp a clean 50

nt—1-s—added———

into the 50 m glass vial; dass vial is imersed in
an ultrasound bath for 15 minutes to compl etely

Off-the-<Belf Geipnens Garamesmumbead §&F i Figoflpound i s

ascertained to be conpletely dissol ved when a cl ear

D ol 2o wht ARt poaeror TSUTTIT LT
No.
Syringe Pump Isco Model 500D, 500 ml capacity
300 ml Autoclave Autoclave Engineers Inc. -
. 300 ml Bolt Closure Vessel
P1,P2 | Pressure Transducer - Druck, zero fo 350 bar _
Va Ball Valve (also used to Swagelok, Series 41, S5-4182, mininmm orifice

isolate injection chamber | diameter 2.4 mm
from Precipitation Vessel)

Custom-built Equipment

1.0 mm LD, Nezzie
' Material - Dimensions Part Ne.
316 88 Length: 100 mm -
| 0.D.: 3.175 mm
LD.: 1.0 mm

* Nozzle was cut from length of tubing; ends were squared, burr-free and polished to
ensure symmetrical delivery pattern.

0.762 mm 1.D. Nozzle: 1.0 mm 1.D. Nozzle plus the parts listed below

Material Dimensiouns Part No.
Siainless Steel - Reducing Union
Swagelok SS-200-6-1
Stainless Steel Length__: 17072 Port Connector
0.D.: 1.588 mm Swagelok SS-101-PC
ID.: 0.762 mm
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Wei ghted armount of insulin is loaded into a clean 50
m glass vial; 5 m- of deionized water is added into
the 50 mglass vial; To raise the solubility of
wo twsbdomosi N water, 14 drops of 0. 1N Delis adgefiau200700i515
-gradual |y while agitating .gge 50 M vial to acidify
the solution; WD 2008/ 040094PCT/ AU2007/ 001515 38

' After a dear so| uti on is achieved, 2 drops of 1.0114

;gmm vi al vvhrler

Preparatl on of Car bon D| oxi de Expanded Et hanol

Ant/sol vent System The anmount of ethanol required to
prepare the antisol vent systemis added into the
S5precipitation chanber just before the precipitation

Injéfiol Caniber 25SENDI €d; Car bon a1 oxT de at 50 bar 15
added into the apparatus and the apparatus is
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%’tl pul at ed experinental conditions and subsequently

_Stmﬁlegystsaurl zed to|pehgR: 13tengystem wi fb CO2 and to
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anti sol vent syst ¢@Pr 12Ha™AR SE procéss, the
precipitation chagbgro 205, charged wijth: o Either
carbon dioxide to achieve stipulatediexperimental
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as previous emis
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Volmmeoﬁﬁamgmﬁbnwessblnjimiumac:hambﬂ 6 wth a syringe;

Solution preparation:

- Weighted amount of compound is loaded into a clean 50 ml glass vial;

- Metered amount of solvent is added into tﬁe 50 m] glass vial;

- Glass vial is immersed in an ultrasound bath for 15 minutes to completely dissolve
compound if necessary;

- Compound is ascertained to be completely dissolved when a clear solution is
achieved. |

Preparation of Insulin in acidified deionized water solution.

- ‘Weighted amount of insulin is loaded into a clean 50 ml glass vial;

- 5 ml of deionized water is added into the 50 m glassvial;
- To raise the solubility of insulin in water, 14 drops of 0.1N HCl is added gradually

while agitating the 50 ml vial to acidify the solution;
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Ni trogen is added into back-pressure chanber 5 and
t njection chanber 6 to a pressure in excess of
preci pitation chanmber 7, typically 50 bar in excess;

weaekeqiassure chanber 5 and injection chanbger/Ruyt/Gsis

given 5 mnutes to attain gQpconstant pressure; V6 was
flicked open for a period of 5 seconds; The entire
process was allowed to rest for 10 mi nutes for

- pr gsuneleat spleticalis héhteyed, 2WDops of 1.0N NaOH is introduced into the 50 .
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L: %dl ueﬁﬂf ﬁlf-lj}Hsy fed (fBAg %h@ Qongg ‘:‘pzi.‘lf‘e%etp@&%%arna:f%so‘;fgﬁmsp eric air;
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| nat ?Wgﬂ%‘%éie ﬁ%%% 1 Fn‘gﬁ Ppssneeneha Yratidoant vapgs phase

- ﬁhﬁﬂﬁmebﬂﬁhﬂﬂhﬁidﬁyﬁan 15 Reconbi nant Insulin -

Bi ocon Linited) was dissolved in 10 m dirnethyl

sufigitiogd C(aémcshggdS% addag AptorthA aredsiniiation chaseher as necessary :
Woﬁﬁd fPlg s %ﬂ];'ﬁé 18fl to ul}lar} B%g}sﬂ% Jf glﬁtt)oﬂoté% \%%ulhbnum

alr wt ‘(V

: ?Wrcdm into the preC| pitation chanmber 7 through a

t 4. n pu | .
o015 wRHk08 e’ ok BT HE B 6! Bttt gerimenta
wasortditms %élmlﬁcqﬁ%ﬂkidﬂﬁa&ﬁnﬂé&ﬁﬁpﬁrgé tieadyteinedlith TO, and to
thls ud vveéela ove the saturation pressure of the
%?} e precipitation chamber 7 was

aI tomaeehmmmemmﬁwﬂe%msewdésg thUlﬁec‘lﬂfaﬁbﬁ‘ghamber
\!\W%s{ next introduced into the injection
ch’é |ge th a syringe through V5. The injection

chgmMgihefc20h figals Bra%f?ggg %@ﬁ@%ﬁp%ﬁé@{t@ cbififons; or

char%ﬁg with nitrogen O a pressure
500 bérarhon m@@s@och ed Wﬁhpthemlmswmcwlyvhmm7 and

se |eve pressu
i Py ol 408 & e Spynfef i €6, and
mmwtermghtioﬂﬁ]@tmndfﬁadaﬁ]aﬁoi pr event undeS| rabl e
Si 0 reC| Itatian r|or odellvery L
o R S Brarel s et dSirbet Soimmiieed ing injecton
\/\mﬂaiﬂbgr Saeitibisoingas ener get | cal I y delivered into the
cipitati chanmper 7 through the 3.2 nmm tubing 8.

