i METHODS FOR FABRI CATI ON, USES AND COWVPCSI TI ONS OF
SMALL SPHERI CAL PARTI CLES IPREPARED BY CONTROLLED
PHASE SEPARATI ON BACKGROUND OF THE | NVENTI ON:
Technical Field The present invention relates to

nmet hods of production, nethods of use, and
conpositions of small spherical particles of an active
agent. In accordance with the nmethod of production,
the active agent is dissolved in an agueous or
aqueous m sci bl e sol vent containing a dissolved

i
SorAE B FOR FAL Cﬁggﬁiﬁﬂ GQM%JQIONS
then sulfPEQIIALE ¥
havi ng theBa&t GQE%@J[DLE&BHASEQSEBARAWIDM ase
and the PSEA and sol vent conprising the |iquid phase.
The i quid-solid phase separation can be induced in
nuner ous ways, such as changing the tenperature of
the solution to bel ow the phase transition tenperature
- of the system The nethod is nost suitable for
form ng small spherical particles of therapeutic
agents which can be delivered to a subject in need of
the therapeutic agent. The nethod is al so nost
suitable for formng solid, small spherical particles
of macronol ecul es, particularly macronol ecul es which
are heat labile, such as proteins. Background Art
Several techniques have been used in the past for the
manuf act ure of biopol yner nano- and microparticles.
Cbnventional t echni ques include spray drying and
tion and can be used to
pro @@”@95F’§%§?“§F§€&§ or less in size. -2- U S
TeEl&ﬁcaIN&ld 5,654,010 and U. S. Pat. No. 5,667,808
des |be t he productlon of a solid form of recombi nant

' e FFEtRRh UsRtem aelaesfo m@ﬁ@d@; tpfcpregration: inethedst pf use, and
coxip&@tldn@ oPEMEH spHeBichll RridestiT aﬁ”ci@fl %é ]%%l;&)élfmc the method
- sound nozzl e

then nmcronized through an u
of é’Eﬁdﬂ?@ﬂl dbevactive pgantiiel didgsolveddn annagmechesr ot aqﬁ&msmﬁie solvent

co%%/lg% e&ata Igsoyt;e% L]!%a%'. %a%%r e o cé[&:‘%geeg a?%@“r g‘iﬂ%‘?rf“aﬁtsommn n &

single tlignidephases Thaas:duticdns giskn subected pa s Ihqﬁjld%?ahd phase separation hawng

R KT R ——

. phasaeTm l1ciu1dreélﬁi phab®scpatich emw Mdlllc%§§1ﬁln§&o&so‘@a§§ SRS changing
and nost fp ?rably | ess than 10 m crons, ch can

- thegmpegatie pfhe splytiqn ferbplost thewhasetepnsition tememg:f the system. The
mefho §EhBt suB RE 61‘5*19@ EIH AR Eshreri DA UARRS Iaﬁﬁ{ega%%uﬁwggents which can

conbi nati ons ther
be delivered to a subject in need of the therapeutic agent. The method is also most sujtable

D

_‘

for forming solid, small spherical particles of macromolecules, particularly macromolecules

which are heat labile, such as proteins.

Background Art

Several techniques have been used in the past for the manufacture of biopolymer

nano- and microparticles. Conventional techniques include spray drying and milling for

particle formation and can be used to produce particles of 5 pum or less in size.
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10 M crospheres have been used in many different
applications, primarily separations, diagnostics, and
drug delivery. The nost well known exanpl es of

m crospheres used in separations techniques are -those
which are formed of polymersyof either synthetlc or
natural origin, such as polyacrylam de,

hydroxyapatite or agarose. In the controlled drug

del Esul r t i ncorporated., .
05 RS SEs TR CHITS Pt 805 o R Rt Fbvonota st
fomr ofirecomyimina hedan gﬂarwh Horﬁﬁﬁ@ INGH) ithrotgh Edntpléfition with zinc in order
sequent .rel eas r of, different techniques

o Gpale A ARPTARCYS o %wén % ep HE%W%%%MMSP% nozzle and

sprayeat ddeinl & IREld ARGSen M rrad ﬁfé@ieyﬂi{@ 'dopletd! Thé hg&d%gen is then
pol ysacchari des, 1ncludin hase separatlon
aﬂ@%ﬂ%e CEANCHHE aledamperpiuee of 0 C andhthe rebulipat ineierialds freszprdmigd.

dr YMA&op a@&cﬁ?{ azg%)’o hﬁb?esp Qhy TR cé[%es steﬂg cf%#ﬁ po?(rjstehﬂ g%]fd particles

structure o ese’ m crosp
havigg & dismetérsof] lnsmilhpm) oBd Hnilllmeten hbe prefeyaligr lesd l:hantllOO @nicrons and

e u3| n Lds t ate tar
moff piohEARY 1B0TRA 10, MRS, i San) B JB5REE oF Rovarteh OF materits,
inctqdhgr ipratkinpar dyhthess p@lﬁm&sedpdlfsaac}:ﬁhﬂﬁl ardl oﬁﬂib!ﬂaﬁb@s thereof.
Eholw d.and/ or, .chol este ol bilayers. Liposgones
foRee st 1 wate rdiffereny Applgationssypremarly separations,
¢m§ﬁmu@ﬁMm1@$gugh@§Ysoluble or |ipid-soluble drugs. For
exanpl e, |IpIdS arranged in bilayer nmenbranes 25
sur Fasumastvelhkmawp peampleseaf usicsphssest wedtin scparaftmnntechmques are

thoﬁéarﬁlhéﬂ Gre éﬁeoﬁﬁ@@}aﬁ% s SHCaRRY! %&‘?henl@’a u%llgem, such as

%s for subseque very as cribed™
polyzpp[y amnide, Bydto@apaie boagicosel In ithevonBpliat dngl delieﬁyl Suwdapmelecules

o PRER HEAOPORYEA T o BNy i w el meénl G e dpgporeed

'intdoeaﬂmanﬂaatrmml fat istibybchBfd@sars il:ﬁir:tﬂ)‘ér topatiffiemerecitfiques are
dlng{%ge0|f|§@t f.or particul ar gands. Ant i bodi es
rou ’Pe dpgkey EFy fycpagEres dﬁ%é@ﬁ% & rolvmese mafEplapelymers,

pro®insand gblysdcoharfes, |1h&1§d1n},ﬁ€ﬁdsé/ &phBon AofreROMA Poxraﬁ?r? coascervation,
mm§Q|ld phase to form antibody- coated particle

HHtAten et srryy giying i Sencrally, the pel ymys femyhe gupperting structure of
thc&%:bﬁb@ﬁhe?est :!ﬂ:ﬁlrtﬁé) @il of iritedest ?s%&ﬁg& t]ﬂtg tl’?el yﬁfer Structure.

rel eased over time, using t UNDT -
antHapisdpseprepied wgiag dipidstio ¢noapsplatet twg@ airtgs amrcgmbnﬂ}h available.

o AT, et 1S AT Mo i,
chogmetoﬁ bﬂldqard yLipérosaes bieeiiD0 mﬁ:ﬂbnhmaer&d @éa&iitlﬁ Sitze ah@mhjﬂ cdria variety

ru se ti an stic ar eas.
°f“ﬁ’1‘eé Hg’ﬂ :‘%ﬁlﬁa “@aﬁﬁ? OF §X4T Igmalépn farangpd §t bilrypometbranes
K BRIt buesi eélhﬁiéneﬁﬁrtb' fohR papitdds 13 Be LE& to encapsulate

narrow si ze di strl buti

foI L{% characteris
Waler 39 gw@m&’r fay subsspesnt deliverssasisieserthed dn [U/S RatsNet5, 49@ 180 to Sinil

- KinPnly the active agent, retention of the biochenical

|nt rity and of the biological activity of the active
ericghbeags havedtees cohmatcthlly ragsilatiée @ a tool for biochemists for many

years. For example, antibodies conjugated to beads create relatively large particles that have
binding specificity for particular ligands. Antibodies are routinely used to bind to receptors
on the surface of a cell for cellular activation, are bound to a solid phase to form antibody-

coated particles for immunoaffinity purification, and may be used to deliver a therapeutic
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suitable solid that would all ow additi onal
stabilization of the particles by coating or by 10

m croencapsul ati on. Further, the nethod of fabrication
of the small spherical particles would have the
follow ng desirable characterjstics: sinple
fabrication, an essentially aqueous process, high

yi el d, and requiring no subsequent sieving. SUWARY OF

ON, T resent .invention relates to_ . _
gy g‘%’%&%‘“‘&ﬁ%ﬁ?‘%ﬁ IR Ot eSS Of fumtps shesfhicsbbpdies epnjugated

to shphertictaslto pagd: e L6entad taledfddisye agent. | n accordance
with the nmethod, the active agent is dissolved in a

sol 18 5 A B0iRg ngedyios dsvglapment of cwemathads fn making particles,
Rk for ! . Cdle '
pafORAGi R Ge AL Bhn bPadaBlold uss Hltelfdg%a%eﬁi?/&gl sseg%ﬂﬁclnﬂganﬁ diagnostic

l'iquid phase. The solvent Is pre h eous or
areggu eblifs Moy desiteble pasticlesnfromThentidi standpoint swétidrbe small spherical

- Lui-d- S0l | ase separation havin .
N T e
spiRgieal, anbstatialle mongdsiingrofsonly thd activeatedt 20tepiids 6f tkhBiochemical

il B0 S uBRGE S SETRRET WS o, s et rovice

suitdble Sallduthad Rvoulll Bigdve Wddifend et RikiD SF %eo{?arﬁﬁgpgﬂr%%ﬁg or by

.of theu?oj ut IlEon In a preferred enbodi ment of the
wiFoeRcaRTatope APTtha, the methed oh &brisation afjthesmaligspherisal particles would
hawed kel FSIdWiRY ekt Loghys eRREHAN 2k S i

cool i n _tvf]ﬁjgg sol%%Fogh%%&tﬁgrlgﬁa%ﬁg&p%gégﬁo ’rglrl]s?s %ﬁg ﬂﬂy aqueous
procgyrpligh il and regising oo swhsequpentievimg. t he sol ution. That

tenperature may be above or 25 below the freezing
SUMVIWRXOBFWIEMENT?N; For solutions in which the

freezing point is above the phase transition

t enpb¢ Breggnd inviehiéorsrslatitsi to rmatbodlsiaf pradiietian fudeethods ¢faisd of small

PR TRRNAS AORherve SURD, I BRertien Nofe fostfied e sote ameutis

- dissaladt inom solventadohtamingdhe dizalved phgarsaiarAidn dhhhdthe agent to form a

| ut,i on to.occur w thout freezing the solution. The
sol3fet o0 2 i e ng b Gnige Wfessplsbspgseous o aqucous
miscibiesilvent TROSNGRR i0theh REbIERSE togaoli({umsdlidq}glh&'s% Leh€bon having the
t(})mhase separation of the active agent in the sorution .
ACUX AR ROMYBISIE; 1B splid phaspjand tthel PEBAL and solwspt obmptisieg: the liquid
he@ 6l aTBETiduiid-¥h1t id i difi forma., .
PGl 0 Ml o B B0 ) 9 MM A anin

the demapesive ol Siesoptias to btlow thetphasetrasition ppeatiro of the solation.
en ' = : el ns _dissolved ip the . . '
CONEE o oL TR0 Syl o stoein
solatismatoci E);gmdesgﬁdtphmpmﬁmg @dbﬁ eOOIiHE tﬁe Gsbﬁuﬁ@ﬁl t@};below the phase
1 ut, t ctive agent oes .go through a phase
trarf SembSpiture O REAFUYP ABE AL LR B ERR DRl EomBegmemate above or
belgpw dseftezingvpiti TThd @RS Fok RELHER ig Ryhich @6 %Eiiﬂg ?Jl)igtn is above

ﬂi a‘gg of controlling the |iquid-solid phase separ
e HEnHPR feoppesatyss, the spluben eareinclyile a feepcing eipt depfressing agent,
Ra¢ pd1gdtBlerdOd] l4dag. the . :
w0 AR o Wb PP ol 1408 Blliojorof o sluion
allogt the Aash sepapatiop in the kelutiomioacturatithont féezingehe solution.,

PhagR- HERAL3Ea A0 gﬂpﬁ&ﬁé Went of the present invention enhances or induces

the Hquic'i—solid phase separation of the active agent in the solution when the solution is

subjected to the step of phase change in which the active agent solidifies to form a suspension

of small spherical particles as a discontinuous phase while the phase-separation enhancing
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agent, the concentration of the active agent in the
solution, or controlling the rate of change in
tenperature of the solution, the control of these
being either before the phase-separation or a 10
change of any or several of _yhese in order to induce
t he phase-separation. In a preferred enbodi nent of the
present invention, the small spheri cal particles are
tinu hase a
seBARAEE LA 11 ROl b 3 U BH SRR uRbS Lancin
agem‘mbeb neo, thiobgh aehivgd dff phasepiitathé adtive gyt dves ﬁb Higtotidlea phase
sol ution containing the particles with a liquid
hﬂ%ﬁlun1|n whi ch the active agent is not soluble in the

|'i qqingl niweeid W p&iuehis! tBe tpﬁlﬁcﬁg‘ ﬁf'ﬁle %ﬁhﬁ@ﬂoﬁ%ﬁé&&cﬁde an
adwgentlssolublelnthell i um [T qui

apal sigp r?éew;}?ﬁlhm/ﬂle diquisraehd rphafg émarwwcqf thee;.m;elss toheontrol the
sizﬁi_ %g&' Ptllalgb oY 11 ahtﬁ:zg oty ME POADEs ﬂoﬁ@@.lﬁ?%ﬂ%%h‘gsen? S)alﬁg]?% include

UId I um nay a SO C I'n*one o
corixd i qfi thriamic Eﬂ'aagthexhn pHethe avagenaationrast the gihalr-sdpaation efihancing

agé:i@etp%%c%nﬁraﬁlg %& agiv W3 ; Iﬂ%'irgﬁlg%r 1y %{ O}Tg(ge}mg) 1ok ﬁ%%e:gft change in
tertfeeatare toff e salyeioh, the corisol pRthesechetngdithbr ke tthOpidse-débaration or a
chargct eri st IéPB uch, as_control |l ed rel ease of the

chapep of @y Sher ehia opdsr 9 Wiwee thy PhasripepREEon.
per [E@bte@éire@fclﬂﬂaﬁmi’é& ¥ %eﬁﬁ@s@ﬁt &Vén‘ﬁ%ﬂ hind 'sﬁi\l;:\ﬂ Q*)H’&icﬁl particles are

' ssues. | n_another preferred enbod I nent
SEP§FP&?4 fromthe BPEA iadhe sentinvensyphase BerpBEticle farvatiomayn tyet another

préféoiChRdicdhe, LHE nRHGRE éfs%gﬁfméd“ﬁ ﬂ;’%hﬁ%paélg EJRJ.rtlon [containing the

subsequent processi ng aration
pattinles PEEA Ippisbocdia inrwlddothh ectiveragbaris ect bdbbdinbe liguid medium

an. a ueous n.c i si,n
o ML SRR WS 0 15 P M e i
wasiﬁng imedlpme'ﬁagntontaiw anhgemnwhﬁh pedat@riBdiotukility of the active agent in the
i &H ceu jve agent, which can be a
T p %t @’é‘ twas ngiTARAHER (%Y aligeiontainone Qi pprecexcipients. The

exdipibitichdyQRBds a SAHIR R T8 the s1R41l SphPRS ?&h&ﬁ%s of f&r #he active agent or the
preferred enbodi ment of the present invention, the

c"ﬂﬁﬁft 3ap8t sthegyeiient may alfecmbie lecsties agentor the partiseowish additional
chatadiUsHBERIh 9€ corttrdtiRA RARYL R ifs adiyD %%éﬁg Lfﬁl% 9{5“ }lg_jrzgncflesoélhﬁodlﬁed

nucleic acid. In yet another pr

- perpaptiancifdl astive agent thepughdiclegical Gssuegent are suitable

o1 Bt BeAT AR Yool DS AR BB s
they maydwl haress@t  in e pbence af dle, PYEA phaafys subdguad processing steps

g papeetoR BB SFA g . BRI EF DESCRI PTI ON OF THE

DRAMI dcther fileferred enfhodlinkoid-tHd BRIXFIn0R ah aﬂﬁ&ﬁﬁ sgluﬁgﬁ @Bhprising an
aq‘gl otti ng active agent Concent ration agal nst

eH R AqEsepEmiseitle Sdvent 5 cool i ng tenperature prof| | e.
The active agent of the present invention is preferably a pharmaceutically active

agent, which can be a therapeutic agent, a diagnostic agent, a cosmetic, a nutritional

‘supplement, or a pesticide. In a preferred embodiment of the present invention, the active

agent is a macromolecule, such as a protein, a polypeptide, a carbohydrate, a polynucleotide,
or a nucleic acid. In yet another preferred embodiment, the particles confaining the active

agent are suitable for in vivo delivery to a subject in need of the agent by a suitable route,
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FIG 3a is a scanning electron mcrograph (SEM of the
starting insulin material. FIG 3b is an SEMof a
smal | spherical particle of insulin (Exanple 4). FIG
4 is an HPLC anal ysis show ng overal |l maintenance of
chem cal stability of 10 ingulin when prepared into
smal | spherical particles. FIGS. 5a and 5b are

schematics denmonstrating batch- to bat ch
ematic denonstratin

G,
soff Bl PGB wdibenant Sibieflo iy gectaly @isah” pulimpregy, cHaginal buookl

sublirpgalgtmamsderble tmmmucam,uﬁulaf drabhilaugbtipr ocess for
making insulin small spherical particles in Exanple

g B B IALE"L 1 1L poreen (¢ 10
SPNETG.Ci aps-lrabifonBl ENCESLr pldneC R AUAY Sorlch@Hition against

thrcwgh process in Exanple 9 is ah HPLC
erapEAt ogr aph of di ssol ved | nsul | n smal | spheri cal

par FI@|2Q§acwlﬁ|@%rﬁﬂer% gj;@lgontl nuous fl ow t hrough

process I n Exanple 3. 2 | Oa- 10d denonstrate the
ef f EHY- 3gfis %m elattoom mdisragraph(8EM) nf the stattingi mgp.lm material.

