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Particle Formation Technical Field The present

invention relates to a nmethod for formng small
weamsieloes. Background of the Invention The bePef/AU2000001515

decreasing the particle sizegs of pharnmaceuti cal

conmpounds are well known. Comonly referred to as

m croni zing, the reduction in the particle sizes of

har maceuti cal conp Ft? about

Ionprovemants in di ss’g‘? .%%7'—8?0 ?@é’ as well as nore

convenl ent met hods of dechnieay Fieldhe nore common

f th oni of . har ceyti cal
corbaumr r eiisd el Misd PEamRB YA Rehtss. t he
Rapi d EXIOanSI on OBa&g)@bﬁHlJﬂﬂ%'In%h%honS (RESS)

Gas Anti-sol vent (GAS) process, the

th
g‘ﬁ@i‘?ﬂ%e@élq% drerepsing themagiclSyizeeoh RhasEsjeued cempornds, are well
knoWRl € Coffedtly YefelBg tg)ea@rﬁﬁ;?&{ @t Hﬁnreﬁ{wtﬂ%aﬁ'{;

Li quid Organic Sol vent rocess i OXi
phaynopyti¢al cemperndmhss bn@sghtmhou@l umprcwemanﬂs modlsstohltwasproﬁles as

b t \Whi th
VRIS SO TSI, SPRLRED i ipol o5 for
mlcamlziitlsnlofmiianmméhﬂeal (mnﬁﬂhn@tvlthdberﬂb AA¥@RCY teeBhology include

e RSB S8 SR T e e s

(GA(S’)g?rrcbbéssS théJtA@Gﬁ)l CSYN it NERBacHBAT SRESH t(IAGHS C%%HP&E NgR more
features of these Erocesses are outline

rece@t{g tha Represpuaizgtion of er FepandetLéquid Myzanie Selverid DELOS) process.
CarbIAGBRIIEY gb&)al% aGoHR e&p? g@éd B&G }Q@é {fl ﬂlt?t 3 q{sl{}a'st e@mh&ance and ease

introduced into a s vesse
of appbieability. While ghé REHS argl DﬂEéJ@S ptacestac atihzentiensbh& supercritical

v 0 e bot h a.,s The worKkin
OB LR B A U RSB LSSt e s
and mmmeetsempmmmg aﬁﬁ@glv&r(lt C@s)a ]&?f @ﬁlld&?]sfedt(ﬁ)zl 1ﬁfd&%&ﬁ§@§bluﬁons
sin on di oxj de romthe top o e
CON\%’%’S%P “R%%@? %h?? Yrocess is al so known as the
Swps/fehtites @atheé@%ﬂoc&@ém%u@ﬁ%& 8B8GSAS) . Anot her
rocess that is technical simlar to the ASES

GAY o velymeof spyEosgpripingtg @Pﬁ@é‘f@@@h@@}?@ﬁl@l epmpyund(s) or working
solu§Hﬁ’q1§] Cfﬁtfc;d'uﬁ irfed 4 5166 SERR) ot Ia{}nt‘ndoé?Féﬁ ﬁfer éﬂrg gAﬁt?sollj\;en? is then
an owr at e

i's physically punped at const
intradagecd inte die aessehfomnthie slmlttonnthrd)dghow gpargerc ﬁ}hb Ivlr(&kgng solution is
owate of th
expfi 388 g PRFBRGR of S BRFELirpNeq oRomids Gieuisr The precipitate i
rinset 115‘!3? passing chiboh ie]li@ﬁ(ﬂe (@33 Iﬁ%tm:@lgftd)lggf th vedas]. ei“ st where
t nt roduced cocurrent to
ASE TGRS Brochias 55 Ane i s e wresiiol AP bealsusiem (SAS),
Anofes prolessth@ERSechnlt@1 YRkl £ 0 SR A?]fig g)tréc%gét {gtet?é’ggﬁﬁgn Enhanced

coaX|aII§/vv|th anti-solvent to e '
Dispersion by Supercritical Fluids (SEDS). In ASES, working solution is physically

izes of
e i

pumped at constant flowrate into a vessel containing antisolvent through a capillary
nozzle (micron size range). The flowrate of the working solution is typically in the region
of 0.1 to 4 ml/min. Different nozzle configurations exist where the working solution is
introduced cocurrent to antisolvent, the nozzle is energized with ultrasound etc. With
SEDS, the working solution is introduced coaxially with anti-solvent to effect better
mixing between the two. After delivery, e.g. spraying, of the working solution, the

precipitate is rinsed with CO, to remove residual solvent.
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m xi ng between the two. After delivery, e.g. spraying,
of the working solution, the precipitate is rinsed
WORas/0ED4 0 renove residual sol vent. DELOS: Wor RETgU2007/001515
solution is introduced into a sealed vessel and is
next partially expanded wwth CO2, simlar to the GAS
process but w thout precipitation occurring. Expanded
DEERISUIWBAAS shRGBn # 5Ol dﬁ'@eﬂf Ua{ 5286 gf%gel %o AV fext partially
I nto anot hér vessel un I sobar1 c con I ons.
expandssi p'iit&laCD@,n siogleurts thel GA)SM prgcase foue s thoug préoipitatien aoccurring.

N T LR T

1solm&8doﬁ§1tﬁ@ Rrecipititica0edtust foll@Wiﬂgr Wﬁ@zaﬁgﬁﬁs a'?gs%ﬁ bfScritical
ech the processes describ

I tt
coo Eééﬂl@%é@ %gr ?mlc%ﬂ Cex flaghesgdh Frpéecmquﬁeaﬁynnsed by

sia tort@rdBe 3P e plchgrhar maceut i cal  conpound.
pas é‘zgr?}cors?or(flgentsOare added (if any) in very small

RE&%DuR%StIé taefwiigally didteecns dot the ryobaskisl despribéd wheve. RESS uses

o R R N —
Orgnee sitleehty e eldded L(ift exly)wirt ey ﬁ]lnall ahounite t@)qndidlf}dmcrease the

ven ntrai nnment. of solid pharnmaceutic onpound
solffifoRr, 8 bEuBEE Rl SBuwoin®] E’ FECtiRE caiam mioade. Thus
phasm@@ﬁﬁealtdoﬁqiouﬁdisare 1640 eb Al JeRIgd GRAE] fioBhRd GARPD G Bfthe exit
di ssol ving the rmaceutl cal _conmpound. Wen

to mieveas salryinmgp rﬁo d phprmacspiical compeynAs pus pf theyveprel. The vessel
is ﬁgﬁﬁﬁlzédowﬁﬁ@ Fé%cﬁf‘@al'tﬁﬁﬁ %‘%gettakiﬁg $0hMBLAS Edpa g{ (Hh(ﬁssolvmg the

har maceut i ca corrpoun I nt he super critrc
phanm@tutlg@lt eAmapgung. tN‘&leyupmemarst, i arghnic aaobrmnsh(goescdeewx may be

add,te@ e(% QH@&@%&&JM ggase SRR ﬁft OI? $he gﬁ%{rﬁr L ft gorfnggllm% into the

epressuri zed T nto ano VESS
supeﬂpltlbdlarfylamz Afert eataraﬂughtﬁwvmpemheeeﬂuroarbon dioxide with the
Depressuyri zati o f the su flui.d causes
phagnicediral srighoude e, Suheselsal BT i anoftr vessel

thr(ﬁfgﬁfal dapilRty AskzRf toll By PléNeyY ﬂissﬁﬁ@' D@ﬁre@ﬂﬁ%&ﬂ@(ﬁﬁéﬂth@ @tﬁpercn’ucal
ounds 1s_effected. Prec:lpltate is retained in th

ﬂuléééwa asangic deppasaln ijs salyaing power and thegyegipifation of prekusly
dlss%ﬁ\)’eﬁt Iﬁialrfnééeﬁ.l'u@:ﬂ éo?lgﬂbglhﬁé“??ﬁf% ??ecﬁgg% t?s(r)]lcé;[l , irfnlsn e second

capl | Tary nozzles oW at es
Vessﬁtmmﬂymtmmtcmg soI ut| ons for precipitation. Such

| ggn\évgl%ll ys{a 1285jl gﬁ %ec 183%3 %c%gaé% ﬁ@d" %&g%se caplflary hoyzles and

low(ﬁ@mtee n0ilitoal mf/inm)d)) ateagizy stodltihg E@Itltl@ms foe phutipideion. Such low
introduce. antj sol ent toaworklggn tion or vice

deliygnysg!ey A duRiing Sortians ke £RbY fsdipus Progrgsing. Existing

SCF @§upRicki®idalofluidP Ry A18E4tR tﬁé}ﬁﬁjc?&:@tlﬁtrod‘ﬁ%e anfi§iWrk to a working
secondary nucl eation and cryst grow h occur at

solyions gF efite rrsas gersivakyli ing cluted gawiunise deading: dat thet famation of
oY P SBPRCI P AL 0 S B e
diffdienf tatag|deperaling an h)cahza‘dramcémﬂanom dhys reaplead twbroad particle size
distﬁ{)gtgéjn%talng inconsistent results.

Prior art processes are often difficult to scale up from laboratory scale to production
scale, due to scaling factors with nozzles, flow rates etc. Exact working solution/anti-
solvent ratios are also often difficult, if not impossible to establish. Some of the above
processes require quite complex equipment, resulting in additional equipment expense.

Existing processes commonly prove difficult to scale-up because capillary nozzle spray
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scale, due to scaling factors with nozzles, flow rates
etc. Exact working solution/antisolvent ratios are
wabk®s/oafoven difficult, if not inpossible to espeabAUSI07/001515
Some of the above processes yequire quite conpl ex
equi prent, resulting in additional equipnment expense.
Exi sting processes conmonly pr ove difficult to
patt%ﬁfél & WRRERAYSEifcARbdd WO 3 %Zs o pﬁd?WI? LUL Qﬁfﬂ%ﬁlt a[o predict
function of i1ncreased wor Siat i on ow at es
(ASHY$ A8kl Alse,herequipessses A@E@/esms)phwﬂed dlesighef eriticad @qm;;a@nt for

exa{ni)?e n%{o%le%rg%@n%%&?a o eﬁm )e?? Pgﬁ%()f ?ﬁcl%rlhxtwlbtgﬁ]%g lﬁea%ggg 8?122?68 used in
ex1mngiprﬁﬁ§§ss draprdead \tloppird anl th%&'dnﬂédlioﬁhamf?d pﬂwltpﬁate at fthe nozzle
ornation of a

. ses, are ron to cloggin
tip g ?%-1 vih é?Voél‘f%Eﬁe utigy Z‘Foénlg?%ﬁ)fﬁg Adertionall YIRS WEP9ERT¢y Operate

with ebnteh@iticH SaliealsicRR3tin %\ ihe ';ﬁ&gﬂ)ﬁa‘ﬁon hhBbeNBRLRE ﬁi e§@pment
operate with concentrafion adients existing in

of thyse Presiess “@ﬁlctﬂéﬂﬁﬂ@rposrs@m aind gaiwpe efqthiewnpenﬁtfauph grpdients.

processes woul d al t@rb @;VQP ?ﬂd nature of these
concentration gradi en j ec e Ilnvention It is
t He lsbheaibjem dfh@emremhhnvamﬁentmomusmnﬁﬂbsmamtbmbI or at least
er.cone or te one or nore of the
ameﬁ}%ggoa?g SEVEN ?flég%ébovgm adgfe the Invention In a
first aspect of thSuhm&rytdrﬂfhéhﬁ:céeptioﬁ gr ovi ded a
pr.ocess for uci ng.particles o subst ance , .
c IS st ﬁsgwctp %@ﬂ? w&nﬁa& gﬂegfoastnrmaﬂe@a PFOFESSIom BrQwsing particles
of aduB&hY@Yonlpishly: | east one shot into a supercritical
f|UId, said supercritical fluid being a non-solvent
ror defiveriagBstodptinn ahthepeibalgnes éeiabsadvent tin at Heast ong eshot into a
ridi ¢! C
par up 1{3 Aggf{hﬁg 1(? aitwgp ﬁﬁ%&égﬁlﬁ tréulr%en-&ﬁll%'l% efor the substance
solandrhemglmsbibthewubdremoi\tent;ahdfl uid. The process may
onduct ed .wi ut .t he use. of pill.ary.nozzles or .
8 PrRERE RS B sttty Pisbporb Rl bds GRS Buf Migare of
MBythe eoloetdiue tietkupsrcatisdl Ti@ bol us del i Very of the
solution. |t may caonprise deliverin i nj ecting)

The pracess |y Bh copfugted; wighout dhopss o ¢ %l?éy SQpReToY rifigs to effect
atorhlZdiiéh. |t may be conducted with a flowrate of the
solution into the supercritical fluid of at | east
abldhetsten pideliyering trhlyabefqooducrtqi as ofinghst hedendellyerpt oDths solution.

It rﬁ&sj ncga e 1(96%{‘/ ne |d oeg’t\i/f@pl[i% Q@%ﬂo I nst ar?gtl\?mn%ﬁtj Jnto the

supelhatle;aﬂaﬁmdoﬂt ai]m,utbe Ocohdactdd 50iflsa  fTbiwe rstt:e@f ¢lie solution into the

TR I PR S I SN CN Y

abofio1 00108, MHikd @éhv%ﬁn% hayPBe insedn@meods6r hédiBy i‘i&fstaﬂ@hédi@rdr%pld It
may be sufficient rapid that droplets of
may occur within the space of about 0.1 and 500ms. The step of delivering the solution

may be sufficiently rapid that the time for said delivering is shorter than the time for
formation of the particles. The rate of delivering may be sufficiently rapid that droplets of
the solution are distributed throughout the supercritical fluid before formation of the
particles. The rate of delivering may be sufficiently energised that droplets of the solution
are distributed throughout the supercritical fluid before formation of the particles. It may
be sufficiently rapid and/or energized that the solution is distributed throughout the

supercritical fluid following said delivering. It may be sufficiently rapid and/or energized
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the solution are distributed throughout the

supercritical fluid before formation of the particles.
wah@snoaes of delivering may be sufficiently enp€hAB2M7/001515

that droplets of the solutign are distributed

t hroughout the supercritical fluid before formation of

the particles. It may be sufficiently rapi d and/oL

WA SOl 1St Qut

thal? NEOGIeRE Tl (b SPRHDET e, el bR, PGty or
homngjzncmlsmﬁﬁdugheuttthwsupamrmwrtwm foll-mxeng saé db]i]\wmng

oSk YRS R Hohe B ot S e ' 8 drren
predipipationrdhiinbads. ffl hbd tﬁalﬁ biwdingle SBbtdis @6d, \wal iifthe shbisHBE fito the
ots may be |nto the sane

t han .one. shot t.h
SamGrPr%ﬁll?lfaélPQﬁgaIBL’%fe H‘ﬁi‘/ sheyl éﬁeéﬂhﬁ%»aély ST F?élﬁ@ust Fiesimplianeously.
If BN HOtinicS diS&Ent gﬂé&m{atlt)ﬂ echsctﬂ‘%%% 8y kP h%nay not be
same precipitation ch hey shouf d be
simylfgnepunt i al |y si mul t aneous or si mul taneously. If the

S rlﬂ ttﬁlsaéo(fltéx’at {ﬂe dthtng %ﬁ@ﬁ%ﬂtﬁﬁ Cénﬂ{ll{tﬁl sn n%ah gr'r‘g? e;t?) eve gythat are

an e
sufﬁoeanﬂysxlmsamaped tlyit themualrtice exza&flmfyparraéleﬁ fdlmed\lgznﬂhs process is

at_are s Lciently clo spac th particle
the e a0 bF sty Biak Soisbdiotng SRel b oibeshit Magehe seperated
by lsssnamsboud I5061|i11§| drélesstthan abdu 300 @P 1 Bink e& BetRBRPabdun0laBd about
shot. The shots (ﬂg%/? be separated by l'ess than about

50055 0hRtwey ahousd apdalhpuh O0rs %‘eﬁtwenlwt 06rd pemeen
ahp e Pepb¥cAROH e AR olPﬁ{(? 10% goléélﬂ aﬁ@ﬂ#ét superecritical

100ns or between about
fluidjatay \perspelythat the spbstanse d;ras tavesalnbilitit is aomlm oefdiha/smﬂrtent and the

w8 S THRECES LS Bhe Kl 6T BF R0 BBt 110 0
vohmm& basid, andighhdasisiperacmotd b&dls fTHis eationnsti rdlaktedtd the dhdunt of

1
sotvi i TS Brotoon & B lofl ciiova) Of SRS 1abieShoprincsaid step of
deliveatnig0d Difiyig atd ahmectitd efi@ e Be Q>ff f&ﬂhﬁg e pdHidles tAOLShditions
shot, or to the total anpunt o solvent in the shots

(tempgrague gnd pesswae) indhe meeipigtiomehangr shewld herseshabasitye mixture of
supedértfial BRI SaCR IRt {OMMGipbREHRA S ! @oc‘mmttoﬁgf during this step the

conditions (tenperature a pressure)
temparefgrqetithe mpxtursheitbler alwbthedaime (s.gcwithimatbotth® Calsius degrees) as

e T
mixtuenwét be slightlgfhigiee (a1 xdboue] W 2(1) bdrehi gtie@)ithah st SAFAR supercritical

Cel si us degrees) as that of the
ﬂum‘slﬁfb%rtgmetsit?a?fa%ﬁv?@“gprl or to the step of delivering,

aflﬁe tphscely R8P léﬂ@ltl@ﬁaﬂyh&)rg@rige%ﬁ@ steh lof ppﬁsﬁﬁél%ﬁieysol tion with a
gher (e.g. about bar her) than l%
gas %P‘Eseéi%? erepter dhan thptlgfdhg p\ppgrcrgttpa?ﬂgldgh@preoj‘ehvenng the solution
Tt e t Y. C [1:S

it L st TP AER A2 AL EPITOAS: bin
substanéigBy ingolyblean dhe &toﬂntmm hat of the super crl tical flui IoI
t. into S rcritica

U KRR R T A TN

leastaabobe2Mbar greater than the pressure of the supercritical fluid before delivering the

solution into the supercritical fluid.
The step of delivering may comprise opening an injection valve so as to permit the
solution to combine with the supercritical fluid. The injection valve may be for example a

ball valve, or some other valve that is capable of being opened rapidly.
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substantially insoluble in the solution. The process

may additionally conprise pressurising the solution to
wa2psesww e at | east about 20 bar greater thanPChaU2007/001515

pressure of the supercritica fluid before delivering

the solution into the supercritical fluid. The step of

delivering may conprise opening an injection valve so

2 E%%eer Sé i cglrln 1%%239 Lbéﬁls ?%f {co ec?é@l 5 rb%’étf%éeshtﬁtﬁ(?}‘gg%utf%? mixture of

the esdarem zmdathb aslupercaticed , fluid. Mepbﬁ éornvAg weayt budisist 81 forming the

e of be 0 dly. The st pof form ng
par B ResFesRneotaly. R SRR iehE Raioreics e {RotRBLES PR ture of the
solmﬁwtﬁe@ﬁpeﬁ»&}m@pﬂm@nt and the supercritical fluid.
Th step of form ng may consist of formng the

RIPESSS Asprsgdiionaldy gomprisesigparpting theinaticles from the mixture of
the Q&WW\%' S0 eﬂcﬂfl@él Qﬂlgii‘ 1%519_? s@% hﬁg 520l Rbted while
ritical . Se

and the su
maigigtiing 6x¢an£c9?urc annis ISSBCTS@]NBI atiaien Q“ hB fpeoqﬂaafr triayladditionaliy comprise

wasHﬁg tgéﬁérxﬁ&%s Wlthttﬁ c‘ﬁ‘? 2y n‘&g the supercritical

e step o epara may be conducted while
mi’ het pioness gmbpeadditiohulle dompiits depireseisidg gl pgtiale®.to ambient

proces addi tionally conprise washing the
presglérretal QRS Wﬂaﬁ%l{nﬁe supercritical fluid. The process

Meheadgérthngaliuyd #RAFRbIpHsdRRhl St dibRidBaTid Lt may
t o_anbi ent essure after said separating. The
be rS@NePF égllnai’ baiadoneAduedisPlvsat efilaredquepys sodvent Aitissnbstance

maydbé”%rdiﬁa 9&! Vegﬁarﬂi%é/elﬂ@al B su%gt{axgénTheTs:\]xbg@Xce may be

a non- aqueou sdlv t or an ueous o)
thergmﬂu@tcdbcwwayﬂtﬁesubenanmyaycberﬁrrl exempb 1phﬂmnhy<ﬁutypralbylyted beta.

cve bl BURIOATES: ElBaR Bh A 5P TRl R e Bl may
be yatnok ypsulipy $yatiediciasding we li@ext dnaloguBUude 5RTlE €efVative or any
[ it SI or conbi nation thereof. The_ insulin
O“NEHV 138 Berchs Upe RS Ry sy CHBIET €T 1788 b a PhArmaceutically or
veteriRgrillyi ébc@ﬂ@ﬂ)l@géé@nelaﬁl boEbinhiforfl it Qtﬂh\éﬁn%euﬁga}ﬂ oL Vetermarlly
conbi nation thereof. The substance may be a ca er

actiyg Suhﬁtyn‘ﬁfe The Qmemgg ew,hegﬂ pe;atlde, a/rotein emarialogue thereof a nuclelc
a01da§19 %Pn%eﬁ'ilf’é alé‘l:lﬂ&é?ll & ar BntfsHR %aé %;Htam cnlé he substance may be, or

pharnaceutical Ty or veterin
ma}'sqmgtmn;:e dmayoxbd@ acgieptd Umnchocblatm,ehwmm gﬁﬂ\&h d@tifone, human

ucl ei,c_aci d n, or gani m c Qr an
sl fops Py GuRbustysPhpSiisy Subehincimd) Gatrapoictn
epom;/ Eaxmplf iVSE hcammy Iﬁmr/]ﬁﬁjh A@iﬂfalM Hﬁteﬁf@ro@r Breh qgteh%%dhr Gamma,
wt uman 0 or none anal
Intef 2 AT HRAL AGHY&RR: CAFGA). HispaPn(t 150, Betiseron (If ),
Hun@ilin hN@ﬁSlinE‘t Lﬁﬁroe PRisBliA NAshRC! @ﬂaréﬂnel 'Pe &ehhlfase G(aA %i Epogen,
Interferon A nterferon Beta. Inte ero

Regrapese (PRGK), N Qvosmqm @niife), (InfrompA, Meupogers @ulmPA)me, Infergen, an
09 o BRSO R L B, oIS, ncpre
As Jafo(f@RAS) excipients, polyethylene glycol (PEG) or polyethylene oxide (PEO), a
polyethylene glycol oligomer, a polyethylene 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
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Regranex (PDGF), Novoseven (F Vila), Intron-A,
Neupogen, Pul nozyne, Infergen, an antibody, a
woresokonal anti body, an enzyme or a car bohydretBAUZN07/001515
General | y Regarded As Safe (45RAS) exci pients,
pol yet hyl ene gl ycol (PEG or polyethyl ene oxide (PEO),
a pol yet hyl ene glycol oligonmer, a polyethyl ene oxide
[ e r I 0
coafdld! ‘gmconp%ﬁer ?Lgbgﬁgx% g'lf]ﬂoﬁtg Its%lﬁﬁglﬁ Iﬁ?aﬁ/ c?omrpr[sg coﬁ%sé%g)%s,t Wéereby the
pariacﬂos/ ef thet dfubatapbmpm}iueed by dhd prcmessvmﬁpn%ahé legre particles at least
e carrier The sol ution may conprise
paﬂéﬁ@‘%ﬁ%@ 85&‘?5311"5@ 1n this case, the process may be
ammesesmlyaaumbﬁagt cdiirisedhd dtepssHt i Ng the suspended
ri cl es W|th t he substance It may be _a process for

PR paplptien ek serond sebsigmice in @é@ﬁ@nd selyeni i @f keast one shot
parlh‘coc bR alpel @Rl ﬁﬁfdt 'sQihl éﬁ?%ﬁﬁgal"\ﬂ&ﬁ 64‘1‘?& \Aﬁ)n\?e%g for the

Thus t he soI ution se core partic
t hesepend S@B@chdtmmmbs@hwéh ﬁmg@'eidsoment, lalad proc es S

e {@%ﬁ% 2t li]%sf}%{;l]@aéﬂlaﬁ%'te%l ?alg’técgéssco?rla Sr}sn&a]ﬁl% :pgl%jiil }/ers 9)? %he substance

congirleast patteallyt @psedoby thedsddove rsubgalace$ @dudt dtdeasdfpattially coated
| east n e

second .s sta [ second sol yen

S har RS Ao ot B2t gf e Sxpils Big seFeti sorteay and the

fl Lgugeﬂ@ﬁtlaeg fRiidion- sol vent for the second substance and

being mscible with the second solvent, and formn
atAmRans ohEors af e 2hoxe oatipns ey where @RprapsRteg be lsembined in a

parti’c,%'latr'eﬁib%ﬁnﬁén g,gq%hgﬂce at least partially coated

by the secon substance, said at |east partially
cdat & epdodingdng ofbibie rigvelitionr thiewet éd pravidedna xiracess dbr tphaducing

e sol vent and the supercritical
paﬂ?ﬁ%so S',&Rgtaonecogr %Dnlge of the above options may, where

ap piechpemlag e, sddetlmo roifi the dsubBtaficar td gulvasit &MaodingRNthdfinto a

the invepti.o n.an enbodi nt. of. the invention there
i s PYVIHe Lrigy ik Swra fﬁa@cbﬂag Sehar el dor e substance

subsiaReR HREBI ®ithehe sofl@hd, ¥8d i Ng a sol ution of the
substance in_ a solvent in a single shot into a

sugereingtnagialess ofithe substange.sajsepasticles being distrittesbingymaxture of
nor{hé?c%lV&Rtan&‘ﬁ{ déupgrcﬁﬂpeﬁtfﬁﬂfe and being mscible with

vent ormng particles of the substance,
sdndmpthet ewbedinizst nf)tiei iaventiont thereiin peovided: aipsocess fohn @roducmg

art%‘c?s 3% ﬁqg th% supercrltl cal fluid. In another
P mentor PRE PH¥ention there is provi ded a

pr qresssrifing apsodetioni @@tmaerubSt@h(&'SmOﬁ polas UbBANGRh a gas, said gas

co rjsi \% F ﬁsurl SI g@)ol uti on OL‘ It he substance

ving| low, epsiapally neglis ity dn glegfg tion;

. delivering the solution in a s1ngle shot into a supercritical fluid, said supercritical
fluid being a non-solvent for the substance and being miscible with the solvent
and said supercritical fluid being at a pressure of at least about 20 bar less than
that of the solution after the step of pressurising and before the step of delivering,

o forming particles of the substance, said particles being distributed in a mixture of
the solvent and the supercritical fluid,

* separating the particles from the mixture of the solvent and the supercritical fluid
while maintaining the mixture in its supercritical state, and

» washing the particles with the supercritical fluid;
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having |ow, optionally negligible, solubility in the
solution; delivering the solution in a single shot
WO nios/ogosupercritical fluid, said supercriticabCT/AuR@7/001515
bei ng a non-solvent for the-substance and being
m scible with the solvent and said supercritical fluid
being at a pressure of at |east about 20 bar less than
p i t
wh AR ta ot A utbbll oF e onloHF il 8 FherlifS Wl deh that the
subgifindettas dasb solmbiy irsaimdxtper of the aslvesti ang tHé smparérutoetiﬂmﬂ in said
a mxture of the solvent and the supercritical fluid,
%eparatl ng the particles fromthe m xture of the