98T S adtieA fige DacknEessHP cdrmbR & Hafbaiccieon chamber 6 tfo a.
e%shﬁ:rlﬁ egbcRfloBREMPatidR R LG %}ﬁfcﬁﬂys@ﬁm'lﬁ Sxcess;

Back-pressure chamber 5 and injection chamber 6 were given 5 minutes to attain

constant pressure;
V¢ was flicked open for a period of 5 seconds;

The entire process was allowed to rest for 10 minutes for pressures to stabilize;
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contents were enptied into the precipitation vessel 7
al nost instantaneously. The pressure of the
precipitation chamber 7 experienced a sinultaneous

wo tRsemea. The contents of the precipitati onpehaBRbnisis
were then allowed to rest ger 10 minutes to achieve a
stabl e pressure. CO2 was next passed through t he
precipitation chanber 7. WO

.~ 20081e0iD0IB 1R GDIuk 60 T00 kS hbxt4hsseddtibroupls phemmmh@:nd:lamber 7
T to flush. th
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extract; ed sol vent and antisolvent, to exit the
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- Expeki ikgadthedaidi tions and the particle size
di stributions of five ARISE experinents are

- surRReHpIREAn chaTTeRs| Tewas dieannpaled: fromythe dystem dod disospembled to
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r ungveried do guinituict elistabant@Gp widipitat® deposiifonweitkin ngrecipitation
sol 5111 n7<;onta| ning 200 ng of insulin and with the
|n|tlI pressure of the injection chanber at a 50 bar

- ex d@s&‘aonl EhaniBas &5 Meus cﬁmﬁwstedaan@ tisdeaBledPle §8PER for any

Results in Pre -Deliver
ng‘g kl%&&lt o at : e 92305 e@’ gounts p(~ )0 05 ml) were retame(%/ in very

Tar¢ cases.

Particular method

In this example, 200 mg of Insuliﬁ:(Bovine Pancreas - Sigma-Aldrich or Human
Recombinant Insulin — Biocon Limited)‘ was _,dissolved in 10 ml dimethyl sulfoxide
(DMSO 99.5%. - AJAX Finechem) to form a working solution. After purging the
precipitation chamber 7 of air with CO» (99.5% - Linde), CO, was introduced into the
precipitation chamber 7 through a spiral heating coil 4 with a syringe pump 3 (ISCO.
500D) to the desired working - pressure; the chamber 7 was then sealed. Working
pressures selected in this study were above the saturation preséure of the CO,/DMSO
systemn. The precipitation chamber 7 was allowed 30 mins to achieve equilibrium. The
working solution was next introduced into the injection chamber 6 with a syringe through
Vs. The injection chamber 6 and back-pressure vessel 5 were then charged with nitrogen
(99.999% - Linde) to a pressure 50 bar in excess of the precipitation vessel 7 and sealed.
Nitrogen was used to achieve the pressure ditferential because of its low solubility in the
working solution so as to prevent undesirable expansion and precipitation prior to
delivery.

By quickly opening Vs for a period of 5 seconds, the working solution was.
energetically delivered into the precipitation chamber 7 through the 3.2 mm tubing. 8.
Upon opening Vi, the injection chamber 6 expéﬁenced an abrupt depressurization as its
contents were emptied into the precipitation vessel 7 almost instantaneously. The
pressure of the precipitation chamber 7 experienced a simultancous increase. The
contenfs of the prec:1p1tat10n chamber 7 were then allowed to rest for 10 minutes to

achieve a stable pressure. CO, was next passed through the preczpltatmu chamber 7
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under isobaric and isdthermal conditions to flush the system of DMSO. Precipitaté was

‘retained in the prec1p1tat10n chamber 7 with a 0.5 micron frit at the base, while allowmg

extracted solvent and antlsolvent to exit the precipitation chamber 7.

Resulis and Discussion

Expeﬁmeniél conditions and the ﬁarticle size dis’m'buﬁons of five ARISE experiments are
summarized in Table 2. Particle size distributions of powders were obtained from light
scattering (Malvern Mastersizer 2000) using ethanol as.a dispersant. All runs were
conducted at 40°C, with 10 m! of working solution containing 200 mg of insulin and with

the initial pressure of the injection chamber at a 50 bar excess.

Case Precipitation Vessel Pressure (bar) Light-Scattering Results (pm)

No. Pre -Delivery Post - Delivery d(0.1) d(0.5) d(0.9)
1 90 97.1 3.875 6318 10.134
2 120 124.7 0.082 0.245 1.942
3 120 124.7 ' 0.083 0253 2.282
4 1 1247 - 0.083 0.250 2.103
5 150 158.4 0.081 0.239 2.532

Table 2: Experimental conditions and results of ARISE precipitation of Insulin.