Fl I e f f er
salc?gG gg%? n%ﬁ%@gﬁﬁg% heln Eg%"ﬂ%ﬁ% Cfi‘bﬂ’"Lﬁ]@
spetlG.at of ar W/Lﬁmmﬂysml showéigi W&ral] mlsimltdnﬁndeebieﬁibﬁﬁl I call s@Bllity of
insulinin sm
@“ﬁ%&’k‘m{? %dr‘f‘ﬁ’csingaifsl’h? %s an Andersen Cascade
I n’pRKGS) Ga mﬁSSH ar8 sé}iéinaﬁ@éjde@ioﬁgﬂnﬁg bht@ﬁ%ﬂ-bﬁc@fep@ﬁﬁ@fﬁhﬁy
ﬁ&éFIG 12 i,s_a bar graph of P/l ratios

12 S@F@aﬁq@em@é"ﬁa@t& hﬁi"h@?‘bﬁ}ﬁh tepradugibilisy. a | ung
f r OmCEXARY SchBmafid Faghfid of &E%O%Aﬁl%ﬂg "'1}{ g&‘{&gﬁ lg:f g? r making

pl.ot for alpha-l-antitrypsin (

Iﬂsﬁlﬂnﬁéﬁl | spherjcabppatieles indixemplyed. t i me at room.tenperature
ngal s f seehming Yool bl (8 1Rl S RBK dhdplcssign of the

insphresiBSGppérickpari¢lG pra26uded by thel cohtimboud Sowdatpgh plot@R in Example
Aerosi zer particle size data. -6- FIG 27 is a SEM of

“human growt h hornone (hGH) small spherical particles.
Fl FIRY tharﬁm Tchﬁiﬁﬁmgﬂ@hl S dikdobvedt AN bialtl @pBerichl particles

preBPY BY (e heigps fekr e regss AESmpihal ot | on
deVFIeBS 10201 (dl demodPrdtS thd eﬁ@ﬁ ro? s&lflun? ERBiAd &Y 1ngﬂ§rPsoﬁbﬂity.
Insulin small spherical particles conpared
FIGS. 10e-10h demonstrate the effect of different salts on msulm solubility..
FIG. 10i is a Raman spectra of raw material insulin, insulin released from small
spherical particles and insulin in small spherical particles.
FIG. 11 is an Andersen Cascade Impactor results for radiolabeled insulin of Example
10.
FIG. 12 is a bar graph of P/I ratios for Example 8.
FIG. 13 is a scintigraphic image of a lung from Example 8. _
FIG. 14a is a circular dichroism (CD) plot for alpha-1-antitrypsin (AAT).
FIG. 14bis a plot of activity against storage time at room temperature in Example 17.
FIG. 14¢ is a plot of activity against storage time at 4°C in Example 17.
FIGS 15-25b are DSC plots.

FIG. 26 is a plot of TSI Corporation Aerosizer particle size data.
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| Insglgrgse .or the dispersed phas

Insulin starting material stored at 25C. FIG 31 is a
chart of stability data of Insulin small spherical
particles conpared to Insulin starting nateri al
stored at 37C. FIG 32 is a chart of stability data of
Insulin small spherical partigcles conmpared to 10
Insulin starting material stored at 25C. FIG 33 is a
~chart of stability data of Insulin small spheri cal

D OF I s § SRR b hoiog BGHD) Sl mteric asilens
| ns BIG.r28ssma kchars Hoetnciatulinatbllty €82 HOAPANned,to I nsulin

sta igng materjal stored at c?[5C. .15 FIG 35 is a chart
of StGnf? ity §htth OMPRIE, PRdEREG PeHemianen| ofphisuling peing three
inlampadededs0 I nsulin starting material stored at 37C

FIG_ 36 is a bar graph of insulin aerodynamc

st aBlGi 30,15 & phagt @fg eyldligiatacel eylin somlicspheiicdl pagicleg ebmpared to
Tnstii DA | spherical particles. FIG 38
-ﬂﬁgﬁgﬁgﬁho a]Lenzy%%it%??'activity of DNase. 20 FIG 39

i s BIG.iPhis srclorogf sighilityfdaBOl ksinl ssqdheshiesied] particles compared to

ih G L FLG 40,48, a chart of enzymatic data for
Insg%gsnagﬁnaéeﬁh{#?gla%%ﬂi cles. FIGS. 41A-B are
schElatd2cisid thast sRdtatong dafa 6ﬂ[ﬂsﬂﬁrﬁmm%&§ﬁcal particles compared to
ctor where FIG 41A is a'schematit

| sifi [
ms%ﬂé’%@%&%‘%ﬁﬁg{%ﬁ@%ﬁpﬂ nuous enul sification reactor -
WheFIG, B3I i ACEhaRCH HFbile9 ma%g?%ﬁ%%s@gﬁfa& I%?:{dg U W Apared to

. . mul's i on:
starfing matepial gorgdgbhSmt ic i |l ustrati on of the

N & ; h p
T T —
Insplin giarting materiahgorefl 662°Cof PEG on the | VR profile of
PL .at, A. ticl es. (Ex .32). FIG 43
1SS PSR AL el PR ot Tp i ool phicaf ittt pmmpared to

Tosgliredtartispmateriabdtored@t ACE i cl es (Exanple 33). FIG 44
phase on

il tes, the effect. of pH of, continuqus

| V15 86 19 b Fanh ek moulibaepm s Ab Y FAIRE 3 Ripiphler DPL
SpIEG. 82ks Plight infitBsrapiESAORAR plicficallf D -
il %tratses T he I\/I?Qa%r_ofi e Sfﬁ‘%ﬁ‘é‘ﬁz‘éﬂgspﬁs?bﬁ%at ed hGH

s - 3D Her shagiof eprymatie petiyity Bk BMesee 34). FIG 46

i1t sateesy ; LG | ation

vari abl essea?b%?glfﬁg%’ﬁﬁ %%%%%g#&%gﬁgﬁg% Pi x

matidEi 40 is agthartof aeayiotic dita FaiSOI) smeaibsphericb pafisles.at ed

I '\%S( Efi(ﬁ[ﬁ’lafe %@ematic ilustrations of the continuous emulsification reactor,

where FIG. 41A is a schematic illustration of the continuous emulsification reactor when

surface active compound added to the continuous phase or the dispersed phase before
emulsification, and FIG. 41B is a schematic illustration of the continuous emulsification
reactor when the surface active compound is added afiér emulsification.

FIG. 42 illustrates the effect of PEG on the IVR profile of PLLA-encapsulated HSA

* particles (Example 32),

FIG. 43 illustrates the IVR profile of PLGA encapsulated LDS small spherical
particles (Example 33).

FIG. 44 illustrates the effect of pH of continuous phase on IVR profile of PLGA
encapsulated insulin small spherical particles (Example 3 1).
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5 FIG 47 illustrates the effect of the

m cr oencapsul ati on vari ables (pH of continuous phase
and matrix material) on formation of BMAN species in
encapsul ated INSns (Exanple 35). FIG 48 illustrates
in-vivo release of reconbi naat human insulin from
unencapsul ated and encapsul ated pre-fabricated .
insulin small spherical particles in rats (Exanple

29 B OB e B

pal;hpbséiﬂalﬂplﬂf_ﬁlljll on is susceptible to enbodi nents in
Preferred enbodi ments of the

f f t f
i nvgﬁgl ilgsigaias; G eBect f b Wickosmespultion xfénbieg (PHeef continuous

phisb en@me@i&nﬁm@al)s&ﬂ R of IO dfﬁ?er%rbibﬁiﬁﬁﬁ&d 3R Sms Brample 35).
exenplifications of the principles of the Inven

and" & &7 ilustrpgas the effemd off theomicrorncapshletion warihbles r(thcef cofitinuous
ustr at e
ph%rg ggdeﬁlt\é&?gnf\?gﬁ?%lg N h #inf ?S re HP at egﬁ{wssﬁe? e“%"fps‘g‘r”“‘zﬁggﬁ?% (Example
35land net hods of use and corrp05|t| on of smal | spheri cal
par I act i ve n_accordapce wth the
e e BB R e B o wmi& HSulip e upepapsulated
and anc@sﬂhteﬂ@m-fabﬂﬁdtai Mkl stoalis M tRIASE 11§ bie%)
Chg&ﬂ“%%% for a so utlonthat is a single
d @ 8‘5 es‘i’f@"@& Géht is 20 preferably

an agueous or aqueous-m sci bl e solvent. The sol ution

.DEmmmmmmrmmmﬁﬁn@hange for exanple, by

“lo the tenperature of the solution to bel ow the

pha P Seth stopsrsiont isngiseeptible etoo pmbedimantsi ine magy rdlfferent forms.
Prefdell 8RBodiRnA O iCinAGRBE aR W 1dsbd Qrﬂﬂgheglfﬂ ﬂ’t’%nﬁ.mg%hat the present

phase, se%ar ation to forma suspensi o
dlS Aoy s dabe santideedes complificalivhngf e riinsiptestoff theolsention and are

not @fﬁé&ﬁl@d M‘Iﬁrhﬁ tﬂ% A C%ﬂ% cectss &qgg %%én%ﬂggoe&an chn gtpﬁéustrated

remains in nuous
Cortherpyesgst ﬁvaﬁmn‘l‘:h eelnieti ho Gheﬂfodb lo€ p@é(ﬁﬁﬁ(ﬁﬂ ahd MRMHoBPBf use and

f erl artlcl s of an actjve
conflos b BRI Tint B0 Pt 1 saT et R eapiige P the method of
proé.[ctmngeheagmlvb agérd iadipdasa 15 € Belbét cOmtaindHy LMEIREH rﬂ)ﬂase -separation
ent dl ss ved i a first solvent in a single I'iq

e B @ts‘o op Abat pa singls rligaiif} eontipueusmbase. The solvent is
pret@ﬁBBfl’dnSanﬁQalﬁ Rr Q@!ﬂ:@ﬁé-ﬁlls%ﬂevs%%np M SShaibH éathgr{li) Jgée%?ed% & phase

organi c solvents. The -g- solution can al
ha%ﬁiu @'u§xaé‘&§‘édblé d?‘mnltsnﬂ@ommrstun@ ofirthagokstios toeshlawntis phase

tran@ yent.or a mxtu

aq?ﬁeou M s fl%gé gértfé’g(r%iggﬂs{vﬁ rggr?{ ¢ FPUVE BRI 8955 %‘Ff’é‘gf‘ 2 liquid-
solid ipbpssoseparftion gdouibonisa Fexpensionc af sthall vépherical PAFERs constituting a
ffered saline, and the

diseFYa Bl S8 qﬁ%ﬁ%ﬁ%@*?ﬂ%@% CROBP g AgensEMpiES the continuous

phasencl ude, but are not

Phases:

The Continuous Phase

The method of the present invention of preparing small spherical particles of an active
agent begins with providing a solution having the active agent and a phase-separation
enbancing agent dissolved in a first solvent in a single liquid phase. The solution can be an

organic system comprising an organic solvent or a mixture of miscible organic solvents. The
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whi |
mmwﬂgggﬂv@amﬁn the continuous phase. The phase-

5limted to, N nethyl-2-pyrrolidinone

(N-net hyl - 2-pyrrolidone), 2-pyrrolidinone (2-
pyrrolidone), 1,3-dinethyl-2-imdazolidinone (DM),
di met hyl sul f oxi de, di nmet hyl acetam de, acetic.acid,
| actic acid, acetone, nethyl sethyl ketone,
acetonitrile, nethanol, et hafol , isopropanol,

3- pentanol, n-propanol, benzyl al cohol, glycerol,

t rahydr of THF) , | hyl gl Il (PEG, .. _
soligfen £ot g, e et 9‘2&&@6&32&% c&éﬁnq%m“aﬁaq%@@? pofjum or an
aqddduiiciile dggﬁlol 36lwerR AdrY £ tomkhBd & HousRk-nRShsE %rgﬁ%g’(sélgents or

di | aur at e, G- 20 dilaurate, PEG 6 " | sostear at e,

cophinationsshereelatkhe approus sBdiya eaAn:keswaten aeranal prding.dufipredrselutions,

boffo Qo it e ife. SAHe SRR Biddtle bRAESBHBYE tachyde, butare ot
lindteflertp, NEGethyldi-pprdidinoat hdN-metbylybpypolidons), gRypyoblidinone  (2-

PP .0r ene, al.gj. nat .10, but.anedi.ol .
vy e dHe A am bt T R RS B iacetamice,
ac?_ch edid, FR& /l&a_idit goetonk, Afetst rxsleﬁyx mulmylafealem@ﬁw,c ﬁiethanc()jl, ethanol,
. dicaprylatel/di caprate, propylene glyc urate,. an
isograpaRRy, openianph g‘é’F%PaPQ;ﬂ_f d:rewl_y;\c%h%oﬁ ceghl (B (THP),
poBtHGRhe gle6l (FE®), RS PHGBUSERD, VERRAPEPEEHLAPEG-16, PEG-120,

_pent ane, hexane, heptane, octane, nonane, decane, or

PECi T -1 3 Rokisiioan sivesl esteg) EEGoh dllmusasPghadaliomnte, PEG-6
iso mﬁe??ﬁé@gﬁ%i&étﬁ& te,plsﬁ-!lgg 381@0?:1%#&%}}1 ng%qllﬁ%gglycol sorbitans,

phaselseparation enhancing _
PESel pirbitdmisostearits,cpdiyathylértehpglydod nidnostkylsethars REG-320imethyl ether, -

i S s,.f0ol |Lowed addi ng .t h \ve ent.to the
PECH) SbRuls? B deRhetifeon Cetinly B o Fiisd) JeRge. PPO-10
butaheliclp PRG-I metliy! ighRofC tthve PRERIE vyl folicdte Ber, PPG-15 stearyl
di ssolved in a secon? sg_l vent and then tog]gt her added
ethel, PIRRYIER @lyesh dierpwylate/digapiateo myonyieng aglyend pmates And glycofurol

(testydRFhri@g] biRehdli ﬂo?}ethy@éﬁ'eV§%1 efer) UGAR ﬁ@lu@%@itﬂs}gﬁane, butane,

sol'vent - sel ected fromthe [1st above and whic
pentqnge heage, Jeptane, optans sprang.olecane of ascoprbisfation dgraofat t he

agefhe isﬁgﬁdé@%nﬁ&stﬁh‘ises 94113\%% gﬂaplglged?&pgg? éﬁot%dmg a solution of the

tenperature 25 or lower,
phasensepacationrenanicing agendt whighis| eétheriobibld ie oy nsseitfle with the first solvent.