S(‘Ih\aﬁﬁtheﬁeﬁbb(ﬂlﬁaeﬁu pefterintétidh therdiig pydvids apfd%@l fok PSoducing

rati

t he relnlts supercritical state, and washing
partiqles %P‘é%e GRMPEISIBe supercriti cal fI ui d; wherein the

o atﬁr@ssﬁlfmﬁé‘ 8 s@lﬁﬁb‘ﬁ‘ B?th@fsuﬁé? B ¥ %Gﬁr I'\‘zﬁth n1trﬁ%en fo between

supercritical urdis suc t hat e st ance has low

solaboi lwndrﬁbautrﬂoﬁtbﬂr,e of t he sol vent and t he
§ uD(f%ﬁ %ﬁﬁr% t‘flgfso{ Hfl q‘/l{hnn "illme al Id of. bgﬂﬁ%? her gnd about 500ms,

nven |on ere |

pr axréJ@BNefen labpmtoldandl T9npatnte ai;ﬁscrﬂfcalacﬁbﬂiﬁdlaﬂlde said supercritical
[ [ ubst nce

risi ress rising a splution 0 the
o Bt dide PR e P e FAeg S FORRD Bifuja: 0100 ber
andeszliBat thaPOf B solutibdl ANee ihd&ep Bﬁpﬁe@,klﬁishrgaﬂﬂ beTbR e step of
tine_period of between about 1 and about 500 or

betdii&sigout 1 and 100ns, into supercritical carbon

di %hﬁﬁ paft s SHRBE Gistd ‘8@'3&1 aﬁ%&g&ﬁfg&%%ﬁ%ﬁ?ﬁh%gat g?xture of

pressur In the range o bout
| eghe Sdlmnttahéthecsnpcrhétl@éﬁlmd on after the step of

r Si f he s el hverin "
eS§ é&ﬁ%ﬂ?@ ?f‘rgwggf ?rﬁe&‘g Jﬁg&%‘gﬁ Ce}ft}?a?oéveﬁ‘ﬁr d cihggsupercritical
beldaﬂ)odl chtmddowhﬂelmgmtanmgxheJmectmfe ih ke sﬁp&r;vﬂlittal ﬂfﬁté, NS
supercritjcal flui arat | e particles from
the’ J%’eep?ﬁ“’]leﬁgl@éh?@ﬁf nltgﬁbrlé dsupercriti cal
whegéh RRE rﬂioowo@ﬁnwélhﬁlenﬁidm Aol &gw%fgﬁt We@lt)r@f ihe drﬁcﬁmts of the
supercritical state, and washin articles wt

SOlVleﬂ'eafélLﬁﬁé?fémlﬁql catbon digtle igfreiveien abWé 1¢ H 4ngl about 1:50.
(MR Y5 H m !)Fthgq{ls%’l?lg)la\ggérrg F% p@d@@d& a?{?cgﬁefor producing

anounts o e sol vent "an
parttjﬂemf@esubstalt;etomwnsmgout 1: 10 and about 1:50. In

2 BroS i SR Ot o e g ety B kb Sl pufgzenS between

combbms]l410gmd apo®@90MWagi Ng a sol ution of the substance

I- n d%heeorgnagrthg %Lf{l%grtl 11\1,%/'0tsﬂper}rIc1§1’cr1(§.)a(f\l %Qrbtor? d?oext121A§ %ald supercritical carbon
dioxide being at a pressure in the range of about 20 bar to about 100 bar less than
that of the solution after 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 supercritical fluid,

o separating the particles from the mixture of the solvent and the supercritical
carbon dioxide while maintaining the mixture in its supercritical state, and

e washing the particles with the supercritical fluid;

wherein the ratio (volume:volume, mole:mole or weight:weight) of the amounts of the

solvent and supercritical carbon dioxide is between about 1:10 and about 1:50 and

wherein the delivering is at a rate sufficient that the particles are formed with a mean
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about 140 and about 200 bar; delivering the solution
into supercritical carbon dioxide, said supercritical

W@ 2008040004 oxi de being at a pressure in the raneer/aii2007/001515
about 20 bar to about 100 bag |ess than that of the
solution after the step of pressurising and before the
step of delivering, formng particles of the

parﬁéigstfi gt@rf ofsﬁétgveg hbit £F 89%%0%38{( b&%@&' ab?ﬁltalo and 100nm,
m xture of the solvent an e supercrrtical uid,

andderpaitiani budk dessityarft gredtersthin @botthe and $0mgtnmipfand/oe with a specific

ol vent .and, the supercristi cal carbon di oxi de while

Sur%ﬁ? megpﬁgw&tefﬂ-@nrﬁgg?tﬁ)gl ?gh its supercritical state,
anthe mashbyge bbsyvaeanbow! 961 Md TOAINE of BBEF<ehiabbwal and 100L/s or
fluid; wherejn tUe rati o (vol une: vol une, nol e: nole or

betvigs }%Pﬁil(& fhe anounts of the solvent and
S URehthdr! GRboREROhel RXbARIdR PREYRED f&bgfgduéih%%neaﬁsulated
about 1:50 and wherein the delivering 1s at a rate

partigles ¢fod substanesagompyisingarti cl es are formed with a

il . Lot | 20
aF P bie S bR, SorBEE U APShed RIRH g B botvens,
densii y sofglgsleattiato & baperalioat fliidasdid>pgronticalafidd deing a non-

Wi th S ific rface, area af .greater than about
Yoo FaveRTE s SuSilinse 6 et dls i e S 3B 001 o
8y beswBen pakielss of tanshibbRNd, Safdl pPEdI¥ERan 2 BRUibulQ ANE mixture
100L/s.. I n_anot her enbodi ment there is provided a
pr oc@gglefsélr"eﬁfr%@tfbie pepeEsitispkiinidt ed particles of a
b Lamee: hdi . i : L on,

Shpt PR FnE Y bl SPid), ARUR APefabhliah GRUE! Ha sccond
i n aselvenl anshotinglatshoh igtop e siparewticat | fliid, hadigl the particles
superyer it | £ Ll el.ng a nonsolvent .for the
subs P L Indiole LR spBRRRRM YRR 1ePls b dfrusshyent for the
b) f annipngamiahﬂibeir@ﬁnﬂéiblehﬁiﬂsﬂb&?@ﬂﬂgoh&lﬁi, dndpart ijcl es

ei ng di.stributed i.n a m xtyre of the solven} and the
ghpe THRE @a"?oaélp% iof ?h%fn‘iﬁ‘B?‘?li%r?rh Bt a§tes(98i*f’d°£ qur%a?s of the
conpkisstange.an encapsul ant di ssolved in a second
solvent, in a single shot into the supercritical fluid

hattPng thesldbe eondusted aftst ptep ad.aucierrdbeefieratighb). 4 gncapsulant
may® YOG Froldctif@maldritl 9n REdR 9o %ﬁlg&wtﬁt@ lhs\ﬂtﬁﬂﬁncfeoﬁorhgﬁ environment in

encapsul ant and bei ng m sci e secon
whigly theegncapsatatediarfidesameplaed, catit mgy bé a tdste-maskips olateninl in order

L S M T .
encafsubant giagbelhiocohfyeatiblecaidit tasdegfamiyblecn ahPh@h@Ebbde During the

erial.i.n order to_protect the substan from an
delag(géi ée&rﬁ%ﬂ?n iof encapsulgnt 1n-\§;1vo, sustaslned or (fe(fayed release of coated

material into the body may be achieved. The encapsulant may comprise one or more types

of lipid, polyethylene glycol or other Generally Regarded As Safe excipients or a
combination of any two or all or these. The first solvent may be the same as the second
solvent or it may be different. It will be understood that using a modification of this
embodiment, additional layers may also be formed on the particles by repeating steps c)
and d) one or more times (e.g. 1, 2, 3, 4 or more than 4 times). If these steps are repeated,
the solvent and the encapsulant at each repetition may be the same as or different to the
solvent and the encapsulant respectively of another repetition. The present invention
provides layered particles when made by the process described herein. The particles may

have 1, 2, 3, 4, 5 or more than 5 layers. Each time step c) is conducted the amount and
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whi ch the encapsul ated particles are placed, or it may

be a taste-masking material in order to mask the taste
wo@RooBheosubst ance during oral ingestion of thePCT/AU2007/001515

encapsul ated particles. The gncapsul ant may be

bi oconpati bl e and/ or bi odegradabl e in the human body.

During the del ayed degradation of encapsul ant in-vivo,

USO8 TN 5 L 500 ST G0 g ) R

a simgte phasm) rpeeferyabls/sacaingle pupkrepticay giblayd, eme ycm»ln saivent for the

roe e SRSl R0, MRl B Rl Bt may e
a cRmpleRMdoatiBy of thel Freticlad®r ﬂé{)bba e el g sall¥anbbAk 50 60, 70, 80,
e understood that using a

e different. [t wll
90 ?@é F‘E"’éljlngbﬂng‘le reidesenbodi ment, additional |ayers nay
al ﬁﬂldki?artflélésf%%eoébattéaem%% g)?é[ﬁ%dbéé 4 ﬁﬁﬁéﬁsﬁcﬁgmsel &ﬁ\senﬁ) wherein

and d)" one or nore tines 3, or nore
the golyprteoontainsfa dinepd eedsenepyss Thm suspesiont mey lognvkendelivagkd into

the %&%alﬁﬁgzgpﬁﬁlldamﬂe?tsaﬁ%[lv& pt%‘é' g&}%gulgﬁ]t %b trfrhgah?oaa%g on at least

rent to the solvent an e enc
someadibe solukparticbs. aSolid partickep atiitdhilofor shitiea pbaii@l’téchmque include,

but g bt o cometian o o4 BRThageizghgiediens and

theis dedvatbred infR4rRali18 %ﬂc@cg@ﬁfﬁs Sand Eﬂ@dl‘ev‘idegeth%ﬁa%ﬁut@ age‘hts such as
onduct ed t he amount an ture of the solvent shoul d

eryHEOPSIRER. EpRIt, HumaAntiem cells, miglsetides adcether pefaetorsnagents used
for %HJVY\%‘tu%aglﬁgaarﬁi' 'E%l@g@eﬁaégegtdg En it pYot@ct?d ngﬂoﬁ‘h environmental

supercritical phase,” and Fvent
daﬁ}@aﬁtl cl es and the encapsul at ed part| cI es Therefore

| a lete . .
CO : ﬁga%n g&%gg%e gzerg %_B%ynégeﬁ aapybogﬁs- iy p(r%(ﬁénngdPartwles
said mﬁd:lesab@npnﬁﬁ)g c6i@, partitlessd) le30 partiaBp Yo padlard by éntepsulant,
icles. .Solid particles to be coated may be
Saldpﬁ’@%%? SRS s yspensi on in a sol vent, wherein the

s ol deEntrigont dispsrstordiof Sk VEste epsapIeY! ﬁnﬁ solér®, said dispersion
suspensj on may then be delivered into the

superPrisiiecihr enpanstlaniin selutien.dnd| lpgssiope shpinto a supercritical
enqﬁg§ @aﬁﬂu@@ﬁ)ﬁn@%{) ig b‘é gt 2 é?)ﬁ've%} & et:?l%?pgﬁlc?{] Anldor the

solid parti sui tab
commulaatmﬁhm@mmihlmmnhbhﬂ sod{th ratl |imt ed to

i.d a ar mace
| ngrlg%]f‘g "%’38%{%18 ¢ ’hgall‘fp %‘ilf’feé %t r\%e‘gsmgH%E é’?\taalﬁlf ire 6T the sotvent
m anddapapersitiaaididid.odevi ces, ther apeutic agents such
a hropoietin, eppietin rran stem cel | s,
3‘& 5 Xe 8@1%8%6“ wgﬁhf‘c mvgeil%tf e syhsifnge Gewgripesymore than one
ripBuiYd, 6r émgiw Rads B flofOiheRls BEPBhSds, FHEE"
- gr otectio r 0%1 envir onr(r)ent al dagrr%ge SThus e|ﬂrl1a[3gary()behlgrsomtlon

in theriobernfriing thersten of Jshveingede solvHoe éxe ﬂfms'upgméigaiu ﬂigd or one
or nﬂgg g)'tf ﬁipeglﬁnlagl & gﬁ%’tghﬁ&fgl{ @gﬁﬁlhéhﬂgergégirlgl tﬁg&gl{/g %mpounds
thatpare g Sn colgionsihegld bel eslufwnt}ygﬁaelgh &pﬂeélamﬂ imf Sﬂfﬁelenﬂy low
conée b &HR 4 'tl(fe! (S?Slvenr% t%atsi%l Al hotssa}llbstag'élglpyelrr?pe% the delivery of the
solution into the supercritical fluid. In this embodiment, the more than one compound
may be coprecipitated in the supercritical fluid. The process may form particles each of
which, or the majority of which, comprise each of said compounds. In an example, one of

the compounds may be a carrier for one or more active substances (e.g. pharmaceutically
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conprising the encapsulant in solution, in at |east

one shot into a supercritical fluid, said
waoapenads i cal fluid being a non-solvent for tPEr/av2®7/001515

particles and for the encapsggl ant and being m scible

with the solvent, and formng the particles, said

particl es bei ng distributed in a mxture of the

[ jd.
or SRHERL, AR M AHAS] dhhRt skotbB 4 o BRBURE! romuyise owo or
nmmmdmnnManﬁ@memmpmmmhndndfmnsﬁxﬁgﬂhﬁﬂ? 3, 4, 5 or nore
n 5 c g tmiﬁlg nlso utlo in the

i Y ?%%Pacssg 8Py F?IB%P?‘T‘? °f AE2 sWistnee pomprising:

o nt(&llkfb@@é)ﬁtﬂﬁt@dﬂ &f thabubistaatélin D801 iPMmorPihen Bhe §iR8Bshot into
nsi on or ot herw se dispersed in the

may be in_suspe
sol %chn@s#p@ﬂﬂad@lq puperaiticalidibeing pen-selvenridor Hle@@bstance
SUfaanQJeﬁfgtﬁlﬁémﬁblerWithHys\’)lx@ﬁfj afd in sufficiently |ow
concentration I n the solvent that they do not
s ulferaimgipartigesi crfptbel sulbistraceekidvparticles beihg distfitattédoin 4 mixgure of
! hene ek shi iAo Lletlifly iyt 1 s embodi ment L he or e
han one conp coprecipitated in t he
SL"IIKheraupBﬁcnnedl fididi Inda.y behlecgied ressie oBhof®precipitation tigsnbers. The

o3, B L of BB S B L s TR 158, 200

sanﬁﬂpfe&ipltﬂlcﬁlablﬁdn%erf tHe?l Odheuldr béMeBvéred 'sﬁﬁul%iﬁlféﬁs?ﬁ @8 Ssubstantially
phar maceuti cal [yor veterinarily activ

Slm%@d@%ﬂx &8 Within abejt feand aapi08mshdn éh}ﬁﬁ%ﬂ?nﬂ ;aydhemrefoeble to
use tavﬁeﬁféltﬁﬁfneﬂxlﬁfﬁr@ﬁggtglfgﬁ%f AR Y0 ﬁgl\(‘(gi'r\‘f BoRE for de ivering the

synergi stica provi a process
sohmon do éhm@lppmlpdl fé.gd i the wg@gntarwechambp:r smfﬁmgntly spaced so that

substange in a s
the RERLEERC e S8 ol VI BUSG 0 BB e o Sl e,
obtaiadddfrenpe singlet $h©a| Iffthalslebtd arengit@ difteners Prycpitatioar cahi®ers, they
substancg@and e|n m sci ble with the solvent, and

may oA oL g S the substance, said particles

bah ndsedbad higudt BF thdinFeont heR Riprbtiged @hVa%BﬁraﬁﬁdfOF Reoducing

supercritical fluid. The supercrltl cal fluid may be
partnté%sat Supsiansigesaid apRFFUHPERITHRSIt i on chambers. The

shot e p

SHond Rl TR AP ARB Laflbld o RERERCLPLIBEOO e e
chanbbstancdiena ircut;d be del i vered si nul t aneously or

sybst ant i a Si taneo within a 0 .gnd
out Mtsulayitn e L ORRRE 4 fidoimie’ SioBr B conafohs for o
use :almf@mmall flwitl] @id blRtcritalslibitlieird hon-bakae, foﬁth@ substance
have i,very [ ntq?1 Lor delivering the solution

t he @@S %&ﬁnﬁc ¢ withfheysqlyent, r?é“{i?ré%ll”éﬁ‘tt%tqh@ﬂ’ élhlaf%%ﬁtted with
suf f4Lin®Atpbit fmaﬁﬁ@tm fle bliRbcritig] PRALR&GES; S1 ze of the
particles formed by the process is the sahe as, or

sttal # epnduigernediag thoitiesiion dhembenand ihglréecsmﬂtlonldlamhq, said
shot corfiuft do Afh E‘lg gl?ggﬁchtlo?lr 9anva 'dgsﬁgée%nsu%ﬁatﬂg {;vﬁentt e}/njectlon

nmay or nay n
valve is in an open condition the 1nject10n 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

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

chamber,
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In a second aspect of the invention there is provided

an apparatus for producing particles of a substance,
W@ 200d/080par at us conprising: a pressurisabl e | GBEAUROMN00151S

chanber capabl e of receiving;a solution of the

substance in a solvent; a precipitation chanmber

capabl e of maintaining supercritical conditions for a

S rahti

R e kP! tefnc BT e 4 Pl B fhan the
pressiue o thee ptecipitation phanb(pn {Taei mswtmmttfﬁa‘remm bgwher tleed injection

an . nl et dmtti.ng hes ercriti .
chafbiy o] i efeiRlon sREmPe ook fce] AGREREIHR BCRs Bnowse rapid
delichrgnden shotlof hie poletorDiof ahd ubstdn@BtiArthe SAjebticiO Bbither into the
conmprising an jnjection valyve djsposed such that when

PreqipEALioR; CaR TP eV R tﬁe Ijection VAl e dpirncensaicergHoR he

I m}ec;pb%uef}ﬁasbﬁ&vmmmna&?h%m bNodifiGes R6 %Fﬂed%' a&éﬁﬂzgﬁon The

chanber and when the 1njection valve is in a closed
appatetidineayoadditiamnally Jcempnsma sdpardbion dewice doi sependting Hra naptécles from

the BESGHPHE @ %: sgﬂfeﬁthcﬁlﬁb[ﬁ% Su&p&tlcap 19 ldtx!vlﬂe %g{gbaé?mg (t)}rle mixture in its

conmmuni cati ng wi preci p| i on cha
supactitval rsgpta Thex sepaeatioh ddvmesmpg rcornpﬁiseal ﬁﬁéru legh. anfhtt [’temay be

vent to exit fhe reci It n chanb
tocsist 581 ghletiimbdbe SreBimatbn Brob, BT SRy 6|t g digp Geparate
frorfl fiRAdredipititih dha@bey essure in the precipitation
chanber The pressure difference between the injectiagn

a&ﬁl&f A% cgm@mep P IPEESSERSCE Hathpiessusgipepie dijegtion chamber.
Ther{ﬁ‘&@hﬁ e 6 Ssulidf C{hgﬁﬂt]&lh‘ﬁ%ﬁ)éh%b& tG Qg)%esgire greater

t'he so Utl stanc e |nject|on
thari the praskere pseqamed |t¢o mambmn Shparpréticalbanditidns fonthe supeperitical fluid.

Vaﬂh\éecdq%]uar " $3 zel%g 1ﬁ%nﬂx ior%mgfca’u erb %g?:g% c: “Pe 1¥um Cinternal

no capl S or or
diamttenbf did oomdufth@awpbp muﬁﬁmaatlyalar@idj ilon aligye elwtrxtdhsferyaof the

- separ atj on device .r arti cI
sol T8 TG PR ek 1Sk SaRey B auidioienty Jaee s Aiou sl gt o8
rapidhins@nfiRbHisadrMdas idsh@tdiediisy d6livdry iof $hes SIBHGT intd @RI supercritical
state. The separation device may conprise a filter,

fluig ‘ghe gopdyit mayt teppjnage ip G”c apzzde, ataidy mogele mng }Qﬂatesihwhm the
preﬁ1%f0ﬂ'cﬁ%?§% Tflﬁ RORSE ma be g?%égn }é{qﬁ%ﬁec%% ve sufficiently

separ at e e precl ppar at us
largraljaredemthiat éelevenr eflshaspkiion tigpugh Besiozrlsicag ot:haf Wlthout choked

flow, rn%l%s urc?%lt 1%?1?5? uclzhnﬁhgtel% 8 essﬁgo 5tise é’agﬁ%{\ég(gzz?e ot orlﬁce
gﬂéﬁt\&ﬂurhdﬂ aflthtalpeeqmlelslsu fcRarhBetUhayeble atdemamlalm times the volume
ercrl E$ al?ﬁ;condi tions for the supercritical fluid.
gm

of t Jet? 1! y extend into the precipitation chanber.
Thenybid BfokdbLiHbodh %Pﬁérermeﬁ Whé&e & ?mBhatenBac&%bmed in a

sufficiently large to allow si ngl e shot delivery of
partiqy¢ar embodiment of the invention.
In a third aspect of the invention there is provided a particulate substance, the
particles of said particulate substance being made by a process comprising:

e delivering a solution of the substance in a solvent in a single shot into a
supercritical fluid, said supercritical fluid being a non-solvent for the substance
and being miscible with the solvent, and

e forming particles of the substance, said particles being distributed in a mixture of

the solvent and the supercritical fluid.
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solution into the supercritical fluid. It may be
sufficiently large to allow single shot, e.g. rapid,

W0 p@BAsManeous or near instantaneous, deliveryPOI/AUL®7/001515
solution into the supercritjgal fluid. The conduit may
termnate in a nozzle, said nozzle being | ocated
wWithin the precipitation chanber. The nozzle may be a

The[}%ﬁo %? Eﬂel z!tnﬁcﬁ%ﬁt@@ilzﬁé gcr)lvglrlt Jﬁ?%hg Qﬁé:i% (?Hlfcgf ﬁ%ﬁ%ﬂ)ﬁqd tb%rsggh that the

substezce] les dem solnbility wm & Inumhre:hbﬂhe doFemvandTthe su;mndmchl flaid in said
be such that it does not conprise a capillary nozzle
ratl%r orifice. The volume of the precipitation chamber

NMEbhebfarBitulbie ambstaRUinay Bel hARS b ke YRIcHIEOhet Mt aspect of the
I nj ection chanber. Any one or rmre of the above

inventiono ARtGRRLY Wikl By &éﬁr%pmp%a af theeoptiomal feagurps thereof described
abob@rticul ar enbodi ment of the invention. In a third
as ect of the invention there is provided a
hei padicdescofshe pertinelete suhgtaprzmaychavs agheappaticle size of less than

abo{ftafddnﬁ{J l’[%te f)alschgfattea&%gtaﬁgé 1%%% FXE?G a gﬁ/ C?ﬁf {%nfég% fren gﬁ 8t leias‘)i about

IOntf/ s of \ae Ihetast abaut A0ngff e mﬁomay ivecinaths upegec of bl 10 do about

003 SREEEEES bSPhi ebee S B et S e tos

agefe@hidh RtyAvE hGhes dfmdtheoIuRShANMdUt 3@ IndcRas I &k&S diameter, or
being distributed in a m xture of the solvent and the

betwg et } prdabopt 20 miorpes.r ati o of the amounts of the
sa} \é%&rtﬁ‘ Qﬂ)e&p@f the¢/ Hﬁrggﬁt?rfo %@%I s E)Ld%tﬂid g sﬁﬂ)’s‘f&ehcg Thaving a

that t bst ance 11 n a m xtur
meanhparsdlevsem ofibdtwesa abaped Orandi awiut fZK)led isaid szirtiicul &e i substance

combPERa Ul U REDRY MV TP 8 SRR Yy bial RS R 2 buik
denﬂtwbﬂweemabolgb il andfagcblhéomg/rh})ﬁr&ﬂ)et?veﬁih RS 5tahe TalB@ft 20mg/ml. The
d apove The artjcles of t articul ate
Paﬂgﬁf?g ﬁ@ganﬁ%ﬁwaweaa %ﬁﬁﬁj %c% %ﬁasq eer ﬁﬂé@s?%?wawmz/g, or’
betvi@UbobhiOMNd divat m@(udﬂ/g uk ﬁia? b%l'iﬁ%ﬁ@fb‘fq% dﬁ%o&aa\éﬁre%ates having a

specific surface area of at | east about 10nR/
me@@a@fﬂetﬁlb@ﬁlﬁssztmmut A eierays, loe betrveem @bm&dge@d ow@umcrons

1GR9/ ot & @&Qﬁ#th%&%ﬁ idh tgy%% B?J\ﬁde(fil Chetld fﬁlgtr?aggg 2 condition

aggregat ed into 1 oose Gundraggregat 6s
in azppyicnlyatidsmethyd hvampnsangmdmmislanng erpadiculas sulbduearce abcnrthng to

m._Grons in or .betwe out
the T MR eePrrtE s VTR the BB PO B RS ated for
treatrhk&it @fitlee gunditicihe dha apmidistedtioatBaysbd phlavm@nhadthinttr@tion. It may
article size of b? n about 10 and about

be BT |atin; 1Bay thechy el dnfkdation e by qpAli ihalatiap. drhegparticulate
subdt@ce Qﬂé}”@é‘ Adiinfkeérbd &1 ¥ theliRuRadlly S RlrhasiPSHARTE aYint. The

admrl]nal\s/t?atfaonbmuay be self-administration.

In a sixth aspect of the invention there is provided a particulate substance wherein
the bulk density of the particulate substance is sufficiently low that its aerodynamic
properties are more dependent on its bulk density than on particulate size (i.e. than on the
size of particles of the particulate substance). This may be evidenced by the different
particle size distributions obtained from laser diffraction and cascade impaction. The bulk
density of the particulate substance may be sufficiently low that its aerodynamic
properties are less dependent on the mean geometric particle diameter of the particles of

the particulate substance than on the bulk density of the particulate substance. The
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density between about 1 and about 50ng/m or between

about 5 and about 20ng/m . The particul ate substance
woregpshawes a specific surface area of greater tPENMAERDOANO1S1S

10n2/ g, or between about 10jgnd about 100n2/g. It may

be in the formof |oose aggregates having a nean

di aneter of |ess than about 20 m crons, or between

part‘?t;ﬁ%{% sttb s‘?’ﬂ‘{iﬁ g{f@“flav%oa et g%ﬁ%eth@ lpﬁrtg:'l% 5196 ar B@t%eeﬁ) fab&ﬂel 0 and

I nvent | on rovid or treati
abouDRd0m.ofhé pardicpkte aﬁistansanﬂtynt&tﬂmﬁe caodmgl ﬁ)lr rpglmonary delivery.