The five ARISE experiments demonstrate the ability of the procesé to precipitate
micron and even submicron sized particles of insulin. The similar particle size
distributions obtained with cases 2, 3 and 4 validate the reproducibility of the process.
The contrasting conditions between case 1, 2 and 5 also illustrate the tunable nature of the
process - product characteristics were eagily altered simply by varying the initial pressure
of the precipitation chamber.

Electron microscope images (Hitachi S900) of product from case 4 reveal insulin
recovered from the ARISE processing consist of highly aggregated sub-micron individual
particles.

The powders obtained from all five cases were observed to have undergone a
dramatic reduction in bulk density. The low bulk dénsity of the product was believed to
be the result of precipitation occurring within the entire volume of the precipitation
chamber and not at a localized interface as experienced with ASES and its derivative

platforms. With the high energy release of the working solution during delivery, the
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The figures provided show various aspects of the process, apparatus and products

described in the example or related processes. Fig. 2 shows electron micrographs. of -
particulate insulin produced using the process of the present invention. The three

micrographs, at different magnifications, show the loose aggregates of particles that are

produced by the process, and at higher magtﬁﬁcaﬁons the primary particles may be seen,.
showing that they have a relatively narrow particle size distribution.

Figures 3 to 6 show schematics of portions of the apparatus used. Thus Figure 3
shows. a 1.0mm ID ‘nozzle for wse as nozzle 8 of Fig. 1. The ends of the nozzle are-
polished and free of burrs in order to facilitate smooth delivéry of the solution to the
precipitation chamber. Fig. 4 shows a schematic of 0.762 mm LD. nozzle. In this case, a
1.0mm nozzle, as shown in Fig. 3,-is joined by means of a reducing coupler (Reducing
union Swagelok® SS8-200-6-1) to a 0.762 mm ID tube (Port connecior SWagelok@ SS-
101-PC). Fig. 5 shows a schematic of the injection chamber used in the example. In Fig.
5, the body of the injection chamber is stainless steel tube 50,-I.D. 9.56mm, wall thickness
12.7mm, length 150mm. This is fitted with reducing connector 51, which connects to
chamber 5 (Fig. 1). The other end of tube 50 is fitted with reducing connecior 52
(Reducing union Swagelok® $5-810-6-2), with outlet diameter 3.175mm, adapted to
receive the nozzle shown in Fig. 4. Fig. 6 shows a schematic of the precipitation chamber
used in the example. Precipitation chamber 60 is a 300 ml bolt closure vessel made of
stainless steel. It comprises lid, 62 and body 64, which may be sealably bolted together.
Lid 62 is fitted with nozzle 8 (see Fig. 1), which extends about 20mm into the interior of -
chamber 60. Lid 62 also has port 7 (see Fig. 1) for admitting carbon dioxide, and port 66
adapted to receive pressure transducer P2 (Fig. 1). Stainless steel gasket is provided to
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Cutoff Diameter, which reflects the aerodynamic character of product during testing. It
should be noted that aerodynamic diameters may be quite different to geometrical
diameters. | :

Using procedures based on those outlined above, the following experiments were

performed:

1) Hydroxypropylated beta-Cyclodextrin (IP BCD) (Fis, 12)

HP BCD mass: 2000 mg
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30 used in the exanple. Precipitation chamber 60 is a
300 m bolt closure vessel nmade of stainless steel.
It conprises |lid, 62 and body 64, which may be

woRaabboy bol ted together. Lid 62 is fitted WefRuworonisis

nozzle 8 (see Fig. 1), whi ? ext ends about 20nm i nto
the interior of chanber 60 Lid 62 also has port 7'
(see Fig. 1) for adn1tt|ng car bon di oxi de, and port
dﬁTM@dq_ ed recelve pressure transducer P2 (Fig.
steel gasket is provided to WO

Tbnﬁﬁﬂﬁﬂ&4ﬁﬂg4PCT/AU2007/001515 42 seal between lid 62
and .bod n chanber s closed. Body 64 is

Pro i atssd et A0 POt AP0 Bt et port 7 for

Predipitativh RessélPlosdeivery(lRésRakact3s.dhari d, solvent) to | eave
chanber- 60. The overall height of the interior of
chanber 60 is 700mm and the dianeter is 46mn. 5Fig 7
s mowss emtpw mpo sng,ﬁ&f HP\BOTE whd) GidhdIved @ ﬁapﬁ;%thfaaa cto form a

hotq_rag ﬁ%ﬁﬁ e i nsulin before processg@g
WOTKIAG S¢ PBJF%% APTFIRRE0R chaebes Inef 4R c';FOz (99 3% -
Lmdeﬂil(bzl Waﬁiﬁﬁ@c[ucb@ 38 tHler&Gi‘ﬂtahBﬁ ehRddek 7 HhreaglRg GRFa] h%ng coil

[0 the present jnvent he di ameter of the vials

4 will a s REWN P {1S¢Q 599]3} F%ﬁ'ﬁ depisgd WerkingrRssHeeh Sho ghagsber 7

teheéh RARAUCWoREH HBe sRERRE
Wasthan ?he naterlgﬁﬁ%?on1ahlch itﬂ?iZE?%§ﬁ%igﬁﬁ%”h9ﬂﬁﬁmen

presgie Rsthel EerMathane] systern o GrepiRapiiopshamber Tawes allovicd 30 mins
to abldbde GdHiRtrRns UBth a@&ﬁﬁlg%ﬂ%ﬁ SfaPNext M RIBEE o Qﬁe ﬁxyl%uon

presen i nvention fferent nagnlflcatlons

charice Wit b SYHaEAOREio s e MipgPet Shaben aad botkcpressure vosscl

5 whO IRE SRARHBWAR hitfoge (0ol ddGe: a]fﬁlﬂé}'t@ﬁ ghégafre S0 9R'ih %ﬁﬁ:ew@f the -