' Ot el.ns. at 1 s, neant . "apbi ent
3 K578 e ML ok s G5l st may o aded
dird:odyp@ﬂ:ﬂtsuhﬁorllfor ﬂaimthiVe @fdﬁ; gy Ao dié@ﬁredliﬁ)w@él«ﬁfgc_l lsdl%ﬁt and then
syste n al so he ted tqQ increase the solubility
togghes ldled dp S&'@‘gm-_ iefﬁetSﬁ@“gﬁ?‘féﬁﬁ 8 P%Fhf Bewltehgs the fist
sol & Sor 1O anClRLER tHel S0lvdnt Galbdted ROMAhE AR Jobvd A wikeh isvthis¥ible with
of the agent. -9- The Phase- Separati on Enhanci gent

. 9- Th . : ng A
thepRlutigha Yes pesfuresthaihesaeatisiaddedig b sotwiomay a@ﬂmgwgt temperature
. \/ . .
or R RAtich A S HER JRERIART doheat bl BRRechlef sugh as pera proteins.
Whahs meanithyofamitient tengeeratams? it i dempeatsrebyfearowd toomt femperature of
hasg.separatiop in which th ctive. agent e
b S cElo BFA-E B P-Birr eyt oo pop B Bbeaip b, tgsotubiiy
of theadtivesparalia @l syftam tab tdng s BSatiRg Go&C L Qfgﬁjﬁ%lﬁ%@ducﬁon in the
t he phase-separati on enhanci ng age remai ns
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separati on enhanci ng agent reduces the solubility of
the active agent when the solution is brought to the
phase separation conditions. Suitable phase-separation
enhanci ng agents include, but are not limted to,

pol ymers or m xtures of polymers that are soluble or

m scible 10 with the solution. Exanples of suitable
pol ymers include linear or branched polyners. These

po A he WRhSteisPhille. sem -water sol uble,
tll—ﬂie{;rgﬁﬁn?‘_—w?%?e, o] |IF§§'ﬁB?f. In a preferred form of

t h&"hm phiasaisemmtioh rmhmmgea@ﬁp&’rsﬁmmﬁ tenprasent hoyeaiiengnhasces or
|.e .or water.

indf e TGS AR e A e B 0t o8 G e the

solufiéd ¥aubjetrad to-tha s v@ lphase Repar4tion iy whldhqha a&rvs agent becomes solid
pal yacryl i ¢ acids, polyor anl c aC| ds cg yam no
¥,

or segeirid 1 B sprRspgom AR gtinuous phase while
the I%lﬁ §¥%Qﬁﬁ§n %ﬂc fénﬁfe%xfsschssgl%gg mcﬁle E%uous phase. The phase-

ol ymers, yet ers, naturally occuring
sepagasion m@h@cmgoagﬁnmedws thes aolfibilityasit e agiéieyeasnbmhen the solution is
c p I
onf5 S8R0 YFLAPLAIRSE AR LB sogpong agns
mchpi&abwmmm |1ma1edam1q:oiyms of mmt:lrheof poitpumml élet are lsbhabbfor miscible

with e Dhition” s fedes o Fulbls SolRARS dhl i it ¥ hrmnstyed, gplymers.

Thes’tqm;tmew@n%%t@%oﬁeiey@hhmea@ombhecwhtel( REGhIQ br 181kl
no| ecul ar wej ghts, such as PEG 200, PEG 300, PEG 335Q
PE Bowderrediom phdhe lrwe@onz tisophasesteparaiipny e@@ﬂ@%&@g% is water

soluﬁ]!éco@ véhter %1%191@' %Pg o‘i’fmg 7S Ei’a@ Ha§ Be B0 indRilie @ﬁﬁ&ﬁﬁfate—based

preferred vinyl pyrrolidone (PVP).
polyzees, nelwalpnh@ﬁe alnc@lwlzp @b&yﬂgnylil solymyzsr polyastiel astdsr ncﬂyorgamc acids,

7o SHIG o0 BI 5 B P R 5a0 o Lol B85 s

Flzﬁgethﬁsa,n tert-polylnersa pxdpethmb,y meturaliyc hcasing pokimarg  @blyimides,

soct gl el ot g P e LRV OR o7 ¢ e

acPreféredgimérs af&@les Qhdttdr® aco@ptablbeaslpﬁa&mae@htbﬂ adlitives for the
met hod knovvn in the art, such as chang

inteqds g ofr admipkAgRn i0f thy Selys agent r%?g@a nPrsfergyd polymers are

pharifdBafiRally) ab&ptableS hdBResNsh ihe pagtullerd, 1%9@9@ nof various
the concentration of the active agen e in

| molmilﬂé aveighas, isueh %ﬁPEGe?UQhBEQ @Qp&ﬁﬁt 3356, BEﬁaSQ@ nBE‘&gTélQPO PEG

ZOO(ﬁq g{S&g&daﬁ dlB:?%ér? Elkcﬁl)ﬁs %uro{ngsef"fﬁl dt fljét‘r&?%la§?§$ Pat dngiﬂ T @Ieferred

odl nen
polymiee 35 e pehwinyipyentidane, Cﬂia’)phas&'ethmmcgkn spraferred polymer is

o SRR PR G5 o SR e b o sppiations

25

30

The qihaﬁdﬂ@p&@ﬁdm/ enla@eing dgntt bt Sl6d %Elwﬁon-ﬁéls&nell siich & a mixture of
rren3| onal phase di agram 10 for the solution

Propéfﬁﬁ? giYﬁ?lnag & a

Liguid-Solid Phase Separation

A liquid-solid phase separation of the active agent in the solution can be induced by
any method known in the art, such as change in temperature, change in pressure, change in
pH, change in ionic strength of the solution, change in the concentration of the active agent,

change in the concentration of the phase-separation enhancing agent, change in osmolality of

+the solution, combinations of these, and the like.
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5 PSEA and an active agent. The diagram plots the

active agent concentration against the tenperature of

the solution. The concentration of the PSEA is held

constant. The diagram has a saturation curve 12; a

supersaturation curve 14; a-netastable area 16

t herebetween; a first area 18 bel ow the saturation

curve where the systemis in a honpgenous, single

i qii b pesteatedVRaitR g ot l.iquid .

hase; .and a secongﬁ%%tarea ZEQ%%ﬁﬁgﬁ?ﬁ@n’%%zﬂmké Change is a

te Abdiced parse cbipnge bihlomesring dhesipmiperairs belobwthe phasetransition

-'te@éétﬁ@ohﬁ%ia%&%eﬁ@hg%ﬁﬂﬁﬁ of the active agent and a

[ qui d phase of and sol vent. The phase
di afHanh iss Macﬁmﬁhsibmall gbase rdirigrinn §0 Fhethe @Hllﬁﬁb:?bbﬁtﬁnﬂfg solvent, a
e tem and t el.ati ve concentration o
PSBA oY S SE Mapito Bl Wokmliop G ORE Bcive: #801 pepseatrason; ageinst the
tengivebere afithe bblatio NThd doRBtELsT SHMRSPIRA id it ﬁ&r@ﬁﬁ{.t ion
bet ween t hese two phases. 15 As di scl osed herein,
pr e)éﬁer %@Bﬂ%}?ﬁ ARILoR yBiei I2ap syupersaiusttion eiive I asoethstable area

16 | ACHR®l s i LB | is i
apeebetwdtinl ACHRAIdda 1OMRINE L %R%a?&r s ! $lere tpta SEtem is in a

under sat ur at ed_sol uti on (poin achi ng sa
hompgengys; sipgla lighish Rhasswhere jall epwporiestsiane it lighidi phesegeidia second
are@ Y BN resent. On_further .

e_cool ing, ﬁllgmsi 'atgd(;fﬁl!la g&% g%%% 2‘% e\ﬁhtg? Ysﬁer?é 1§8|t‘df’7p%lﬁ5° system having a
solidophasst A theoactive egenteand getiquid iphset dfothe POBIAL @8PQAWERY TIR phase

o S A R B T I S

of @ppotantsiou: foe tighidghasef the liguaabiid ﬁmeaﬁd #1263 dli8bns surrounding
int Bis reached. The point Bis a

ccur yntil po
| -theg’SﬁlShWZﬁ?iwa%Hﬁamvaa% the netastabl e zone. The
15 -

mets dpblosed BQBR, W - X . t.her t he
Xj. mum at t ai n_abf\grﬁ%ghggggbgﬁﬁ}agl %{P$ﬁgagwgsg9f ) a%}hvg agent

. TR

pring uyplypneqobing fiom T endgrsaturafidesbitipngpantph Y saiching sati@tion in
X : ) j Nt.. 25 A -C2-C ~

P ) o6t b RN i 59 SR 8 i b gt On

. T— .
ﬁm?ﬁ?é’t(ﬁ’@hlngafa fhate paréanedawhert dist sibhtdnS@intifidsOmore ddfiva Agent than that
B

' | 2. pr s. the .starting point would be A" By
cont3BHAE B GRBRRAY BBl P BS DU 1 b
beceraesumpdrsaiaranid. |Spagaheoub GoraehbeomEe @llidihhe dds n&%cmt]r until point

.1 sot herpmal i ease .in 30 concentration (by solven
B 15&%%%%% eé?%’“ﬂg 15y7 RO S iRe bavadary of thefmetastabile zange The metastable

zon@ @RIl canl ¥ expRESANGBLr bylihe nfaQinRR) Meaifand Mdeﬁc%ﬁﬁﬁg fllf'gﬁ%Tg-Tl or

solution to nove into'the netastable regio
by thet swperspiiationy ACradiG*,iGF aghhese reec&gilessiohe Mmrt rt&an:nodynamically
‘ stable limt is exceeded the solution becones

equiVBbA: . :
q unstable and a spontaneous formation of the solid

phase i medi ately occurs. The value (ACm)T-C*3-C2

obt ai ned i sot her nal lcé can Wecdi f ferenydnomthe 5

corr espondi ng Yakus Cof CA ? T=atft.a gﬁ

pol ythermal | y. As the bourfdary of the\: ast abl e zone

i s approached, the tine necessary for the solid

palhtli cle f,orgati on decreases

e path A’-A-B represents a polythermal method of preparing a metastable solution,

In an isothermal process the starting point would be A”. By increasing the concentration at
constant temperature, saturation will again be achieved at point A. An isothermal increase in

concentration (by solvent evaporation or by seeding/addition of the active agent, for instance)
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until the nmetastable imt is reached. In the

pol yt hermal process, the rate of cooling is done at a

controlled rate to control the size and shape of the
- particles. What is neant by a controlled rate is about

0.2C/ mnute 10 to about SOC“T nute, and nore
preferably from0.2C m nute 30C m nute. The rate of

change can be at a const ant or linear rate,
l.ine rmttent, or aeprogrammed_ rate
fo ?ﬁﬁg .Cn"éﬂrm 8 %Fé"‘&h Y 1t the-petasihils Reloscingih thetfactastability
lindefp agaih eehchsd NWhBE (R SrAastdbld igit ?@é}&é&éé&ﬂ tﬁé‘gﬂlﬁ'}bﬁ' Hebisihks unstable

ﬁki)% WaSh'qﬁ}% as wll be discussed below 15 T pr esent
an domratienof thesolidiphase immgedistely comaent r at| on of

t he t Nty —~&NEx C r f the
et ey MR BBt b5t o
comtspeling ivalmgeoﬁ/vhﬁ‘&,ﬁ*'l‘ﬁéz ablalriéé ROAMMENGS Ak O gmundary of the

melaif%'fgd state to ﬁdiﬁfi‘" id state while the PSEA an

L5101 700 & Hproaghed, edimphnesessarisior dieasolid pariiele formationadecreases

untilititineRstable lingit i8 k&eheont enpl ated changi ng the pH, the
ionjc strength, the osnolality and the like to

enhdhike Pom{’ld’m%ﬁ ttheoxatezqf eoling fspdons it & lvenipdikd eate to control
theGRANAE shanQ £ 9 c%l‘.s at fn%pnttbhe c%{mﬁ?lfe dﬁtgﬁgé@:}q hé"C/mmute

rel at |°ve h| g or reezi n
to %hﬁ’ﬂts%o Q/Iaﬁ’-@tes tiild)mOt&enpéraﬂ}ufrem 0. I&E/mﬁiwaﬁ 1003{B’C¢iﬁllﬂute The rate of

n oi nt, de Si n age such as
Chalug ene gfu;;/co : gl]’g 2% 4 ae{? f BFhitient, 9F, 4 [pEogrammed
rate((éavgngmdtim;iﬂa,seaﬁ:ﬁdaﬁnol) or aqueous mxtures of
e@}ei 0i nt bde ressdS g}ﬁents to lower th
1 B RSO b b S eried i S5h T A by W Seleom deirifind g vashing
asmmuelt‘@c&ggsaeabwthout freezing the 25 system The
ess can. al so be carried out such that the

Biessing ipveniiuyepitsmmepoodiusiiog the earmientiativo] aftthohctive agent,
the h&&eﬁwﬁoﬁrﬁf {HeSIA gﬁ@%ﬁa& BREL PPE& Jégnq“i% g:tohj,;; fhes to cause a phase

partjcularly suital
chapgg,whee (e active pg@tt@omslji'om@hqlmdl attateFs Gi @thé Nteic While the PSEA and

sohRAH b Ghe o ?Igerﬁ@éh % 28 ' nV tlg}%?n % qui c| gtde rc]>eco(1)1{emplate:d

nmore exc
chac@ng the i ionic stdeagthathé bﬁh(ﬂ@ht_wlah& tlfbciﬂtett’o‘%ﬂﬂénc? pr?]mote control

erd stics h increased stability o
or sl (ﬁt‘ SRhags clighep, For.sofytipas gekiel the fresping etng i telatively high, or
the ﬁgeﬁh@ poit®id abdvcatle phase #RLRAGE teipeltiGie 28! 3 ?utf?;ﬂ? WUn include a

frfromth rticles, or nodified Ferrreatlono
CeZRE pguit ﬁrﬁ%smgtqu%tu% higs prapylesastycok suwese, Bbyleab klycol, alcohols

(e. ge $thbi] elﬁbﬁaﬁdif&%%o@ '151):@{16@ of ﬁ%e%ﬁé@ﬁdeprdﬁgﬂﬁ Fgegfs)to lower the

car bohydr at es
freeging ipof of éhfgsystcm] g:n-alldvgthe pl@sthl)angam desyéEn:gmtﬁ‘ﬁ% Z:DGczmg the

) o hal i p
SySté}H] %ea{%l% S, sur%acet agn%(ecd %rspcéjl %tet?‘f’ Cas & u&%d blow the
frecgng h:@mt (ﬁhﬂlbfsy@’en:g The hhﬁf)@kﬁ d@icgb&di h&?lui $s lptﬁﬂ'i)@ﬁlaﬁ? s%nttable for
| alic acid or its salts atty
mdé&ge %reeq?at IEW&F G@P%’F@?‘g Joresent at |evels bel ow
thel r functl oni ng as PSEA's. Wen an
Optional Excipients

The particles of the present invention may include one or mote excipients. The

excipient may imbue the active agent or the particles with additional characteristics such as

increased stability of the particles or of the active agents or of the carrier agents, controlled
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exci pient is used, the excipient does not
significantly affect the phase di agram of the
~solution. Separating and Washing the Particles In a
preferred enbodi nent of the present invention, the
smal | spherical particles ae. 10 harvested by
separating them fromthe phase-separati on enhanci ng
agent in the solution. In yet another preferred
r
rlofi 1 e il iR A1 00 p RN S pEaIP B YE sgont
througit biokgicalopissubsmeilitalvte excipibnts Imcthhb mttam/mtdgmm tbscartmthydrates

(e ep st spftote rpm il Srtmn S B e g G Dy fions o, 804", amino

acidb (S:’gu Qg{ﬁﬁ‘?; Lipids, %g@hﬁﬁﬁl?@ Wc%dwﬁﬁfaﬁﬁnﬁmg@ee@és bile acids or
rati.on or centritu

thelwitﬁ 5Be ShPlpe oaﬁts%li% ST, R THR eﬂolaﬁ% g?ca%{m%wsaa}dv@rﬁs salts),

fattﬁﬁid és;@e&g ¥Rd FAFRES p ‘PésE:'i‘t ak RVels BEIBRAHSy BRLHRIA dOPSHA® When an

qui d medi um can be an agueous nedi um or an aqueous
exclnﬁéaﬁ iy medcbnexaipipriglosyrntsignificantlyrafitaitbe phase digguousf the solution.