G SRR Bk LR EReR AR b St o
betWédn ebdut Fahdl aﬁubtsne;mg@llbmhegpalﬁkdilaatsasstﬁlwe 1tn|a dHakrent specific
f the condjtion. The adm n

surigegiier OF grepiep fhan abopphIny &2, g %Et%ﬁtal{l g‘?qvé arlg ﬁ%ﬁ IQth{{% It may
be RaR&korkb¥abade z%%régatem‘la@iﬁg by ﬂl%adlﬁhét@f‘of 1EB€than about 20 microns,

particul ate subStance may be adm nistered in a
or hehémp@@ut ¢ and ypbeut Zﬂemmmma rTh%@M@@i@ isvlestanes wery, beT¢regineered

o A2pec eﬁ§1 }p{hﬁg Qxlla{ri;)x\l;‘%n &osi)g% ﬁc %@B&&ﬁcﬁ} Bfa{l g%m(!uﬁ]at@ s&ﬁsﬁtnlae in the

ere 1's prov
lungraofl & paﬂmﬂt @sing ssiapteinhiier éévice Mhe tpaiﬂcuﬂnm suHs;anoé miakidbe made

articul a subst ance J.s i cientl its .
by B mshdits A el peaticy et B ARy et ittty dayie loaded
W1t1‘iI @ ashd or phiRRormRy BelivierE Bhidld@us | béiﬁ% {r the-fofrh 3P a @ArtictiRte substance
ize of &artl cles of the particulate substance). This

as 4?_&091119@ iR eorb%efeuﬁlgl o HahAspach PEHE IBEIEPR] e si ze
di ﬁﬁéﬁr@é@sh eﬁ&e%&s%hﬂﬁdeﬁtfo@%mse@ kd ;é ¢4tk 9 Badfilate substance

cascade 1 nmpaction Ity of the particul ate
witls pregterties éc. gelyullo densityf inehreprriigle|sipa navhele sizs dadritydipnhthiat enable

tho HPPEAHE B BhlecL  Bp FRESE B SRR MRS b iealy o

larﬁlgbait aadeal, baosmchial oh @elbpﬂekalctmpssmgm,afr etnbrecopﬁﬁﬁdth:mlthéreof This

mad BB BT Qo AFTIRENES S35t b anlgaRe BN REan A g BLterymeea

danZdp8NiRd voRel 853t trekdbiiabfors lmﬁb@acr%sfmynwm&ﬂoﬁﬁr}@%w (COPD)
for pul monary deliver The particul ate substance ma

mappggEICct, bfulqgr#é et astehedh fabdireimeninef sbwrders ofg/pfroducing
pha‘ﬂh hetiwgel geﬂpgﬁg t&%ﬁh@ #.&Jlegg)ggg/ m . The particulate
specl

St ance nmay nave I c surface area of greater
t tharabs) also onvidgd the u&;eoﬁ\eemirtmﬂnn substaned abonding to the third,

Vg, .l L y int f at
ouf gt el of e ke REct it RaTuRroLs Wit for the
trearhertietf\aeendisibn dor Whiah dleadubuhnc%ﬁs mdégaegds. The
particul at e subst e g i neered to a bul k
Gensi Ly ¢ hat  enBUPLDRSETbIR & PEO@IIIS. | on of t he
PaK fréfetrad BmBbiiRicAN6Lthe Drést@ invaARNA ilhdabe @BcriBed, by way of
a sinple inhaler device. The particul ate substance may

an gempiienpywithectprenectodhorccompanyieg distvingdharehn. Ther e
s, PLEE ARLANER R NRLSToP SR LOSSSA ML B s o
thearepanttlnmmhan,e subst ance as described in the third,

. fourth or siwxth as the inventipn. Th oce
righ®d loRh S CrAPRR Pflhom s B8k Roganfs BEBRGRR paricies
propavetl ivsinlgahepdubsstod fitepresent invention;
Figure 3 Schematic of 1.0 mm I.D. Nozzle;
Figure 4 Schematic of 0.762 mm 1.D. Nozzle

Figure 5 shows a schematic diagram of the injection chamber used in the example;

Figure 6 shows a schematic diagram of the precipitation chamber used in the example;
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with properties (e.g. bulk density, nean particle

size, particle size distribution) that enable the
w@2008l0ewbat e substance to be delivered fol | ow PQI/AU2007/001515

i nhal ation thereof specificahly to | aryngeal,

tracheal, bronchial or peripheral deposition, or any

conbi nati on thereof. This may be useful for

t. ehLde r

Flgil%c gﬁgfﬁgﬁgﬁiﬁ? 1n§hfhn L%ﬁ)v%%da Ul éﬁ %aﬁiﬁa&f greepgred by the
preseahmlvemtlctna(nghﬁ, Chr oni c Oostructlve Pul nonary Di sease

enment 0 ectio
Figur TR e aronrageaaets Of Srnfsanb g eoherecku P aocess of
thep@eéﬁtsnvaﬁtlont he system c circulation. There is al so
rovi ded t he yse, of articul ate substance accqrdin
Figyls 4 FOVH pagticls SigP RS smerp faapdiatpagiclesrofvapd by tB# process
oftﬁ@ﬁreggiﬁnmﬁg&acture of a nmedi canent for the treatnent
of  a condition for which the substance is indicated. _
Figgei ¥} shess muperiod whultshef Dr-arition ihalabpite ftestingdof insulin particles
' ntion wll now be
pro@(}iség%’gg ,rogéss&ggheg%g Sm“,élﬂ %é only, with reference
Figtre ltllsbowas a(qumhbwgngiewhs mg? sn-\vxhﬁr iahalabiktygtestinglofiissudin particles
tic regresenta on of an apparatus for

pmg‘gﬁgﬂfé(t HRFOPFSS Op SRS NVEHE I esent i nvent i on:
Figlre 9@ @oavss;hﬁmgraﬁw dFSRARIXYPEL P 2B&E HAA-c P68 HIGR PHP BCD) before

phot ographs, of insulin particles produced usjng the

andﬁ#@&@%%la on infepHiigles RY theresrss ehthepresgrtanyentioRemat i ¢

I r :
Fighy, 13, hols pgloshBAS o EuGL-GH $10b STE TR gfief Horthafibe il pariclos
bythﬁpm%mfthmmlmetﬂon,n the exanple; Figure 6 shows

[ [ on._chamnb
Figfhe® e "Moo LREEENE ACn SRR OrUEH o ReRo R ffRF0) and
hydtdxgbtgpybatetl bdta-cpdodéxtrip (BIE{P iBEDysamt @ibidr)dcbrbyxitldencapsulated with
HPﬁ?@Eenﬁ invention (right); Figure 8 shows el ectron

38 aphs of particul ate substances produced by the

Fige OL® $Bow hbl@gﬁbﬁ§ @ntthd RMSDEHIARG iFdiD aﬁcﬁess(mm? 34 a magnet
r

article size anal S|sreport of InSUIn patlc es
apf

pdinibe iRt th%botﬁﬁé%l%%tf@iﬁ thetaagnetis prapertis e thegmrticles.
Figure 1%&9%11&%)? h§ Iafftﬁ?%rbfe:?éd H’AJ:M%-

i nhal ability testin nsulin particles pro uced by
t Fﬂéhemrosms glwﬁtutm@lzptﬁae@emtnethvde‘ht famingsmall paditlesdwxtremely
in-v

tow Tl AR @S b Bivald i e A btcsn Bt hgimvention
mayofbet h@dptoe@ﬁrmm rpaeumld:so of aFs@glee sdb%tamb@v\& panichgr é@fsrising a
hon%fgeﬂgoqlrs on)g ‘curepglfJ taxlztloe((j)r %%rg sc%gtlar?c%(se.)(t e mét cl;_)d kl)n%[})/ alks)(()e fb%r Esed to
process suspensions and perform coating applications. The absence of capillary nozzles in
the present process enables the injection of suspensions into the precipitation chamber,
and subsequent formation of coated particles. Prior art processes have had difficulty in
achieving this, as the use of capillary nozzles can lead to clogging of the nozzle with
particles in the suspension.

The present invention relates to a process for producing particles of a substance
comprising delivering a solution of the substance in a solvent (i.e. a working solution) in a
single shot into a supercritical fluid. The delivery may take the form of a single bolus
injection. The delivery may be such that the entire volume of the working solution is

delivered into the supercritical fluid within a very short time, or at about the same time, or
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and after formation into particles by the process of

the present invention; Figure 13 shows photographs of
wEeasagior4 SI OO before and after formati on i nt OPCT/AU2007/001515

particles by the process of §he present invention;

Fi gure 14 shows photographs of: (before) m xed iron

oxi de (Fe304) and hydroxypropyl at ed beta-cycl odextri n
in ab%%l?% é&fﬂ:ﬁ&k ﬂLﬁ(? donqrgoall\?%n? ?(Prstﬁ%; %%bsg W b4 Kniscible
witle m]maaﬁlﬂuérat Edllowmg ibardehcdarﬁg @ﬁrti%llag oflthe ssubstgimet are formed said

d to.th op of .the b tle,to il strate th
parfilEs e Eietiied R i olotap obieB, e, bytegpritioal fluid. This
proé®s Girefiried o & ARNSE PARhasddeRh @‘nﬁf thi&ﬁ%ﬁsaib&at@x%@ﬁﬁn)

or

i nvention relates to a netho form ng

paf 5 ehaught thagsicenn g»hq awsmlnvemm the smtereeman@@cﬁ working
sollﬁ%qgﬁﬁ%&dﬁﬁ&f Mt [%E? rFHc%P ﬁ?ﬁl{)ﬂgtf aﬂolﬂf tHe U BR 2N order
ma singl e

e used to pro uce par es O
to aphisye anbemogenepuy mistues of ovrkingi sm@tizonhwithgmuiedumt the bulk of

[ nofr. bst nces et
proffith b6 ehiBicBle SRl BT SR hton, dF B O PRy S Rncous
prodyap ktianait obtaimed Thingalie I’a\ﬁtﬁpr@ées%plﬂ tha rcynthJtZdﬂ t86 pielerit ifvention,

the Q[r eseg{hgip Bﬁ/g]gtlgs en?&%ﬁssq;%bt he Iérpg %Id:%gﬁggrgé ensa,{lgerallﬁle Since

excé@ NIRIrhOR RAdeCAAISEle BeY febiSh@Bizaliéd &) oRUL, nﬁﬁféﬁﬁﬁﬁ%sﬂy may be
have had difficulty in achieving this, as the use of

lowgtedi lepéing toprogindtteciarmpléqoacB i soRis adatge spafisl melumiee The low

nucfafith H@ﬁstlﬂycﬂnﬁg a'llet i€ PHIRRRSLOProddBeWRhASREE bulk denrc,mes than

Invention“relates to a process for pro u0|ng part
thossf pmvs:ubl'yc ahtaénedo n’fira presgntd @lvieuton ng Iare&mh]ly | qperaséd tsneh that

t ance a_sol . e, n)
oI E R e N Bl Fra RS e P Bt B nowate
apeﬂ‘ﬁll}e dnaakemtsiaﬁo% 1.4 mr@E rﬁ%@vm@LcﬁhéiquSrsl 'llThll@(iilay)bh achiéed by using
L Ver, e SuC t hat e entire vo
ozl s gX &4mac 9viieh the pazelecdps gt @wemgﬂ&}eg Bt o e rate of

dellﬁfjsﬂ}l"o@L tMé ﬁbfkﬁhgaﬂﬂlﬁrlﬁto%ﬁ@ Eﬁpeffdrﬁi%al Bid aFhig BRiHles the sip@Bication of
time, orin a singl bolus. The supercritical fluid is
the desighok thie\earipmsest; atnﬁ @bK@EﬂStthm%@ rrapillerynesgids) Ehenjgsetion may
I/ riicl
OCCE]E&]I&%DS% glﬁ]l le 12(%2% }'\{gggdﬁdﬁ eordcﬁllglugﬁ rfiulﬁgPng{%g%fle% é&ﬁldﬁ{ts), each of
whldh sdmfohnlst wdhe abaverdexdriptionof t he sol vent and t he

A ? & cr i}crﬁ?llg g]dlg%ag]oa -irﬁhllfﬁség,ga{q%gﬁ%l}e So§2ﬁ?% g}rii{) %96 sta%leapsrempltatlon
chafnbbr, ah‘éy should bé sutsstdnielty Bimdlatosi ACEmultindolsly PTRS MRy occur
Squtlllnventl on, the e tire_vol une, of worKki n% solution is

Herlylesdossthe thamoshpysmadedofievweinaricls farmatien fram solution
deh%l@&' inh BFec&ﬁHE shdtend ého‘?sr R8Y obQr SGHHLY Bnf e;%?l@@ QE Tk%gﬁfaﬁ about

m xture o solutionwth antisolv
5008%s, pr kess &wmbéuéﬁ&@]li@oei%rll()@né@ 20 of L6ws,r it betwedn about 5 and

; [ (eJq10Ye S, Rr u h
ool €5, 8028 B BT FOTRBSRECHSgB i S, 20
andd@O;ﬁenqbQ@@gdwand Iﬂﬂaﬁtandrﬁo 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 rate of delivering of the, or each, shot may be sufficiently rapid that droplets of the

solution are distributed throughout the supercritical 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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the terns "antisolvent” and "non-sol vent" may be

consi dered i nterchangeable. Since excess volune is
woree/0#009d | abl e for recrystallization to occurPCI/AU2007/001515

nucl eation density may be | ggered, leading to

precipitate formati on occurring over a |large spatia

volunme. The | ow nucl eation density nmay all ow the

[

parf e PNL0r BEARUEE b8 St DU SnfP B RS id andror
energizddehatothy solptivatiedissibutedtthanghownhe atfjeoomitical ﬂmntl fallowmg said

aer B R, e RS BRORL bk SBET G e 58 b ancor

enefgitedlt th\ae dtepl@t RETthé 3610668 -ard istribayd RebshatiaBy @@ntdgencously or
ich the nozzle size

usi ng le sizes in a ran
horqagefgus f@zﬂﬂg?lam ﬁ@unea@%w?ﬁam foHewing wid delysripg elfynore than

oneosfho¥ fe qurkd N ghd krdid nieﬁitﬁ’e HE]?VG?&H’%H {hte' Gale fnﬁ Pgn chamber or
This enables the sinplification of the design of the

diffexgol aestion C&lﬁ@lbgttsv Theyemaythe mede diroegpiliel same eonduit e different

conf s, 0 TR S5SNI, EURSEFL g rove

diffefentdnozztes c Bl appaxatllsafot‘ bmdabmgehdpa‘tlb]iepmatyl’cordphsm rcentroller for

han one single ot is used nd f t he_shots
confriter e S o A, kit iBnot B Piopn ey e RoRir g emay be a
progrdRisi g b@dtfomes @l |sh(ﬂﬂ@ YeéScobpled| ditbtioaR8NY S¥ith onk6Y ni¥BY of the
occur suff|C|entI%chose toget her that no shot is made

valyes| plo i goprrtis cViick gromirel dRlYegnels &%ﬁ%ﬁ%ép.t%aérlérampltatlon
chainBefs)P r’[@l%efﬁnﬁglléﬁﬁ{a aag céﬁﬁﬂsotﬂgryvﬁggsu{n %‘}L ﬂipﬁ rdfus, {1d® those

peri od of ess t han out ns, | ess
thropgh, wBd, smocntno@b flid), op@omilylmgstheo rwitletthe eparta¢iout exts the
or between about 10 and 500, 20 and
pre@gigat%g‘c?%rﬁg rl500 100 and 500, 200 and 500, 5 and 200,
5 Hrecraft invemtivch s tGnamichiR0the 20cuarefcdOf ccﬁ@er&%oih@adlents in

prec‘]i'gigatand e?rglép 2‘%2 1%8%,5 grcl) Omga?sqgegg %?ecég%ﬁ}@% Oci%n% 8§g%i%ing the
pre@l itati®@, chdhberdtdlso allowSfdr 117(962183% prabess HBughin® snr%)@&) by increasing
0, 300, 350, 400, 450 or 50 The rate of
the drémmﬁepf HgTiene spwtion intgadused. JFus m@ayadéélcglaﬂy ibgjaghievgd without
I i
opclilod Aot FRPlfColont BELRP |1 B pGREathpich Y dofaiign Lovel
of thérworkamg sadiriéen inEintisolutng 18)¢XCd@16|d}'er ing of the, or each,
f’ﬁg o) n%.X g é:lliv;els%{tﬁg L 1? @go e;c’sgagxatﬁt g%l f{)jrr ;|>aer1tnsg aogubstance mn
parmmh ¢ <fd5nnt,l c}b&bprfsing ﬂltlb&lﬁcﬁlfig aLs@hIﬁ%hl dfrthﬁfsulbdﬁﬁfaah fifh Iacékgﬁ)@ent into a
The rate of delivering of t or eac t. .may .
Pregpifatiog; GpTayT SQpadning dnofntissl YRt swacertieel fids ppd,lgring the

supér@riféa t fibilUioe dxrdtt M NBWent HRNS URE 'sBluifohCR! fdrny bgﬂlcles of the
follow ng said delivering. The rate of deliverin

Sub%th@e Bhe presire apbiempgiatye is thefregipitatiop ohamber sému?ddcre above the
e r
cnt%lgﬁls Q:'s eela-xla g%agﬂlflﬁgﬁaﬂfr% [ egﬁéééf% c]qnth% Supercritical fluid. The
Solﬂhiomsgenlddwsinyrotlmedwgmunghel"shos pen mnorelthasd ofi¢ gliod, or in a single
ovmn .said delivering., tf nore than one shot is
bd’%eci Tver m theLe gﬁgtoge ﬁ%vggsllvfyi vered fromthe same
i nf) ehbﬂ Qi@ hatesin Oﬁlayllr%fee rte ndelilvedyest tHeNsciadioeT 9. single bolus

(? madeflﬂ h the sanme_conduit or different
dellvery or to elivery of t tlon m2,3,4,5,6,7,8,9, 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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conduits. They may enter the precipitation chanber(s)

t hrough the sane nozzle or through different nozzles.
wabh@sappas at us for produci ng the particl es mayPCDAPRG03/001515

a controller for controllingzthe timng of the

delivery of the solution. The controller may be a

progrannable controll er and shoul d be coupl ed

frmﬁ'd@ IBEEGEL L T OREICH GRS @f ke LEALESLON: .9%nd about
Rt daPT e, SHETE

contro & 5ol ution
e/opnmazlopﬂ)BMGenrabclktMenc( $9,.0. Zlaad SobLrapd| 5 10.2hand Bl Qsi) and 20,

4"%@3#5 A ot EELAE 30 e TRBFAE e SO B G 10 and

20, Wlatnﬁ 15he Spaidt I2cEs .00 ¥bdB otzh@ @menlow 1088, i00m) Ocg)adrthear 1.5, 2, 2.5,
he present i nvent i mse the 0§ ce
erggr,here is

3, 300 e e et a Bl Gudai S 1l 1B b it 6r3

moﬂé%hagomau@aa%%d t]l?é @&hﬁbto@‘éh&{‘slfb‘ﬂ 6FP@IE1S d@f@éi‘? h?abl% between
precipitatiof c hanber al so allows for increasing

abonfr[é@égigd oW 2Gaputotal npmbertsf sheiel, datgiasipaleolvabune of
| eve §815$*%1 %gérrégcﬁy %@%%fgdi‘ér@gf}@%ﬁd‘?ﬁﬁ th{e 9&&{1&%’ %s%hvered

e.g nsmayezdle dhfiot the( supercrttlhal ;ﬂmdwtamit dropleth of htbe ssaluioat arendispersed
ol vent

thergﬁa\égl,&ﬁle%e)fore vvor K %ﬁﬁglpg}tljtcﬁ:g JE]F aé‘a%{l 5113 ﬁmﬂtlloa Ipreferably occurs

thradeBitdRe pﬂacimhﬁ&d chadibep 0@ a5 kich, hrouEue detsupbrcritical fluid. It is
partlculate form conprjsin |ntr du0|n§wa sol ut i

thoyght that s 9Es Py agressss/@avhich the s9 § thersalution is gﬂuted by the
sup ﬁHPeﬁrﬂu‘Ecbettﬁ Rkias: B tﬁykémﬁlahef&ms ?68195&% tif53the paticles.

UId OMAng t he supercrltlc to extract
t H’éhesdﬁlwenng mamhet yrsles odpndhitians indhe pragipitation chasebesfthatiayoid or

mm%rﬂg%t %&?&Perlpgn %fﬁ%r%ﬁfe?ﬁmul %é E)@c? 1?att1ld{1 ﬂa%lbt pelt may be under

preci 'on cha ove Ehtic
conﬁnmas L{pms@m cate) thaalprdrecp atueladtien rwaﬂme cdtcbpletls yfahe tfhugd in the

ercr id. The sol ut, on oul d he i ntroduce
preqfiodshgmboi o deBiery Aavge DERBIPIOHPNS o e TFpifiton chamber
wheéthghie patides Q@é Y€ Fofnfet ﬂrémrﬁg'gﬁegtafb@rﬂlﬁﬁﬁtéoqfhéssoluﬁon prior to
delivery. A shot, as_used herein, may refer to

deliyenyi fy@wh@ﬁm@%@ns@amb%w the nyeaipiipiioa ’ bamber aay s yoduarticles
theﬂéﬁl tzéhﬁen%lvbl}/‘% ¥na91fhatvg aﬁﬁ:héétth%lri Brc%mde%l thé ’paﬁzcléé ard suspended

hot s or bol us I'i veri es
in thmsglvantsandgmé suﬁﬁquly sm@l diamgter and| mr@lfﬁeyntbelob\epmntratmn

thatﬁh%p &io 199 clﬁSf," 5‘?@#@% c}fo% JF#n—:- con % ors’rilon Tge ehvermg F?hould be such

Ivery o on nay rver
thatsad leski omesoffthe em‘rﬂtahbe/pxrea@udﬂey, itehtfotrhel md pardclehat mJajB be such

NI T
betﬁ@Bi’ﬂHont QO é’fmjl(ﬂb‘ggtan@QQr@) éﬂ@l' 98”%0 aﬁﬂ 9’?’380’@@{‘96399%@ 95230 and

90, @5 @ndri@o:l%() a@d éo%r% @d lﬁoaﬁé ang), 10@09701%1 2@9 9§01n§rﬂ(§)02(6 99 and
10021/?i gﬂ‘%z Clﬁflﬁ%ﬂla%eogb%cﬁ%g tg 901843 pﬁgtfichli?a@e s@o ?zglg% %égﬁg aBbimodal
dist@ib@tior0.véhenl meas15¢d Asinz 3, laser3 11gﬁt Escattbnng S5ppadsatud, Tﬁe bimodal
dlstahlét?dé’l %%grbélgug}}%hat ]tg’é sm41',ler 051‘ the ?Wo mddes %as a peaﬁ a% al%ﬁ% 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 and the larger of the two modes has a peak at 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
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nore than one bolus delivery, the volune of each shot

or bolus delivery may be between about [(0.2 and about
wWQowaB)iovopt al nunber of shots], into a single RCI/ATEN07/001515

The delivering should prefeqngbly be sufficiently rapid

that the solution is delivered, e.g. sprayed, into the

supercrltlcal fluid, and droplets of the solution are

aboqifQ&i? a%ﬁ%rﬁwooggamfﬁw dfﬂmﬂé erag‘{lglrggsg&ﬁ; about 1,2,

artic artr orma
3, 4t, EI@WQBQQJ,UOI; hé kﬁr é8;j b, tlag 1®ﬂ7,ch?hri‘l9®|r ZQHHiICHmSS'HIEfblmodahty may
oughout th reriti | i s, thought that
be e YeH8 Hparbiioh ) el 'of M b b el oS g
SOfid dedifvetifg ﬂia!yllbb%d altetofiat &b!ﬁ@tb@ﬁtl 0.0T1ak, drlayilehst a;boh’ﬂ@ 05, 0.1,
|nat|o is a poor, solvent faor

05052 Bebeb B Thb Qadh 0501 RBL R bavEsTcRove B g J §.8 and 100,

ooiaﬁdgbe@oplaﬁ@tlbO@omﬁﬂ"@eb oﬁfbﬁh 20U 1% 0.3, G Bh119€0.1 and 1, 1
omer ati on of drolefsmthe precipitation
andoil oo

rhend 3011 Wed2bd A 1oAd: BiaoRd 0P LeLHMS SOmad 90, 5 and
50, itlg%% RbOIPhfH Wg'ta%%tioo %&d*‘fﬂfﬂ%?&faﬁ@lé’&b&ﬂ% 0[) éH'og 0.1,0.2,

€ preci Ion c a
0.3 uh4len. 5,C@)ﬁ,d® t7; @Bs0.On1t he Rredi Hj 6,4%,i80A, I:(b;alrﬁpéf) Qlﬁ;eﬂebgl 40, 45,

t ti re.not formed fro regat ed r l.et s. .
50, 507 3o s o5 5 7 St B PR Ui G i 3 0 gher tian tis,
for eRanplerabbe Iﬂ’()? ZDO eZS(DBO@t 330) 40b e br B@OL/BHP& dlivering may be

particles O therein. Al ternpativel

“ndﬁ’é\? presfus f%?%atﬂeasbaw ae@a%,%abi?ﬁ%t.a@péfé%r’:‘é 35, 40 45, 50, 55,
60, %lsswﬂsecko' R5t o %oéwm b@NGr ﬁét%reéﬁ'faﬂbﬁ'ﬁ‘éﬂcb’l rl or between

di anet er and in’suffici entl | ow concentration that

abouh?ly ankb 6AR0 @ndo@o 30 35r0, 20 bipd dPBSG sl EAhA0IANAFO or 40 and 60
bar%?eza&!rb? 8 /%%ugf Segbn% BO% %obss Sébc %St ﬂ?‘“@ago léasagb, 95 or 100

€ substance pretipitare agrme
bari ’ﬁha)ﬂmrrhﬂechagsbe suchriayt the psagaire tdhqi alatlg timasizzildo ldss 8n about
or 100% of th Sy bst ance

10 s gt ELAbOh 5. 4 et SSGOoR R AROTGH! B gt 10 bar, o

bet\QQen dub0d1 98d 580.0238d 970.088n@Nnd0.86 and0.520d £%.1080.138md 5, 0.1
85 and 100, 90 and 100, 95 and 100, 96 and 100, 97

anda?n@ Loy, 1,dgndrd@. 160d §ror §gnd 48 bepsas. e G, 0\iSr Pgd-Rad:3, 0.4,
0.5 b@6 SOLALY) 850.591, f 05 M3 Py t3'5"”4' lse SSG'bf’tSa@Cc?r ]IWdrn@h@ dﬁ%lvenng

bi'nodal di stti’butidn Whén heasurfed using a | aser
may batrejgidi ngtaamnaom ors nedfhyeinbiantadedusditsmay hmtmromthmythbespace of

s b 300h 0 RS 2508 0B 80, G458 0%, nd 10
0.1 andl 5200, andQQOAnaﬁhdZQO and@d 0antd 4raD100)60and 10000.5 26d a0d.5 and 5,
0530421380500 3% 300 500738 30380, P BHE Tt 1oms

eg&ﬁaout%)l d@Cbslohﬁ) 052(% olfoQ)s 304@1 1302, 1603 31501- 4158@;6 7,8, 9,
200nm and t he (ger ‘of 't he fwo nodes

or
10, éé,a%@ ab> 1&33, 1h4a, %&Qﬂ @Onﬁ?%rl@ﬁslf&ﬁ ZP%s?éotMMéQ»cﬂQQ 450 or
5038, T s L O O AP 9005 908, PN on
natur® (larticdaxly theavistotiy)orf the soluticn, thenams, (pactiguladipohe vidcosity) of
3, .4 . 7,.8...9.40, 1 12 3, 14, 15 16 o
the Sopegifcal Buid s ores g P NoPReRANE poitiay BBA R gpritca
fluig oiem edigic By @hbﬁ o oflelp@ryt iapt esn odthérhEacsdds TABCeeliverih@ iy be
sufgiclentﬁf ra%% %g 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 500, 100 and 500, 200 and 500, 50 and 200 or 100 and 200m/s, e.g. about 10, 20, 30,
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The delivering may be at a rate of at |east about