ggregates can be “seeéen. OWs a par 1 C
precipjitaidongyiesss) Ji andrsspled.t mogené’ms |Uﬂecb’@r'40h@1v@ thermesdusaliffgrgntial

becahte oPHRCRHS S@{lbﬂllﬁg i 'the %&Hrklh%] ofi "0, 430 | Q%Etaﬁgdeilrable

speci es may be s€en, one cen at about
%Pﬁﬁﬁ@ﬁmmﬁltw@m&deéwe@bout 1-2 microns. The

f BYNRAcKIS Q@@ﬁ&gtﬁe e ﬁfe’ngg rof PAebdngh Che p&rg ‘ﬁ%egoé%tgsbéx was

t he proces ereas t l'atter représen S

encrggiignlise delbeerast iny ﬂmmlpﬁaitqncdhember 7 thiBiigh 0@ Shows tubing 8.

I
rof S 8y 8F B thalcnd L LALA A Tbbl YR e i
cont@ﬁ%s*@m qupjied tinton theTprscipitaifsin Wﬁaclcatmoa msﬁanthnﬂoasly201he
pr.essgﬁec‘to? 'tﬂé’f}i %194@1019 a6 Lr I7n &&)@ﬁe&mn Wmcre?sg The
mass nedi a

aer o nan1c et er i 1RaS
conteriie oh & usmlaﬁh@omhm& wefe thee aﬂipwdull ctd: res't'tfer bérmsinutes to

t he h
achidy@Y GEE Hbeie®| 0, RN bt bl 3 eriiRRon tBflper 7
undeg ésepariciang. 1soT1tmmlah¢cmdmus ’&JCIIIISh@EIdyH!me af Methdre]. r Brstipitde was

il 48 SRR, SRR 5 i e PR Gh B SR e

eﬂnﬂ@ﬁﬁd@ﬁﬂﬁmﬁaﬁﬁbhmnummkndkamemwmﬂmnemmemUhe process
of the piresent invention. In both cases a |arge
proportion of particles have ECD of I ess than 0.4
2) Ewdropid 8400 (KFigdi 134t i ng that the drugs woul d be
Jigiently.delivered to the [ungs during inhalation.
Eumﬁ%%§ﬁ§“?ﬁ% f8etive Cutof f Dianeter, which reflects

AcdﬁMEWmﬂnmdﬁmdnlc character of product during testing.

, sho be noted that aerodynam c di aneters may be
Tomcafd

erent to geonetrical. 30di aneters. -Usi ng
Precipitativacieset PloakiiteryPréss@sel 0Wat i ned above, the

Precip R SO Ly A D BRA ey OPRRCRL 1 m (11F PCD) (Fi g

12) HP 13CD mass- 2000 ng
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WO 2008/ 040094PCT/ AU2007/ 001515 43 Met hanol vol une:
10 m Tenperature: 40C Precipitation vessel

‘Pre-delivery Pressure: 120 bar Precipitation vessel

wdRedom@lsi very Pressure: 136.8 bar I n t B&Frau007/001515

exanpl e, 2000 ng of HP Il Clywas dissolved in 10 m

nmet hanol to forma working solution. After purging

t he preci pltatlon chanber -7 of air with CO2 (99.5% -

Li nde), CX2 was introduced into the preci pi tation
chanber 7 through a spiral heating coil- 4 wth a

syinithig expupe, 0(thSCOESGRE) Si00 tae didedivedenh Womk acedone, After

B €52 S35, SOBRP o SR O3B, cLERS Mot

intosthe unr@fpﬂahorpcmﬁ ¢ thfoughe $paal hatihaoal 4syisi eeyridgecpump 3
as @8 30081t APl PR el A 8Bt s Himc ey Working

pressmbs scleated in ﬂiisosﬁlﬂlge wieryj stivie abe sdtaratiar p@swré Bf ¢he CO,/acetone

N L T P,

working solgion (399 ﬁ%odud:ddridte)thé Djeatig ﬂ'ﬁ\mlieﬁé ﬂﬂthbﬂl’ynb through
|tat| on .vessel

Vs TR e b AP SRRy BT U oo cBareed S Titogen
(99.6899% e Lérte) &l & PREANSSO. bir ih leScdsOUf th0 IpttRiditatioh Vd¥sd] Teand sealed.

wor Ki n u as to event . undesi
Nit BRIt Ao pae R H bEGUA ] Bapy, solbilitgip the
workjng cdolution p@n e o \fefent @déﬁﬁbl@%@ﬁn@rﬁ@ﬁ@ﬁ% itafién prior to
dlvvorkl ng solution was energetically delivered into the
¥ éci pitati on chanber 7 through the 3.2 nm tubing 8.

2ByUpgickipp@rhing VB forl iﬁgpdﬂﬁﬂe@ﬁ 5 Odec&ildaTBRN whrking solution was
Pressurization as its

eﬂ@f&%ﬁﬂ@ %fed?ﬁ Sk u capﬁ%mt thembet & ithiopgh thend 9 eg@etubipg 8.