solubility of the active agent, such as dival ent

Sepfat] &Qﬂ ggg_ag Wd%ﬁﬁlgﬁ‘ﬁé]?a)é&clé’sgem s with high aqueous
uch-as many proteins, an organic solvent
or Itaa] pmq?n'mdmnl@dimm of themregent mgermon the small spherical parucles are

B 6 BB A2 AR B BERR il f e sotan. 1

vet amithee frefefred ebediasnt, ke Irneﬂwddoﬁms;bmﬁbm A by GeashibgSide solution

contgl%[%\ag-r{h%gﬁag %ﬁgttgoséﬂ}% gllefI tg 3}qog.]:d§qu 111§S}UI tﬁ&qlqe efegf:rélvte rrslo'e):n: is not

soluble| iR thdl Bqui€ MheAnah Hhile 1BS hRBisépakdiRn AhdMehRC %’eﬂi ﬁasoluble in the

met hanol . et hanol entane, and the |iKke.
liquig magstivenn Sermp methods pgvvﬁf%lgrﬁ% bg @sd@ﬁlﬂaﬁw o bxt W@g&uon The
hquﬁl%é(ﬁﬁﬁ %an 947N ﬂfu@ lo? B or '§51§ £ a&hfle%%éﬂ? with low
1:1 mxtureo yl'ene chlori n aceto

aqueiosas p@lublétys & tiqrdd quh@l kg bé @n mau@qumnkfalm ok ew dquéduis ngedmm
cont%?ﬂngh %fe i3 ¢ zlﬂgrﬁd&c%gg% ﬁgue%iﬂs 331%111 Ienaé:tlverﬁ%en\t, %ul(ﬂ} s divalent
catlcmed IFormacime agtiste with lagls qu.E:DnéT sdlmlnﬁtly ﬁdchlaé maBNyqgho@aRis, an organic
i udcarbong, ﬁ a 30.fluid near its
50 V%’H YRR e (s (im0 %racI?IP'Ffﬂc%ch‘P]I%“gégE%FnS“B as ammonium
sulfz&&]inhjﬂbéﬁseﬂm vents for the phase- separati on enhanci ng
nts, partlcularly sone ynmers, but_are

no EIMRIen ok syitsplepragnic ﬁOIVEiH?' ff?rcw@sas the digpich medipgy include those
orgafﬂc Lﬂoﬂ!%nﬁ %Beé?ﬁed"ﬁﬁ% RY shibBIERE VRSc (}.{S MohBses A8 mbed) breferably

| oW n - supercritical can be use
methyﬂmuqblm c mﬁ » aeatoniiaile rcthyﬂ:zs:tem maﬂthfmols ethaool s)emfam and
thelﬁ(% acetontitrile, dichloronethane, ethanol, nethanol,
wat er, or 2-propanol. The liquid nmedium used to
sefids alse cd;ﬂimplmaﬂ to ssphn:ixhjred offray tof dieessdlvemm. t e ﬁ%ﬁred blend

s mp et T4 1of mETre e P eaR ahp e otoge, igh pgtomed that

the Rl thiedtivdnl hais S 16WHoildRSioi Hbeedsp 2dmdvaEbp ot bxanfble, lyophilization,

exhibit mniml solubility in the i qui d
evapora%on, or drying. y g

The liquid medium can also be a supercritical fluid, such as liquid carbon dioxide or a
fluid near its supercritical point. Supercritical fluids can be suitable solvents for the phase-
separation enhancing agents, particularly some polymers, but are nonsolvents for protein

particles. Supercritical fluids can be used by themselves or with a cosolvent. The following
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mediumto maximze the yield of the particles. For
sone proteins, such as insulin and human growth

hor mone, the decrease in solubility can be achi eved by
the addi ng of divalent cations, such as Zn2+ to the
protein. Qther ions that canjfpe used to form conpl exes
include, but are not l[imted to, Cat+, Cue-', Fee+,
Fe3+, and the like. 10 The solubility of the

h.hor e-4Zn_conpl exe re,
sobSHALOgR; Oiy 8 DU IR TISS End APRLENE ALy cootvensc e
actttontmﬂexdlchiommeﬂmue@tl‘Enslohﬁthiam wathe ot i-gtd dIEdl um rmy

| t
o 106 S GLRaBR, Mo T isEoiie 1he Fael hwkalgiatpion fiom the PSEA

dewkibedlodrein) 1Bhy Esntbnl 6H a%&xt WRfch@ahRek i @&hﬁlhfyyofcﬁae Ldfe agent in the
i %rtl ¢l es_and/ or of t active or carrier "agents,

e I 1 é}Oéfa%eélr%bie thet the artiptes sylibit nfipiseal sblebiliey in the liquid
melftt loGhB3mizRthd Rtk b o2 Pé?mﬁaf I tgﬁls as‘ﬁ%ﬁ Vf lngl%%l and human

t hr ough bi ol ogical tls ues as |scu revio
gravih hewsranerthe deoyeass in w@hﬂutyem b@mh:dﬁd&b; ﬂnl dddﬁ)ghﬁﬂiw@h:ht cations,

t-i et t at e PSEA ¢ ntalnln
sudi 2 oﬁ%ﬁéué%ﬁs(%% el bl B bera ) ot porppiones et but are
noqim@no,e@h ey Fefd e’ ahdtaihe cat i on process of the
pre st e guepus system incl uding an
aqu %&’é"é‘jﬁ Z’:ﬁ (STWET’QWQP@T;@ compleiss ate spfficiently low
to ailobﬁcﬁkﬁlﬁam&oﬁﬁlﬁ@d ialaf ag@loueWistidnnCl ude, but are

not %Hdto thoseldentlfled above for the
con—{]F?n AP FESORPPERIN S ObMOTSENeipients which may imbue the

- active UBaH Dt Wﬁ@é&o\%ﬁﬁ Sddifioddl @ﬁargr!'ﬂg}sﬁg{ ﬁ.{ P%Q mcrgaésc? Stability of the

buf fered and can contai n excl
parbq:léw@fﬁr@élth@cam bii eatieraagents, cpnmmlk:dtrele% dfltlﬁs #eive Wgent from the

arfd S s., the Active e.active '
P aggl& m]“U he p%%é%é?{{l %F#ve Y pe ithﬁ?"kgﬁg?‘ Bgﬂ‘i"r’lanssues as discussed
prephmiyraceutl cally active agent, which can be a

ther a a a dia nost C agent, a_cosnetic,

n u?llrrnl aﬁ’m% Bl?:ﬁ iavgrton, &Bhericplparticles app got separated from
thePEEAaqomatmng@gﬁi@h can be a b| ol ogi ¢, which includes

but is not limted to proteins, polypeptides,

A uarb h 81 at es, pol ynucl eotides, and nucleic acids. The
"qp%i-gq—g—g@ﬁ—%e an -14- antibody, which can be
poliy ahehed px@ferrﬁ@ BRAGb@RRNt, th-g]ﬁbltl&hﬁbé?ﬁ'}ékéscof%@ pRBerft s!yﬁt\ﬂn is of

nol ecul ar i ght nol ecule. I'n addition

"‘r

an AGEPT, BYFEE %M% AR AUERYS 5| a3 BQgORT-Discibley solvetty Bfamples of

gmt!ﬂﬂ@ Eﬁhcoﬁﬁé‘is@ﬁ)@@ e cﬁH& uiSire xfzw 3 tcﬂ glt&orslg h&enepgﬁgd above for

anal Ig}g& cs, anest et I éds, ana
Q@Eﬁ‘ﬂ@us $ee r@ngadyamhmkf W@egmtplsousdﬂseﬂ’lﬂbydsb @sSthat the solution

N e NN G K -

the adtivy begenitsnenchge ptoteinal kal oi ds,

The Active Agent
The active agent of the present invention is preferably a pharmaceutically active

- agent, which can be a therapeutic agent, a-diagnostic agent, a cosmetic, a nutritional

supplement, or a pesticide.
The therapeutic agent can be a biologic, which includes but is not limited to proteins,
polypeptides, carbohydrates, polynucleotides, and nucleic acids. The protein can be an
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all osteric inhibitors, anabolic steroids, anorexiants,

antacids, antidiarrheals, antidotes, antifolics,

anti pyretics, antirheumatic agents, psychotherapeutic

agents, neural blocking agents, anti-inflammtory

agents, antihelmntics, antipgarrhythm c agents,

anti biotics, anticoagulants, antidepressants,

anti di abetic agents, antiepileptics, antifungals, 10
antHdh ] j | ye nts, ..

D bl P BBk 18 Hievtic g e & low moloculr
weight malgpelei fn addition thedipramestic agenisnenpt sdédtel frad QVasiety of known

T —

I nMunost 1 mi :
ageatrenedrpneagix | blogking  sgeias,i \wdfenclBGits] | RUBASCOIicBREs 2 adrenomimetics
am%%]eréoceptor bl ot(l:% _%g%nts, contrast media, ?

COPTITRE (AP YFg 80 ngﬁ‘ B r ddiseryulsants; alilsting cagents, alkaloids,
all@geint mhibitbRgNeShbdlici BB@ERY AW LUL-at | . .
dopani ner gi cs, henost at | cg, herr%?tcs)’l g%?%lg%’ %Ejdéaérélﬁ?l%, antidotes,
AR5y PREIRUS priripunatisorgrpise Psydhptibwis, agents, neural blocking
agehRUupaliaghBeRahifoe ARl lipidenmi ¢ and other . |

l'ipid regulat ioﬁg {é%egtﬁf S, nh@%gtfcrshi C ,@%Feag&n& antibiotics,

anticeagylenis: s, antideprassgmipat hatidiabdticcs aggag, at Butiepildphel MOAGfngals,

.radi o-. phar maceuti cal s,

_ 1 ani.n...0rost agl andj ns ’
an‘u%g, g.%léé,e Saﬂmh )%R%ng?\%oﬁgeegjfs, gﬂ?@lysg@t@p gagentg,g épffmgycobacterial agents,

a
antigialanialsamtisepticsy amlk byl atRIgERS, arltipyt@dod] SR Smmunosuppressants
imn?ﬁ%[%&ﬁn'él ators. vaccines, vitamns, and xanthl nes. 358 ’

PHauigTs apfithyrolt agents; antivirak agani® mpsiolytia cedatives astringests, beta-
adrenotephdr bl dcRihgla@e R GohtAX Blodid N rEek{ | G UNas, 4 :

nd ot her, ar%t i%neopl ast i gg _s’géli)ect edg%?éslbﬁw&lgﬁé 2 ﬁﬁrﬁs’ diagnostic.
agents, diaghasticy 1BALIAE kagesisd diuretiony dopinsibics, ebemestatiy slehematological
agentflNi Bkhesishinal I.0g and _ant. biotics.., A .
g_cos met | cé_ aglgnt, Iﬁiyééfﬁgérr}g ag?ﬁ/btél%?’ngrwoéﬁ% cé‘Bﬁ‘W@fg@Fd agents,
antibyperlipifesnic cande tother alipidv ideylatingxapenise In@katifies emasdld ViRlaxants

i i el an inter. alia, emllients, _ ’
pararb]%}ﬁ%a?tﬁﬂgﬁ Hgﬁc re%ggﬂalalio&&al ~hogigond, i ¢ iorgL agpiesiaglandins,  radio-
phargyacéuticals,| ansedators,es, sexi t dbinRes, deRh@FRSLINT ARRRL S stimutants

| -ache agent.§, antiseboryhoeics, keratolytics,
Symg{{lﬁ A §°Sag gﬁ?%‘a SRTHS: c SPOHilRErsa gerTeisesantitanims.c rasd n xanthines.
Antiagiidstic, or anticanberlastits Gubiade gﬁt%’é 5?%@?@?@ PefitaRQand derivative

reti.noic, acid, ascorbic acid al kyl
compRndsnanh Gfst eatiregpiastioscselastedn fromt thei groept @msisting of alkaloids,
antith@SHUNIRS) izyib Gk Ifiables of rice,
soybean ershea_, l%ggr’ g?r‘?%@éﬁ%%r%@?@&%& such as
gl $ctrmetiaegent is angrctive dexddiant icemble 30 havihi axtARRES activity.
E Laa t . -orizanpl and stearyl glycerate. i
Sl CAEREA% iR SL R e S SRS hAEr e i
inhitfiéngy e gqmis; eahtinyflammbiories) efitai W depiinichfin ra‘genté,lgraﬁ- cne agents
antisERERLES 1 Qf Hut Ii tional sug | enrents contenpl ate For ’
use 1'n ‘oi’r%(graﬁ Xs; Yimiping, gge ‘g# Wi geloripg egantoand puiserden agents,
and bt pastieulmotliroldid t t Qetindl, Ot&indR, r b . at
yater - eﬁg‘rl ubl e, vi_iﬁg(.irﬁ_ns (8. 5&%% tagﬁf ng%?ﬁq’?c%?r%l gyl esters,
PolyRhsetatated statty agids.eicotinie psters.atocenbxob nisotinate mmsapdaifibles of rice,
soybatnt &TEHRE, Ceralidek . i ke nd herbal . .
}i extracts, The n E’t ?ﬁr?)gﬂgflh‘g S%%]I ésnélﬁ’tcgahcaf‘%l%’ églemum derivatives,
antogidaRter Betararptens,a pamih-orizal and csieuryie ghycepR! €ArRY cosmetics are

combGSRN AHAoIK ROVEE daf vb rIlreepétarreli by techniques known in the art.
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The term pesticide is understood to enconpass

her bi ci des,. i nsecti ci des,. acaricides, nenaticides,

ectoparasiticides and fungici des. Exanpl es of compound

classes to which the pesticide in the present

i nvention may bel ong includejsreas, triazines,

triazoles, carbamates,, phosphoric acid esters,

di ni troanili nes, nnrpholines acyl al ani nes,

Py efxBfpied Sof It GuAfdnthr henyl et her s

and pol gcycl iC (?o SH “hy g&ﬁ aél tgcrlél P§E)ee¥‘? practlce of the
pr %@Vé%ﬁ% inchyds;t bwm @teant rilremdhtoofprbtbms eca&b@@g@esamm_somme

l.. 9th British Cr :
vinES oS on il G Peo tarn aad e ke ciisetenle rytamins (e,
Vlfamawl AhDe Eaid/and thahikee apd bﬂ%&le@;tﬁuts tBEhRAHES %}%ﬁ)‘l\ﬁnents ate
co}nrlh art. 1 ref rred eppodi nent of the pres
| nvécr‘@ ¥ yad ?ﬁ%%ﬂﬂ?é‘g‘ %@fé?ﬁredéyf&chqweﬁ&@@w the at.e,
SUCfI'haSerﬁl PésBitidl s uﬁddi?ﬁbé@?ooéﬁcgﬁl lﬁ'%lpiﬁgy qﬂ%& ﬁ‘lde% acaricides,

§ %ucleotlde a virus, or nuc elc aclrd
nefpabigades; eripnagasitioiges apd ﬁgmfteSe MP@S ofintmpangalasses to which the

peﬁicicEQﬁlﬂ[fel ﬁ%éngﬁﬁre 0@1%5_ Jlélfg D¥oge ﬁi{ég éﬁjgwﬁh%—lamlﬁ gathamates,

macr onol ecul e can tural® or sy

—+

phesphonifacid, esiensi dmm;p,anﬂuws; mocghnlibes, aptdedingaby@throids, benzilic acid

oo MR B0 herd 00T Sl PR ot Brdsacahors. <ampei cxmpls of

pegticides uechch)ofsﬂyast lelkdes afy listél] IMEPRHAEES MMtuie HO06Btion, British Crop
PrcFé%%”‘ﬁ era e%| c proteins_include, but are
c? u{ug S gf¢ sqnenerigly availpble W@mdﬁqarepared by

tecbmq@sknﬁﬂﬁhpﬂheyﬁl Factor VIII, Factor IX et al.),
sub ilisin, oval bum n, al pha- I-antltryp5| n (AAT),

2 p @Fqsl)(,ea)@o@mgaﬁmcﬁsgle( BEBRYNt invememy nhe active agent is a
| W
ma&bﬁ’@m*e%‘???%%%‘%%% o oo PARRRRE sy etiteca vitus, or

hor none
a nyeleicrasid.  Afvsleisgecids mchds @Nmﬁsollginaﬂemtﬂwranmense oligonucleotides,