0.01L/s, or at |east about 0.05, 0.1, 0.5, 1, 2, 3, 4,
W®»2008/040094 8, 9, 10, 15 or 20L/s, or between abptk/A02@1/001515

and 100, 0.1 and 100, 0.01 agd 50, 0.01 and 10, 0.01

and 5, 0.01 and 1, 0.01 and 0.1, 0.1 and 10, 0.1 and

1, 1 and 100, 1 and 50, 1 and 25, 1 and 10, 1 and 5, 5

d 0) 1 0) d

40,3096 P, 58081058, 02?959%“53%95{5,02,46?04%5%2&%%@@ 90 8 iy be less
thamahbll,tlapﬁgneatarman@bﬁut 1®08ys.0. 4, 0.5, 0.6, 0.7, 0.8,

0. .1..1.5,. 2. 3, 5 e £, 48, 9, 10, 15

SPurigly thipiyGring each gt o the soltiger? el gk inty 3 \Ofjge of the
supérctiticaighad o€ at lehe abbe 0 Bines Wyvdtembio§ ey sdlitash, bhkSleast about

fgr §xan‘%le about 1%% 200, 253&)7 300, 350, 400, 450 or
15, 88029,V PROTA) tupes thegrobume pvfel0, d SpP@sZlBs; 3p.of, g or 50
t1m€’§ thle%ﬁim@@f’ﬂfe SggltlgﬁrQ)r E’é’tw@én7£lﬁﬁ§t10%99 4h 2(531’1("1390 ?@%d 50, 10

80, 8
andb’@r 10 @ﬁid %tﬁﬁ)@@d 4@@@@15 aa@ 35 tighes 0l deumolofﬁ@tm@élnnabout

018%”@'8&% d%% &pal%% mﬁ%rtggl?ab %%bé)rﬁgré agc%z]evg glgg&%y of entire

vol@fe ofSworkihg %utl@ﬂlﬂ in 45sinBi6, raphl, acﬁﬁ),n 65],13 EﬁablgéithESmﬁﬁenlng of
bar he f.low r e such_t hat

progaging Hne Ry Sligpeing shg ' el v8 oup B e air I essiptes, as is

comkRod @ ,ex@Fink Qﬁ'ﬁcdsih@n TABQ¥lea% of wokking. sol@onOsHoulBlbe Ofs highly
bet ween abgut 0.01 and about 10 bar, or between about

enegizefl ahgossibly. dhusadelivery @fcthe aferking eplptiom g vetss lugh, flowrates
thro%@% ﬂ&zleg Jf ?ég&tlv%ly Qare ad%grtgre%oaél' p?{bgl](féd dljr th d%‘(]:s%nt Invention,

develops at@m;zedo;pnaysolt 53 th@uﬁnt tlmt ‘pon@n&gtlm ggadﬂentslar@ 11k@1y to be small,
negﬁ%ﬁéle %r a%sgnt ﬁp 'bée" \?fbrk? %Oll}]lgl % s%ffg gr]ﬁ? beﬁérg\ﬁ 1§;§ly distributed

verln e rap ntaneo

thrdughdna nha Blﬁﬁﬂﬁbredlltltalﬂian chembér. The hapild dblévesp &sbhniqﬁeﬁ@bﬂhé present
and 500ns, or bet vvegn about and 20

mve:{)é]@n ¢pIyMY gsg COMBTESHNY 26 toomirogh e o nag] d;obmog ipto the
5 and 10,
rflitn o 0o e S0 g and, 1

5 Bhe 130 2k dhcrgaumiookihe sobenodinRwerai Buig maypbe such that
the Quﬁstange %%s By Eolgbff‘ity 9152'1:’ ng;@tuge gthg 8909/31%: T@ t%i ggtpeiéné% fluid in

sachl(atloSBhe hlio rzla'y bichabat, @ler 8@, codlition® Pertdibdg i@ @, precipitation
Q0. 3 400, .,450. or 500ms. The ti f.qr .
chafgBe: (2P, ing Al gk e 3o 0 M suifrapiofl v dthe i of the
solvw?t hnh(ﬁﬁhb elﬁpbroﬂtldalh ﬁlﬁﬁhinLHaﬁl @ﬁ? lid i'nCeué@I’ei'o)ﬁltﬂchlla;tatb SOasithy nixture
the so on, the re rticularly the
of tfy slyetapg t Sl{Pﬁ@“@ﬁfy‘e‘?‘Ba Ay RIOPig %mﬁth@ {heeeb hegoth above
the eifida® ERMSRatiRL é@ﬁ%oi@ﬁw%ﬁhb‘&l' ﬁ?@ssﬁl‘?‘:cf& ﬂl% mHBRE. qfric;r'té? fe step of

fluid imediately prior to elverg on ot her
deliyeringy tlerefprr thie pingegritivgl Auig ib @refi lycMﬁmmyﬂy £pifeprh dis critical

statd Bt BRY Mid0QR %V? R8s géfrﬁ‘ferd %BE%QQPWF?ag f(Bl?o%vm% the delivering,

supercritical tui'd "owi n
is i} ithsmperdritioal state.llef mixere sboult imitiallhboa ghmbgmemsz mf @ngle phase

: bet n ut .10 and 500m or bet wegn. ahout
i o B SLURE0ORRE bindm i B tunadhan B SRGRicHS hwhar o
leasb@ibhut 300 aﬁﬂleﬁﬁs’ca@é @esen? G0thersohBidnds gred i eﬂi g%a@least about

out 50, 60. 70, 80, 90,
55, 58031, 98003, 30095 386057485 994805 6 98 s prisipHrage. o6 1 Bgange of
between about 80 and 100% is precipitated, or between about 80 and 95, 80 and 90, 80
and 85, 85 and 100, 90 and 100, 95 and 100, 96 and 100, 97 and 100, 98 and 100, 99 and

100, 85 and 95 or 90 and 95% is precipitated. The solubility of the substance in the
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t han about 10 or greater than about 100m's. During the

delivering, each shot of the solution my expand into
w@20080ume4 of the supercritical fluid of at | eaRCT/ADIOT/001515

10 times the volume of the gglution, or at |east about

15, 20, 25, 30, 35 or 40 tinmes the volune, or about

10, 15, 20, 25, 30, 35, 40, 45 or 50 tinmes the volune

i R0 oBH PRy g SSUGEL 0D 0105, i 250 sous

200s0gd, @5lesd thes atvdve 150 106e3@f601 5E; A‘S)QB(D;tZOQ 00, 5T Reor gHENdr between

sbolf T 9o oo Dieiele G GelFEn oGO KRy 0Bt P P and 20, 0.1

and90n@ @nd 3pd.d aﬁﬁQl 0N.andNi $ 280 200,69 ahh@oehsu 481009 100 and 200, 1
proces by eli n1nat|q§ need del i ver worki ng
13

and 9y btap‘ilﬁg ok 1.1 a5k s any30mg/Le oD DR bRV iy, 03, 0.4,
0.5 W ERER Y 0.9THE2 [£UEESE 708, 910K 510588, 9 @BO&%G;Eobﬁ% 70, 80,

ener gi zed 'as possible.’ i’'very
90, \1\@@ Kl 1%g1%(blll301 oA, 4600y 170,gk80f [ Bhvoa2edme/hr Ghg lsolublhty may be

s TBREUSR BN LT Mo b IS RIS, 805 B B0RISFE o By o

bethfmlL@bilt a. 0(|alt ar_ubl’mlehbf aetmen guscfaxﬂ 0600t ndroet, i O(H:ayltdtax) 19©.01 and
th
1, o b PPl gRlasCanar b ca biu b0t oiondls 88scS.1. 0

or 1&4N1i TRe BlREARE iyl BN £ RATRREI giblor 2Pb oldBility &1 dhe supercritical
techni ques of the present invention comonly use

flui¢ dhmes daweie gelybilisy @Heasdaa@ abaui 200mefti %dessdh@n phsrt il 59,0100, 80,
60, tsbe49f ?@' R AL TOn EPQH&% 6ﬁb9cw%éﬁ]gt?ﬁe@.?regﬁt %b%u‘??@@ﬁg/h or

‘a Singlé's eratio o e ‘anounts o
betwln\ﬁénut Ghdnd HQO,SQJb@nd 1501 0.3 aindf20uDd amdyl (p@. IsarghS,tthhtnd 2, 0.1

w308 AR5 S50, RO 12803, Ml g 10,

and rSairIanmiB@Onﬁ@‘LsamfmhjﬂBé abeunder, 0tH e, I}@[HC,“OU @)rtS 0.7,0.8,09,1, 2, 3,

4, it Bel o5 ot 5ol BB ohbd. Aol R abihaoehl e o, 140,

1501 1eo, T7@t 180€ 196 of DeOROILY TRE sélﬁglhtt}hﬁla§ BREESthid St flﬁﬂ’UI b less
|n Sa|d,rat|0|3|n Supercr|t|Ca state. Thus th

thangbeu O, Gl tOHS, Qd)lv@rﬁOSaﬁd) QN pemayi e eeivedn @hocﬂt ReBP1 and
1m0 l&BNvF@lt AL Hb P d 6@6@@1 aﬁ’c? ?Wof‘ Y€ 6. Pﬁnd 1,001 and 0.1

critica enperature and above i cal sur
or Of096 anf®.0H, kiguatmut P00dy 0.005, 100, Qt()épO df Odeirllwrﬂ‘vIl ]fghe substance is

therefore, th ergritical fluid is pref
o miyp{C aph i o Bf oS Fepens vy i e » sotubilit
as dascxmaadi abowhiTa8 ratk $theeslveiirtb M aperdrMFRIOMaHShay be for example
he delivering, is in its supercrltl cal

less &85& %Oufrﬂébmnﬂ YRIEE frasif.ch Wight Bastsyoriemglerkasisgemles han about
1:1%M 20 NP £ PRRSE3 T X445 EPQ ﬁpégbaﬂduw 1, 1‘1139 1:20, 195, 1:30,

Substancé in the mxture ufficiently Tow't

1:35a1 : 4046 a6t orgmiw exn qbkv@t ki d@@némb@tﬂr&@nbetwneu #hout 1 10 and

1.403?l Aéfa”lgg@ gf@c@g 1%%61%9078{%@‘50,959655@3 {159 a8 k:40 or 1:10

and [ir3é)ce+gl tlatued; 1000 :1i5n 1201 Q&J’]QQO of:3f)elt: 4@%45&6@1160&% abkﬁht 1:10,

- 1:15 ﬂ%@ 6325%)%@ lP3t5 ‘2318 1: 25 ?t%‘e %ﬂe %L?p%%(t:nt?c%l glﬂ% 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.
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and 85, 85 and 100, 90 and 100, 95 and 100, 96 and

100, 97 and 100, 98 and 100, 99 and 100, 85 and 95 or
wO00an0e036% i s precipitated. The sol ubility ofPe€TiaUu2007/001515

substance in them xture, atpthe tenperature and

pressure follow ng delivery, may be |l ess than about

200ng/1, or less than about 150, 100, 80, 60, 50, 40,

3 ,

agggﬁggceég) ? ad&tfb@aﬁ%«éﬁpré otlIJth %E Yﬁﬁ:}p %Qﬁ%ng (1_;)1ile Mg)n with a
gas §0a poessura @eazﬁ than thahefithe Gup@crticah dlu] before @h}'eﬁng thelsolution

1nto%ﬁe suéi g@tlcéﬁd%tﬁg 05163 ga:sLa chu&g g@?e %aaggg?%@l%s %dlﬂgd?rémfeLs’olutlon
or néaythasapsthetizlydtisolbld thetei?, soGha, thO@sctutiéh Soes hobunddrgb substantial
exp%@?d%%in%gﬁéssﬁ@sa%@ﬁélduggb tlgebgaéé §§1ta§:ge gafllsgg) félrig_r@szsggggg a solution
com]aﬁ@y 14GQ012k5 Qolvérﬁomcllla@, nlﬁﬂggen 120ue, 1?&9”51[ letrgo-ﬁh e‘Substan’ually

solubility may | ess than about InM or |ess
ins ¢t mothgs cc@ltht 1ga3051v0@ye01gss ﬁlag(pbogtr 1¢% 00y mv}ubgrty,nﬁylgés than
n b
abofi, W8T 0306 4145 Wil of BMlyoBh aBiSh YeGhatOLk, 5a§8B01, 1 and
0. OlaﬂdS @1le ﬁl ©1@08 0dHd 0@50Bd 0Qlgor hbuodi©.106,004.,about0®6], 0.05, 0.1,

02,3, Oﬁ,egst 816&0]7 8 0801, 4113 sSR! 805 IR AP EoiBitity. The

Fabr 17 €% '
expamﬁm’ of thiei sodltiohl mayal be lléssnthyn Bboig 10% @blﬂmé expandibn,| @SKss than

sbotich 25, 04 Cathe. Pder ameqeamBane e xemsioRrWBEbe Beater than
thlsamUE%é?riﬂlg ﬁ{j&@gg&ogﬁo@mﬁ% ' 50% &eﬁéﬁ/%éh aalBQﬁ'tt 1@ allda@@%) The

expESIonanay be betweem abput 0 apdah@dtzzﬁ%, ox@ebm:hz@éut (Baldalrﬂal 0and 5,0

andéog’anéq gﬁkgg%%?’o&ld ﬁgfgg @'126’8 %3‘%3&’& qé’(fi‘ﬂ%.&og,

out
1, 203,44 5), (5 7, (8 9 10), 171,, 1Q, 83, B, 9,5, 16 v, 13, 19 ,0r 20%6,Thé,ga8 used for
30, ,3 50, 6 70, 80,
presg%nwi%@ayl%cdnfggéd i) bacidd]bresst\g%c % T, ia}8 bailgbres%% chamber
com@iun?€¥Ring/ WwithThige Sojetidid Idhumliexy rhe H)@ﬁ-“préd%aﬂ: ahodber may be
ImMM ., or | ess than about 0.5, 1, 05, 0.01, 0.005 or
CONRSCERY RNt S CHES hSe2ap et a;eaeaaSa@émde@ Pdtﬁinaéw&m fhpressurising may
emﬂl’(%l Mﬁﬁ@ oﬁ}éP !tﬁeaQs QQ)} e%ﬁhﬁg@: the sQluggﬂ- n%ﬂbé)glcé%sur@e(p by @hns of a

PlSt@b albbls @lmnectlm gh)asnbe@ ngy, beonalse fomrnlof 0eyBinder Haviig i piston fitted

thergtla et 9&%@5}95‘1@ %he@ldlfg pé%%é ﬁ?if b}s: %gﬁ\? ggt%l{ 5 glaega‘rg Efo}; Q}?ample a

nponent s  nay; a SO Y
hydﬂiehc or nedhabcal @res’ﬁm@) taatheisidn.t Theers alaydret a teal bblsveen the piston

ercritic r, exanpl e | ess than about
and SO i0e% G5 s PP Sl BRs e Broure b in
the b@@‘tl@n cﬁﬁmb@sﬁlth&ﬁﬂee&@g@tThk skll shbulklObe desifant 1o #12, solutlon to be
use& ,.1:40 45 or 1:50 e.qg. about 1:10, 1:15, 1:

ingBe injectign chamgber. 1: 40 1: 45 or 1:50 or between about

1
1S el it RiBSiURPLAAURNE 1 48 00 HifPc resue
of the smaercrlt@@l fnid befawr detiveringthensplutioBOinteethy. supboritical :flvdd, or at

leas{gbon 23: (P 354G %5, 10,35, 64: 627077530, §5.52, 9503108 pli freater, or
betvaren hboii. 20Tdrel Hl@ﬁmrgreatdr@abeﬁﬁaehdb@tﬁ)&(k@dmse rahd 50, 20 and 30,
30 a4 GBPSs Qe 100 80 500 18 4B Rnd 68 Bk Beae . & abSut’S0, 9 90t 9155, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 bar greater. The pressurising may be to a
pressure of between about 100 and about 250 bar, or between about 120 and 250, 150 and
250, 200 and 250, 100 and 200, 100 and 150, 100 and 130, 120 and 200, 150 and 200 120
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rati o shoul d be determ ned by determ ning the vol une

of solvent in the solution prior to delivery into the
waopeneds i cal fluid and conparing it with theP@DAUR®7/001515

of the supercritical fluid pgfore delivery. The process

may additionally conprise the step of pressurising the

solution with a gas to a pressure greater than that of

t LCEI ofd Ui 0 r e lyuh i

and 180 S ARGEE 100 BB, e, Sty 1800 30, Y RS IS01ER AP fi 100,
2000 r2 1 e d, @36] @43 ok 1250 |bat.y The ptdssfurs @tf uhé eupemntmay floil before the

i Ay v matrosd “DabCeSas 26 bl ah SetrtEhabPigss st 150 50 ana

100p1(msawr2(mau5@mm(m drOIOK)htﬁdgae baSuigl alh&wlsgaaﬁslofw t90 100, 110,
pr S uti on co rLsin a_pol ar, sal ven

120) lllgﬁ,ugééo,n}5?)?&6@,“?7(97613%n1|90nngro%0(2),b%rar%«§mmonly the pressures in the

1nJect§Hp§ﬁﬁﬁBér 3l hé ??é?:hﬁﬁ'tl@n chﬁ‘mBé}‘ @urﬁ%nfh%)ﬁroé@é/ afé‘é’&ltx‘é‘ﬁed to a

| ess than about 10%'v/v solubility, or I'ess than about
tolegnce of abog, Bl hbar) 01 905 81 Ub Pt ﬂf,, 3,04 obdt baseBha tryuperatore of the

supgr%ticga.l 81%% 161%8%@ (21 gf!lbg% saB ar?ceggaopg/e%rgd%g Qn(gs]u’cP Ont the fluid

is stpeddritical. dbwild IHe,refBreZdep@n& pnOheﬂnatﬁrdSof he Fsubs(ﬂarR:ﬁ:, theGressure and
0.9 2, 3, ¢ 6, 8, .9.0r 100/v/v
the Rite QTR Sonbhertieal R Gterany ey emer s v b Bt sbout 10
and Jae%t\m)l"gn@f wwaéiﬁab@m 20&nd 68,540t HAB0RDOUAA 20, R ankd 24) 25 and 50
sSone Cl rcunstances the ex anS|on may

or 30 BRI CAHETOPHL B 1 o0, Eanibis, orAte Sh S0 0" QT hipparatus of
the ﬁgfé?l%n Hﬁg‘(’)&étﬁﬂ)rép nge ﬂ)co uft@f]&aﬁ@a{‘}nny’[ﬁe ﬁéﬁﬁeﬁstﬂ‘h eﬁﬁ;)fe bgns may

bet ween a 20% or “bet ween t an
be i@, examplel asbath, amd a2 watkr dragh, 1and) thenHath., s}lou}d (oe anqwded with a’

temgex‘g%’r%%agtralwg "ﬁxgabaih (gr %él‘xegﬁevgc% éﬁr %ﬁg’taj_{%ng itﬁl%p%@ture) may

maiﬂ’e&in it6 tentferatiié, withlin abBub? Ckihs ddpeeagasr aisad 1{59r1, 0.5, 0.2 or 0.1
1 %ﬁir|5|ng may be contained in a back-pressure

Ce sai d back- pressure chanber conmunicating with

t fta)ﬂvem@ﬁmy, QRe gelaabaéhve}ihg nﬁl@‘-‘d@nﬁj’rﬁé %5&1ﬁng Bﬁﬁ?ﬂ@éﬁdﬁ&bﬁlve S0 as

be connected to a source

to peymit Hepesolutign f@rwathlnfewythtth% Slmeéa"gwﬁli ﬂWﬁgTh@}ﬂJ @%9!165@1\’0 should
be c%?ﬁﬁe %‘le%rng @Hctt ra R O?d(@ﬁ@f fo fagﬁlte#ﬁhgﬁ QB vER oP@he solution. It

essuri se Yy nea a pl st on. he 1 njection
ma)cﬁmdxempttalyda@ bakh valve, & @olnncziﬂ \al\c;wri sodter othervvalge eapable of rapid

t f|t reto. tion
ccr BB ot MR S s gt L PR g il
ﬂuieh thy dolatibn ¢s pidie phupelledintp tiessupestitical fldie, suchttmt fine droplets

her e be a seal between_the p| ton and t
are QippPALAToRgcit SEaTurgerHgelc AP NS Bt PATCIS i disd fiem these
dropTBes] ﬁh’énﬂ%hﬁ%su LR YS@kkd rﬂmbﬁgldum 186t e 8MRE MdeiPUind the
| eaka The seal shoul d be resistant to the sol ution

supererities J&% This tpay leadl de tihrationagibesry fmeepdstielss uvitls iarrglatively
na.rrgﬁy Qﬁcfeos@e R o ?1 qthel élesa tngCSJfg’ ragt’?'l%teEOOnm mean
t R [urd

the pressure of the percr i ca
diangesei, we tasm thanrabosio?Qy t8i0p 70,i 6B 601 4@ 39 ueOom, br betiwebh abalit 20 and

10024 %Sps &g@b @96@02?05%%? 2034 g@,rzog%daft? Irzo55f;1 68%r 38%hd 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, 2.5, 2, 1.5, 1.4, 1.3 or 1.2. The
particles 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



10

15

20

25

30

bet ween about 20 and 100 bar greater or between about

20 and 60, 20 and 50, 20 and 30, 30 and 100, 50 and
wa®s/o8094end 70 or 40 and 60 bar greater, e.g.PEhAUR007/001515

20, 25, 30, 35, 40, 45, 50, 2%5, 60, 65, 70, 75, 80,

85, 90, 95 or 100 bar greater. The pressurising may be

to a pressure of between about 100 and about 250 bar,

900, 08 and 185 ‘108 et 130, Aol g 5 5 and

20,20Gnd 2801 andi 222 6nd 3@akncndS0 micrdQarahaiag BO abeut,1, &, 8, 4, 5, 6, 7,

o R, 03110 400 % 02000 000 M e

rati®fof Ht‘(EQ)StU R0.G),i dsiraedsufed Wydidie kedtrrihp @ f Betweés abog 1mi%nd 10, or
or _between about

b t 50 d_20
beturen 90t S0, 2600 1005 4R Dobd 50 50 chiehiob o6 288 1.5, e
aboamhliSQ bar 1.4219, 13094t 1%0.1.60, 2503 84, 495, éQ@J $18.0r 10, or
13b, “140, 150, 160, 170, 180, 190" or 20C b
qﬁ@mﬁmbﬁmyﬂbhﬁl%ressures in the injection chanber and

Con Iﬂ{(ﬁe@'e? P@éﬁl&{‘th% 2)?%?1?{% ug;ﬂg E-geutlﬁg SH%%&%ﬂlaiggregs,e, .§i,nce the

solBionSs imftialB; at2 ]nlghdr fressureTthen thenqoperatitica fhfid.tThe pressure increase
riti be such .t hat t bst
wilf 4B 1B présstes A FoE, SR B oG B ER T Snjccton
chaibpesial the Eﬁ@ﬁpltahbn \Ghdrhbdr NElieinefe@sedapE BE berdcbh @bdﬁﬂtltbﬁﬂ 10 bar,
of the_substance, the pressure and the nature of th

or befyprenabpyt oand .i1uand 2, BsnddRl 3 28 0, 2eandet it Zumnd bty €. Beabout 1,
2, 3b@t5/v%e|7 @yt of3r.and about 600C, or between about 20
60,” 40 and 60, 10 and 40, 10 and 20, 20 and 50 or
BOT h;mroea@@ @aYeadéltloabkbxa gomprise1®paraing 8, pagidclesomabe mixture of
Vv
the $overtiing B ettty SLRE ARABEANS: i bSoli T SR Leliifuging
filtdragper adme eothdih pocamy fdrescparatiag.aithé estap bﬁtshparetng i preferably

h, and.the bath s pr.ovi ded w
confieit il wn B 87 Sorfienbialn uit o kool rgpte. Tois
profBtelt Rpiafién 0EHE sBIVEAE frofRYhePariiélas,Nsd tHat tvﬂimeih@t les are
wi t hi n_about 2 Cel sius_degrees, or about 1.

depgessurgsed ¢p ambipLPEE RS ghe @ﬂl%mrheembptymlql}veﬁ@q %f;ﬁoment This
pre@é?xlté fé@fsk&ﬁh(‘i’f?é{f t‘ﬁ@ ?Ql‘tfcffﬁ Qﬂ%{&n@? 1646 %Pf%dt@ Elai’ﬁqa\j ®e28sociated

to permt l'ution to conbine wt
w1t13 d;ﬂepr@mnw o’éthefsomem ofttlee parfieles. il pra¢esen@brcadﬂdlobelly cornpnse
[Wol! n.o I Li |12
was%ﬁ‘%atgg gaﬁ?l %/engllHQﬁhg%ﬁ%&gn 1(%? ﬂgl cy bqf?re cfey? urI“ISé )ggtin% es Thus
aftea sd&;ﬁkdtm‘gahe/ partlales ﬁbﬁﬂhe dupmd:nk&:abﬂmﬂpﬁﬁ&h@dﬂae Eupéﬁdrit&al fluid may
capapl api.d act Thus der. the pr
be 5 BT 5 GRS Y B o s S BT, dhay then be
sephratéldGront R Fe@fidled, Q8 déseribaPhtvi. Phio Bﬁ’ddeﬁbdmhjﬂ%&vé Rfremove traces
supercritical fluid, such that fine droplets are
of sgjvepicieqaining po thyrsiticles dhe gigp of peparatign prefaradly ingolvpefiltration.
e f 0 p t
THiETED! S omhRnEd BUIEY HIR LRERE SLAPHEE to (B oulet port of the
precipitationt chamdet hreﬁuegber edine |lcaedung‘ fraincthe Ttlet pary of émopreupltatlon

ery fi ne,part | e
et 86 T e LB TP R o Bir P e Syl pe mert o
andlesdlwss ir ﬂﬂrsuph@uhcdlﬁlﬁﬂdnalﬂdqmeferably to the solvent. It may for example

comprise 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 between 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 microns, depending on the size of the aggregates formed. There may be a
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di ameter, or |ess than about 90, 80, 70, 60, 50, 40,

30 or 20nm or between about 20 and 100, 40 and 100,
w®00ane0200, 20 and 80, 20 and 60, 20 and 40, POI/An2HBDO1515

or 30 and 50nm or may be abogt 20, 30, 40, 50, 60, 60,

80, 90 or | OOnm nean di aneter. They may have

pol ydi spersity (defined by wei ght average particle

n e a e

vabh 358 S S AE VA HIREL A HARE ARPHLELE SR bty o Sbw flow
throngh thelfilgerenr fidt Rhildimeingramning shgscnitiopl camditidng g'na theefiltet or frit.