Upodlopegihg IVAStha fiﬁ_]%ﬁﬁﬁttﬁ)!aﬁlber-r@ expiieided a8 a‘Bf'uptt 6pressurization as its
pr eci |tat chanber 7 experienced a sinultaneous

contes  VEAE PIPRSE i0i the, Prechrtabion VEsel: i/ Aimast wateeisapmely- 7 The
presmas eft e rpraédn%ﬁ é}@mb@fs t7 Eferidibel Mixﬁﬁtah&)uécmbl%ys% A The

t abl e gressure next passed through the

Gontﬁtiﬁ%&f TSR GBERDS i ctmllen AeBAr deRfar 10 minutes to
achiéve04 B&bl’éaﬂ)reﬁéﬁﬂﬂ' 009 NBast Mext Ipdsild hieug ﬁfeeﬁh&f)ﬁahon chamber 7

Met hanol pitate was retained |n

undes oo ik 156 bl Rditionsip s 9 Safstﬁmdrf@ﬁetpmq t Prgeivitate was

retaiB@Bb®, th%féc@ﬂﬁﬂlérpt‘fﬂaﬁﬂaeﬁ’ﬁt\ﬁlﬂlci 838 rsRlopent aﬁ:ﬁg base hile allowing
anti sol vent to exit th et(gq)pm Ditation ahanbar: yrils sl

extraeigg sglyent agd @ptisotyegt torexyt tappieeinpitiignchaniry 7rmss 200 ny
Acetone volune: 10 nl Tenperature: 40C

rﬂ-

3) Iron Oxide (Fe;0y4) encapsnlated with Hvdroxypropylated beta-Cyclodextrin (HP
BCD) (Figs. 14 and 15)

HP BCD mass: 1000 mg

Fe;O4 mass: 60 mg

Methanol volume: 10 ml

Temperature: 40°C

Precipitation vessel Pre-delivery Pressure: 120 bar




10

135

20

25

30

Preci pitation vessel Pre-delivery Pressure: 120 bar
Preci pitation vessel Post-delivery Pressure: 128.8
bar WD 2008/ 040094PCT/ AU2007/ 001515 44 In this

- wexRdpley 200 ng of Eudragit 8100 was di ssol pegatmodbhisis

m - acetone.  After purging b e precipitation chanber 7
of air with CO2 (99.5% - Lihde), CO2 was introduced
into the precipitation chanber 7 through a spiral

Prof R 858 sty e BT BHC chanbor 7 vas then

seal ed. Working pressures selected in this study were

a e the saturati essur CO2/[ acet one _
31 e 0k of Peltiosiindln 1010 256 oh AP e Sy 10 ml of
miethanos whonexe bitded eo @@polwidar mistureTHEP PO KRisBiveiGhiot N8iRaNR Svhile

ext introduced .into the.injection chanber 6 Wth a
Fes G0 et IS AL e B PP ERGIB BrRber 7 af with CO;
(99.6%cKLipde)s mzagasagggdg}@d N6 @hd BROIpERRMO®EmBhL 2 ct)hrgugh a spiral
nitrogen.to . 0 - e). to a pressure 50 bar in
heaté%&%’g'sf 8ft£t FLRYHP 13a¢[$(g(ﬁ 539892551 the dgyired senskipg pressure; the
chathbdrr Dgan thdSschls€.d Workaghpe¥sirdsNRlcBlc® 38 Whi€ study were above the
Its low solubility in the

differential. because of |
Setu PR PGSO PUIEY G G 00157 g PG ST chpeer 7 was allowed
30 @RS hehiev@Nehuliteiinki (Phd Mdrihd @ﬁsrﬁe&icﬂﬁ lcbMgh %%¥ HP BCD
di &%%cﬁk' e@gﬁﬁ"qggrflﬁ for a period of 5 seconds, the =~
5 Fhél Ligrelt 498 alds 1 SUPRRTRR PRE AFFtyinteduced el thaingection
charheg 6PwiBCA Byttt iiRGuENFIDThe TnjddibR Uil 8 afd Hadlihbdlid \Wssel
8. Upon openi ng.-V6, the injéction chanber 6 -

5 vrGE RGP BT HASERR oS A3V Siaee) 2o PEARSIES 5P b in excass of the
precRBfie{saner ﬁd%@ﬂb&.eﬁiﬁ%ﬂ e Qis @)Cdcﬁie?@fcﬁﬁgﬂesgﬁéstﬁffegnﬁal
alnnft i.nst ant anequs] y. The pressure of t : )
becayse of s oW | SHbER% B dhe moskips rspasaEen 4o o rin | Iweveeb yadesirable

expdnfieh 8ASFecipiiRiod PRoE R deli9ryt e preci pi tation chamber 7
re th?n allowed to rest “for 10 m nutes to 20
athi BNEDL oBening s fpeaspiried P soandndie Woddeg duspension was
g BellvefedPinGe i §radib i : leSOPA Gubi
a1 reiplioh ARGk 7 QNG o3P B bing 5.
Upon eperie Ve-Fibe élipitioarcaamber ¢ exneriaeegd jan abtvpt depressurization as its
cont@t® G lelphief iﬁtBafﬂ&eﬁreZiPﬂﬁﬁd?l el O7 GO i bthdthn sty N The
base, while allow ng extracted sol vent and
presyig jof he Preciniigtienj chamher Fr expiepénced jcosinultandoss ificred8. The

contéhts bf A Qébﬁ%ﬁm(&%%%}%&%%ﬁ%ﬁ%%@ &ib)for( 1o énsi_nutes to

. Hydr oxypr opyl at ed t-a- Cycl odextrin _
achicyg a;pfgble Presswe. HPOp ans mest passod ChrorghPdb8 Ptcaipission Ghamber 7