Y. op ecoo 5 stinulating factor
aptgéﬁ %&cy%ng co ony mﬁlﬁogltop%ﬁlzfcﬁb 6 matuzalqr spefhetic. The protein
canpRGyl aitibddypretiie nay be gloycdenal at p6lySlondly pﬁi’e%rﬁﬁﬁ?’é’dnaélﬁ)dbe any
LHRH agoni sts such as:

0 de
q%u%hr % SE%E o?aﬁed AQFh natural, soBigs® o8| praducefy synthetic or
recauniting ﬂnﬁh@ds VBSQRSIes 5f rﬂler@mkcoﬁﬁ%ﬁéﬂﬁmlude aj, '%8 Yol 1 £ Liited to,

proRl e Vot BB ek 1 utietop G ommgoraV AL, Feadri 1%, et ),
subﬁlhsi&t]aoﬂallﬁiﬂlhht %H;B§J1[bnt1fr'ye"ig§ﬁ# ?ﬂg S%a@? e rO\gtH{‘l 51 TRSe '(SOD),

30 Exanpl es of "1 ow o

lysoqzgne.cihongclesse, h)@blrorbdﬁse,a:oﬁagmasel gnmmitleliomidﬁc, GYtbfpbétsn, insulin-

like DRIV AR b als, .antifun t axanes
TR0 Rk PRl AR BT aggggrophage colony-
shn@lhnng fagtom %rmaﬂocp’rcacolmssmmmm@Sfacﬁf OfFfbb&ies mﬂgé 'proteins,
glyc%%ﬁat%'& eg'r é}p@und? %dlrn a preferred enbodi ment
M4 BPOTRYCo Tt puleinc dataemresios LHEBE rsowisiof such as:
leuppolidep lgafeyeé?n, % btugéi’élgﬂtg Ll?gllﬂg‘; arﬁéﬂ%%s?sg %Eoﬁ:rés@ﬁl %)qglbsporme
calclt%omn, parathyroid hormone, parathyroid hormonc peptldes and insulin. Preferred
therapeutic proteins are insulin, alpha-1 antitrypsin, LHRH agonists and growth hormone.
Examples of low molecular weight therapeutic molecules include, but are not limited

to, steroids, beta-agonists, anti-microbials, antifungals, taxanes (antimitotic and
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5 agoni sts, anti-fungals, anti-mcrobial conpounds,
bronchi al dialators, anti-asthmatic agents,
non-steroi dal anti-inflammatory agents (NSAIDS),

al pha- 1 -antitrypsin, and agents to treat cystic
fibrosis. Exanples of sterojfs_include but are not
limted to becl onet hasone (including beclonethasone
di propi onate), fluticasone (including fluticasone

' u nide, .. estradiol, fludrocortisone,
anfBRRUNRS Senes) SRR B Sithungs. i, aoepnomede, and urea
comperndsii de), 10 and fluni solide. Exanpl es of

bet a- ago 'stdi i pcl.ude but are not limted to

sal ﬁ%f‘g’F%J?m Frﬂg?dé‘ﬁﬁ%’, Gt 8¢eHt i ¢ Mhprapeutic agent for treatment of
pulesnaryedifydes, ObxankAdEusts B0ULELD es.

of anti.-fungal ) agent s F%%%gﬁggq%c&]%&ér e n%{l&llilnrﬁ%&ggp;tteg&ds’ bete-
gOMts, Agtidyngals, anti-migrebialzesimepoundsd bronphiot dinfatrirs) aBti-asthmatic agents,

A5RNRS bhG- i FleRh Sod -V ing .agent and
" cont r as:ahﬁedi a. %&ﬂg;%egtg e(g]%?&?g)’xaﬁlgyﬂﬁg SPHE %‘ﬁ;e?ﬁegts to treat

cystip &ibtpgis. WkrmBRSG! sterbidy include but are not limited to beclomethasone (including
known as

kel . e HRISHE T Sl S e

estiadiel,, fidseceitirony,- BucinoalteX Wiamcinolone (including triameinolone acetonide),
wﬁpﬁﬁjs&%&ac%téam ﬁeo;{gz 4,6-triiqdobenzoate; o

et Ry 3 Exapples fbetirpgrmisty mehygle but are’ not Jimited to salmeterol
xinbfbite SR ODEOBD R, DoV ATRE of, Wy :

diatri zoxyacetate (WN 1298&); e%tglé?’%@ﬁ(?@éml'

bi 3%’518%’595!110 Autisungad - agentso dnslistez byl exy )it oliinitedatte (t¥kcbhazole,”

uch@BR8) andNuRiHO¥dricfi 83 5 20 .
bi %acet amdo)-2,4,6-triiodobenzoyl oxy acetani de (WN
5

6! ipgnosiie agntpiptlude (18 ¥5ray imaging agelmt and contrast m@%ia. E\);\’am'\Fles of
X~ Eigfsag@gt%@}g? ﬁ%ﬁl@dj%,%?hé ?gﬁ%eﬁg—%yacg A }do?.’zig,%-airr?iodgbénzoate) also
knowyingg dlwetthylicsioy o2didyrdrolor dek Z | ongt Vel -
3 sgéz;%;?, 52y| )gﬂ 5 bi s (cg?éstlg?n'z Wzm SBlehorflelbxotexsl
- ind o }CFO e PR phenyl acet at@y-MAS-$it8Simido)-2,4,6-
triigdo byt (W ; jatri :
T R R NG SR Ut
is(&g ‘(,v’&f aiPeenzopierydapionate ac(WIN 2516923);  N-ethyl  2-(3,5-
bis(aehrndid, ' 4, 6:1 ri.0004xL6t hyl - 3: et hoxy-2-b

5 @(ﬁ%@%ﬂoé&ﬂeﬂ&ﬁlé&gzo ewlgfeﬁgxrlﬁ edggcs&gl’r alg?erPy% 2-(3,5-

utengate) ester (W

. bis(aésg@.ﬁﬁ@o)f fi-@@@dqhq:ggerltlimb ci‘aca(lal&LicEXpéﬁlﬂEd ﬂhMS_S); djcthyll 2-(3,5-
o MR R

2,4,¢-iipdobrmaoytoxy) r phpgimetateDi gwlrmeg?'pssb}znfﬁw 'gaﬁﬁﬂl t abaomyr3 5.
: [.LOf YySI'S,..SOLU |1 Z 1 ON O car boxylil C
b1 B MR ol e B 08 o s rispter QRN & e b acid,

- 3,5-Ips(ecdtylamiio)bl4t-irodb AL BEI-1 dﬂ@gjr%lﬂu&na&e)apiegﬁrsu S 68209).

p fio iéoarri de, diatrizoic acid, nmetri zoi ¢ acid;, al on
re W%%h ORiFet egts meludg thogeiwhich 4re ¢kpreteddiosticintegstesulatively rapidly
undedV i6¥otdoal Woblidi 1 , d WN 68209, qr.

ot eyrﬁls _(%rmy .t?ghlr%)lrglzsfqe%%\’é. : ?% gl\ﬁ%&pﬁ?wﬁcgﬁsﬁﬁ i Jrilemmatory
respefse-g Disintegtatiemmey psylt fomdesymetic hydrblysiis "glubiil@fation of carboxylic

€ 61 ' jon of .a steroid and e .
A T T R———
acidssches wdigamide) duaioi @k, andmkelaRt RID klong With hydrolytically labile
iodinated species such as WIN 67721, WIN 12901, WIN 68165, and WIN 68209 or others

may be preferred.
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Exanpl es of carbohydrates are dextrans, hetastarch,
cycl odextrins, alginates, 5 chitosans, chondroitins,
heparins and the |like. The Small| Spherical Particles
The particles and the snmall spherical particles of the

present invention preferably1 ave an average
geonetric particle size of fromabout 0.01 mto about
200 m nore preferably fromO0.1 mto 10 pm even nore

preferably from about 0.5 tmto about. 5 m_and nost 10
o oERARY pPBRRAEE. et 15 APl 3600 dost, inlsdine by csapl, o
compinatydraot & stdrifit andiCAbeRLdgist, W8S hARtaédRie bropionate and salmeterol
orrel ati on spectroscopy, laser diff 2t on, ’

b hot.g%

ulesopideiddoragierel. eicght  scattering (LALLS),
medEidmeiagl L.ght, .SC ' LS L ght .
‘obscuraltﬁi ono_? h%tﬁﬁ{oyétét @aﬁft‘z%xhﬁslar%&{s yu%rhét E%GAOA)%PS’ Alginates,

chifggsanpprhopdigitingyhepatinsrandhenidds, such as rheol ogy or
m croscopy (light or electron). Particles for

m@ghg@g@&icaqjﬁy%&y wi || have an aerodynamc 15
particre srze ermned by tinme of flight
neaﬁhﬁimhsm@@l@mailw@hmn’] paﬁcrl?s (Efﬁlrl]eejﬁ'%h Fﬁﬁent?@%ﬁﬁé@l bly have
Qr _measurenments. e smal | spherical particles
on SYRAE R ERE DA i ot om0 i it 24 am, more preferably
frofns0ID pibatdt 108fuhY eFRNBSIeGRbTbral i 0 of
| en ?ﬁ? of !tuhgel ongesefﬁ tbfgmtibﬁ'eﬁé}ﬁtgp(%lgg)fg a‘%)ﬂe{r&pé;nr?a% Eﬁlmarand most
prefprably dom Weou A3 il ¢o @bass3 e tasanedssrell @85S dituadic Qght scattering

.y l,.t0 t 1.5 20 Substantjally spherical does i

melf el PR omeigton  epimativy. osr LGietopndoyangic lsy light

‘scatiejngh@AL LY umbdiom-dptd Wb Bght SYaRrias (MAHSS)?be Iight ?bscuration
I'n Scal e

i ndent ati ons, oy protuberances that are snal
me{%ﬂ‘gﬁw{a"&‘kﬁpﬁa@&st etﬁwﬁ fox, erammie) osibyeothsr methodsasudhcdsgheology or
iodrdopsi (light Heelsda). aphi . b Al : .
mickeRGorBi (lig ). aPhitidleh X'Olsﬁlngtﬁﬁéﬁ%g tdehJegg;F talﬁl(le hlave an acrodynamic

referaply, the ratio of le we onges

- partigley sizg Fletcamined bystioe ofhBightinersiandnts (eas;s Aetdsalizedy or Andersen
N Caﬁ&ﬂé%ﬁ&&oﬂﬁ%&e&mﬁé- Most preferably, the ratio of
_ e

I'engt hs between the | ongest and 25 shortest axes of
t hethsapmalt|sphiral gmsticddsanrcosutarutillyt eplaioalt 1WAat is meant by

« ks gt. i nim.ze in mcrospheres that are

S“@S&@?E‘ﬁ#@%% Jpridet fat‘ﬂhﬁgfcﬁen%e ?_gstu? Hemgest to the shortest

rerpendieslar abée of abg| pmbdlatdren Qhtibdgs Nadkt ikeh es YRR to about 1.5.
stal s or_flakes have flat surfaces

. Ma
-S“bgftﬁ%aﬁggg%e"éﬁy‘%ﬂ% A 5auiEs 7 finc el yameet: Fawibes thenparticles may have

surfagobanBig sid asaaRs 6F GidentBifons AR bfonMer A0 thQ & small in scale when

int&rac lons. A sphere permts contact over a
|tarthe ygrall gtizerirE then petticlecandastib bprsebeamially sphsrival. More

s 8 1 SERReD 6k S47 bR b4 E e e s s

In
thany g1 Qﬂpgl\/@ apoyi ]g3hnM(8hptelferpiﬂ]rf],tth€kaei‘s> afl1brpths between the longest and
or t

et 1o 1@ f snal | particles to .. .
shorfes pes of the puakcl i s than 3 e S gbiut £ o5 SrEice oepids eyimized
in wreosphergs nibut  aco nvbentidllyt apiRsicalA WhOROm¥hiAfzes the undesirable

di stributjon can result in |l arger spheres by creating

- agglﬁlélﬁvﬁon Of the particies upon storage. Many crystals or flakes have flat surfaces that

can allow large surface contact areas where agglomeration can occur by ionic or non-ionic
interactions. A sphere permits contact over a much smaller area.

The particles also preferably have substantially the same particle size. Particles
having a broad size distribution where there are both relatively big and small particles allow
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contact opportunities for binding aggloneration. This
i nvention creates spherical particles wth a narrow
size distribution, thereby mnimzing opportunities
for contact aggloneration. 5 What is neant by a
"narrow size distribution"_ {g a preferred particle
size distribution would have a ratio of the volune

di aneter of the 90th percentile of the snmall spherical

articles t t Vol une dianeter .of the.l0a’ .
for 8 oo Bhrlofos o0 M et P S SHPEs o dfoni it ety ating new
confadtesurfpeds! | &l1@osd #ige distibutiitarOfesiiO i thrEd\ephérdé b9 cating many
© the volune djaneter of the 90th_percentile of the, ) .
CoMaFtAPPORERIGS; o8 IDingiine: paglqmerationy nERY GIVEREOTFIaREY srbegigal particles
with D Garde Bz 8fsa kb, %éralﬁfsmﬁﬁlﬁﬁ {0£?M1iﬁésq0€’ con&{&a Smération.

preferably, the particle size ribution wou ave

Whatds meand foytannamomsizs dstiibicst 14 prefreredqorticlgsire distribhiéon would

e i hiC . | . .
bavEh b P LB il oL bt o0 i KRl Wil paytiges o
the foluBe GlimbetercoSthentitr prerédstiledtssohad GSBYualan 5al dMord grefiaatsly, the
o indj. . the narrow si di.stri,buti on .
partilh i ion AR b vk T VLRSS (APl PR sl of the
small ispliggit € Ipaftifds)io die voliné BemewAbf @k 1Y% pbResilé BB than or equal to 3.
per cent ages of. 15, 9% and 84.1%_ GSD.is equal .to the

Mo presrbly. dbe Pagticle size diinitytign wopld hevpratiosd thewpfumga dippsger of the
90" g)@rcéﬁ'@e bfaR éﬂﬁf‘srgﬂfém(%i/ barfibiBs (85e VRmet &H%B@Wofﬂﬁemﬂ‘ ercentile
istribution when GSD < 2.5, nore preferably less than

less thag or ¢quabtopk ef erred form of the invention, the active
ag Lt X | i | S, &g :
296l ST SRUFTOSS, A L S5 B g v s
distibwtibh. €iSHeedladitiqna itviobled sleteriaingythé bifeqtive camsl diaméthi €CD) at

o 0 D SR80 80 e o e

the @tie af the EQTM dd3s thak $49/70078 FOD 130 Hen P56 84K Tl GSDINRAL Qbrrow size
referred range for the ‘

. th . 8 [cmB. A
dlsﬂa*é%l ?@gﬁlﬂ ésgrﬁisg@g{ﬁpr@?@glﬂéesﬁ@&‘}tl-sz g/cn8 and nore
- Pr & £pRlntd FHAHARE iveRkichd te Qc@ROUbntlin (R sofHiCHBedRparticles is

even nore preferably fromabout 0.85 g/cnB8 to about
semitcrgstglliagyer nopseryRalipar t i cl es of the present invention

ca Mol i ant ent. L V . : .

o Pyl el 0 Bl o 7 ! Br AR e ol ibfrion are
substtikllyngpreperotsarst haye mi deasityegredti thmt 8.5tdian’, neore preferably greater

r i,red ny_ .ot her t hods, of eparj n rti.cles.
than O3 G R e 190 A o5 5 Pt s for he
demﬁtg Rsfrah ta_BtﬁtllteDCﬂJﬁl abbt D/cit %ﬂiifflﬁd&r_e tpt’e’ﬂ%raﬂl@?ﬁdiﬁ/ abit Ol75 16 ﬁl%out 175
t;ne_ particles. ver, rjng agents _or exclplents
/ot B Terp Qaeéﬁamwrf%a@a?@’-?%s/e@?t%%@rl%}-étg#ﬁ%- the 30
aCThy BardielRY bf e -Efe@e?l@ MvehiiHRANGRbiOhizHOdo el SO active agent.
than 95% by wei ght. of the particle, nbdbre preferabl

There/iphg reBiem It dor dsighiboant aemdisbef wiggmger@wmimﬂmﬁexcipiems that
| . . 1000 i ght. ..
e Bt By O OF s B0 A AR i s

spheyied] gharticletn donsis® -ofnapl pr ef eralss ythar Oa¥e by t Weighto 68/4tey particles.
Hovyé@érg B{lﬂdn\év]aeg%ntﬁstcz?rt éx%gpién%sn gl%? bre]:ei{aglhgéd {nt tﬂesparnt?&gst. El%ferably, the

active agent is present from about 0.1% to greater than 95% by weight of the particle, more

fa\]

preferably from about 30% to about 100% by weight, even more preferably from about 50%

‘fo about 100% by weight, yet more prefe_rably from about 75% to about 100% by weight, and’
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i ncl ude any range or conbination of ranges therein. A

further aspect of the present invention is that the

smal | spherical particles retain the biochem cal

integrity and the biological activity of the active

agent with or without the .fpinclusion of excipients.