m regat es, The be. | ogs bou
a ol BERE O RR CeglPal MR RS B bunbing, B miiyee 3 ambient
pmmnmﬂimwsmﬂsqﬁmﬁuglaneter or | essthan about 15, 10, 5,
et  Ggrontealy s besd TErGinaE(an to Hidst bF VRl critcel
pres%grem'i iﬁ@d‘%ﬂtlé&ldteﬂ%ﬁraﬁﬁe qg%'ﬁmﬁanegusl?’ THe sépéer@mtlcﬁl i@ will be

m Cron
maipgins e PetsSUFNS polvteph RBvE 160} ot Kckiiogs B Or B)L 1600, 12 to 10, 13
( a u tipSeat f
to 1@ 9452’1101?3“531?0&%&9%&1\73@&03 %t{)ei{) 2%8 olg‘té!‘gﬁns fp 10,4 to
10, :mo 16, hOHtd ), 1.0l t Brd12p 115, 1.Ging 11,5 @i toll.@5,dnidtoll & 1.1 to 1.5

im& ; e3P To 1.42. 30317y, i'o‘%’ 105, 1.97, 108, éqqu, 13p115, 12,125,

1.3,0p85,0n4! 1.95,n0s.€1.6,han, 1.8, 1.0uzi g, 5he, ded iver 1 EmbH®,. It may be
pressure in t he |n%ect|n chanber wi |l i ncr ease, S|nce

mapRACIGH aHPBRIARIS A batwpenyabaut .04 agel ek timpe ds (ihere Rais measured
in Kéﬂﬁn?%?%ﬁ&éeh'aﬁé‘&t fiw 4o tmﬁ 3%@18%13 '3n<froeiat§9 Wo}l ko 1.5, 1.01,

epe on the pressure différencé and rélative’ vol umes
to lbletlvﬁelein k. % lihjeebof b teHdntiaes And-a. hboqirle@]l pil {22di08n1.04, 1.05,
LOg P 0s, 108, AT I3 TR S PPN SRR h AN A 10,23
or llamiair;eZkOT o & Imrmhp8rcutlcél fund hbap@bmpase supdbaiticall carBon 31,10)4de or a

. 6, 7 9 10 . bar ma ddi.ti onal
iR of plieritical SpoD IORe AP BN e iy e B R phropanol,
1soﬁr61§ar@D|B(1@£fol 8N ehoré ehap RN ST thédeOANS 4 hitktre EN@ed, it should be in a

aratlng@“@ conprise settlin centrlf

u
prowcr ipR FPHY ORETEE Herms? sereseritical Mk é[gller\@Ole fragtion of the
alcohbf ﬁ;rQﬂ‘the?%H@cﬁﬁEﬂ) Y tHescaPJo%fcﬁE)ﬁQl? Yoo dugd tﬁgn Wdut ®.4, or less than

taining the supercritical in it
abogm@;ér @2i 8.1 @al0.G% ar between sbaut @rﬁmﬁ@boste@ﬁloabememﬁqu@ and 0.3,

0 af?cpbﬁeatand (and ngg%réf 0; gs%{)sﬁrpr eggta}‘é@ef%‘gnﬁg §8 0.01,

re~depressuri’s
0. Of'mEQ/ 1 b@:lS,U(mSI a2t5] al3l v.35r @e0.af Oslodr\wapércrifibdl Sﬂtﬁdﬁtlﬁﬂhﬁiy be used

di ssolution of the partjcle nd avoj ds any toxic
incl ¢ SRR o e R SISt S RPERE e R BBt ethylene,

chidrb@ifRetotedthae) (ChRrABIhdbhRhand NeIRABFERGHARY  trifluoromethane,
additionally corrErl se washing the particles with the
1i

heliymp apest Pt pcipercritical migfue of daprtwesurmeienef thies, or a supercntlcal
mlx&ﬁé tdfcalngsof Hays v@{hf FEE %FEﬁnr d. et N RBTELC ?1?10121%39 'Womprise a

e supercritical I tional "supercri
modifier id arsmitatile ppams’recm that the floed isrsepﬂrmmcmﬂ uoder ¢heednditioms dised in

N I, VAT e
and reéhyersar ¥geit or sEndvthet bAGER liquid. Advantages of the use of supercritical
fluids in the invention include the fact that they have low viscosity. This allows for the
very rapid mixing of the solvent and the supercritical fluid during particle formation. It is
thought that this reduces the possibility of droplet coalescence, leading to small and

relatively uniform particle sizes. The viscosity of the supercritical fluid may be less than
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of solvent remaining on the particles. The step of

separation preferably involves filtration. This may be
w@edseweed using a frit or simlar filter fittepPCT/aULINR001515

outlet port of the precipitagion chanber or fitted to

a line leading fromthe outlet port of the

precipitation chamber. Thus the frit or filter may be

I f brobt S e t

abof?tnO '151’ drggsglth{{{ gtgoluljc] Bﬁé s(,)gbgggrolfrtd (%(%:’CP (F}Oyé&g’egl %Borﬁ?'b 001 and
abom(éld’r abbegween dboat 8.60V emd 0.011 0.6hwnd 011, @0afMah& 0061605 ard 0.01

o G ST 530, B ol L5 B o,

0. oaapp@m 4.013, obz 0.028, ®0®r0.035, 004 ro00uS, ocvs *@&I@A@@rx @*@@uo 09 or
1 and 5, 5 and 5 1 and 5, .2 and 0.5

0. lcg’n drog e&m@le a{mvgcosgyg)f syperGHitiepl farb@nzdloygdgr@ayd)%abogt ©.004cP,

and Jef s@perenitichl @irbon 'allcﬁc'idénl%vn%eﬁﬁﬁgb@%% 2ot lefifandll a bgtl?O 04cP.
aggregates fornmed. There na aval ve, e.g. a nee

A oy @dvandagesalrtbe wsé ﬁﬁwptercéltlfcall ﬂwelds & thet jon reducingithe pressure to

amb%rlto eggui)élv lth% QrHQ}h btehgonf\ﬂle}‘t&? 10 9 f aséou\g'h tlﬁfee flnq thereb readlly

alrnin ercritica cond ter
sepafrauetl frofin (':hepsohd qmstlcﬂmyThel dm;telr@rta:lal ﬂuxdmhrpullds‘tm a non—solvent for the
suri.si.ng the.particle eaft
subdE s T R s PR ik Spade, oy e gt mogt substances

havél %eﬂmhﬁ s@mﬁhf;efneas‘sotv@nta Ih lthiis CbogtexQrthe béﬁ»he “hérﬁsdl{/éntt’? GRduld be
pressure PO and critical tenperature T_simultaneousl

undqiﬁ@OéJﬁémaﬂ Brteihe spIohiTHy @ 16 BoSHRFSinaibeewpaeritical Huid is very
lowpft ?ﬁaé}%@fo?fexgﬁ%ﬂé’qgég tﬁﬁoéﬂougl@%gﬂ c;qui% tﬂ%? %lg)cﬁlt 90%, 76l > & 4,3,

to 10, 1.
2, 1t 8510.0. img/Lt and10ay he Betvv@er_l_ ahout 091 sl deut 20me/l] ©r b@Wteon about

1
0'011%51, él’ld'@l&‘?%l’%).'qf,) s s g“‘it@BP ayd 01 bt S fisTebs p.g about
0.1,10.2;e8.3 0.4, 6.59 0.6200Nt0.8,. @9, 1,12,02,4,15,®3,7, B, Odor ﬂOanL. It may be
sufl H_cleggl:y l%wgt?létlt_]ﬁ'g ga’saﬁfjf@?o%fh% :s&lixﬁta%ic% gﬁag/]Bq'?[\’wvgs]Iieésvifigllihg’ sugercritical
ﬂul(ﬁwnﬁouﬁossgoﬂ)éhb&%ﬁdl ARDuMS-of tbh rtiCRY (p@ wWiBiomE fsH Sfjm%?e than about
nper at ur e of between about 1.01 and 4 tinmes

10%%@080? ¢ss thapabaped 2 b &l Q2 Ay 0.1 theefeen about 1.1
t t
begRighPoyof 41 B g s Gy My byt may e
dipolarsaprtae solvent. & ngay bbb burtexample ditneiny] salf@dde,1diddthyll f@Hmamide,

n%tl'%g ]PY%OhE%QFg 8, flleégr%ith%l 11pl%ospﬁ0r§ml§d 91 I%gp%elber carbonate,
dichlorommthhfe off ke ofher sﬁlv;tﬂt corlmdyt e &l nieyireCafgRiyit9/@ or more of these.
Thessa Ver EEI!F(HI% gp ceéqrbgon gl e tﬁﬁz tsﬁ)sgqx)étg%glh g{hl((hethg particles are

mad®ETRAEA ent Qhd) ﬁféosiu{peﬂéﬁﬁ@ﬁ%hd mla§ BRPR&BR!in tﬁ’é’fn‘%ﬁ&ltw% in which
nore than one of these a mxture i s used

theysarg utresepe fallowing felpry p’é thesipdwtiannit the iejeption dm@utrenrmﬁler as a
smgf’ei sHoP 8{ o 111151lc3‘:t@'¢lFI n Ghedi f e[’he ;ﬁ‘?a 1sf:fb?ec r&g?%%hglgs %atlﬁey may

coho or ot errmlfle e car on
not bemiissgde tﬂﬁhpmp«nﬂulonﬁ)(ut they niaa'slﬁ hiseibleab @nly @)n&-, pr6p<ii‘tlons)
0 n abo
abs i mRfbE RGeS Ny ing oF ey Hfofting, gt may
be Q 1ﬁ1xtﬁke20ﬁmﬂb£iar{be®r010nﬂayabé| 9. ﬁ’ur@ryﬂlbﬁtaﬁ{cebeh aﬂﬁ@jdtbeoorgamc or

0.05,, 0.1, 0,15, 0.2, 0.25, 0.3, or
OfgaéPWé’fa“é% pBPIYPITIEsc Qligpnegie)<Ort Haqmﬁs&pwbéwdmﬂw hydrophoblc or

amphiphilic. The substance may be or comprise a pharmaceutically active substance or a
veterinarily active substance. It may a drug. It may be a protein, a peptide, a

polysaccharide, an enzyme, an antibody, an antibody fragment or some other type of
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i ncl ude supercritical nitrogen, nitrous oxide, sulfur
hexaf |l uori de, xenon, ethane, ethylene,

w@ bdosnoatopd f | uor onet hane, chl orodi fi uor onet hanePCT/AU2007/001515
di chl oronmet hane, trifluoromgghane, helium neon or a
supercritical mxture of any two or nore of these, or
a supercritical mxture of any of these with carbon

T er, t1y.C f [

subghﬁdﬁéf Idgl‘rle Isﬂlﬁ%tﬁlgr%l tng{?) de ?{))rpoér %‘151 su 1ﬁ{rﬁ{é ?rfuaﬁ"lglolgge thereof,

y&um@lectml eraoalhahogd@therdmé e@oredintonr cananalegm;b fherepf drypgroxypropylated

s YR S RAL L B 5, e SRR L sl

of Wik tsedl ganihe trdatitént. ofﬁﬁ\t@’(ﬂlﬁ@ﬁﬁl @fpahbﬁt ¥sig tedatment compnsmg
upercyri tl‘?@%;éfl uids in i nvention i ncI ude the f

lnhfﬁwgtsa SpRRFnge.<et s tanegrhedngindistedrigr th@ﬁ@avwgt of the
conﬂﬁil%hd’[ﬁb XpA@ntOfna }fh@e & veRtp I@rhdh{lﬁ‘ﬁn SRR el I%Hemt: may be a

| ui d durlngr |ceformat|on I's t hought
mammabarr eatisob hterp@tlgﬁmyd@d 4 ngn- hﬁm@n mptrmalm abbent ergc e dog, a cat,

a héérlgég,‘dd &g}%’ 2ol cI T?l? Q:of@ ?‘{11'113( e ﬂﬂ' ﬁo(ﬂgﬂﬁétg; %sthma () some

he Vi scos upercrl
othdremaditibavdibduis tfRatab[R: by inhakasien ol amaﬂhmlﬂte Sut3tancé). Th% substance

0.,01 or.0.00 et ween bout 0.001 ,.and ut
ma e aB R O b1 DB Y, PIAEH00) Sadagres for nasal
inh&at@Ib camehddlPdo HetOReqand @s@&re@ﬁstaﬁt %}%ﬁﬁesowﬁﬁh afdcommonly
may. be about 0.001,. 0. 002, 003, 0.004, 0.005, 0.006,

req@rqgio-for @ub@jgnce@ @@glms@ergq_ 1n@esg1iaj,1y OS@bLstan@eq)zfgr 1@&5@13 inhalation
congn&ﬁgrec'ﬂ_n&“a paQﬂQé%lanQet%f 185sQfan Qb&l?s BicBihs i op&r @ reduce the

or exanple the viscosity of supercritical
muesgtison ad¢asaticde anﬁytobeclra@\@ua @prmﬂmg]lble ;me@lﬂablhty of the nasally -

N L T -

to behdnisietesdd. The emhstant:e anly bel authetapérdict dpent. The thieeaiiwua @gent may

t he ur.e t ent S t he ! ) ,
be o, Bhe PIGe AL Fot g RLTS B Ron R e dayemidsg pligopeptide. or
pol%@ﬁﬂ@%%d hf)fn%ﬁeE r%ﬁcHS a4 tedtoRfEdeC h@Sdrolthe MmbRRFpidst pfodksterone,
| ui d should be a non-sol vent for the substance from

xm ! prpdollsenin,cprathrepoictipg ard emlew | lymplokinese puchogsg interferon-
alpﬁah %teﬁ‘&%h bt ShRFERR.- éb%ﬁﬁa amférl'%hfqﬁ 15%&%51% hlth 'tlIﬁ‘teﬂ‘eukln-dr and

solvent. In this context term “non-so
integlhultihd, kéohnimmrsslph)@d etlphawgahulmmbetahgolsldimb ighinma-glpbulins and -

. fhe In.the,supe tica

ot Bh HPE Pl JELHBEE Tk Toviie 146 i (B P, ane-
tetatiiaamtibbdiet, ShunBins Suctbas Hmah, seBim Albuinin Ond o@eﬂbﬁﬂlinﬁg‘falccme (e.g
pepﬁ@e? %g%nbe %%evﬂﬁgtgd gﬁgr%tgrg%@%@% r(!lgﬂ %Pr%getso%ogg%ale ghe B sgbunit of
the Ql’éﬁit llQile %n@ﬁﬂoﬂiﬁ oflerﬁ&@to'ilg&hlcoE5 cah dth'é Bes&um@lb?t&lolera toxin,

capwlaramtlgenwof @ter@ Rﬁthomn-'g /fi_nbrlate qmyh Bé el@,tgm p@tihegﬁmSyHI\é\ﬁprface

t e cl.es
o ANRE Sy, SR LR G SR s
whiglmoambesused ipding prebeng irfvengon wwictude uirugsaslslcbhctrm"r the tchaliiovascular
T L T LT RN R M—
phesiolanging), dhigs I’V&Mclb@cta)nrthél cafitit aus/ 089 bysteh (e.bt ddXayrae affentanil,
dezgﬁlﬁgl ar rotic solvent. It rmy be for exarrpl e

t’?ﬂ]/tPu % o RUAENOL PP@t hjt o;wllfp@g) ac, midazolam, propofol,

metacurine, mivacurium, succinylcholine), antineoplastic drugs (e.g. cytarabine,
mitomycin, doxorubicin, vincristine, vinblastine) and antibiotics (e.g. methicillin,

mezlocillin, piperacillin, cetoxitin cefonicid, cefmetazole and aztreonam). When the
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N- et hyl pyrrolidone, hexanethyl phosphoram de,
propyl ene carbonate, dichl oronmethane or sone ot her

W@ 00804094 or may be a m xture of any two or noPEI/afj2007/001515
these. The solvent should beg;capable of dissolving the
substance from which the particles are nmade. The
sol vent and the supercritical fluid may be mscible in

e R SRALHY DD S P B PO Y may b

usefil tfvetheaseatimsitnefl diabdiet The quantiyr & theasubstaceshintinisTéned/ to the

patigp oy By iogding Pafu e FORES “Eterite, b on erippn being
treatdd, N1l SOHR apE OPEIEhT 8 $Ex oflthe sabjbstanpardiead. be
crystalline or non-crystalline or partia

|| tially .
crihstsybstange mpy ingame,@nbodinents be adterigids: anesisidsy a pedenticide,
a fillBicRioRH s6m® WARk YMfanch! MY be organic or .
organonetal lic, polymeric, oligoneric or nononelic,
hyldreoprieéss ©f thy drvsphiobimaydre wyegho ghithicoated partinldss {Tan garticles
. ri .cal ly.agtlve bs C
mafl B pafily FRERE 1Ry BpRBE TREBINE Tonien” Thi B RS LOHEE by an
encamylane Thep notycheanat 1easpeptialtieencapquidtyds by tHeamicaigulaat Such particle
enz ,, an.antibody,. an _antj body fragnment or sone
maghi ot hp ey SRR b ST e Ty be for
eXa ik entddithédt (R pAReRNdnREEes HEREAE a BEPEASPEPLAEIParticles
or an anal ogue thereof, epoietin or an anal ogue

in g spdyeat saichgisperwippr opyarigingdthe enespsiloaeity salwionpinte sosipgecritical
flui8) s %ﬁ@cﬁti&l%idﬂ? ng @ﬁ&ﬁﬁ&l@eﬂ'{aﬁ)r bfie %?? ’pgﬂ{cles and for the

capabl e of being used, for the treatnent o
encepsnbint ianh bemgampaitlemtith thaisolvent dtheeprrticlesps itlsiynare formed are

. Ji.nhaling _said i gul at e, subst anc i ubst anc .
aistBE o R gt Rl S beiter bfip BAARbARA Bt FRLL T3HERS RIS Bspersion is
injetted ipad therdupemyitibet ffudd, the amgabsulant Hoimina pedtingnér a pleial coating,
surR UL HeAe REATIERT IHF SESRE Ay (pe %ouibg aiop. Sigpay B a colloidal

disfiSE TIR r&@\betdebi tle BELparhifles HRNMMk lhOdpshiBMt B8hd @fspersion may
exanpl e di abetes, asthma or sone ot her condition i ch

be pajweereaants 12(hgnd reat a0ilorn afveighiarmelaibatis. Kmsst bmakont 1:10
and 1901 SPAAPRGL 1 F0nae1 AB P gT £ ol 20NN PLIONL oF 18-and 511,
ups or I nhal at1 on

by ‘dasal 1 nhalati on. tances nasal
for epampla) gnddmapdie abequ0:é, H&xds p:dr édi Stlakl,prixpetdi 4.5, 1:2, 1:3,

WLch,are.comonl y.required for. substapces . .

14 R T 808 ) A PRt bl adite e R SRR G Simbagiment is useful for
coré paAlcsi hat endditult (e disssl®e dn PAEitablee sslvaitetTBése0dore particles
. less than abOLit 5 mcrops in order, to r,gduce t he
mclﬁgwer%ngrm? ERSUALR Salifdnstals ot i lERnoxdds dionsty dihs eacapsulant

in tRisO@N@nhA3Pbd hipolRhedBaldnd! drit FHY B 88 @E&Sibed for the substance
subst ancés. The Er esent invention'is not limted to

carlign jhap arapibeunagde is eseaccording tadhg plesanéisgntiathe
SLiHS 3 i gﬁlge ; {hlgecrogf%)gﬁ%fézfeg %9?3&0@1@& ug%ggﬁc%) gg&éegs of the

agen rrag Ny rug, active
invéntionopbyt & deitabde peptesdenmiises dpbypdringea Girst molutioaptomgrising the
. d. hornones s as_testpsterone,.. nandrol en iy .
sub ks, PR, S50 Blvebhane h Shir il M6t i msgriioal fluid
beirgy ytﬂb?cﬁbﬁieﬁlt ifer ERdsudp@h&d aid bemEPRRKILIE Svithutd @St solvent. This
i_nterferona

ha, . . . e .
results in formation o? core particles of the substance, said particles being distributed in a
mixture of the solvent and the supercritical fluid. A second solution, comprising an
encapsulant dissolved in a second solvent, is then delivered into the supercritical fluid

having the particles distributed therethrough, said supercritical fluid being a non-solvent
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interferon-beta, interferon-gamma, interleukin-1,
interleukin-2, interleukin-4 and interl eukin-8,
w@bk@bosions such as al pha-gl obul i ns, bet a- gl obuPCTIapP2007/001515
gamma- gl obul i ns and i nmunogbgbul in for exanple
pol yval ent 1gG or specific 1gG IgA and IgM e.g.,
anti tetanus anti bodi es, al bum ns such as hunman serum
for Thd %H&aﬁbsﬁgl‘fjt gialbpiﬂgl MscibYP GG ( cgnd Qﬁ%ﬁtd %h?sn{ﬂegelré?ults in
and attenuate oor gani sms an ruses,
formitenBo alsaatitg Qfartisher h;empldt@bwﬂ the anba;lsulanb(om at)ieast some of the
ter OXI nlc B s nit of
parfb UG SAGMCE. TesBhis SrbospEtte sireiagiE &% Tormed in situ
usnfgl thid Ipr(aﬁssmf thé inveﬁﬁorﬁ Iﬁh@ theCproadsh @Qﬂa@ﬁ usdd dgasiinf 266 to form the

anti gens, st Iler and ac al | ergens)
CoatRH & qﬁlﬁ@r@? § tageg, @%3 VERFRYIER a{fe% desgribpd for the

earlidd enfodaRgt ﬂ)f“f@rﬁhh@ @oét&i? bh&(ﬂfele@r PER MYoimaRtmANbE REitable for
cardi ovascul ar. system (e.Qg. docai ne, adenosi ne,

produsing egatetepartigpain whichetpe ﬁ@rﬁmarmles pmRjrerrepibsianes that may be
t I

reaﬁ@i{l%%l?é@ ﬂleguatag%gs%zvrﬁmaff¢m%§ be. ,eﬁggzgygeﬁﬁl?lg fol EPIPME a slow

releass, bmp:hhtne],ledbmqbcasmowqahngl @ntmgard:mbn nef &eétugr dh dlds case, a svitable

conf BB RERBY e BLASHETFs BB AT nmance of e con

part@fésar abi ne, mitomycin, doxor ub| cin, vincristine,
Vi an aﬁl ne) and_anti b| otics g. methicillin
B0l FRParaiis, BF REgdueing pagtiglesetia sbs@nempsingithe above method

conﬁs@@b%@isﬁn%@e %Eétfoﬁnﬁ%bem%] d B@cﬁ%ﬁ&ﬁ Léhbrﬁb@rgem conduit

i's insulin, the partl cul ate substance resent

conpepfee g @neﬁw ehambee fapH ﬁl@rpmﬁeﬁﬂw@a@hmher,ofan i figted swith an
mjegtg@} gdg?@%}ié%ﬂ\l/agfr\x&ﬁeg \”%%@%@)gn ﬁl%r[h]%&? c% | Cu c? c& Elumcates with

the pndoqmanme phaﬂli&r(hnde;dfm the valzya ds tlosatd thelmpctﬁcmehaﬁtber &sisolated
as the.a and sex of t C ein

fronf i, Bipein TRt el Rre THayPTPRDLERE SHEBRRnSHL g pable of

maihRilh€ selercrticae Sénditi6iR, (t %@nﬂe@&iﬁf& ard Si@ssude)f fan @i sep&lriféal fluid.
ot her subst ance. rocess of the invention may

Thug She SEETP TG P4 E LG @l egmethire paniolere sl igynayebe an
elech#dal 'c%h{rbﬂlé‘ro%F ergay ToRYrifRY, ﬁ@at@cp ‘EﬁiheE@%_aw% ?tbeaﬁl) fﬁh%lfnch the

my be coat e y an encapsu ant .
preq@mtqtioal ¢hambse apayubataé dedsy ptaﬁeﬂlarru@apgmdaﬁfhe swchmtatlon chamber

shoﬁarhtak/? ; onﬂ@%’/ v}?ﬁsc}f%gﬁ_lgg )C(‘Ioﬁ%lg(ﬁ ?c{ %%urgg’gg ﬂ‘lenflil ﬁ%ﬁ? %% uld and an

I nven n one e rocess
outldiepdrt/ﬁrpmgmalr@ epoess of supencfntﬂ:atﬁulpart icles in a

Sgll Vte%r(])taﬁul? al d)del z? E,E%Z):r g?l?ig? ::T[ngé)r?‘llpﬁ?ea anglg]%gt(ig eLlJllvg rs]ct> tliiart] when

the EH@Rlo MalveGiglopén WiliuliehBy passnBRUSR tYEEndufrant hﬁaeﬁ‘%@ € ing jection
particles and for the_encapsul ant and being mscib

Val‘iﬁ/llf Rlopetenasbqwd pray pepethprehits eandslf- they are for rred ar e
digf§ ivitEneel 1HJe@t1(5H )éﬁéfﬁl?erqfs IB&%EIS&Q éﬂ% sGfdoh Iaﬁd pressurised to

supercritical flurd. T I spersion is
greateyj then the pressus llnge srasipitetion phahbdrlmﬂdthet\raéve closed, opening the

s RIERRSH W SRRSO 80 B R g e
precqalmpedmnﬂfer tlhterabyyfob@nfg @Oﬁh@Isﬁﬁly 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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di spersion. The ratio between the core particles and

the encapsul ant in the dispersion may be between about
wa2@8/0&m04 about 20: 1 on a weight or nol e basi SPCT/AUR®@Y/001515

be about 1:10 and 10:1, 1:5@nd 5:1, 1:2 and 2:1, 1:20

and 1:1, 1:1 and 20:1, 1:5 and 1:1 or 1:1 and 5:1, for

exanpl e, and may be about 20:1, 10:1, 5:1, 4:1, 3:1,

£ sl kiR i P o o

supenahibeh] fend, aipriuSeinitodbctiorcal the parking selstibh éite. dreeconduit), a port

di ff lt.to di I in. i tabl ol vent.. .These
B R S b RSB e
SaIrHeSinjéwﬁ)tm @man;ﬁﬁ_ﬂ-m&}f ®B @ﬁistﬁilgeted rﬁilﬁr|1 edn§- _sﬁ'i_ﬂtﬁlet material that is
ncapsuj ant in this case may be a polyneric naterial,
phySPaID anflrepically ugaR: Bl PTNS A BeHaHale vdrin tes process. A
suith¥]8imdTBYal b€ 1%#%”@93.%15%% §ie %Bﬁ&%gggs létr%TéH ggFué)ing may be

present invention. In another e&boq
seleptad t9 eomdain Ahedgsired velothendiwngkingsohition.ess 10lt he
[ it | [t p .CO I.8£S o
adt bl sdSe 87 Ut R ErPOBEREF i€ BOURRE" ennp dp ginimize
retentiicsal the dvorking sélutiet albap erdidesi oftte ehambpe kided, thetelly facilitating
1 ui said.supercritical fluid being a non-saol vent
deliy {t115° R HcRmaY Herchto S BreobispHoRHo SR, Thos the
intefinal M@fce of tHeSnjeetsod EtanibRr iak BBpboRsheafto & Righ Mafdrifklids
of the substance, said particles being distributed in

a ThetRiGetoTothapmber aul weripitating deebstpondd be pavableraf yyithstanding
suddenSFEQNb afhbls afld SRAPbE BMeyBRd SREARRILA Yol S 5UPHL bolt

ina second sofvent, is then I'ver ed
closyrgpwessel s capablie widwhbstamigng mpeessaret sholcksamdi stayi beitused as the

Iﬂ@%@ﬁﬁﬁﬁ@ﬁ%ﬂ@%* said supercritical fluid being a

-sol'venttor the encapsul ant and being mscible with
t iehse bead fenldv éat .inckbasing fenvokegiel 8 ghd ubal @t pREswdking the

) [ tial, or conplete) of the encapsul ant on.
worbjn S0 SEEEdH e brRPTRCRUGrYY s SOPeacds Vg gince at

constinttnids§ of BRkOpraRte ERGGAFR, Pafhils! @ptAidd JWMAE Hnpliks a higher
situ using the procéss of the invention, and the

presgyisc eddso, Pyt Merniziag the aiolpme ofraser thers fsolass tihed to control the
i: i . . .

oS24y e AR BB 19y R0 ARS8 o ivenin

a 15@mblduickmmesstirgrchimber (Vohitayaltsé dnlpsntpleéydmdeiwas coupled directly to

i ment. may be suitable for producing coated
the%%%ﬁ?%?@%n?%'mhich the core particles conprise a

s milh's pasterablethit thagadkepre?&fﬁ tag ddies ﬁ?ﬂ IWp@ Ly Witﬁilﬂli re@iited operating
sol vents. It may be used for exanple for_applying a X
presgyigR, 105 sumBle WHhigJHE Fefaceel OLEALE, 2oEBLRIt Gatd 45°C to 40°C).