* unde BobaRa YRR o Baffond RIRA MUK ARG BLEG HEA5 Qe

.vessel Pre-delivery Pressure:
retaixgog typregnitation/ chezber71 00th 5165 45cbn didi githabasenwhiksalRiwing

extrablo8 ol i PhasEl Bt 585 o ekl ot g of 1

3CD and-10 ml of nethanol was next added to the

RAVEGS g X b0 Lir bl bd B3R il %ﬁeollar\égegs NN p%%et:nlg Il 1i3r|o$ides
in each case a lighter, fluffier material with a far lower bulk density (“after”) than its
precursor substance (“before”). Fig. 15 illustrates the magnétic properties of the particles
produced using a magnetic substance as a precursor. Thus in Fig. 15, the particles having
a magnetic core are attracted to the magnet at the top of the container, showing that the
magnetic core particles have indeed been encapsulated.
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5 Fe304 remai ned undi ssol ved. After purging the
precipitation chanber 7 of air with CO2 (99. 5% -
Li nde), CO2 was introduced into the precipitation
woeh®mimess 7 through a spiral heating coil 4 PTARU07/001515
'syringe punp 3 (ISCO 500Dysto the desired working
pressure; the chanber 7 was then seal ed. WrKking
pressures selected in this study were above the
cH.ss;uration pressure of the CQ2/nethanol system The
T preci pitation chanmber 7 was allowed io 30 nins to
athi e proeems ifbr groducg ptislenof & subgtagesepangisog: :
CORPLILSI N HP i ed h 3
o nElyebien € Bl o BB HCE il 306 S o
c hampberitiél fiuid) saidssppérogpicat Briduging/s nofHselviem| fec thegubstance
chanher 6.anﬁ‘baﬁh%€&)ssgre vessel 5 were then
ch EFEHTA” R T ogen ‘(eg .&5@39% - Linde) to a pressure
«5 Ofobaing ipartieles @f sheofubtilree praipaptidiest hetng distsibatied h amdixture of
~sealed. Nt en_was. d,to achieve the pressure
o e 8ol i BB AIR 2T oo el uni | ty in the
vr KiThg psocsgeoTaiaim 1swheasin the sfepe deiivening esmpided delivering the
expansj o nd precipitati rior to delivery. By
SdummvEﬁﬁng§@Wﬂw§t@%ﬂﬁ%?ﬂé“ﬁ@?ﬁod of 5 seconds, the
- VRIKiTHG peteReiTIl N TWalkere eegripiof dbliveridg bomprisesl délivering the
t he precjpitation chanber 7.through t%ﬁgﬁﬂéﬁhn]tUbing
solution 1y %E%ﬂ%ﬁl%}m? e%ﬁ}ﬁ’é%fﬁt@%&@ﬁf& _ :
experfRnaeksfof ahy _léag ofl EEIJESSﬁub I3z @hérein as_siehw%ﬁ&ﬁvTﬂn?g is
~contents were enptied into the precipi.tation vess
condaﬂetﬁ%swﬂ‘i‘l%@ﬂanr%@@u&fy?hem%lu‘ﬁﬁﬂe&u % %?“'f’ﬂ%& thiovghout the
supeRRFif6d Phd@foliORing RamRivefingx per i enced a si mul t aneous '
increase. The contents oggﬁhe precL%%Ia%éon cQggﬁez, .
A-werkretmresesa Pf gwe 9ot f LR { 3P 4 FhPRUIE SIPPITASHYERS 1
condfictSd ¥hS: REOIRYY & hESRNGS inke e Upasatcd Tmuehat 18sst about
preci pitation chanmber_ 7 undgr is??aric and i sot herma

1L/s. o5 veithta fnve rtof hetepeniahent dyaad b A OB -hanol .
FS.€CIRe A6 & RESBIARY 11 18 3 AtitiANY Rbinplidi@fithe step of
‘ é%qné@%lgéwf¥ﬁég%€?5 mcron fit at the % se?ﬁﬁﬁ?Lg ep?
pressgripiagfhegolsien adthaeas i v e ARyt he yregitcal fluid
before 'h%li%ﬁg g okt ANnfoBeRPErchitical fluid, K@ BhdHaig 18w sblabilify in
it can be seen that the process of the present :
the splptietht i on provi des in each .case a lighter, fluffier

t erpal | | VA " )
RN R G i L

"bef-ore"

sbewi@0rhay meseirchpn B erasFEe 0%@6%%@1@%%@0%

to afirpgsurstat

. DL MSH 4 %ﬁiﬁﬁpstance as a precursor
;hhv%%%ﬁﬁ?%ﬂ |g}ﬂgg?et e partieles having a magnetic core

dt.e afhermmotesd of eny kpe nhiglaizes hio hehareip th¢ pragess of delivering
.  showi. o g : .
comif 30 Bl o B vhiv8 o o FRAMEHCoofilioR BFolbfie i the
super2G& @094 PCT/ AU2007/ 001515 46 1. A process for
odugi.n el e - Fob oS AFGE s :
B B e by eV it D) SMEcRE RIS M omming consists
of forming thelpeetsles dvouglivot themintuze efifhesodvent anskthe fupgiortical dhoil.
ergritical £1ui ' - far: .. .
Iibsridhets<afprut e BUeR D AnARUS ol e parping e
partidleyr fromn thepaixtuire bethe eblvertiend the stpmadicakthiid. parti cl es

i ng-di stributed,i.n ] e SOl ye .