In vivo Delivery of the Particles The particles

contai ning the active agent in the present invention

: ; . oo del | y ek in;

o SRS Ll 8y D o) ¥aalE| NIRE B0 SufERIn s meat 1
inclide) apy traige o comipihativn of ramged there®ct al , nasal , pul nonary,

vagi buccal.,, sublingual., tr der mal . . .

¥ 2, 13 B e Y ARy A BECCRR gt mpies ot the
biochéhichl itprita And @b Blologiab detidtyaofSthabictivd aginit dvith or without the
. .suspension or fornulated as a solid dosage form such
inclysion ofigxeiplentsc o) et s, capsul es, etc. A preferred

delivery route is injectable, which includes

In vive DeliveR @8 the Pafticdle@muscul ar, subcut aneous,
intraperjtoneal, . intrathecal,, epidural,

i ntlg PaFiclss jcqniainng: the actie; agahiain thharepent Upverion 28 sufide for in
vivoRRBYEYHEd shbt Gy Aled B HEhdhy PbIRHAL YoubiD A ReABR, topical,
Inth ivery, tHhe may be

s route of del particles

‘oralgesgiebinagal, pempBaryheaginedpbiceslgsublinguahetransgramal, transmucosal, ofic,

' t t t Jd . i rat .
T L I T T LR A —
fornhjated sl a/sofidwidenge iforivadueh as abletsheaplaty yapsalesietd. v prderred\delivery

a.neter dose .i nhal er. or a nebuli zer. ugs i ntended,
routf i iSO oo O RUpEs ey en ST sy TP g, Ttapertoneal,
introft@Shl] apiiMratlcpRsbi@hl | itrd-BRiculd}l WP ke i e AGothBieprefel®d 3oute of

~.very large surface area, avail able for, absorption into . :
deliver isgrabaaay axtwlation oln fhisrowts of delivegy, thecpagicles may be deposited to

" OfL . ons it b _

Ak e LS AR o by e, B O Rpirl BF gt The

particlgs gy digtdelivared asrrglry pywderhypudra powerfishadtana they may be delivered
' qm? hsk:L cs of the particles such as

byaé%\%g?aéfgna 63?&2%& pgéri-ti cle size. Acceptable :

r e PDpugsabieadddrta fitncbnssystemicalis) sach sl ingnlipasre idedi@blyaieposited in the

v RS BB P 5 St Bl BB o poodseoam,
WheROBFRSh ith dely apositioh Xé WeRain 25givhd vithihethdr i, the aerodynamic
.. parti ﬁ_JPes. For exanple, inmproved dispersion of |

dianigics o rths gertigle gn e adyusied o ERIPEmaL ragien Py reanipy gingfyndgmental
physRlaP At NGeriMitd o tRY SiRficlés3ReIPas %@, Bétskty Glnfl Patible! sBE! ¢

carrier particles such as t al ose, lactose or

mafe ¢ reppiraplecractipnseof imbedddpdrag parpicles irglofien achirved by adding

.1, el al es... n..
xS om0 BPELL S50 Wb 6 SELTEL Fh ot b
withr 6 | dregrpatticies h eFarxeiapplen impeved dispasiparaftmidrotized alrby particles

into the [, herical, partj.cles to effect..30 . .
(abob3 B sy ol B B G5t vl o i pesices
suchtds erchislafy, ldctote of mphetegici. dThe Gfiger eﬁ@iﬂﬁh%ﬂﬁrﬁclesﬁﬁfﬁr@e% Powder

are chosgﬂﬁt hat have peen previously FDA approved for

flow; prRRfTHes Stich eqmafriesswithy &p deptoved PBHBRFIGIABICETesn 2 further
refin@MERY SR Siplcdts! A ine YR BBited THE B PRtcAhE YL sRfichlpaticled %6 effect

aerosol performance as well as potentially enhancing the stability of protein drugs.

Generally, excipients are chosen that have been previously FDA approved for inhalation,

such as lactose, or organic molecules endogenous to the Iungs, such as albumin and DL-a-
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| GOB%’EFF%BY ther

phosphati dyl chol i ne di pal mtoyl (DPPC). O her

exci pients, such as poly(lactic acid-co- glycolic
acid) (PLG) have been used to engineer particles with
desi rabl e physical and chenical characteristics.
However, much of the inhal aggon experience with FDA
approved excipients has been wth asthma drugs havi ng
| ar ge aerodynanic partlcle sizes that desirably 5

d
pho%:%?@%’lr%xpié@? ‘gaq I 160 ng?)?g hjt%Jﬁ e§§§e8@ lﬁﬂ as E%lpraacqg acid-co-
glycolib abyl (PLGARhav® beemepmddm éﬂghrea:pgmtcles vsd&] ﬂas&alﬁd phesical and

chegril SRERIAFERde Hrveapand g e s AR SR TDA approved

exciplenistha$ bedn Wit as@fifd drupb haling BPRé a@ﬁ)dsiﬁh@mr: Padidle sizes that desirably
I mmunol ogi.cal response or caused by excipients whe

depgsiciy thy Bachepbronchia) region.rand winchs e apt ﬂwceﬁbly peneirpte o the deep
fungf! MR Enlfaﬁed'ﬂr&bﬂ' & gtgie%ﬁ%rhﬁéungﬁh&&&reh Q&&e%ﬂe&iﬁmﬁ&fﬁ&‘e% concem

of deep IUng in erapeutics, it
that awidesireblg dngsemn sxﬂa bffﬁ@atsaclpa* tntﬂelne@ht:m and rmatlan cgmoccur which

theaixmmme@oﬂo exci pi ents and reduce the overaII mass

dose prtlcle.s de on, al vepl a r
colh, bl ey ol IR et Rl gy fune inbaled
ther@éﬁﬁé&' Rnih?%e%ﬁvidﬁ%ebﬁﬁ@'fﬂ%chfé aﬁﬂ:%dtfbﬁnhaﬁfﬁh' tha]t@re substantlally

herical particles wth aero ynam c_properties
cﬁ\xg telespdeliyargdd dvsyiratasy w migimize alveolar exposure to

exc1g§§§ Nhit ?tléiu}ée ﬁfefﬂ%@&ﬁ%ﬁsﬁ t&oFeeJ)ﬁy%aﬁ’tgclés 4 8!1?@ %ﬂtdkﬁio ggﬁécrés with

pepti de may particu usefu
eaclstiqmlpesﬂﬂdm lmmwg eatagon fhugtg dmorde tgeant alpae\uhalcﬂ *dhwpnglc Small

t r rane of .. th ef fects.,.
spn e Bt R er TR o R gl 1, aded ot BB e are
essestizlyl cosqplogadi angirely péiattharhemtibd prdteih ak peptile woubd patiewafe useful
Sst.udi ed .wi t hqut compl.i cating factors .intrqdu
for S8R Fiophon T ssfeeier i HoBrinE dBiog of Biecvecp mentbrane of
the Ipag.t *md Ehecls@f byitertie ﬂ@ldrdﬂf* of Fﬂétdlﬂ‘&lqie@ﬁd@xﬁ B Fort b bmbl Spherical
cl es have a_.smal| nean aero{lﬁnam c di aneter of

t
partigles byl le O ped ghobe Sl Gt Fompsaby oo gatroduced by

asso{’gﬁdlemﬁgﬂson al so contenpl ates m xi ng toget her of
vari ous batches of particles having different

palh¢ gpauirgingsps rtardgbser mhticlpy brdwsdesp lung byrisbadation are that the
partfR BN £ L NP i REmatte SARELEE B 800 e Mdrs and g mamow size

erl ca ove C T er
distﬁthﬁpm 'ih@lmmopraﬂmmopﬂi‘nWmﬁﬁngBgéﬂmr of odrfous qpatches of particles

.parti.cl es t.h aerodynam.,¢ di aneter.s, of 0.5
bavif isesithinf oBE' GokRondiicl O OF ot GeesPi Py alows the
fabﬂcaoicg@ftmtampﬂeﬁcmfaﬂmes (vﬂfh tho gbdve lcBdradlerisiib&:r oparti cl es.
e the rel atjonship between the aerodynam C

£ &fe emﬁléma&mrﬁaesl%afﬁa lomegesieith wreiwasic diameters
of O(SDEvbeP MRB0R) TR Q@@ﬁ]ﬁ]ﬁ&[&ﬁrfk o §od%9é‘ %Iat&&@%%”&ﬁv pous (or

multiplied by the square roo

perforated) anigropaticlss.v e Sipce othem@énomuheywce(n athe uardodynamic dlameter
) arfdl S{IR dyn pdi amet ers

(D““%("“ﬁ%“ns ons§h \Aﬁ&}n?étﬁ%osseé%?ﬁi) ?“@‘th | vei‘evdyﬂ?"@ o eng)"%et G i gecometie

multifilmddiyethe s@Bare godtOofhibe rdensiy of the particles with very low mass density

(around 0.1 g/em®) can exhibit small acrodynamic diameters (0.5 to 3 microns) while

possessing relatively high geometric diameters (5 to 10 microns).
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-21- An alternative approach is to produce particles
wth relatively |low porosity, in the case of the
present invention, the particles have a density, set
forth in the ranges above, and nore generally that is
close to 1 g/enB. Thus, the aerodynam c diameter of
such non-porous dense partitles is close to their
geonetric diameter. 5 The present nethod for particle
formati.on set forth above, provides. for particle L
for @’t st ﬁPB‘Pa‘x‘%_ BHEuToRike Ptk svithrilativebit lowrpasesity, in the
caft! GttRd PreSoi irve SR il tidha Halvé b @8nshel, OB P i e kémg% fbove, and
V\Atheg additives provides superior advantages for
mefe generp ly hardhalose ieel g/owr.y This, the aprodyiatds dopteierr sédhrmon-porous
dehpificles &Y 0heREMAIImeARATGRRET Saf ety and decr eased
nunbers of required | nﬁa’l atrons. 10 M croencapsul ation
of Phe-presonti wathed fSnghiticBpfremhial s@aforthcileve, Thoviies b particle
&l l,.cles. of the present invention or snmall
fo%%?ﬁ%@g%ﬁé%%ﬁé&ﬂ? m ot her nethods (including
ni cFapizatiorcoRprotali sialb Bhiefies paRtRIBIRIE peStein itself with no additives
r&%{]ogareu C|$S et Cp). can urther pe encapsul ated
PIQU IR ARt PH@BESEY Tolapq Irmimemey Aeltvers @ 4 prayides options for larger
drug paylstic e ARty R debiEhRd nud s BF COASACARMSM,B! | On
can be acconplished by any process known 1n the art.
A enbodi nent, m croencapsul ati on of
MPE ENCZRsE S Scate-ymall nhergal Pardicles esent
i NVERd § cAERY pAKBRE of IR e fidiSor shaAGHAERL
an errulsgjihfi ca?i on/ sgl vek%esggwgﬁclﬁ%nlj@ pr oceséssé)sébgged from

by J A ) >
othgbaigihpdcdnabedingymicrppartieles; microspheresanosphees, aianephrticles, etc.) can

furfu} r : i ve agent. resulting in

) B8 RARNE S oS B0 5 o B

paréﬁlemﬂbsnicmncﬂpgmﬂg:imm be a&eﬁlipfiﬂﬂgbb QAR pﬁild:biscknown 1I|1 the art. In
' i ops, .The m croencapsyl.ated particles can al so

o R A e s oGBS B W s biRbefel ppetcles of th present

invpntipnfoalny cthereshnAnmkticlesib aédomplisteanyiag |eﬁt‘iﬂsii‘ié&|ﬁ|@n/solvent extraction

referred odiment. the pre-fabricated sm
erE??ﬁeérﬁsc Scrg*gﬁt elpves Theompaixtoag | impars Sustained eefedse quopstios to the

activl agelRtoantigy &f f6:86 rapdbadi ?&@fsh FoRemIRALLCIPHGERY! Eiyk Bt weeks
a protein or polypeptide. I'n the

accgrdinediprthe desitgs thesanpatie applicetions dhe pricwesspsulated particles can also
ube! lfybd AIERP 1 ' LRt 2 ; i

profil Rl F 1R8OI e oty Sl Wherigal partcles. In o

preferred opmbosivery, phe s pre¢fawicated small s spheKed)Wpasigles Nere particles of

j d to forma mul sion. In a preferred
S BOREIEN, T es R RSB A Bl i o
polfmeptidehe wat er phase) and the discontinuous phase is an

organi c phase (or the oil phase) to forman .

of FRC Bl EReyteRlipIveR Psraien Prwess el v irobtpibelsly mixing
twoniibeible hases O tead dhtidudlls R8ESARINHe it Bhi; uoggrpg]h% ﬁ%ﬁch is also

grlrnsse{jjt§ ei ther as a fine suspension or
knogmsgse the; Gepersse nphase)a te dvmmy ah renvilsion. S/ID)a piefeeed Fnbodiment, the

oD BRSPS TS GO B o2 s e

orgapiq pfrese (apfthe dibphase) to form an oil-in-water (O/W) emulsion. The discontinuous
phase may further contain 2 dispersion of solid particles present either as a fine suspension or
as a fine dispersion forming a solid-in-oil (S/0) phase. The organic phase is preferably a
water immiscible or a partially water miscible organic solvent. The ratio by weights of the

organic phase to the aqueous phase is from about 1:99 to about 99:1; more preferably from
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organi ¢ phase to.the aqueous phase is from about 1:99
to about 99:1, nore preferably from-22- 1:99 to about
.40: 60, and nost preferably from about 2:98 to about

1: 3, or any range or conbination of ranges therein.
In a preferred enbodi ment,_4ohe ratio of the organic
phase to the aqueous phase is about 1:3. The present
invention further cont errpl ates utilizing reverse

L: 99(13u ?ﬂﬁ'G@r {n%st n}%r@fe?a'b ﬁ'gi# aSJo {;2@%9%%6 htgg gny }ange or

et RUSUs ase
combmamm d}ifmn@sib:ﬂélhl ﬂmalymefﬂi’ﬂdsmboﬁhﬁemrtﬁs eftio dfitieoghde phase to
further cont e utili zln |.si ons havi ng upn
the 4q4E0RSRMgPeR abe 12} c et GeiioR Rithes POmtpmplecs dulAng rverse

emlmiiﬁﬂs Sir %terﬁﬂoWe@ulQén EWVYBY Rhierk BacObil phate Bk the @Hﬁtﬁiﬂ@ﬁs phase
In a preferred enbodi nent, the process of

and mater 6@%@ dpras the dwppqﬁl@p% nhaw. Kheymreseri igugntion ferthey épntemplates
utiiSnig RPN By ﬁesﬁﬁﬁ o ‘Mﬂis@s @{i%xo@sr b %11—1n—w te -1{1—011 emulsion

re-fabricate spheri cal particles
{0 )maymmnlmmﬁmubmnmow or ganl c phase

co n e I g teri .
pr g{ ?%b i ca egd eﬁr@ab'ﬁ[{ g{i %l egsgr% c?ggoeg?aé’s‘dlﬂod’er ing the
emﬂstﬁcahm/ﬂﬂmn qunhas procéss stafte wimmre;faﬁhg'lpﬁgfahﬁémd @hall §herical

perf P Bt oo el Bt P il wall-forming

mat@iﬁl t Th¢ pe-fabriddi @idll Phasal parficles AeafigietLd i€ m&O&Fﬁﬁ‘J‘bhase of
di spersion i s acconplished by horogeni zing
the Wi’lif gomateHal torfgrm asﬂﬁhéﬂ@&(s@amm wntainiag 15hapn@wn of the

pre-ﬁBﬂ@a@édCsxﬁ’Jlﬁ%en@ﬁ ]?d%ﬁh?@%uﬁ HiE %Eluﬁﬂa ! I111f AL smbodiment, the

cont |1 nuous ase IS case, SI on sys
dispersioprasiacigymphisiied by ylpmggm@he)npmsaeoﬁm bmath shgried lpartlcles and

| S..a S0l i t SO mul s .
the BOARE phiter S0 Rou ey Wil Fh 3o FlBpals G I Pig e, e
emutsaqneﬁyktemdbrrﬁ@?m agulsifieng thel@OWhase wiik bh Yquedbs phde is a solid-in-
1 @b% al I or in conbination. Biodegradable
OI'IWaer ’(Oé‘rs S¥%- are 20 preferred, especially
f OThd WhRES %maﬁﬁhﬂ 16ftd VNBaterdXPEHRLEIE 0P Forftigdthe structural entity
materjajs I.nclude but are not |imted to the famly of

of thsompiratudividiieiy | oy -ig) spaibatien. p Sigdngradable wedl-fyming materials are

G5 SR LN LR BT o B e o

not fapited fEEe] Hmilyeof, pqlh@cmmlpﬁbﬁeh@bpqumas @G 5o polfyeﬂlylene

et O PRI i R 0 s i v

PLGAS 08 BLGARRE Gris tus@ the @L@Aabfeyeraﬂpufas 20zaf0. ofl mgmaaeata poly-

o PRI 0, B R s S o s, wmon

'prefarmy Bb&it GOB0A PRVt thahished @S rhiRsuf ﬂie%w-glyceﬁlﬁﬁttsrﬂae poly-

ti o and faster dedgradation. Various nol ecul
lacuq%

¢ Polgmep, e, moss hudraphibs the aacromag%%?dapmm regpiging in
ol
G el ) Bl OB V0,2 LY i B pLOAE o b

. usedt Ha %nmle for the tsatme raslocafgwlvglyediide and |palsr—hgimt in thegolyser, the

Mghgzjlﬁe Wotiehial B2 &t% gf Q’?‘.IGZ? Qheoélo&er 18 Zl%le%];e DP fe active agent, and

m cr oencapsul
the wider the distribution of the 31ze of the mlcroencapsulated particles.