Als®aghk | $dcRSpr&kuR 84sUGhoulld o ifitefRS Qwitld 1B ARG AMdN%nd the
may be a pol yner caﬁable of controlling reledse of the

workigg selaten (gfpartirelardhesqiuent) goukd not eyeparalisiescespivalydnioshe gas.

. i ti .0of. i .abov
vt g, TP NIRRT, R TRAEIRS o
solubility e€iopganat vapvuchanbigrogerA (eapataiibn)c devnenses ad pessure increases.

LR i hanber and,th recj.pi tati.on chanber, an .
Theldef il ORGP EB Bife cbontio £ vent into
nitrogeh \s@s isSexpreted th e ilow ae réq@ire@ NABRR Bing BRI geAties switdle 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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the precipitation chanber and when the valve is cl osed
the injection chanber is isolated fromthe
w@e@siogiopat i on chanber. The precipitati on chanmP@r/AU2007/001515
shoul d be capabl e of nmintaggi ng supercritical
conditions (tenperature and pressure) for a
supercritical fluid. Thus the preci pi tati on chanber
u t Thj
a ﬁ‘{e{;igo&{@i’e? thg :ﬁ?ﬁfoﬁs ft sh%ﬁf& z{l?cl 811}1 ?Seséelﬁ%l gﬁ atl?veg 361g pressure
confrelleys twailew tlhatsb])aratmlm cdn:ut Iuadq-:rrmemnhazﬂl andtivagiier the fluid.
may be at |.east t|aI rsed. The prec ation
The Rt S8 ceBBiead e BRwis cheomaipiebis Sobgliay recpvery of
the PaBielés &0 ﬁl&ertedl" (i”ro%&lﬂﬁrﬁiplefdrﬁ@lﬂ fihidi Fhisangy 38 %bﬁ{s of a screw
port for permtting egress of supercritical flu The
ﬁttl’é%)%ﬁ%‘nﬂ 2hmy be a tube or a pipe. It conprises an

C ' Lyve i
L
This fegy ifer] @@mpémcmalbmse alegle pmsmﬂe mzurbep qﬁa gasrthyt ipabw solubility in

g d S [ i on

e SNRHO0 B0 Mo tputl 35 e LT R GG gptaion

theretoaThis eaypsecfos laxanpla ah loperpbicingdrtion per di‘hﬂd}iminpﬂsb @ resealable
the v Ive cgosed enla@g the valve leads to a very

Sep‘iuglpti’ edpaY ?S?V%?‘e PHAGMEESN from the injection

¢ abemdunttfay RRtcRE %ﬂopthte aireapita AN BRmbet NBIBBY extend between
form gQa fine spray of the solution throughout the

abobtr%%fidp B i} R Sheber, vlthugh dlap distanen dogsmat BBPGSF & baeritical.
It lﬂag\éﬁ{éha oﬁtoj & LRP3E spa[n%toioo'sta%' 19016 P@%@?,gzrd%&dhs(ﬁ 30 and 50 or 20

['ati ve acdcess néck,
and\AOgualmtpathe @hamberpc gc alpiut &t éO,dbi)o’éﬂ 25080, 404 ©r 60mm. The

minfgfin SRl R G4 (e KA (o] B ShbRBendd 86

delleﬂ’poﬂ'itl‘re Bblutibh éntp e byt @tticanflaidannasy 8o %ﬁfﬂoﬁ@ﬂyaa@@ 1 allow
for introduction of su%grcrltlcal fl.uid,

Tapifl S EAREPSNOToRC RRSARGSICPIY delbyenY Py forafor o the Supercriical

flui&. Oﬁgllrhh{o)nly gheP Qfahleftéi‘rwﬂf 88 Sﬁéﬁﬁeéﬁoﬂioﬁl@ 10, 9'@nd@ " nfn RA rdlameter or
for discharge of supercritical fluid fromthe chanb

betwaea abapidsd |a@<|‘q 16h aﬁtﬁ@ﬁ lyhyngd Oééra@d Augnade.gr abephy, 0. 6 6, 7, 0.8,
0.9,3U habhey r:’rai g L@l 162y 18 Po Bp%&%ﬂ:& %heﬁlwercﬁgﬁ'ﬂd%% shfﬁmently

rési st aht e’ cohditions” an teria use
largp o caﬁsw fo\ theu lra:mdb legputsiberafahe sslufién Eﬂto rthe @rddipitation chamber as

s BT, S8 S R B SR et 8, g of

worﬁﬂﬂg@bh@ﬂ@n an @CCLirO&mthouTth bhd ea[piﬂéryﬁﬂélzilaQ@ Rfusédhin some existing
snooth to mnimz

devw&)gﬁgéhg&%%%gg Zlgww %Stfyg%ﬂ gt P?fﬁr%ﬁtmgllla%n%ztre%pwan lead to
a m@a ouBlDABRSTy Slodes, ARRIRAY fme'zlblsérﬁta'diga @aﬂﬁéfgvl%lee fmproves

he maxi num amount of soIU|on|ntot recipirtation
scalahilitybek pProPassbyt rrengvings efiedt of mozale ssputy durmg proeess iiniensification

(1.6.i HHFSEU(SI‘PX) nﬁﬁ%ﬂgnzr?dsoh% 8m b%@nemsr LR é prrlnl-: Ht 1nve§t10n the

ection ch preci pi ion c a
injectimadiamhm‘r 1wcbh1ﬁe¢|dde¢tgr suddia tpp ©F she premtmtagas chambler and is

con%eé:?etcli 19161’6%0 %ons : HC a?ve a5e racrlrlaplgeIXént Srg{ntlrglbzleg ’ber?ds?’?no thr(re1 conduit

which would otherwise result in losses in energy of flow of the working solution as it

6 BToH single shot

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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cl osure vessel is capable of wthstanding pressure
shock and nmay be used as the s precipitation chanber.
wo eooBagoobeen found that increasing the vol unme PET/AEHS007/001515
used for pressurising the wpyking solution decreases
the pressure required for its energi zed delivery,
since at constant mass of back-pressure gas required,

pre ﬁ%h'cﬁams%ag %g%eﬁéeﬁ%f)um glféa@ou'a's@h& bEE&P bt 10 and

there i
40, h¢eutl 3@ l@canﬁQOL 28 hmi 0, [Sﬂeaaé lﬁﬂer\l{)iahd A0t dn may be about 10, 15, 20,
e ur hanmber on ractical
25, 355 B0ea pso.an 38e e emtioBire s Ble3Rlen et R i etiagh about 2

and 266utA0cEARPlugnes vt bétd%éﬂ abas 2@@@0@9 add 5§§Tah& 20 010 &1 20, 5 and
ection chamber. referabl e that th

15 Q5RO BT 6. B0t dobh Sob. T.PqbeRy Thi DRitA, Foddi Hed7, 18, 19 or

20c1%P> ef1RL Vd18mP b e Bl r@cﬁgﬁtf&}h SN ABRY ﬁayﬂbk 'Bbtr‘bvéeﬁ%bf)lﬂm eelfd 5ooCm
about 1 to about bar at 250C to 400C).

or bgtyeden gbewisii0canyaA00s ROG laad AP, 309t andatfo, W)@ Iand h'@O vaﬁ@kan.dg«loo or
25028 %‘50‘%‘3 SINEhd0YIsk 56, 386 UdoOhisd L] cul ar the

ven vapor’a € extessively into the
gds .orfiért toogpale ﬁ&sappamtlmhpl tfot ildrgeri protibetidn Gelusheshths eapparatus
of organi ¢ saluytjons, .and.the solubility of .
desiog P ve S S ep et ROGEIHe €6 dbat PEn tatiege iespraguction
rate pbyesas Wh&od RENEATRS apph@iefdREQIRY MbEB Ra9SBeIMeslicAted x times.
ed in the |nject|on chapber evaporation of sol vent

Altqmﬁtwebj A RIG Ere- gaiigcsion sparebas ot @S%bfrdo@boag ey gicorpected to
a 81€%1r %rgélﬁﬂét%{nh&ﬁa&ﬁ%g eaﬂt ﬁllﬁlr%@)ée:"] '('L d. a}@' @Ph guirsy & Ph&SH %ﬁég@rﬁpltatlon

use I n € prese 1 on. par at us . )
chambeti hasomalolyme @rﬁpbo@ex alr@@plarmutbm dmv iused froth a single injection

Al t icl r
o FERE ALl FerPBlys BB b8 el Heind volbls gy x imes
largtnhﬁlmuﬁat arsed iveigh af biugld precipitatici rc_hauﬁben; inga bst@naectéd using
ove,

conpri.se a filter,. e.qg.a frit,
mulfigle G e Eoriaghe K TS Srieapitfon chiymb e nire % Belshbd o may be
any ﬂ@éﬁc’ﬂt}hﬁltﬁpﬁé ¥e$aPBE fidin PEEIS0U 6 O Eiéﬁdnﬁfn"g &pthaldbﬁwd rate of
he s&gar ation to occur under supercri tical condit

produgtion Hb My hecromRlos N0 e 4G0h LIt 28 HodPdhdadea 00 1o 1000,
t fip
S0 310800 o 130948 e 3,59, SO K93 4 5,
60, 70,80¢90, Wﬂoslﬁﬁiﬂoﬁe?%ﬁ@ﬁséﬁ@ 4X0, éS(Eéﬂ@v@GG 700,8§00900 or 1000.

’Igilglé)%lr ic -lrar%e S a]:ﬁ a%?:%} f;@te pS#eCﬁ1%§o% r%?p g%z%lrnk%}e lraarftigfe size of
bet\meam]bblﬁt IIDzimllr chmlnﬁ ohbetvepi asai :26 a6 200, ﬁSGJﬁncHZ(E)aSBOO B&d 200, 10
i.S.0 0 0 i ol ven e injection
and g3t NG sty b A and 0o abt e Ml 4onm, e
abo 0l 0U1 5 070, DREI®138; 40, WSSSGYEBO be, é(p@oemm@h@ 9, eRenab) 5o, 160,
i nsertion port, or may mprise a reseéal abl e se
@Eﬂ]lpalrtlcle size

1705489, K0 %90@@61%6 @aﬁ@nlaémiswtﬂnée wRghBaveTh din

d1st191§|}ﬁo%)ét"lglgdsnﬁdqltep ofRfe R%E Crh&'iets%by BeClaiRE ibed bbdBfor 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/ml 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

1Om2/g or greater than about 15, 20, 25, 30, 35 or 40m?%g, or between about 10 and
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about 5 and 50mminto the chanber, although this

di stance does not appear to be critical. It may extend
wa@abwmen4®9and 30, 5 and 20, 5 and 10, 10 and 50PCRAUA0A001515

50, 30 and 50 or 20 and 40mapinto the chanber, e.g.

about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50mm The

mni muminternal dianeter of the conduit may be

0

LG8 LEpERREY bl 8, 1 BLLENEV P Serh Rl %ﬂ%“% A 10 and 30,
20 gndf 50, dOamﬂISQ 2Gagrk40, cﬁOGdridol\A)Or ap2and HEhH g,teagleabuet 1o, 15, 20, 25,

30,55580c T RO T 80a8 e TS 1 SRR Ao P Tapee Sesresate

havixgd u\@lmnacﬂméteﬂoﬁ le'g@cﬂha& :iB@ut no dmamts% leRrthRet¥&EN 0, 5, 2 or 1
about 0.5 and 1, 1 and or 1 and 1,

migEony, ogbﬁmee@a@uté agd agoqrt 2()Omg:r01@j; 3 beiweell apouf 1 gnd 20 dland5,5

and1204 1olan§ 2012 @nd 1o 6r 2Jan§ 5 thickor¥! e g"ﬁ'&ouﬂl‘ €2,04, et §17,8,9,10,11,
shoul'd be sufficiently large to low for thé tap

12 éﬁplfhslﬁohﬁ af7, 131é9sm29tni11§1’0n6nt o the precipitation

d
o PR R CAE AL MG, A 3080l it i
betwetrubban 6canl dumtuSOvmdds)g utregider stfaped,cavpid, Iamqalam,op]nte@et-shaped
sed in exi sting devices). H gh nucleation

Oblétgﬁgﬁ‘%?l %ﬁ?@fa}eéﬁﬁlarpﬁ occurs at capillary nozzle tips

carhd Eﬁséeﬁtcinaeﬂaﬂogfprbwuks deRednt WedMsl Wsdociafdidivith adjRtdting dense
t he absence of a capillary nozz|e inproves scalablllty

gasgs URsles SIS PISEAUFR andﬁgts Prfcinitatesk usiee thegregssap! ther infgntion may
be BeAGERSir. ﬂ{ue BSlafde&dt b ﬂl(fgi I%rﬁisg%égds?ﬂ%‘ttﬁ@gr&%ss. The absence of

scale-up). In sone e e presen o
OXyigaw eimngrpreupléatnqm et theoprodheabyey sesves toupihébit,diedeest by eliminate .

oxidRhR h?ga&egﬁer ej{‘ ttﬁ% };ﬁrt?cb ”fhaﬁt | a %{h%g&e nge eperfoinned under

connec Val Ve. FS ary ang
subgianiiailyz esoxie osRlitionst Feammjgchf Isemizdlidh matrided rodshalswibs @erformed

result in |osses. in.ener w of _the workin
duss b 2850 DUORAEE BRI e vhih QeHSiieaes rgvert to the
gasgmrma@@l pitati on chanber. Thus the conduit may be a

strai g@t or substantially strajght conduit. It may

halkey flenarprderistics petheipresentiiocess elIdST t he preci pitation
) gr Ig?sﬁréjﬁlfﬁér tﬁ@,sﬁ kﬁﬁh@ O}OW% s&lﬁ‘t‘? Y Ql)ﬁ’t?ﬁ dissolved
er. vol U

telnjectlonc eratlo ent
ohamirseitnja compounsiisinb eomplatiely h?@brf@cd pitp zat :sezatedcmsﬂ.}; gontaining
nggsoﬁgn,etv\een about 10 and about 50, or between about

o 0, 10 and 30, 10 and 20, 20 and 50, 30 and 50

. @elﬁ@r}anﬁt}&osohahﬂl ivaytieenabltddt addthelduraizéh oRPhe d€livedpis almost
40, 45 or I.n sone enbodi nents the injection

CPEAREEEOPS ? RERAANBEE 2 and about 20cn8 vol une, or
. lﬁ{@fe";‘ﬁ@s@u@bﬁff@reﬁnﬁﬁg uddd to?enéfg@ﬁg’ally%té‘iﬁﬁzezcﬁe wl)gklﬁ@ golﬁﬁon during

and 15 or and 12 cnB, e.g. about 2,
@ellgerm@lmlznqﬁngltbe ugeof cppillaygnozedes; 17, 18 19 or ZOcrrB

t ween
o e LR xR B! B0 SARRIH N e
o R3Pidadudivenynf tBOGodking SOdiomMAdDvasndr &euc@&EOinapdratidg times;
0_and 350cnB 3

e T R R T R TR I SR
ldistiirted Iim:td Ltﬁé ieftirev OéddelESontdihid gaPpidblatrts achieving a homogeneous
mixture of working solution and antisolvent with a much lower working solution
concentration in the vessel;

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

precipitate with much lower bulk densities;
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descri bed above nay be replicated a nunber of tines.
Thus to increase the production rate by a factor of x,

W b@sappas at us descri bed above may be repli catBGI/AU2007/001515
times. Alternatively, multipie (i.e. Xx) injection
chanbers as descri bed above may be connected to a
single precipitation chanber by nultiple (i.e. x)

o ' | | .ch r : -
SORE M St S Phfbl B, BEREEY ol W ARfE) 2EHe S ofiking solution,
kl’caljied dffq'cscnﬁ solvephextizmetion m ramihired, with dhaneattire bulkaof working
ectlo chanber vi ng, vaolu
PP kbR iha OB i e 30 o Prapian. iR ind ik procuct with
ﬁMﬁﬁfomﬂﬂMrdtﬁbrﬁﬁEﬁ‘(@@h&ﬂ patBicRGi 78 idtiiBhieor()] - e- X)
ndui t to nultlple p eC|p|tat|on chanbers. ?

*  ARsengh & capllaryynogdesprd, 4% 8 iCPREINENCE) ghsence|of ﬂi*Fa@iqu:éo changing
g @pidAs 58000 Ql'ifféf@ﬂteﬂoﬁﬁ% rtﬁfdﬁgh %ﬁﬂa@y H@z%'lé’se(%nﬁ%ﬁe to the
of production. It nm from2 o 5 to 100,
Bigherxdageeexd scalability @gzess.l.oo to 1000, 500 to 1000, 100

o it e Aty A5G R e gresciposduigp e ani-

solv@bDabilfiéy oBS@upet&ﬁlicallﬁ@nsoﬂS@(ﬁt séDas Z0Q,to &ffdct Mo Grecipitation of

rtlcul sub e, of the rese
preiiohgisan HEgP s Eobu S AT 4 Pe et Faridiqas, of solutions
intoaaf uintik8lvand eﬁgﬂﬂl’ﬁherﬁr nfé@iaV\@E nth@b@‘éﬁenzopﬁﬁébszﬂ@we@ offers a
200, 100 and 2Q0, 10 and 150, 10 and 100, 10 and
fun%@neni% agyentags, ovey OieH P&@GSS%Plaﬁaﬂ% Qperaiing kpragseristics of the
abo@e Hrenﬁ&%dlt rd&ssekare Befly?@mpiPed BFabft. 45, 90, 60, 70,
0, 0, 110, 120, "130, 140, 150 160, 170, 180,
190 or 200nn1 The particul ate substance may have a
bi nodal particle size distribution. The snmaller of the
W odes may BEYs descri pRiselysBl e f GHOMRE pqrPrecipitation
particle size. The larger of the two nodes nay b ®1e@Sinism
€Scripe €efow 10 € ag 9] 5.
SRERY ance may cohprise a drugNifor pul nopgley de|IE@ﬁWGMﬁ
The particul ate substance nay have a b&lzlgen3|t¥
bet ween about 1 and about 50nmg/m or be t¥een abol
and 20, 1 and 30, 1 and 20, 1 and 10, briéigd 5, 5 Rsdthtion
50, 10 and 50, 20 and 50, 5 and 30 or 5 and | Ong/ M ,
e.g. about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25,
3@as35, 40, ABnifkolRH™/ M . They,parti csihabLrfubst ARESivent
may have a specific surface area of greater than about
10n2/ g or greater than about 15, 20, 25, 30, 35 or
4 g, or out 10 100nR/ et ween_...
a%%%{ 10 angﬁ%ﬁgggwggnﬂlg orqﬁgtmeen g%gtgglo angmﬁgﬁ@m
10 and 30, 20 and 50, 30 and 50, 20 andto#B, 50 and 100
or 25 and 35n2/g, e.g. about 10, 15, 2 25 30, 35,
40, 45, 50, 60, 70, 80, 90 or 100n2/g. “ray be in
the formof |oose aggregates having a nean dianmeter of
| ess than_about 20 microns or | ess than about 10, 5, 2
LS i ¢ rGhend eanreeligtin abo¥l 1 and aBi&SE® 20 mi Syigpeture
or between about 1 and 10, 1 and 5, 5pgRd.2P. 10 @aekton
20, 2 and 10 or 2 and 5 mcrons, e.g. about 1, 2,
4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18

]z&lﬁg 20 m 6¥g‘3ﬁ§ Solvent CO, Pressure Anti-solvent

Differential

efmpgrature

and Imm ID

Tubing

Table 1: Operating characteristics of various SCF particle formation processes.
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The particles of the particul ate substance may be
spherical, polyhedral (wth between about 6 and about
wGhosidwsd , irregul ar shaped, ovoid, acicul ar,PCT/AU2007/001515
pl at el et - shaped, obl ate sphggoi d or sone ot her shape.
The present invention provides inherent benefits
associ ated with operating dense gases under high
Ex sure. Products precipitated using the process of
t invention may be sterilized in-situ, as a result

Maigfialsianh Metbedsur es used in the process. The absence of
oxygen durin recipitation t he produce serve
oL FfRte PR BERBsSehiindbe RepRrad pirstied B Flftre 1.
Figale dr, adiaé gepncydihdéme apdichibeh @oxid Ugliddee 2p4re GReHd &R For Repplying

erformed under substantially, anoxic conditions. )
g EPRSFaleS PYTIEEF PEMADS angds ageRfowied fosresshdng e nitrogen

dUFIoRGTi Bi8S Rldp&ctfvelye egRndeRl1! R W b isGhig iy
“hen dense gageé ré§g§fntolfhgbgggggdésghé%gghﬁgg ¥ball valve

V1,Hisielads GRpREIE 0F ssobttinglvo ipdes defiomByEosspumRG) Sitvearlyeslinger 2 is
SL. ' r-ent inal, [ . utio
con e a0 By WLy PR s RASe A Sl Shhnder 21
froroc eiypihge ehimpd¥l iHeatieg coiltd isapswideddfoy destihg dentanpressgd carbon
. antisglvent;. Delivery, of t solytian.is uncontrolled .
diofile q e Fd EPHISSY e | TS, Vieand, s Valve V4 e rovided
betw bl HHhAEH@HS 3° biid Bl 4 kSFeAIraNRe s conhB&idN WhSeEnSump 3’ and
differential is used to energetically atonm ze the
coilythrqud g raevent Packiiont phearben dinside ing PyringstpuRep 8 hdBagkepressure
cha TR R ﬁ%?E%SSéfggn%@ﬁ“gﬁ%%@?‘é‘%%éFF‘*&@’?aisﬁﬂ%fﬁ%hg working
solugieni prior yo deliveme Vidvii Vg asdchedkovaled Vaiwerefmwpvided between syringe
e [ [ raki [ X xgess vol.u f
purlg ¥ 4G ABCHRQRECABE, £ L BPen, o Bof @i Tb Peen pump 3
anddhhinber Ednditd presvent taick fldw b€ datboh didxide iatd $ytigy @amel3. Injection

cont ai ni n nfj sol vent, achi eyi a.ho eneous
chafgBR GiscEaBHeqiE t 5K SOTeHTE GHAEH ‘B Ab SoR Ve g e transducer
P1 3:CHetb:@Viin o WBE KprBgufeO il Cha@b e 05 CAHAL Gathi Ylvd V4 R admitting the
vessel ;. This I ower working solution concentration in

WOTKifg spayion|to ApiPeeR dnEbebp Aad ferrleting pE gk pesairgickamber 5 and
e AR SO eRIPER. LS BLARBLT byt 7, cpres
to eajl ubi dor, aflwistihg zewpewtitiedt sarbbn sdionislet texdthambei ch Ghember 6

o S o B SR A e i
extealls dwton ghdralser p7.0GHambed ¥hisnalse fitredf @it sl tiahsdicic V2 for
dersfig Syt o1 Sin FHERDHS W eadT o BeBaecd to needle
valvehevefid BClindfilt&vamHidMis 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 to maintain the
mixture from chamber 7 at supercritical conditions while filtering out the product. Solvent
trap 10 is connected to 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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spray patterns due to different flow ates through

capillary nozzles contribute to the higher
W@ eaBaiobi ty of process.

degree of
Simlar to the GAS anpPCT/AE2007/001515

ASES process, the present pggcess utilizes the
antisolvent abilities of a supercritica
such as COto effect the precipitation of previously

eas

to cgg%?rgéu:‘/pgfjcn?ig

EPRHRSR, RN B

nonsol vent

%&ﬂéﬁ' |%§ §{n(§réﬁ}l gnesgn*e that correct

supercviticdnermpdratoedi ase mbinitdisedor esent process however,

o1 WEHEH fers BisEr Al B OeHA b SRS
clos’w@V@sHE(Agirtdﬂwgfsésmf

Tabl e 1.

By dSlge

I

injelBfi 619 Sk R By NOBLE! 0 (H SO i WhiBpfd i

gani ¢ Sol ven

Sintere

£ces 98 ml volt

53 Ofis AR &Y pr8EibNatfABRABEr 7 While injection
ol vent Anti -sol vent Atom zer

chambets P piasaterlgAnesk eWash & hyiRissf 20 mym tubing

.| [The ynternal volume of

v nl‘tfé}k%@%ﬁlected

directly dni iojeSadv ehemBaR6 Guiph 1614 nym Anbing stol premideNowkipeéssure during

sobdloh Aot clTh, PaH She P ONEe

rg(ﬁ'lp

R Vei%ﬁf‘g’lglolalag%ﬁi Jwete connected

ure

by S wemtulEap vRrlessemel Atctaadfvabit O fiher €THd 3 @nd ihdiMubing

extepded Bt Megeb i Bhp Sha s B ooy

géé;{l:ﬁjifiﬁ%{oging as a nozzle

(8) %ﬁﬁ kaliSorn86livdey. Nt Dot AR Mot Barttiss %E@ie@hx%eduv%ﬁﬂ a ball

in

e exanples 1s presented in Figure 1. In

I gure 1,

valyfi VPoglaterea) rrergates I dmigetiany ehambsr xandepregipitafisy clianlyes 7 were

B S PR e

&dl ?D%Pcﬁﬁrlaf YR hl?l rljegb%%tively.

pressurr si ng

Critadal cogeoneatido T the lpuoceds srerainmespd ot tengleyatui@ydontrdbed water bath

12 dRick %8 Exgltgeag ab

I's cap

isol ating cylinder

gbsyringe punp 3 by ball valve M, which

1 fromsyringe punp
3. Simlarly cylinder 2 is connected to syringe punp

Che?ééij%agz?lcjgﬁgzln\/cg V3, which is capable of isolating
Chemical Supplier Lot No. Purity
Carbon Dioxide Linde Aust. - >99.5%
Nitrogen Linde Aust. - > 99.999%
Methanol Ajax Finechem Aust. 403041 >99.7%
Ethanol Merck Aust. 36739 >99.7
Acetone Ajax Finechem Aust. AH310108 >99.5%
Dimethyl Sulfoxide | Ajax Finechem Aust. AH412153 >99.9%
Deionized Water From Milli-Q Academic - 18.2 MQ.cm

Water Purification System
Eudragit S100 Degussa GmbH 0490305044 -
Pharma Polymere
Hydroxy-Propylated | Wacker-Chemie GmbH - >
beta-Cyclodextrin
Bovine Insulin Sigma-Aldrich GmbH 054K1375 28 USP units/mg (HPLC)
Human Insulin Biocon Limited B-0510741C 99.3%




fromsyringe punp 3'. Heating coil 4 is provided for
heating the conpressed carbon dioxide to the desired

wao esopes@dur e for use. Valve V4 and check val vePGVHAU2102/001515
provi ded between syringe pugg 3' and coil 4 to open or
cl ose the connection between punp 3' and coil 4, and
to prevent backflow of carbon dioxide into syringe

punp 3'. Ba k pressure charrber 5/0097pr ovi defd as a

lﬁf\r\f\lﬁ)_lt‘\l nnnanr acon h fr n i o nn + h

FesOnJBRRTIEE sol (TBNBITEE o bl | vorMIVA ve Ve and-check

Nanop\éﬁicy@ V2' afe provided betvveen $Yrog@e punp| 3 and
back-pressute chanber 5 to openlor close th

D

connecti on between punp 3 and chanber 5, and to
prevent backfl ow of carbon dioxide into syringe punp
Off-he-sajfdtioment ovérg Bmilbercrafingetfég o back pressure
chanber 5, and is fitted with pressure transducer Pl
f or—det-ermni ng the pressure i chanber l—'\ and—wi-t-h

Drawipg||\EAWBMeBE adni t t i ng tMé“‘&&?Pmrﬁ{z{We&tl on to
No. |Nhjlection chanber 6 and for closing off back pressure
_chdanber 5 and injection chanber 6 fromthe atnosphere.