Qe SUBPoP 1 ol g, g b 580 echBBP HCRpRR i
mainthinidiesaéd mixtive is tte pupeferidedlistabr. i ng conpri ses del i veri ng

the solution in a single shot into the supercritica

fluid. to3. The process of claiml wherein the step

of delivering conprises delivering the solution in

nore than one shots sinultaneously into the

supercritical fluid. 4. The process of any one

of clains 1 to 3 wherein the step of ‘delivering is

conducted sufficiently rapidly for the solution to be

di stributed throughout the supercritical fluid




6. The process of any one of clains 1 to 5
additionally conprising the step of pressurising the
solution with a gas to.a essure greater than that
of the supercritical fluid 20 before delivering the
180l ut iITHB prodess ofieldmped oridaimall 1 faditidpaliyaremprasng washing the
. havin IOM/sojugELity in the solution. 7. The
particles pithdBe syrergiis dof claims 1 to 6 conprising
18! eSS%ES%ﬁGesfsh%f skUbh®Not QlAmBN ESSIr @2akddik@stly comprising
about 20 bar greater than the pressure of the
depressstipiog ¢l pardelés thlagibien prespue @ler st sepyating sol uti on
nto e s itl.c i 5 i
o ot Bg ES® Y S bt Ml (0% TERIRGAEARE sperdbcl fluid
compristglsip@titigl cabi disegleopeni ng an injection valve so as

to permt the solution to.copmbine w.th the. .
~ I3uper grﬂﬁt?reﬁqssf? ufigy one °f9.°%‘1*ﬁ%nlp|t%clé%¥h8’femar%e Supstagee is 2
phmnmggﬁkﬂﬁy;dh@Sngggkein the step of forming consists of
formng the particles throughout t€§¥ﬁj ture of th

1601 verfthe aresesstof asyipae ef ¢laines) tof 1y subigRoe is Sclected
PGS s i098inChy &b IT5 9eioldenal leyi 7-
from thg gpn%‘ﬁ)l %H%H@%féggﬁlhg“tﬁhe pal?}??%?ggmf ?o_m t he m'_6¥t ure
(butylidehebib@xg)! M Xitdiapdioxire(1Suphd6-ov-prégpadl 4 dighet3.20-dione] 1.

The process, of .claim.10 er ei i d.. ' ' .
oo LRSS0 A P Ty A Pl
. dopamiﬁé',%‘h&‘e})hﬁh& AbroplRphrine, ffentolamiil® dodpeanyy dieatasil afezocin,
' claim 10 or claim 11l additi onal/l COﬁPrlflqg washi ng
nalbuphipg hyaranpehing, Wlmﬁmtehlée‘fgﬁ?ﬁs@p ENAaZ0{a5) PrOpgle), Meticunheg
ivacur] - -AbAiIIB pipSabiflinl Setoxitin cefonicid,
nﬂvmmggg??@%ﬁgﬁﬁyﬂ%%gg%ygﬁﬁﬁq%%%%ess&?%sing the particles
cefmetdzn]caantdi cztreonpng 95 emecahbisatiguihgresbpar at i ng. 14.
. Jhe process of apy _one - i . , i -
iper dreerast i LongierCLE Snbybonp:tRBle RIS whereby
the parfléleXiofi@he substandd compsisepthecass pafticknyat devst pirtiglhaicoged with the
to 14 wherein the substance is a pharmaceutically
substange+t j ve subst ance. 16. - The process of any one of

18! ai merpl g&egéof"@l‘ﬁﬁlei ﬁ&ﬁ&ﬁ?%ﬁ@ﬁ@iﬁg e &a@kett ed from

the group consisting of insulin, hydroxyprqpylated .
o deliveringal solisionrof p seaomd SRbstpstiy) RiseRORE B ERIRY 7 Least 0pg shot into
- di r v ; i itical fluid bei -solvent_for the second
1) B g said ereritcal floif beice 2 nonsafvent, for
achsthrre iy beine nisudhly vathethe spoing selvertlam®) | | i docai ne,

- adenosi ng, dohutam ne.. dopam ne i L:

- Tmans ablinai Giienen piRag OfprEBiedRe Biidps of the substance a
AL O ally BbRPBY s sdoupd sulsstaoen@id malas parially coated particles
ket orol ac, m dazol am propof ol tacu L ne, "
beingclistiibwied due ansire n theri*‘@,l"eﬂi%ttﬁ‘sﬁqcf"i“{ polvent and the supercritical

ocillin, piperacillin, cetoxitin cefonicid,
cefeta7ol e and aztreonam or any conbination thereof.
197. Then pappeess dér giradwning woartielen ethe subsigncen said apparatus
.conprises core particles, whereby the particles of
COMPIIFIRE- subst ance conprise the core particles at |east
“epad piedduri¥atle atfi@dionichimbérecapabis tofimreiving a soldt®n ofitlee substance in
process of claim1l additionally conprising the steps
of& SOI¥ti vering a sol ution of a second substance in a ,
osezggﬂgciﬁ@iﬁ\bﬁnéhdnﬁbe@t cdp8Bist oP NRaiftARind Bbgercrith@l conditions for a
supercritical fluid, said supercritical fIU|€)be|n a
novpstskivienttluidrsatdwipsrssiing Buif demg eoargivsat igg the substance and
M 54 {-_? hfscthd BichRfe §0qsegl@,dsa§cp*)ﬁéF%§taﬁMamﬁ39f E'th%ﬁﬁéd with an inlet
_Ieas? par%lally coated particles conprising the

papdrt fredmitting tte ssplstinoa dhad tHeedst partial |y coat ed

by the second substance, said at |east partially

coated particles being distributed in a m xture of

the solvent, the second sol vent and the supercritica

fluid.
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19. An apparatus for producing particles of a

subst ance, said apparatus conprising: a :

pressurisabl e injection chanber capable of receiving
wo2ossRlhsebi on of the substance in a solvent; PpET/AU2007/001515

preci pitation chanber capafl e of maintaining

supercritical conditions r a supercritical fluid,

'sai d supercritical f|UId being a non- soIvent for the

subst an e. and bei ' 'th %e solv

pfed BT ‘H’t’ PEhe % tﬂﬁe%ﬂ HP 8’? o Said
- for conduitt ¢dni@isidyears Sﬁ fvhlivé @lxspﬁdedlsdc}i ek @fen saidnjection