The organic solvent in the organic phase (oil phase) of an oil-in-water (O/W) or solid-

in-oil-in-water (S/O/W) emulsion can be aqueous immiscible or partially aqueocus
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The organic solvent in the organic phase (oil phase)
of an oil-in-water (OW or solid- in-oil-in-water
(SIOW enul sion can be aqueous i nm scible or
partial ly aqueous -23- inm scible. Wat is nmeant by
the term"water inmmscible sgjvent' "are those
solvents which forman interfacial meniscus when
conmbi ned with an aqueous solution in a 1:1 ratio

o j . _sci. bl e | vent s, i n¢l ude )
il VBl 5 et W b SR 60TV i s whicn
forp Wemtqrfabiahmhbcjlso?hen}cohlbmegh&iﬁ%&q\é&dﬁ saluﬁé’;{) BON1:1 rat(ijo (O/W).
e .5 ar .higher, 5.s tituted or unsubstituted,
S“%r%a‘?’?tg{a e eo?‘ﬁ%‘%'*l inlutfex il BF Aimiefinén substituted or
unsubstiteted O tindar,Obranded heT oyché RELLEULAE LEahS 'ﬁhﬁ%blt Bf §or higher
| i.pear, branched or C){)cllc al kynes with a carbon ?
Su}ﬁhﬁ]ﬁ% or U&F‘a@uwedhhﬁq@ér rangheshen dyglihsliienss avisonearbon number of 5 or
higherTBhtRtiked R runbdshitufl! ' dnpsar boms, '
ggt ers, est erug, ﬁgﬁugégé%?ﬁﬁﬁgg%??ﬁ | fi:ygi?'c Ef]jr?fn%ﬁ %ﬁ/@ear“ia&bé’g,numwr
of Qi Righesi promagic diyiescarbons| cheiplelely, oramirtitdly hadspenstsd hydrocarbons,
thbdg N . Sihd S Jhexanethyl di sil gxane = or .
P8 Lt ! 1, SO0 LY S S i
amigies,vieray drneyiclidesilidonts, diegamethyldisitotae, bO 267" R@bination of these

sol%egt%sg Zg]g%lgéeglgﬁzﬁyfog%&psy I{'.qeppt{egiﬁf glpg ré'zifeﬂ;q’o’é ﬁigéi?erdozoo rc;anr]bcnfl tetrachioride,

- methylent| ciiaideh asiorofoid riedcHREQERGRN SricBloohiRAL eﬂichloroethane,
wdlenzene hg?rmngl di, %rl), trichl or of | uor omet hang. .
YO YOrsaTaRps-whlogiated, Bengercmpnns di, ti.criphietefibemmethane. Particularly

suitable @6iveiRs afeth&RAER Rlorfle h eRRien Y B
and et hyl avetars ‘Wit ’e%@h%g%t(ﬁé%lﬁ%é#ﬁp E‘FP%I%P%F‘M cthyl

acefgies cMbpisgagapt hy Spartially witosmissible/sitestsitaicihosr slvhts which are
WelShiskRE SGdR! centration, an ter .

N Scrbl Igm a‘?tcda{l% oct%ﬁge'rim?tgb\%é(r‘;'&g JREE ﬁ?‘?cé@Fﬁ‘ﬁ.an&he\%ﬁQ'g,’%r concentration.

Thesp|splyanis are eofolimiitedriwarel mascibilityi @ei bigabley o BbrEARSR €mulsion

. SpO n s enul.ston forpmafion. Exanples of

forioB R Sof PRI Mates RS SalvEns ovp dbppdofiasn (THE),

profiyléte)carbopataheheyl alcehsi padatini adkegy! al cohol, and et hyl

acef afngé A surface active_conpound can be added, for

ex 108 YPUVR FoEROBNG K ke taddedy fopexampleopeincrease dfe wetting

. propichtfes O6fOMB | g pRase. T NBheSiEBE Goifte! dohEhoG MY 'Bg éﬁg& BSore the

dded before the enulsification process to t

e 48 DEgfsseto the edneowr plasé.ctopthasegario phaehtd beth the aqueous

R SRS, i LGSl ution, or after t
el s e 53% | gﬁm&ﬁ g%’ecégﬁ ?rgﬁe?ﬁeﬂi lgl%ﬁjsopé’ﬁ(.’ceéﬁ'fg theem ?n.gﬁne use
of a gpfagee aciiyei chnlﬂmnqbcnandreld?m ﬂ:edﬂmﬁbetrlh@f Iiliadéﬁé@;!islufhied or partially

L gQr_partia encapsul ated spa .
enca?é\ﬁgtrg?g% lg}g}?egllc@lp Ic eFE@EHI%{]FgT]dl qeﬁl?cttlgﬁ Gt thednitigh bytpfeof the active
agent dintingthe belest. Ghe bliticasdtiveRoRBod@aah be Waddad i

ase. ,The surf %{:gpact i yeocg(r)rpound can beogﬂ('izgoé%antmophase, or

I
to ﬂ{eeﬁgg%orua &)misg, %tgéjép orgayctghgseafq@ébg squshusehase depepding on the

solubllityoftthecodi@and.c phase and the aqueous phase,
deg‘a{;di_ng on .t he solcybi lity of the conpound. Wat is
medrmet KymexE bydheters) ispefecs astivé vempomdslad sompoends such as an
anfofie ¥REMS. 5 HGRnfSy nj gni.c .surfactant, a cationic
__surfactant, a zw i lggtsgrﬁqc?ané HRIYHE Rurtactant or a
biolagigel gerfagatactye molecule. The surface active compound should be present in an

amount by weight of the aqueous phase or the organic phase or the emulsion, whatever the
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30 bi ol ogical surface active nolecule. The surface

active conpound shoul d be present in an anount by

wei ght of the aqueous phase or the organic phase or

t he emul si on, whatever the -24- case may be, fromless

o 0 than about 0.01%to abowy, 30% nore preferably

fromabout 0.01 /o to about 10% or any range or

combi nati on of ranges therein. Suitable anionic
P PO o G R B T et S Al o o
abdnd@%ymgmwma@eorﬁhﬁ&hmﬂﬁhx@mmpsmﬁkﬁne sul fates, sodi um ;

ngﬁﬁ%ﬁ ?ﬂ’gﬁm {‘}B’fﬁcﬁ@m ‘!E{)nbétglfe&;q? lﬂéﬁ{gg 2:% ?potasswm laurate, sodium
lai2f1 088 | il raeaeo?gulfﬁeoams}ﬁ%%ky%a{ 1A s Jﬂﬁ%p hakilfl Siginate,

acid and their sal yceryl est’e

diqotyl 1sediyme fufpsecsinate, d&@spb@mh chrolies, d)hamabdsﬁ eglydxirdle phosphatidyl

d d o]
I’E&E o DhpEndtidy gg&% fhipafiuic ?‘gégag‘:adth""él ;“aﬁg SRESER ofsferss sodium
enaetigintlislabd, shelireacidind ethe. bileswids g, dﬁih?é)aefdp H&i}@chohc acid,

oGl o, BUIPAC 5 OB EoEHURC AR i B e st

decxychivlas etednzal koni um chl ori de, cetyltrlnethylannnnlun1

I auryl nmet hyl benz | ammoni um chl ori de, acyl
canﬁlﬁaﬁ’& B SHTBFRRfR dncliygie 1I"fk%¥‘F ngtyfimiedh it reuatesIeEY @@ymonium

cmﬁ&ouﬁ&d ONdubh S%f @k SniviD Ogl‘ﬂ(!ﬂ{de' pl lhqﬁ)éth?fénﬁﬁcﬁﬁum bromide,

I.tabl e phosphollplds I ncl ude, exa
uﬁﬁ@%’ﬁ pRylaapBonina chisislspaeat camyahm hsadmocumndee, or alkyl pyridinfum
halRBOSREH %bﬂXF : chR Pﬂ&gﬁ%?#qﬁﬁ}} dlgevllse& ng S phospholipids include,

phosphat i dy Cero I c aci
for| ygwehmphphqsi;ﬁajsiylchg@eor phuspmmemhmﬂahﬁieJ pi pho@phatidylserine,

phGBPERL ST BBty s BR A b psattias. ces or

* soyheeniphabpholigittios yrbhdidation ihe&)bﬂtlhﬁtﬁh& heSlipil %My%erkﬁﬁécpﬁ desalted,

v iehEd S paRian oG o ptors hyl'g@?z; e At b t an
f atSuitable nBni6sit ShuFadtHd M%ﬁﬁ@ %Fy%)( yetiRAdnL FAY, E.Il?é{ﬂo? gﬁlers (Macrogol

sorbltan esters

ngQée 20 acid esters %
any pAYOx¥SHBlene serhiten ol a}cect Bstére @olgsoywebsa, polyoxyethylene fatty

ac1£%%:tgﬁgfm&ﬂ){eggrrb%aﬂ cﬁfg{eﬁh 6%&5 %1?&9@1(8’?“ % @yé/tilylene glycols,

poljg]r@fyﬁme glycpls) gﬂbyd;aixtohyl eetestmjd)a;lnohﬂlt Rtﬁarbrbaieohbd),p@jrheﬂl@ﬂ Polyether
mi.n

sloctBty BB 1RO B O onsl ol cApSTop PRy Relpcamines,

polwitiizd clcohokl petyainylpyrdtidéneg ahd/ @Slyﬁdd:ﬁl‘ihrﬂ&s (including starch and starch

oD WL b Sl s, 'C%bﬁn%}sqﬁf’bgg@xwm@%yhydm
propyieivioss hhsbee bfdgbkf%ylé’éﬂﬂloﬁ@ RGA YSdeR)stdll ﬂ%e &ililodhyo qx‘ﬂ. preferred

orm of the i'nvention, noni oni

I n glg‘cr eferr ed

forrg of thecigertiops the ewiopis susiaipnicives pelopyolhylsny pand pplyoRzoropylenc
copSIgmet refRRE1 ﬁlfoglE A

ppr?%pyéﬂg?e ks gga[ éégdt%yyr?e Q)Ifggcﬁ) ? gfyégfe%d FtJthW%COJ Such
polyapess @ goldnender tth% HadmmmeBNEﬂsmlssmeﬁmtrbﬁﬁsd to as
PLIﬁlﬁf)ﬁfd@dat{do s&d by several suppliers including Spectrum Chemical and Ruger.
Among polyoxyethylene fatty acid esters is included those having short alkyl chains. One
example of such a surfactant is SOLUTOL® HS 15, polyethylene-660-hydroxystearate,
manufactured by BASF Aktiengesellschaft.
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PLURONI C(r), and sold by several suppliers including
Spect rum Chem cal and Ruger. 30 Anong pol yoxyet hyl ene
fatty acid esters is included those having short al kyl
chains. One exanple of such a surfactant is
SOLUTOL(r) HS 15, pol yet hyl esee- 660- hydr oxyst ear at e,
manuf act ured by BASF Akti engesel |l schaft. -25- Surface
active biological nolecules include such nol ecul es as

al bum [ | R Lr.udin, hetastarch or other .
app ?%%?a? ‘gﬂ%’%i %‘iglgﬁ%g.f Hﬂleec ufaéﬁ éﬂ@%& F‘fﬁ‘a n}?ﬁe@f‘@? rasgalpypis, casein,
hepgrivg hisudim\betastamh, or biher presias HIvas@aiille hptd@s a protein
as thF rgt%frga?_%e acti.ve. conpound. A preferred protein
is a & pretet FhPb il IVTRRPalie Fapenvs tRbeHe istudss arprotein as the
sudfargiapiientomplonn& MAQHERREd Srotein WIKERIR! The ?ﬂ)téiﬁ ugagtals'b Nnction as
sur.face ﬁft i ve.,conpound, ot her excipientS nay
an;eXEpighb o0 smbosiments in which pretaidis aiot Hrsr susto petivercomipbatd, other

exéipient® MiySHef inbRBEOH hPRERTD: addldl teﬁﬂérelh 5

i pi ent . .
i ncl ude, but are not limted to, sacc eg‘?rl(é@g?’%er the emulsification

PIQfF¥a ctiable gaeipieaisdncludeg dnt ab ohlihited ®, pacehaidesisaccharides, and
i ride_i C nd a preferred sugar _al cohol
e SRR 05kt P BOSL LS, g B S i

maggjicht such as pol yethyl el ne glycol (PEG, can
rrmeation rate of the final

s
I Ncy.e .1 he water, pe
_pro uc(,ﬁ ! iuc,s_ﬁ e%q?g{“gmgnaﬁ?’_éfai Piiats palysthyleins glyedlt (PRIG), can
incteasecth svalcr peihension katk B2 8 okl Frodte Wvhibh Al MBEiGkfion of the

. .a Il as . de dation rate o mat r1 X
““tb"‘i é‘ﬁ%&%@sﬁ%&‘gﬁ aehe agentdrse thei maitix @s Wejl ayaldpfaitiog rate of the
matrikeandyibaHLIh-d ' J channel ing. agent : |,
(%uri ng gﬁc apgul?%@gﬁ%%&bgﬁgtgggﬁt&lag‘g%gg| elfyé]img’é’n%‘f‘te' Using
PEG case fenphanneling peent sdusing t éreapsalatiom Ganr be edsantidpebiddin terms of

lidiahid - f | herical.partjcles in which
D ey T R
which PEGdis useshas tiaa ghdfs?gemﬂtioﬁ ehﬁ@ci_n]g Q@éﬂt.tn lllﬁ ld_&diﬁbﬁ,sﬁryh%%pH of the
. s uffe an signifjcantly increasé the i
conﬁot%? %Jala%r Buieh’ e, of Bufférs can gﬁé@i’ﬁiﬂlﬂ? sl_é?rpwetha ridettieg process
betweegdin parfitiasesfadecind ahe dh?&ﬁé bBask hedbd) Rhdults ﬂ{‘ﬁ%ﬂéjﬁg&ﬁ? %édgption of

th of t}ﬁﬁhg i{jnittj 311 burst of the encapsulated t apeut |
" agltft PYEm Yndtiraticppevisred; terauiie cogsah clipmultiat edlatrix of the
micpeiidapQilasd pAlEleR AR SFdpkfis Qfﬁhté ,t;&g@g@ag Céh%geugaﬁgﬁ‘ﬁ%fbg Sed. for

al so be nodified, for~ exanp I ncr eas

' exa@_allei 0 ingrepging Heipakigits by adding u edit sush haSaCl, tto redackim@cibility of the

twophssgs.bi ity of the two phases. After dispersing the
smal | spherical particles in the organic phase (oil
phadiey dispersing ctbe isinall ophetiphlap@ticlés i theastdRAs ShER YoM PBhase), the
contfﬁ’l‘ﬂmt.meﬁgh&%a&ﬁlhe' t hen vgiﬂg'g?usl y mxed, for 25 '
exanple by  horrogEiPFafie waltiphage) & the vigotonsly mixed, for
exargple by homngmmiutiph 8 Sonitfatibh) Svigi 1B BisSonBhas S i
i terrul sion containing enmul sified dﬁopl ets jglgsegrﬁgt@go%g%mq’hase