3. PchSyfangaPump chanber 7 ItczmsMpdeltSOUD S(rb(bmmeqiaehiyt o coil

| oy + o) r\ o 1

"I’, QUH\‘T \_I T L I ul UUII I UI\I A\ A3 C U
7. chcrﬁz)grmul?&r"1 ]'g ger 6 cqrfthi Fé%g”%?etr% IChanber 7 via
bal{l val ve V6, which is 3@@@151%1@@1(;5&&{%;&@ 8, which
extlends into chanber 7. Ch o fitted with

P1, P2pr eﬁérmseretTIansxhhucter V2 ﬂlmcldezbmm&iol’mgr a pressure
B r—"l

\J\JJIIIL;\JL \ >3

to|n l‘d?%lla”gziﬂ%uﬁﬁ@’t% a ﬁ’f"agfﬂr‘i’g $‘?r?qsu§ §g 4\1? FEpIigUm Stifice

PrC%&ﬁt@ ifjectic defbet NG dMRGEM) § aligd product. Filter 9
IS enabl’e and reseal able so as to access the product

mad mPtmlmtipaF@B&%) Needl e valve NV is provided to

Vi

Cllbulcthﬁt I.IIC PICDDUICIITIIII;IICf;ILCI rULIO

sufficient to maintain the mxture fromchanber 7 at
tlcal conditions while filtering out the

> C”Sb‘i”gg’ﬁ’g'i TEIFEnt trap 10 is connected to needl e val ve

NV in order to trap solvent which returns to the

lohlnglf']fl\ﬁf £ _When thne mxtare ofsupercrrorcar rrara
Solvent is returned to nonsupercritical

T CT ooty T

mai nt ai ni ng cr;LF’il%tBl Q'Oofﬁfﬁ’onents of| the apparat us
at the desired tempghagurg.,fihus in operation those
portions of the apparatus which are requiredto contain
supercritical fl ui@Dark0imrersed in er bath 12 in

ardaor——+ 0 ancirira +hat ~or e Ant oAy ard th o AAnl

itions. The out],et fromtra 10 i s| ye dt
Ma o WAt er haat qb S wat oil? hat h ﬁ ga\ﬁ) nr n\/l HQH
316]:%r

\Vipaviey) COU TTIourT T ui1rat CUT T CCT SOpcTorruoirroTl

* Nogslp evaat diit dfond 1engie b tibing endY\eidr€ dgpaéd, butefree ahd pofished to
G ade 316 éél nl ess steel construction. A 300 nml bolt

ensgpégtgp@t IVrAPRYGE!-ave Engi neers) was used as
_precipitation chanber 7 while injection chanber 6 was
0.7 O SR 2HE: 19 nih | BIRLS10b1ut fhe Tie
76|—nterna1 ;%Lll %m?npglgé%‘zllghluéﬁ%en%dgyhg Was a%out 10
150 m sanple |nder 5 (Wite S nnect ed
Malfl 90, ™ S2PLe Gyt S (1M (o)) Fgg fgnect =3,
StalB] ﬁ?@l back- pressire dur| ng ReducmgUmon
Swagelok SS-200-6-1
Stainless Steel Length: 17.272 Port Connector
0O.D.: 1.588 mm Swagelok SS-101-PC
ID.: 0.762 mm




solution delivery. The injection chanber 6 and
preci pitation chanber 7 were connected by 3.2 nm

WO adsngon t h i nt er nal

di aneter of about

1 Mm MCBEAB2@®7/001515

mm i nch tubing extended pastythe cap of precipitation
chanber 7 by about 30 mm functioning as a nozzle (8)

during solution delivery.

The contents

of both

Sf 0/ 74P ma

QP@' ?\fo%gle,ﬂ. fé}l Z?m

val ve V6

| nt er nal

ir\n

\40 \wa | ol

Tot&l! 'l%%ﬁj .

\IULI JTT CTTCATTICT

chanber 7 were separately nonitored by two pressure

transducers (Druck) PI

and P2 respectively. Critical

conmponents of the process were imrersed in tenperature

contr ol I ed vvat er

bath 12 vvhi ch vvas heI d at 400C.

. dllu szII Uullubu I = l IIC DIICI I Yyul IerTit Ul avi Tl
Injﬁﬁ]r%‘eﬁ er to EI g. 1) Custom buil thqﬁl pmen; Tot al °
To%@ﬁ th of O 762 mmI1. D. Nozzle = 124.4 nm Vol une of

pressure ch er and injection ch er circuit:
Ma};é-falo 0.6 m Vol ulmn@imgﬁgm p| tation vpgﬁq% circuit: .
o III DUI Ul I7OUTI repal all UTT. VE Ul
Staﬁﬂ)e%s%eﬁg i s | oaded |ntopa gl ean 50 ni g#g(é%cn\lﬁaigmon
I\/let ered anmpbunt of |solvent is added int DSWB%I&I@SSdSIO -6-4
glass vial;, Jasslvial is inmersed in an ultrasound

BotemCamor

15 mnutes to conpletely dissolve conpound if

nmecessary,; Compour

s ascertarned—to

econptetety

50 mM vial while 3

1g|]jagr5@gnntlo obtain a

Magéridol ved when a ¢Mdprensiohsit i on i s ach| BaxtdNo.
Stafitesp8teat i on of Insulin in acidified de| Reduwats Uaioar
sol ution: Weighted anmount of insulin ip_|oaded into a
clean 50 ml glass|vial; 5 m of deioni , 2 agRlple PS84 0-6-2
dedinto the 50 mglass vial, To raise the
olubility of insulinin water, 14 drops of 0.IN HJ
Stainesa8tbetl gr adual | D@h'gﬂhelﬁgﬂrmﬂ ng thel]60 m vial to
acidify the solutig fél\{ a clear solption is
achi eved, 2 drops TFOH i s intrpduced into the

solution with a

_pH of about 5. Pr

pparation of Carbon D

oxi de Expanded

. |
el oyt P

reg
workirtgosofuten

0 pr

b iRl Vi
pare
pmex spfdaca (rietenticiadvibieig cjehsetryb ef ore the

?%ﬁlteﬁng i ;Hoil& r]1rr81t

e an

en

f%gshe{ %r(]igge Ccflmgmg of

emis

ati on

Vo]g{gl%gg%a

channper
tlePisaRpae chambst end inderhiop &1

I S assenb] ed; Ca

herabeg i cpTiel &b P

rbon di oxi de at
Bk

Volhﬁle%f*fﬁ&%iﬁﬁbhSOeQQIPJn%%ﬁUiSSZ?Q fyQM the top to purge

the apparatus of atnospheric air;

Carb

on dioxide is

Solwiéom preperetion.r om t he bottom of t he precipitation
¢ ha@téghtédoamount of compound is loaded into a clean 50 ml glass vial;

compound if necessary;

achieved.

Preparation of Insulin in acidified deionized water solution.:

while agitating the 50

ml vial to acidify the solution;

Metered amount of solvent is added into the 50 ml glass vial;

Glass vial is immersed in an ultrasound bath for 15 minutes to completely dissolve

Compound is ascertained to be completely dissolved when a clear solution is

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

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




10

15

20

25

30

expand the ethanol as it condenses into the ethanol
phase. Operating pressures and tenperatures sel ected

wo 2008xpe+ | ment ati on have all corresponded to BEEAU2007/001515

Prepaiagiohiof Cagbon Eﬁxz@@%xp&)ncﬁﬁi | Ak 8l tz@i%‘i‘ dﬂﬁ&)ﬁ al

achi evenent of single phasezgystens, i.e. the absence

of a liquid and vapor phase within the precipitation
chanber; Additional carbon dioxide is added into the

pr ediipl & eledrsalutioandechievsd ridops af 1. ONrNia@Hés Bystlecadiisto the 50

ccutPt VB PR SaERD Sl RS ik HRBPY Cnamber

condi ti ons and subsequently depressurize urge the
sy stesimpun obcthanel reqpitadde prapaee the sntéselvant sysé@kss addrﬂzl) into the

Fhatar Bt O A SO RO IR SR P il o B

car@arhonli diockide dtoSGdai dy eddéd ﬁtﬂﬂoaﬂfedaﬁ?ﬁl@&ﬁé, mﬁﬂtthb apparatus is

condi tions oCarb di oxi de nodified wth ethanol =
%llrbé‘?ﬂus%fbf &P&%Sémeé m fctoR &) R ge theappaiuso! gimespheric air;

ti I4
by 800 3 ) 4, 5 O 90 B g
pr emvambl thesetharml ias Uit bondeeses rintoetfie i ethannt phuﬂ;ec €Opérating pressures

|nJe onc anber . 6 h a syrin tr nlsad

i nta(Sl (WP i §u§eéecaeﬁlaﬁq{ef°x %?WPI\!&? %Sg to the
t 0 RhiRVEHSHI T sh{gl@ﬁﬁﬁé syQémPriec 'tH?:' éb@éﬂc@rbf(érlﬁ[{ﬁ’c? Bncy yapor phase
typi cal lé%ft 50 bar in excess; Back-pressure chanb

andvithip dks preriptitiorehambener e g| ven 5 mnutes to attal n

con R r 6 do
COTSAAMR SHRML T e DAL QREDARR BopBLd o s
10 amdni gstefnofs 1pft es staideSverght @Rédssive dlfados) toPtthiategdilibrium,
vol u was next passed through precipitation

B ’f”el‘f‘o nder isobaric and isothermal conditions at
co t I of, . rgsi .
Conpepleciata Skl 150 4G 455 Kooto SN rpeponc
chawoiditions aind auliseguanitlyrdeprestuaizet ¢s pusdecthl siybteinewitRICO, and to

t he,base;. Preci tion chanmber 7 was di sconnect ed
frc%eqﬁtg §¥S§?r8r$%1ﬁ %i sassenbl ed to recover
pr erd 15&4615@% ¢he dMisbREntdyS8RSE MY XRIVIEPRREsVBR J}P%g;ﬂ a%gn chamber

carefully and not invérted to mnimze dist
pr a8 FlArgest witkleposi ti on within preci pitation

o Either carbon dioxide to achieve stipulated experimental conditions; or

o Carbon dioxide modified with ethanol as previously described.

Antisolvent system is given time to attain equilibrium, 30 minutes for CO, and
overnight for CO, modified ethanol;

Working solution prepared as previously described is introduced into injection
chamber 6 with a syringe;

Nitrogen is added into back-pressure chamber 5 and injection chamber 6 to a
pressure in excess of precipitation chamber 7, typically 50 bar in excess;
Back-pressure chamber 5 and injection chamber 6 were given 5 minutes to attain
constant pressure;

Ve 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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chanmber 7; - Injection chanber 6 was di sconnected and
di sassenbl ed to i nspect for any working sol ution

WO eqoaiosee4 very tiny anounts (~ 0.05 m) were PE/AUZ®A001515
in very rare cases. Particulkgr nethod hi this exanple,
200 ng of Insulin (Bovine Pancreas - Signma-Aldrich or
Human Reconbi nant Insulin - Biocon Limted) was

- di sElet steplated volume aff GOb was reut passed] hrOMNVSDe0Pitstion chamber 7

AJAX Fi neghe 0 forma .king sol ution. After
our 91556 BRATD b Pt B RicaiR Stk et Rbgnpe vesse of
( 9%ehbitmal sbivegde) , CO2 was introduced into the
preci pitation chanber 7 through a spiral heating coil

- 4 veRPHaleWashgtaiednig the presoxiation Dhambert wish @ek$ migron stainless
wor ki ng i 8SRUL S, the chanber 7 was then seal ed.
Working pressures’ selected in this study were above

-t hePseipitatidn cirangivee Iswae disEorinkete CTRONDMREO Byt @il didassembled to

preci pitation, chanber 7 was al |l owed 30 mns_to achieve
equic Post RapID worRiEngisasstblyoHestels wab pandled cagfidlygand not

| NtiRvERRl tnBRIkio0 dERABRRE B WcbibitdeSIE]obighn ipitati
V5.1 yI'he i njecti oln chanber e6 a (5: @é\gﬁs-%é gglgﬁ?e‘p@gggé}lemgltauon
werchamben7,charged with nitrogen (99.999% - Linde) to a

pressur.e 50 bar in _excess of the precipitation yvesse

- B Rt et f st oseneesd vl SpPevliotik 15 for any
pr eseiiy SHIHGH Rdihéd; WRBF RS AnhndstE 0.09Vn9I9libE kdthiYied B very
t he working solution so as to prevent undeSirable
ex Jars¢asep- and precipitation prior to delivery. By
qui ckly opening V6 for a period of 5 seconds, the

Partionkki mgt’/®d| uti on was energetically delivered into the

precipi tation anmber. .7 thr h the 3.2 t ubj 8.

DB b3 el ROHR ' fsltdt Bl Bt o Uik @b e Human
Recambartintl (Thsuliap+ EBDUSH Zdiited) ass idié‘somlﬂt i?nl(lﬁi e @Rnethyl sulfoxide
t into_the_precipitation vesse al. nost )
oM %ﬁg%ed@ﬁgﬁ%e etgsftﬂ“@ 6fwce1%@gpﬁ<éeﬁlw-t ahfigmpurging the
pre€iPRATRAI chanfbP 9T Rt GkhaCS) MY 3RNERAe), T8D.LHEE intrbdBeed into the

contents of the precipitation chanber”7 were then

pregipitagigadchapibee Jt thfaigh 1@ spiral Jieating goihdhivithen syringstyuanp 3 (ISCO
SHIE Ak ed. t hy . p ipitati .

SOOBSEEMER1 SAOE ralSase U | Gy PER B Vo

predsiugs hsekehted sy sthisnstady BeBOabdReethe patuadtmnv@rsssued af #edCOl/DMSO

the-precipitation chanber 7.with _a 0.5 mcron frit. at
sysipie s dathlfon BeRBR g s aPerd of i v neh Brgeiiivdim. The
workiigi sshitioantastiexeitrodidd ipoahé RHjéctibh @RAaBP@ PRth &-syringe through
sul t s .and, Di scussi gn Experi mental condi tions and.%he.
Vs peitq EacEOR phasnbsr S anddiaek sy VessskS ARretice kpuspdnsiibanitrogen
(99.898%,SUNHBE) 168 orbsburt?8D Bardn eREEsE 0f it pibditdionl Ve Y A ealed.
_of powders were obtained fromlight
Nitrogen was used to achieve the pressure differential 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 Vg, the injection chamber 6 experienced an abrupt depressurization as its
contents were emptied into the precipitation vessel 7 almost instantaneously. The
pressure of the precipitation chamber 7 experienced a simultaneous increase. The
contents of the precipitation chamber 7 were then allowed to rest for 10 minutes to

achieve a stable pressure. CO; was next passed through the precipitation chamber 7
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scattering (Malvern Mastersizer 2000) using ethanol as

a dispersant. Al runs were conducted at 400C, with 10
workoos408e¢ ki ng sol ution contai ning 200 ng of | PGIAUZ07/001515

and with the initial pressupg of the injection chanber

at a 50 bar excess. Case Preci pitati on Vessel Pressure

(bar) Light-Scattering Results No. Pre -Delivery

o L R AR A 505, Ly v

retafnedds tie PE8ipRat?@PchbndiRd 712uh 7 008 MidGon fi26& tRe ]Jﬁ)s'é, @hilb@llowing

el RS PR LB R

Results tihd Discidsonf i ve ARI SE experinents denonstrate the
ability of the process to precipitate nm.cron _and even
Expenpientd epndifionsinddbe patiele s distdbntions of e SRISEgrperiments are

sunﬁﬂdﬂde& i Tab%e. dpatitichiitd 9RibaR I?S' 5‘18190\% @Vv%?é@&alﬂed om light
of t

and 4 validate the reproduci bi process.
scatgesier @delveg Mosgrsizen r%)oﬁ)aﬂlwenethm af, a zh@nmals alAdb runs were
b
conth Ui 4 18 DU DB AR ST By oS v
the tmieallpms‘smmlof fredsgotien dfantblee aipe 8T bgridxagsson chanber .
El ectron m croscope i mages (H tachi S900) of product
fom-cas-o—d—i-a-ea—i-nsul-inrecovered fromthe ARI SE

a nSess@ifpr | YarflO0T €9 i e_i. s
%gelcsfs' e g,ﬂgéu Sessliprlll arP99" alEYIQS%#ng%ﬁggﬂs't (um)

f Nwe case&evmlaar@bsermdnenvelaﬁve uraden gone ad@lsanat i @.9)
reduction in bulk densit The Tow bul k density of the
prloduct was Helieved to %761 the resB¥5of pre&dlSitati dhld4
occurring wibfi n the entjpye volume Qfs,the -4 1,942
preci pitation chanber and not at a Iocal ized interface
as’ experiencédl with ASES24Ad its dexG8yati ve @it f or ne.282
Wth the high,energy rel e of th r ki ng ution
du4r| ng deli \%Igr y, thewor kllslﬁz sol uti g>n0\§§)woul d |(?1\248r| abl )9103
be d| st ri butleoi t hr oughouts.4 he ent i romspr eci pi ¢.z8i on 2,532
nfy Qn The m Izatlon of 1 nsulln was
Tl S CEghsri @ﬁ%ﬁ%%%ﬁé&StﬁﬁS@EW%Eméwwta&evelf Hsebn.
AR SE pr ocess The ARI SE process is fundanentally
different fromexisti n% processes in that it exploits

Téxeeféwg R erporenenta dempnstiatgihe abalityvadithe peedess puprscipitate
mictd) GA§ r%@ 1}51}? Ql%%gpa?tﬁ@s{ F)'fnlgs&‘l MUt G RGS. Prticle size
ent w thout aprflary

anti - use o
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 easily 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 density 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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nozzl es. By harnessing the inertia of the working

solution to intensify mxing, precipitation was nmade
W0 2008040094 Wi t hin the entire volunme of the precP@i/AHRI00M01515

chanber. It is believed thayjthis is what inparts the

characteristically | ow bulk densities to powders

processed with the ARI SE process. The figures provided

h S t us .and

wol ISHREOE S BB R, L Gy RbRRE o R Bl S0 brecipitation

chapibecesses. Fig. 2 shows el ectron m crographs of

C rticulate insulin produced using the process of the
—‘%i‘gé%t i nvention. The three mcrographs, at different
mepHY nbie@hizatien Sheawulihewh® %%@ce@ﬁﬁﬂ? géérﬁcﬁls&fateﬂ afith CRS newly
roduced by the process, an

devriaged ARISEirBHect hxhﬁa ARISE rosss dademenyal b eisnt from existing
pro&ReW RO HaPat ekpeys ha }5Fes§1r5 edlﬂ‘&lle}{%hy rﬂf“ie{éa‘? ed%g?érgcﬂea?mques to

size distribution. gures
enexgsticdlbhatomizetchwodgpmscution intean aﬂtha(slVﬁltguﬂmuB tlehsesf @apillary

S zzl e
noicle o tRaceis B H8%aCST IRE Giher bty G paSify mining
pre@piteiontweasfraadd otcater withinthe eteire veluyneodf thé pré&iﬁltuﬁ(bmahaingber It
ematic o

. .the precipitation.chanb .
1s bﬁp%fg tFih P15 15 RS |118Pa¢%1t%?rﬁh 3t3§étwaﬂyvliﬁwﬂ%ﬁlﬁ erzsvtees tgpowders
pm&jggwrwjﬂmﬁélmlgﬁ fo§esb0I ned by neans of a reducing

coupler (Redu0|ng uni on Swagelok(g&ass-zoo 6-1) to a

0. TEotigHiey provigsd shpwr varieun aErectsrof e geacsis, rppasgus aod products
descrﬁ)@i inAihg- e xg il ?ﬁ r@lat%ﬁﬂ:gpgésbis (ﬁ:% tf%}gb\;&} %‘féc'tr8§ m1c¥ographs of

nber use e eXa
partméatc npsdin prodvkethbyeingi thes paicaise 9§ th¢ geksent b&veﬁﬁon LDhe three
12. 7, gth, 150mm

micfof SO g Bitershf HEERTRRINGL ST ohSOOg pm O it tht are
prodJIcadﬂ’)g?rthépl(oEes;, arﬂd) at thl&r gdmgicﬁﬂane tpuibery gaﬂtlalelﬁ h}(d seen,
tor educi n i an Swagel o
Sh°§§¥§h¥8g %Y% MFP@?“HH ¢ ¥re wﬁﬂ%ﬁﬁ? adapt ed to
I EG@Ire 310 BIRAZ lsEheBHPol of ?oﬁioﬂs oft thd hfparus Do T‘Bus Figure 3
schematic of the &e0| pitati on chanber used inth
T

showg #rbOBim pPerezzle i use asHamslsr 8 of Hig. h Bho ends gﬁthe nozzle are
pohglllegséi%d;f gﬁ 3? %lgggqgj)r@ér ﬁtiﬁhlﬁ‘iltaecé §m%5ﬁ1e{ielb‘/{e£y ‘ég :ﬁ%;%ﬁ&t%n to the

may be sea
premplgeétoh@hambcld F@ 4i shofwistat seHematidhoh @762 mIB LOs ewzAte.dn this,case, a

o) B Il STt oL A
unuﬁﬁSW@gbl@k@ﬂSdﬂ)O 61yl t@@ﬂﬂ@ﬁmﬁﬂ ﬂDttﬁlﬁb (Fort esiie¥tdr Swagelok® SS-

S ransdugcer . Stainless steel
1013{@ ShFS ¢ G %Fl%tb?s 4 ey@@w@w efpysed g thsoprpmgle. In Fig.

5, tﬁ@ﬂﬁﬂy%'f ﬁi@lﬁfecﬁ@n EfanfeP %es@amllg%défee@ 4uHeSSOOT v b%ﬁn?twaﬁf‘ﬁlckness

bottomwith outlet port 7" for allowing materi
12. 7m0 teeth, 15Qmumng Th§o1s\/1éﬁtﬁd) with tiedugieg corestor 540 whithe connects to

chaﬂmg\" gl Fl% eQ?er:hg?I)E}%p %1%31 %tfet'@bg r5_90fs ﬁR@dﬂ%ﬁ g%drug%ﬁsco%fnector 52
(RedpingrenionssivagelokM S S- &f(l—6-lia,nd'1tbhmﬁmg rdmmet&h BVg5mhe 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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insulin before processing, and the right hand
phot ogr aph shows the sane mass of insulin after being
w0 orosmebopnt o particles according to the presentCT/AU2007/001515
i nvention. The dianmeter of yhe vials is about 38mm It
is clear that the bulk density of the product nade by
the present process is far |lower than the materi al
seal bAPI1i§ %Z'ﬁp'b%d?r. e%dchaﬁ"ibg ﬁSBgXé{ﬁ ﬁl 8? b %‘growded at the
m cr ogr aphs particul ate cu e su ance
botmnodmﬁed)uﬁyt bowe Pt cﬁcoresli;omhgtmetepales@mdulcnvﬂmm oolverls) to leave

RS L T T N N —

1s4pﬁmi|cles that conprise the aggregates can be seen
Fi . shows, a particle size anal¥3|s report
i NS&l

hoyay tha,tpe@plb% pbewae pgsuineThe ée%éslcbphqtﬁeraph shows the
11151Elfne§§ﬂlte Pro¥&%hk Ohd tﬁ@@igﬁ@ﬁ’eﬁfd%lﬁ)t(%?%gi %%ggﬂgepﬁn fiaks of insulin

one centred at about 0.1-0.2 ‘m cro ) ' er at
aftesfpeimg formedrinde particleviascdrdingde thepresednnntihe. Prd dnamyter of the

V1a1@ qg bl %%gﬂ{xﬁlg %%chﬂgeélj Hat 1€ ORI k?&e%%ﬁ o\f\’ﬁ-xe :érgauctr}n tglre present

resent aggreg Py part
proEesg is 14 letwvemthan uhe miatadlal Iﬁ&muknt‘rmclmft i$ produterd) Fig. 8 shows electron

i nhal.abilit Sti insulin parti Ies r oduced
micGRARP RS BTE e Bl DS S Pod PR PSS Of thG presen
inveémidnC Al ASfferest Mubiafiesionk,sthe |o?lé1t1 | BBsChateasiUGE abPrebMt8s and the
human IungugwwﬁD is. "mass i an_aer odynami c

Oné(?géﬁﬁ‘?‘@rn Rbthe prgictes thas compriseihs dgarsattes eddieaeerr of
P 0AGHGE a ﬁ%ﬁc A Pe bﬁﬂ%ﬁ??ﬁ) ! gaﬁhﬁﬁj ﬁ%ﬁgc?ecs' JroBfked by the

|n the hu ung,
procqssl o€ thei prgseib pysition Ewmsqph:etajmples orag.beFeen, lvae sentred at about.