2008QRAQO94PCT/AUZOO&{OO 515 .48 a co dui t connect|%9

t he ¥ Fé%t“? R WFEAoBFgH dhg HE“BP%&P?}P t SOTAOERCHRS Wit the
~sal E’n’t i ﬂcﬁaeméfgﬁdﬁﬁe@dtald iﬂje@ﬁ?ﬂ ﬂﬂ‘\fé/ﬁllﬁ/g cls&P@n8Hion the

suc a n sajd injection valve i an open

condRIEsHgR %"%T ekt J.#mer%ﬁs@e PRt ?’8 ?regn%pt h the

' Pé eCahRiuHétt p&f‘ c@ﬂﬂﬁﬁﬁfai@ ditwh@e p‘iéiiﬁtah&i RRdrhian f¥a bl\l@wmg a
is in a closed condition the |ﬁAect|on chanber is

i somsE@Ee PF dhs sHeergrtie] Sivida e Aie AlHEE 0 &Y thegprecipitation
out IcRimier t- conmuni cating with the precipitation .
chanmber for allowng a m xture of the supercritical

f3Qi drheneppremissel Gaimn l?édétﬁpﬂﬂlwrrﬁméeem geperagian device for

SepaﬁEﬁg%rpaﬂlcles from4He miktBreaRRRE vt M HeduPrdStical fluid while
dditionally conpris a separation device for 10

maﬂ%ﬂelyagaﬁldﬁlgxwyﬁﬁw%ﬁg@ﬂfsﬁ%?n the mixture of the :

s, vefle STUBREE T 19 lof 8jaifd Wod cibriEndTe %%e;s‘ié‘ﬂilsﬁzg for

said mxture inits supercritical statwe.

- pressuppiag fredujegiongibatoleno or claim 20 conprising a

- DEEsSHd @g&aﬁg (ot RIERH bk tﬁeaﬁrgésﬂhféftli eébaﬁfégdfgf{sgune;smg

par at us o clarm 21 rern thepress
the infecterp abdmbeyf topp eprstsies gwgtelwhanhﬁleu PIcesutd saquikd i gnaintain

' mmmhﬁn@¥QB£ﬁ§&£§b9&£ mﬁﬁﬁ e pressure required to

al-n supercri I'tions for the
AbperBciappaalins oF ansdone of clanzs 19 ®th2 aperainahe songirit grignds into

- 19 to 22 wherein the conduit extends
mcﬁgqié%%e preci

‘pi tation chanber. 24. The
dfparBewppahtuamyf aopenefof claahnid 1023 whe®invthe mainpmtnh entemal

B LB e s) RS0 HIEA OB ol B i e

mmmsnhuﬂmnm.lnto the supercritical fluid. - 25. The
ar-at us an one f I t wherein.the
?glp urrr@l ofP Frﬁtél pér!fem p| fgl%lmniellén‘g%rzg'l %Vﬁaf Eige egs‘{omgbe mtv the

precifiifationrbanbdnds atdeastrebonmt 1@ taes the wclinowf ﬂieamb&mn chamber.

28 B PP PR O DB T i flen@licng mace

byapromsmnmgmg delivering a solution of the subst ance
sol ven e .shot

o, Gistvifey £ sotplifn 3 ghe IR0 iR AoMeRL B & epstomsespag info

neap&ettan ﬂufdp rsaidt‘@psmhﬁctaamm beidy heaiongolVesiCioblie: sibkfance
t he ﬁolvent orm ng particles of the

s§pd Q‘HEEHS%‘&FH’IB%P? pelyend aﬂgl ng distributed in a
» Mifsining particR bl thesbmands, Qidipirticlesbyigy disiribualin b ikfire of
27, TE Eart cul at e, sgﬁé nce of claim 26 said

pdhe folyey P APEeTHe T ti cl e size of less than

2boutThe GaRitulate substance of claim 26 said particles having a mean particle
size of 1éss than about 200mm.



49 28. The particul ate substance of claim 26
having a nean particle size of between 10 and 200nm
and a bul k density of betweth 1 and 50ng/ M, said
particul ate substance conprising a drug for pul nonary
del i very. 29. The particul ate substance of ,
clg m 26, WA i sURBRcPSH dihied 86 Hivi8s QR IpARRIE #: of between
and 200nrn and a specific surface area of greater

10 anth@A0kor@d g, bidkiddngiar off bafivacre 1 sandstlmeial comg prgicngteasubstance

- drug for pul npnar |l ivery. ' 30. The
Coﬂﬁﬂﬂéé%éﬁ%g%pgﬁ% _ ﬁggvg?'any one of clainms 26 to 29

 h&g. ng BherRatules fubSthieesdfZ@ainl 26 Rivimes midn padickGsize of between

_ 31. Use of a substance according to any, one of clains :
10 anrg2G0gmmnd; srspepidic warfagea ea.p b 2isRich e d Do d pasticigte substance

- L reat i Ank289 dok:98 Wherein said substance is to

conqggm%ﬁﬁgﬁ%gggy as 6%%c§yand sai d substance is . _ ' _

- i il catléd phoiculhteesabsterve ofiny biee eforbding 26rie 29 having a mean particle

‘ s_izc of betwéen 10 and 50nm.

3L Use of a substance according to any one of claims 26 to 30 in the manufacture of a
medicament for use in treating a condition, wherein said substance is to be inhaled by a subject-

and said substance is indicated for treatment of the condition.