0. 1-%82 n?&o&é’ g'&d 'E\Fer (Icknrd %]C%t g Hnér Of \ %ggﬁp %rgge:sﬁents the primary

ana ySes.

particibsapaddintdd in theqirbmgs vwhdsre@ntﬂlewaﬂtémepred@ws de obse aggregates of
|nsuI|nl$articIes produced by the process of the

Primery PaCl§Shyention. In both cases a |arge proportion of

PaFiki10! BewRkaugndEeh Rkulkess il Bhilabilisy ﬂ’,@ﬁn% of insulin particles
indicating that the drugs woul d be efficient

progiederlviay dbe thsogepe of ke Prenent rl\@Veiﬂﬁﬁlal Eh@ cﬂﬁaplEelﬁ/ 1gatest Resimulated
dlstﬁﬁﬁﬁ&{ 'o‘f‘?ﬁn@dﬁ fin laﬁea'ﬂﬁ h g%uct i§Clytash hlﬁedlan aerodynamic

aer odyna ar act er o url ng testin
diapietil, dndgelatasgd thé atsmdemacmﬁyndnmactedloefrthe praiuchy Tbe bars indicate

e |ff erent..to geopetr | a dj e in T
s1m8fr'e'%eéie él qusg vxg%n% n eolg.gléano yag, n\gﬂﬂeﬁmg gh’rtuﬁlgn@ bars indicating
depf)mhbn)\m nige dxgpelungeTie bas @afred ft@’eﬂ’ﬁﬁ 1nd1¢ate results of two separate

anan %n‘{aﬁ olvgfgg%)hg% W}%/gﬁrl&g ext Wgal gllglty?f%[s) ing w181 and without
devic@BFehsalid ﬁo@rtlcfe@?)gocﬁ’fcg@ bp 'tﬁe%rb@é},s ¥ ARG reBhCMIELIoONE T both cases

a la?éeegrsolf)rostlonlof part1cles have ECD of less than 0.4 microns, indicating that the
drugs would be efficiently delivered to the lungs during inhalation. ECD is the Effective
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 (HP CD) (Fig. 12)

HP BCD mass: 2000 mg
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Preci pitation vessel Post-delivery Pressure: 136.8 bar

In this exanple, 2000 ng of HP bCD was dissolved in 10
waorkoosesdoanol to forma working solution. AfterP@UAYR00G001515

the precipitation chanber 7,4f air with CO2 (99.5% -

Li nde), CO2 was introduced into the precipitation

chanber 7 through a spiral heating coil 4 with a

(1 SCO 500D) to the desired working
Me%éé@%?%ﬁyﬁ@eﬁlchanber 7 was then seal ed. Working

Temp@stsw d8°Gel ected in this study were above the.
ure of the / Met hanol system The

t t
Pfe%?’&%rﬂgﬁ"feg?ﬁlgﬁee‘aﬁgﬁﬁé regsuerd 24Pehwed 30 nins to achi eve

Preelguatidnb&dsmoﬁttﬁ:lmrykpre@ufeoIwé._s%ar was next introduced
into the injection chanber 6 with a syringe through
V5. The injection chanber 6 and back-pressure vessel 5

wthfsf@aan%mgse* ¥ bl ﬁ@g%ﬁ diBR3 9010 1hi Hl%ﬁpangloﬁoaform a

ressure 50 bar | n excess precipitation ves
workingngpleiéan. edfteNpurgbgethevprscipisaidnt @hambhr éwd dgihwith CO, (99.5% -

o e ST TN bl SO T ek con
4 Wempaasbmnge ;am:b pr(E3E @i 308Di) an t]mer deviret G}V(ﬁ‘EirllgV;&ESSureByhe chamber 7

e Bl Sl BB i e S i sgration

preﬁ%ﬁﬁ%fﬁhé T, M ehhsTRSEterh. THE 9is&ﬁniat16n 3hz%n1'3@?‘7t Wh A%vied 30 mins
0 aé;ﬁon opem ng V6, the injection chanber 6 experienced

iexB reapilibERpY e S Working polykion pes cft%t érfrasiuged énto the injection
chafei¥Bt 6 {4t J]gﬁlnitgj@ ?hx%ﬁgl‘f 'Vp' ki @@ct}’oqf‘ﬂ‘%{nb& @laﬁg %g%k-gressure vessel.

I nst ant aneous pressur preciprta
5 WGMht!EmaTg@X\péln ndrogen (0.99%MiF Laniedtosa pressuea§@ barlineexcess of the -

prem&{%&tg)gxt\fc‘etssefl 7 % %1'%8'1%& ﬁ;?%elaf \ggsc\lxj a'agg Wl&sgee &%Sérgsg}q%e differential

becmseS@ﬁJ ite. lomol\ahﬂltyl axtthpasskihgt bslatieh sbhes to prevent undesirable
em%l tati.on chanber 7 under i sobaric and i sot her mal

exp dopECIPHRLOD REIPT ¢, delSPEE em of Met hanol .

Pr@yz lqﬁicmt %gwﬂﬁg reg %ln %dpérfbdt st spé&:%h@é tt%' @&kﬁi@@&%{m was

mcron frit at base, whi | | ow ng

ene@@tlﬁaékyt é@ln@rﬂd\/@m ﬂmmreamta@m vleambqro? thngh th@ 3.2 mm tubing 8.

Up(le %fe‘nﬁi% t&) ﬁa&mﬁe%%xbeQGEQQ{ onlg&b %}1 H: ?%Jrﬁﬁlsﬁplzatlon as its

confléeatspmem @rre)ned,ciﬂfo Iﬂteeprqmmmtwm Wessz:i;s’klalrﬁo&t mefantapequsly. The
Press 12 Pr.eci tion. ves .Post -del iver

eSSt le pisEiBTRn VAR o SBhEST SopRl et e The

confSnSr iR piespithtiGt chd[inlﬂ& ’mwe’i@ eh@nellowéd €8 r& Bk N0 tmbifites to
recipitation chaner 7 of air with CO2_(99.5% -

achieyf, desfabledyriure: nfosdtiteBext magsednrqnes dhpinregipigrion chamber 7

undig aéﬂh{)&l%fﬂﬁl Soritidndlto GG thBSy&&h lor MMhAdd] BPrecipitate was
retained in the precipitation chamber 7 with a 0.5 micron frit at the base, while allowing

extracted solvent and antisolvent to exit the precipitation chamber 7.

2) Eudragit S100 (Fig. 13)
Eudragit S100 mass: 200 mg

Acetone volume: 10 ml
Temperature: 40°C
Precipitation vessel Pre-delivery Pressure: 120 bar

Precipitation vessel Post-delivery Pressure: 128.8 bar
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(1 SCO 500D) to the desired working pressure; the
chanber 7 was then seal ed. Wrking pressures sel ected
w0 pooBhi®Ist udy were above the saturation pressPCEATGR007/001515
the Cq 2/acetone system Thegqprecipitation chanber 7
was allowed 30 mins to achieve equilibrium The
wor ki ng sol uti on was next introduced into the
i njection chanber 6 with a syringe through V . The
i njection chanber 6 and back-pressure vessel 5 were
t hlarthshevagmde, W00 mg of Eodregit (19098@%4issolveddia) 10t ml acetone After

pur, { Est urr%c5 atl?oa r }ialm&)ggzeag & glteggf_ g§9e %‘ﬁ RiLa et)hQO\zlgfsag introduced
mtqaﬂeslﬁ‘ld&lpltaﬂcfnf EHa@iibiet al thhrghusspigl hedting M a%ﬂbalsyhﬁgé Pump 3
ISQQ I |W%hégluélon so as to ﬁ@event undesi r abl e

( p‘ié)@) 3 Windesgrd Hopring Pressvtsy ihschamberel wps fyen wled Working

SutesidelecRRER Aty ¥Bdy Verdahflel @6
p]'.ev\/orklr?gcsollutlon méi gﬁe?geflcasg§w%é??@g ?%pg:?ﬁ%QCane

sysishe dibgi nregipiationehamber 7 wasrablogted t3hemBis 2o rmrhtew@ eqgjliBrium. The
wo aﬁr&nat?(l)lﬂ?dﬁ' W 54 1rftll?>ﬁuée{2ﬂ i tjhg 'ﬁlj g&f%rﬁbc%%\mn 2 & Qfetﬁleaes%%ge through

rupt depressurlz I ONn as S Ccon
Vs. e iip inggttipn tcharhbey @m‘dd)qck{pmssm weesed Blwere Hielm:ﬁhrged with nitrogen

oo B e S5 e BB S  and st

Nitogerit ek sis&f totRiepe € fietsdtd diffefdrdAbRIcalse TS 16WaBIubility in the
wm%llomed to rest for 10 mnutes to achi eve a stable

Higs SRIPHON Sepasyde migvant Jreesirpble expapsionhand prempltatlon prior to
deliRE§Ci pi tation chanber 7 under isobaric and isothernal
conditions to flush the system of acetone. Precipitate
wely. rapickin @@emngt‘ﬁe forr echgriadapf én sedoads ethe 7woiiking @oldtién was

cslEHEAN, L1l 0, ] S0 BB 1L S g

Uparhepdnérg Vs, tﬁ@: 1ﬂjeﬂmn®hlad$el( Fexperjenead arli)abh}u@t gebreastifization as its

con?é% §¥e° Iﬁgﬁ%l&%tlﬂg) gxe ﬁﬁg%é\%e%? 02 Ftlaneouslly The

predviichanahe \poddi t1oi110clmmb'5ﬁn7p%kﬁéri&1@ed 410%11%%11@' fn8leh@) The
Pre-delivery Pressure: 120 barPrecipitation

cont?g%i%l thsoBecpEption P?alwfés’é e theyg alfowsed to gest Hps 10 minutes to
achl%"&é‘@pét@ble 6Qed¥TreX E@ﬁ%as"‘ﬁé(tggﬁg dtfﬁ:? ijgtﬂot%e ecg% \Aegﬁn b&H2mber 7

of met handl was n
undﬁii b%@bﬁfls!? andriseteynel seuditiens forflushbe hestah ofiatdtend-eB@dipitate was

retagn%gﬁ% g?ed}}l%gls t§t§ rA évll\}% be’é%t e@bg@n;gr'nﬁ%% E{ét) aﬁrtgbé I t a hg I:a{llovvlng
extracttd saluescnd ahtisolveat fr @di the prcipitatiedetiagier 7. t hr ouq h a

spiral heating coil 4 with a syringe punp 3 (1SCO
500D) to the desired working pressure; the

3) Iron Oxide (Fe;0,4) encapsulated with Hydroxypropylated beta-Cyclodextrin (HP
BCD) (Figs. 14 and 15)
HP BCD mass: 1000 mg

Fe;04 mass: 60 mg

Methanol volume: 10 ml
Temperature: 40°C

Precipitation vessel Pre-delivery Pressure: 120 bar
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chanber 7 was then seal ed. Wrking pressures sel ected
in this study were above the saturation pressure of
wao besad4ret hanol system The precipitation cheeyap2007/001515
was allowed 30 mins to achigye equilibrium The
wor ki ng suspensi on conprising of HP bCD dissolved in
met hanol and Fe3O4 in suspension was next introduced

Preé\:}gﬁ <P deﬁ%ﬁ?ﬁ}ggﬁfe §3 th. a syringe through

|nJec ion C B%ck pressure vessel 5
were then charged with nltrogen (99.999% - Linde) to a

r ure 50.b s of reci pitation vessel
A Sapaly, S of B s B 1 Eih s e HRBCIS 5o 10 mi of
meuhalﬁﬂ S&Hseleﬂﬂ ddded enthed)owhiRE AlgareO THP BED @¥éoPRIdURIO! MEﬂ’lahcﬂ while
ng .suspension so_as to prevent undesirabl

h
ey S%Wa’é{l uggissobredc fiet avieane frei raecipitativn) dhambyr 7 Y air with CO,
(998Y4 Cl’Lllee? PED), Rehs (Rirb Rced iRET the &r&hl?atlgﬁ CRAdBer 4 B pugh a spiral

wor ki ng Suspension was ener get elrvered ime

heating ceit dcvigh paviinge plkranﬁe(ﬂSCZOtf’rGO@)gh thehées%ca working pirésgure; the
0 j ect
Chale;g BlleJ? nghscegﬂan a‘gr L}X?rké“ &)P §%ul§?ﬁ %eé?‘it?fﬂbnag’l? sy grqre pbave the
satunfon pregstiearf thenC@z/trﬂ‘&hfmbEglswni Athie Pecisitetioh chambdfoSWas allowed
30 |ns nt aneous i The pr%ssure of the precipitation
R R i ibREy o ATk RE VBB, EBISITRAT HP BCD

dlssﬁﬁiﬁﬂ dftrBetbdndl had FFe‘?@% Rh tsBdpeRBios WARNRK: IntRhged h‘g{? the injection

allowed to rest for m nutes to achieve a sta
chagbers yiith a wgﬁéﬁowlws pdbe édeetipnoligmbene and back-pressure vessel

5 w%?ﬁérpéﬁa?ée'd%ﬂﬂ?ﬁgg@rg %6 JHRELT [ | t%r% ﬁ Qs'ﬁ‘fj 5GRLNE 8BS of the

conditions to e system o
predipitatiopiviessek 7wad sededi hedogen Wdrseuspd ¢c iaghitwat the Iprésbﬁﬂa?bﬁfferentml
base, while allo

f
e oL T PGB S G 2 Do

exparsati qnidtpaddipitation pabeto Jeliveryom Figs. 12 to 14 it can be
s en that the, rgpggs of the present invention _
vAYE Y. PR & 2aPgriogneler  seeqndes ther Watdeg sagpension was

eneﬂgbﬁdfhl@ defifete@Wato thel ﬂfre@iﬁﬁ@tic}ny cl(anﬁfe? @rth}o& affeid S mm tubing 8.

precursor subst ance fore' ustrate
@@b

UPOPWeﬁ’é’@n\éd ithe E)d‘%ﬁﬁ‘@flt oo ﬁhl@erwamdl ol elzrupir «b@pmseut‘lzatlon as its
conﬂéli?ﬂa .nﬁtil% &tﬂgf}@& lifftoS gﬂgsél%ﬁ‘gﬁa@&x LML ﬁ&s& 6P§a1§[Préeously The

, e parti 'ng a rmgne I'C
pressurer eic thed ptasipitatomahambent’ exlmrﬂem@doﬁ dimeltgmoudiin@ease. The

con B0 s R AR SRS 24F s s

achipey histdbds ppdssires UDOY avHzenek lm&ieé | thbugh dRé | 'pYe%'iﬂlﬁﬁoﬁ‘ chamber 7
sol yti.on of the substance in a solvent in at | east one

underenbarip ppd sothspaplonditions to flushdhe system ofipesthantl: i Rragipitate was
retaihladJ irﬂtlﬁ%ﬂré@gl@atﬁﬁ%hﬁﬁ'&@ﬁ%l% Oghﬁlcﬁcgpﬁ‘%taa??}?e Bas@\Fhile allowing

bei ng msci t he sol vent
extrigiad sodyeatang antiselventiye teati s precipdativar dhambers?. be| ng
distributed in a m xture of the solvent and the

supercritical fluid.
From Figs. 12 to 14 it can be seen that the process of the present invention provides

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 magunetic core are aftracted to the magnet at the top of the container, showing that the

magnetic core particles have indeed been encapsulated.
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2. The process of claim1 wherein the step of
delivering conprises delivering the solution in a
W@ emgloeoshot into the supercritical fluid. G 3PCTTAB2007/001515
process of claim1l wherein ype step of delivering
conprises delivering the solution in nore than one
shots sinultaneously into the supercritical fluid. 4.
Chﬂ?? process of any one of clainms 1 to 3 wherein the
step of delivering is conducted sufficiently rapidly
f of. t hé psazlesst foo pradacing pditislasiofatselktarnte eugaisingt he

su cri.tical . fluid.followng said delivering. 5 5. .
Bl 8 Soritan, 06 HE SRSER e o150k Thifbrgish sppshot into o
st equpeicritledli ad) §8d isSpFORtAL IR Weihp 2ndd-OWERUE: e substance
the sqglution jnto the supercritical fluid of at | east
aboid bepnegmisgible,with the olvewt. eafe of bet ween about 1 and
202 YolRolo Dol (HE SURLALEARIP by Bilks B erTbBd, o plifture of
sol the sarentiand the syasrctitica flmidssure greater than that of
t S rcrijtl f1ui .bef aore i.vering the .
sout i O st PRt Safhersy ety il St oipben doivagne the
solutiow is alsingid shoy intmthelsap&otitidal @inid. 7. The pr ocesshof any
one of .clains 1.t0 6_cC i sing pressurising the L
sok-ut 1 B Rigecas pf teign) vhetein Bieterfelelvernmemmivenddivering the
solultidann iltRe B2 BRY EROintulEnSHRRSiff0 the §dlerdrdtiéhrigf or e
delivering the solution into'the supercritical fluid.
54, THe prosesssy &y ensyolborleines 1ctpal imdhenein ¢hey stap ef aletivering is
h i . . r oni
confikie®! MRS, (HEly Jo e CMRIGTTS BEPRISRAR trovghout the
superoriti¢al dluid fohlowineg suipéeloveiing.cal fluid. 9. The process

f one of clains 1 to 8. wherei he.step of .
£ o i TR eliss ad P 9k B PGS B PYETeAR Uheh s GR g Stivering is
con?llitﬁe(giw)iﬂgw 810@{&1&&1 of s S’(ﬂ‘lﬁti(}rﬂﬁﬂo &H&s@é}?ﬁﬁlﬁ:ﬁﬂ ﬂhﬁid)ft at lgast about
i 10. rocess of any. one of clains 0
“J%&%%?ﬂﬁh%@Wﬁ”E8§B$V?@h@”§ééépgﬁbﬂﬁ199%“particles from

Ui MpHeUnBedl of ARy Ak \WeRlaiRed HNe @RS ddnfiftlsing the step of
fluid. 11. The process of claim 10 whereln sal

pressemging thersglution vty sasde amhedserergipdiersthan gt efihd swpexeritical fluid
bt BRSSP ERTRARA L) Bl i
the grdutiorel es with the supercritical fluid. 13. The
proce of an ne of c# i T8 } o 12 additionall he soluti
Campr  Grmgodap PEasLPre oMy b Rompede  aminy the solution
to aPr&SEraelaabttadous) bhr pedadr dhdnlie plcdsurd BE tHRIOPESHIGH flalybefore
clains.,1 to 13 wherein tF?e supercritical fluid

delig%ﬁigff;’% gutieninie iersppartiieal B9 di oxi de.

8. The process of any one of claims 1 to 7 wherein the process of delivering
comprises opening an injection valve so as to permit the solution to combine with the
supercritical fluid.

9. The process of any one of claims 1 to 8 wherein the step of forming consists
of forming the particles throughout the mixture of the solvent and the supercritical fluid.

10.  The process of any one of claims 1 to 9 additionally comprising separating the
particles from the mixture of the solvent and the supercritical fluid.

11. The process of claim 10 wherein said separating is conducted while

maintaining said mixture in its supercritical state.
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15. The process of any one of clains 1 to 14 wherein
the substance is a pharnaceutically active substance.
WA 2008/ 0kw9pr ocess of any one of clains 1 to 15 PEBEABR007/001515
t he substance is selected fgegmthe group consisting of
i nsulin, hydroxypropyl ated eta-cycl odextrin,

Budesoni de, Eudr agit SI OO |idocaine, adenosine,
dojput apj 9 1HR€, 1§ | i ne, .
oL oI e BT 16°LPRRI U RGENL NERNFAE wasiing o

paﬂmdﬁbwﬁhﬂuﬁmpbmpneddhmhlne nal oxone, ket orol ac,

' f jum.. . .
R gReRE s Shy TR, T 36 4, Rtionally comprising
depmsa&tsmg fht ipaisticleg tt@ ¥ibieht refsund afteil,saﬁ%%paisﬁ@gol e and
process

aztre m or any conbinatiaon thereaof. 17, The
of14c| gﬂ}ﬁ RfO\RPFér‘éﬁy AN RBE O619AMSN! o nksr Phersin él%eesupercntwal fluid
Conﬁﬁfsgg flpReoritiohIefion difgdparticles of the substance

rise the core particles at |east partially coated
vvl a tHe prasstsant ény 1@ne Pheelgimscksle &4 wheapim the substance is a

phaﬁ'ggde'ﬁhgﬂﬁrl oﬁvgm{dngé_ng the steps of: delivering a
o)

a second substance in a second solvent in
atld. edgte jooeess hxﬁtanymne dfhebaisgpletoct 5 twheedin fiheisubstaged t selected

ercritical non- o I t for, the .second .
frorf 1B eiocccnRitg Ph PR PR R e D R B acsonide,
Eucﬁia[@t STaw, o, al@asine iublitaddihy, dopahi@, §AhédheingSnorepinephrine,

nprising the par icles of the substance at | east

pheﬁ@#atmlam ;ﬁozsa%{@l@d PipntaRd, ddezesie salbuphinee bugkgnerphine, naloxone,
ketdr8RE! @bl | YropORI, el cRBirireS Ealifel oﬁqlcéih lcﬁng&?ﬁg&hlcﬂlm,

a m xture of the sol’'vent, theé secon ven
medegiBing r pippregillis,| geta@xiting ceﬁsmilcacé)p@ﬁﬁmjgzofl@rar@r @gdiredmamn, or any

unﬁﬁﬁ&d&yd§§-@§ a substance, said apparatus conprising:
ressurlsable i njection chanber capabl e of receiving

a 1S70I UFhegrroadss bheasm b stherae tHersolut®alcomptises @re particles, whereby
recjpitati chanber capabl e of i ntai ni ng . )
the BiyHE1eR o B b GRHTTISRE thors Derifobis ot Memaily papted with the

subGahdd. supercritical fluid being a non-solvent for the
subst ance and being mscible with the solvent, said
pridei pihearpesss ehalABRI afhdifippaly compaisiie the 8§Ds o et por t

to rde"ﬁ@@i‘lﬁé h 88ufifie oPé‘ Q&Bﬁ& Lidsglce fd ﬁb&o hé %Rrgﬁ’t ind @t Jeast one shot

conduit connect | ng t he | njection c
pr eoioptheasiipereritihalnfieid, ssidi sahpcmndualt ﬂmdnlgmmg iangpragolvent for the

| nJ s%%ricp&bgt% eean(aI bSeP Srglgcft% 5 w1 %1 Eh% Sle(ﬁ(j)ré 5! veﬁxg caﬁgjn‘ggtr ion

e 0 rﬂmnlrxga’lt MSWah'ﬂnaltyTWamdqmrtmlésadolr@nsﬁ’fm#J partizied offtensubstance

Sala(% lea %%}'t}a?lr}]/ cyo%.lce\éebylf %heI Qec%ngl gs%gnc%o ggll(it alltolgastt riaaurtlally coated

particles being distributed in a mixture of the solvent, the second solvent and the

supercritical fluid.
19. An apparatus for producing particles of a substance, said apparatus
comprising;:

e a pressurisable injection chamber capable of receiving a solution of the
substance in a solvent;

e 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 supercritical fluid thereto;
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i njection chanber is isolated fromthe precipitation

chanber; and an outlet port communicating with the
w@e@siopiopat i on chanber for allow ng a m xture PET/ALIR007/001515

supercritical fluid and the, golvent to exit the

precipitation chanmber. 20. e apparatus of claim 19

addi tionally corrpri sing a separation device for

aratin cles fromt re of .the .
s varonity bRl biFcRRelon ha dhdibd Bl phamper, seid
sai d cohdditie@nprising an Sujeeticl vilve dispdbedl SuchZthat Whél said injection
apparatus, of claim19 or claim 20, corrprl si ng
pr es YBIVP S8 Nty O eQutition Hip 1HRCTIPR | hamb %Cﬁlﬁﬁ]%éﬁates with the

22. ThipRBEsh 3hiabQfang iled Sgldll nfMIBEE VAVE tfhelﬁxp:f ng%%drdoﬁﬁftmn the

is capable of pressurising the Tnjection c
pr es dip@iogr g1 1s igpdatedhBomrthe preckwitatiopuelrastber;and

mgy nt.qi C [ :
supetfdgrqﬁt l?g g?ﬁ {drﬁrgﬁﬂgajﬁl%_rﬁ'ith tﬂ@ a(? %a}tféfl chﬁtm éoro?llowmg a
cl ai mexthee tod A2 smiperceitinalt ﬂmdcamtﬁlﬂhé sekennts elxl‘tt thet pr@cipitation
precipit t i on chanber. 24. The apparatus of any one of

cl ai ™Mt o 23 wherein the minimuminternal diameter

of20. heTleoasBakdtud of SWithi D edditiyndlBr @8npisind bhosWpadRbsl device for
del.ivery of the solution into the supercrltlcal fluid.

sepgating fe’ ppHdration B mixpreeé thy sdlvent med the sepeporitical fluid while

mam/fa%ﬁgeala%ﬁxa@é%s%efchﬁcﬂfsfa@é pitation chanmber is at
| east "about 10 tinmes the volunme of the injection

cHdrbefhe 2gparatusapt idaimatl® subdeiancd® cohwrismet icpessuoiser for
pres?sahgm @{elh&léh%&?hmt ance being made by a process
conp

ivering a solution of the substance in
a Qéaol VBt apparaamS bieelsim Gheviehah thapessursepBraapalile ©aharessur1s1ng
f.l ui Sld su ercrltlcal fl UIglgqbeln a non-sol ve

the pifcfin Babiaic BHISHEI HEPH QDI RISSRIE HETURy thmaintain

supéf@ﬁtwafl%ffdhﬁ@n@ﬂﬁ&h@du@&rcﬁﬁcdl WRigubst ance, said
particl es being distributed in a m xture of th

S o ertheanpathE el rcseiof FBTS 5 iR @2 Wiprein e conduit extends into

theﬁ%;ﬂlﬁ%ﬁgﬁm%épst ance of claim 26 said particles
aving a nmean particle size of |ess than about

208hm B8 ap@ammst pcayaone sligdsinant® thayiwhgrein teaminimum internal
dialga%% Fﬁ!hg é:ﬁfé&ﬁt ﬁ H‘gc'i«%'v?v\g%rgg ol altlovi ra%ﬁtg dglg\geg% oé@%&ﬁf??ﬁj into the
supsreriticgddhiid.cul at e subst ance corrprl sing a drug for
D e o2 e ik Th b2 S e ot e
precipitation chamber is at least about 10 times the volume of the injection chamber.
26. A particulate substance, the particles of said particulate substance being made
by a process comprising:

e delivering a solution of the substance in a solvent in at least one shot into a
supercritical fluid, said supercritical fluid being a non-solvent for the substance
and being miscible with the solvent, and

e forming particles of the substance, said particles being distributed in a mixture of
the solvent and the supercritical fluid.

27.  The particulate substance of claim 26 said particles having a mean particle

size of less than about 200nm.
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about 200nm and a specific surface area of greater

t han about 10nR/g, said particul ate substance
w@ommpni®dng a drug for pul nonary delivery. 30.Pdhau2007/001515

particul ate substance of any,one of clainms 26 to 29

havi ng a nean particle size 8f between about 10 and

about 50nm 31. A nethod for treating a condition in a

patient, said nmethod conprising inhalatjon

f
pat® i chipsttieulale sHbsinee BRBE gt RATUG SHROE Jetigen;ahgut 10 and
abofP286hn3 AndY Hulled BRIty 8P betvaRh AbSHPSARANARDUPSDAG/mI, said particulate

indicated for treathment of the condition.
substance comprising a drug for pulmonary delivery.

29. A particulate substance having a mean particle size of between about 10 and
about 200nm and a specific surface area of greater than about 10m?/g, said particulate
substance comprising a drug for pulmonary delivery.

30. The particulate substance of any one of claims 26 to 29 having a mean
particle size of between about 10 and about 50nm.

31. A method for treating a condition in a patient, said method comprising
inhalation of a particulate substance according to any one of claims 26 to 30 by the

patient, said substance being indicated for treatment of the condition.