Hrer e FEYGAR 40 episified | drpplstsc ofit sophrponic amicemusapsulated

partipleaSCheantiRgouB Ak ioas ithsibdnbelsBRr 2L S, ﬁaeso?éa\x/fcnstolv%xsite uqs'ed in the

orgalmrc]: Ighrége prior to mixing of the aqueous phase and the organic phase, in order to
minimize rapid extraction of the organic solvent from the emulsified droplets. The
emulsification process can be performed at any temperature in which the mixture can
maintain its liquid properties. The emulsion stability is a function of the concentration of the

surfaf:e active compound in the organic phase or in the aqueous phase, or in the emulsion if
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organi ¢ phase prior to m xing of the agueous phase and
the organic phase, in order to mnimze rapid
extraction of the organic solvent fromthe emulsified
Hroplets. The 30 ernulsification process can be
performed at any tenperaturg in which the mxture can
maintain its liquid properties. The enmul sion stability
is a function of the concentration of the surface

active conpound .i,n or,gani ¢ .phase or in the aqueous ...
the iFAEEAC5T CRRDEIG 1S HASG 0 i it ok e P s s, This
is ofi® BEAHE Fadtsrsafae detb@nihdie d@Plet SiRNoAHLEmbiRn system (embryonic
emul sification process. This, is one of the factors

mictpggapIAte RaHeles)drspihetsizs sl sipe disiilaion sofothe spistaspeapsulated
particBREDTORE factold GOBAE RS gdz@tdﬁ*s%im{oh'c&*ﬁ&}oeggzg;gg%ﬁaﬁmes are

. and size distri _of the m croencapsu
viscosity tof dhe sontiBupnes plase; tviscasityf dfctbe idisgontineus phase, shear forces during

' - LUt f m.croen | at article re. .
emfeRAp g e B G B Y R o8 B P o
di Aftenthiereaudsification, ths kedtsidnois aka tatisfengd info a hardening medium.

Isification, t and concentratipon of surface )
The Balegine strackh the rsplvert I, the, lisporkindie phasa fjasy therguubryonic

micr8&AekSinlabddin birBBles,! REu1ANY 8| fBfndtiont HEBolld MSbEAEhIdH Particles

a hardening nmedi um The hardeni ng nedi um extracts the

having,p golidk polymericanafiis exwnd fsue-Brbsigeed sl siheriestprsfighs wvithin the
o t 9 PO | . 3
vicintly 4R CARREA &%@g{ e]%%@%mb&@éiééhf gg&hwwf 8f SRINP Q%«;QJ , the

] m cr oencaps partic aving a sol
harderihgy mediuo ivan raiqrecas oediint, Ivchighy may edntaiv atdebesawtivé compounds, or

bt aRecus ok, g s edpriio e
ik et BF s Sty b SiarbRt s i proforbly

sphefSédDaxd $yred 2 pharticleesizehett flan iabeut roedl tuaboub 360 ag usd usore preferably

svom ik i PRl R o o AdRieRue (B FiGtnesbonied parlled preersby

haves REGNERABMHoAE Battiollsize! 6 r@fule MRk YimeITRY diSdhtinuous
and have aafartlcle size of from about 0.6 to about

phasgiaigthrediced Rissarprasrherapplisd todhe hasdananggedinme Bhs casention rate
of difnifuchs ?I;/Jsb @38 thY embfiBnid) 'Eﬁ@ﬁ&gﬁ?ﬂé@fs 188 bh %}Jgnﬁ'tant factor

preferab have a narrow distri Ion of partic

in the idagree THperesiticia tht Endxsolid otiéroencapawiatat partides, since rapid removal,

e.g. G SPARAH Wotnp B8R, of B! iBlon IR B RUETR S aBRRS: of the

Ing ne extraction

~ contiphityofSbematrixuous phase from the enbryonic

m .croencapsul at ed riicles,js.an inportant factor in

t HE BT Sribg (e PROFifsaiot Bocksg i Bertommed in a contimous
fashioh Cihaeai apsal| tdRd pivtdsi CIFG. 431 B6Scts 2k ddéspﬁi;iwﬁlthe Zntinuous

e.gd.., by evaporation (boiling effect), of the
emulspficalinPafi®us phase results in destruction of the

COR! ¥l YorSforrbd) @mBBiklestt, thd) hardRAd %ﬁ-ggxfuﬁﬂg QIR matrices,

the enul si'fication process is perforne
encapsyhating (thei small spherinal ipagiclsa dfahe active epentr arcelistherha@yested by
Heni t [ A tinugu .
cn SR, ! B O LSRRI o, s v Tho
remagnig dimid nphas¢sheanhfinthen bel revab¥ed! by @i Moceas | syole rak dyophilization or
na&rices, encapsul ating the small spherical particles
SVapPPU%he active agent, are further harvested by




10

15

20

25

30

centrifugation and/or filtration (including
diafiltration), and washed with water. The renaining
i quid phases can further be renobved by a process such
as |yophilization or evaporation. -27- A Insulin-
Smal | spherical particles Egggple 1: General Method of
Preparation of Insulin Small Spherical Particles A
solution buffered at pH 5.65 (0.033M sodi um acet ate

- Abuf fer): ai ping, 16.67% PEG 3350 was prepared. A
. S c . ! .
~ CONCEl nc crystalline insulin was

:1Gential Methbd 6 Piebirafon T theulis Sinalll Si8erich Partiisy! | N
concent rﬁlt al sol uti on was [

‘ation.in the fi . .
The & S71HH0 RUNEE! Hobl &b 9 B8M, podBn seetalo tnitetiontaining 16.67%
PHM33801 WasChr¥isdratl. SA Gofcefinted seRyRI St staFli&e Stlin was added to this

gnperature range within five mnute nsu smal
Soﬁlﬂﬂ%whéaﬁmﬁlagt iTB¢ insulin eongeniration indherfingl solution mds 688 mg/mL. The

e 0 o] ut.i on s reduced at. a . .
o PP Pl ST RPARLRS ol TR Bt Ve Cortplelly i i
terepenaiaret mage withiaffivebtinutes. dasdie smblli spheticAC ascid 8bASd to form at
smal bo(gﬁper c%! articles 10 with various size
mds i DUt T fraeraerrehthe splution was redvesdishe conitrolledretd. The yield
incedAbea dsGRd cdMEdtiabhS ST PIRS SR VBT g[l'hgsre@?{e?ga 1?161%50% gpfi%;ng}i particles

washing the mcrospheres via
WIS SAHPYS esdistibution stithtanacanrmfili4 jspher i cal particles do

ver 4 BERRLAE o o BB B St b e vating e
mlgrgmhgq:‘e@ _wiacm?mmmguzn é’qﬂdiﬁﬂhg i%gﬁibhitﬁﬁmﬁﬁﬂ Safedl Rerticles do not

: of t LNSULI N revents dissol Gtion
asphe O Bl AP sl TR Lo prstents dycsolliren e
aqegnl sotetical EutaininZARD| The? %n*hﬂﬂ%&c?ﬂc@@%e%?@?itggoggﬁ%nsuﬁn and

pherical Partic

for ﬁEgak'![n I§€SU| In Smal |
preguts, fisto le‘%y 2 rqduers vickd end Gpuses small aghveina axrticle dggivmendtion.

dei oni zed water at roomtenperature. 50 mcroliters
Exanfipl® 2 NOh-bilked i8S £ niathal IS iSha i S il Particles

dei zed .water was added to forma 10My7 sofrutron

of “Zr @&?@@%I‘Wsﬁgm risevlinwerg Zugpegdadf in20 niPo b deibyikahevater at

roofd t¥&PkrafdR O5( ﬁicgcﬂﬁérf 3Pg.s ]f@Hgfé %ﬁgﬁ%@%@{;ﬁuﬁ%mf X %9 ggionized

i gma) were dissolved in

E.

(S
- watgh avag radded ttatfermy uf flemg/mgHSolitioN g 4ind wrtallte! MkiIN 12.5 g of

Pl ol b9 Qltaled, wil Too b1 banatmriclde Gienn were
e st ; |

- dissalyed pp 60 aidi Hf 1 Wbmillinslaa ot fmAROt AL Yol gl ? Phe bBSmer solution

4 nsul i lution. The insulin/polyner
vorf Bl s BEd 16 J0uuts i B sedisragsia vt g Smicroltrs of the
polymeaheidn 2k ad Sppchdoditebe (WA b T
i .0l uLlihgn. TgFSdgg%endotfe t ubefﬁ\%e@te) ‘%%gotﬂgegg ?6% %/\%ntlgélrnl' maulin
solygny, Thy dnsylie/pplymen solition asameiicindy onmiixingg Arontrol was prepared
ingtobftdri iideadt SR ice for, 10 ..
usm% nutes. athggq}i{én%ul | n% %gﬁélpﬁeﬂege %ﬁ%%dggnm%yeé? léfﬁ'?eddﬂal’f" ater bath
at 3P Liral0 mingitastwighood @ixiag er stisinp, thewitemdied aiRd tpPaced @Hdce for 10

: [ trol wthout the | yreer remai ned
mmﬁcltlésé a?hﬁ%gﬁx&?gﬁ@ tsﬁlgﬁon Ras Sedr upon remoyaf)gong the 90°C water bath, but
began to cloud as it cooled. The control without the polymer remained clear throughout the

experiment. Particles were collected from the insulin/polymer tube by centrifugation,
followed by washing twice to remove the polymer. The last suspension in water was
lyophilized to obtain a dry powder. SEM analysis of the lyophilized particles from the
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experinment. Particles were collected fromthe

i nsul i n/ pol yner tube by centrifugation, 30 foll owed by
washing twice to renove the polyner. The | ast
suspension in water was |yophilized to obtain a dry

powder. SEM anal ysis of the_tgophilized particles from
the -28- insulin/polyner tubes showed a uniform :

di stribution of small spherical particles around 1
inglia/0RRie® fubod sHHVAP Sl ib AR

par tpialgﬁig size anal yé?élf%@%éﬁ%%ré ?gﬁ%g’f&#b%@ Dagticles around 1
migrometifin digmeigr. sCoulisutiglurscatietihg partisiavizp andlyGd 6 184 p&ti8lEs showed

1 & r 95% conf.i dence imts. of
e inoAR SRRBR P e il St 48D ticrpiaeieesn 95¥6 contidence

lingts24 0.9l dr88meicamseterfyani AStihiidd Y@ o o.wﬂxﬂfagﬁnete s. An insulin
herw se processe an&

r or .wash steps, byt ot
°°ﬁ§‘lc§pn§‘f’}ﬁz%°éyﬂi?¥ @ H’@SE &i58s: Li\%ﬁth@w‘clsegﬁ@%wd@nﬂ Jydphiliced in the same
mafiner, plovedCois flauaflo HdiGel k] UNsi rance to

(05 L) ﬁ R Dol R AR Y 3RrbSe to dhat
Yrﬁp S0 dyapbHiAng Rseising ow Through Process for
Maki ng I nsulin Small Spherical Particles 10 36.5 ngy

Ex e'lgﬁgrehgn%at EIFI B 0 e I ng Sx%fall Spherical
P o) . .
-—‘“&ﬁ@%ol ve the insulin. The final volune of the sol ution

was ' ¥=Ya BT . W th deiagnize ter. 7.3
1i36. 2 e Eih Qv Petettle opidnResd 58 mi 6 fsioniong water. 30
HL N G ¥ es hddeelsto tdigolva dhke thstlth, t MBe RSN d1fms A Yid dlution was
éd'ﬁs? s f3| al-to ~volyne of 10.95 nL of insulin ]

TEo1uPi o‘ﬁ.erF?% }%f%eg s 7 Sraln o BEGANRdsofwsiopi (25% PEG/PVP pH |
5.6 [0 MR NIOAL HuSfes ' ' s PEG PVP. . Th

¢ iQeulin sus lP;ansi On%?@?gggﬁ%ﬁ@%{g{ﬂf %’?%tﬁ?ggo a firial 0041 volume
© LG%J gjl[‘a?f inguli, sputionn nTheyselvticn weethdn voftexteddtorgidldi athomogenous

- suspedEion 8Pindifd L8 PEGAWPI Ng (TFE 1/ 32" inner diameter
: | ;

| exi bl e tubing). The tubing fromthe punp was
sublgigielin puspensionwerseniEated torm BidRaid pedsialtic Pfap BGIMLat o speed
n.tube i mMmersed in

o B 18y B A DS S B, e
f P8

i ce.
tubing diont the fuenpennbubeer@ld fohea v dath Sl i
inse%%fr ased, from gbout %{)C. i_.nat he ;\/\gt e]?lg"é%t&ﬂflwe% Etlt\(ln%zgoblffore being

© # RAleEon wee ryRerserbia ithy Inswdin sefatt sphericsl particles were formed

vhef €larb@bdrgnrell Jis S..gfne total run tine
e T lﬁ;  FUe Al gl B0 863 50d i s s B07¢ it wter baty
to akeyf ditkein thé cdlectimi ubeiniing Fige 7 i§£f?dh|em§@@ﬁ5$1§ﬁl of this pro The
total%flﬂi%n%lfgé et he collection tube was centri ugeJ at %88%;
rpmTor e BroseTsnas; 7 mmuigg d9the 18 Brd evatumeé.u der gollecting the
smali spherical wattieles \Was BollWaGort 5P ' utes |
BeolS he?ﬁaﬁﬁe};parti cle pel | g?i%“?@g%%%t%ﬂﬁ%ﬁégma%o Biyls ina
e°1?“8ﬁﬂ ¢ Frut/s $econdewatenwhsh\wee completedvasl the small spherical
article el waesl : ] nut es. | i.quot was
parti Ttles el cBlnifkatld of DO fim 13 B BithE: Pl B Witer Wash was
centitiyged: st 00 pam o] eminntse A ditgnt ahs reBRGc ARG particle size analysis.

The & i L qr_ 2 days. The particle size was
o AP Bhen A bartiibs Ferd T3en ar E0-Png kxophilized for 3rdapsy

s UFeapaticle size was determined to be 1.397 pm by volume, 1,119 pm by surface
area, and 0.691 um by number as determined by the Beckman Coulter LS 230 particle

counter. The scanning electron micrograph indicated uniform sized and non-agglomerated
insulin small spherical particles (FIG. 8).
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area, and 0.691 m by nunber as determ ned by the
Beckman Coulter LS 230 particle 30 counter. The
scanni ng el ectron m crograph indicated uniform sized
and non-aggl onerated insulin small spherical
particles (FIG 8). -29- The,gse of the continuous

flow t hrough process where the insulin solution was
exposed to 90C for a short peri od of time allowed for

t he C of ..smal | art cI es. .Thj.s )
Bt %(Ej cbgél." eo& otg c n?lillﬁ]gf f@gpn,ggg mﬂm solution was
expused e QOHS faled ekdr ﬁﬂ)dbé(f timk &ﬂoﬂ&f ?&rtﬁggfcﬁlul;ﬁ&ijfyﬂsmaﬂ spherical

ch omat pgrgtﬁh% (HPLO) (FIG . HPLC an SIS a
atigles.c anisgmethe éﬁelc{eﬁea ﬂm@ggmp@wqm@aﬂ was %O%Iplrots:pmrdewahmed by

SO B U o o o

thag thertiisselyed nsulkine smdi sphenca’n paiticles adunt élngon time of a‘ﬂiut 4.74 minutes,
g res |on of.. t chem cal

mof BUNET R, MoRS Bl 3 iy SEpPeL o7 S s iopdin stating
mmml Imﬂmmmg dladt gsrasfet-sra&bﬁSof thsapptignical Hﬁﬁagngx ePang8hsulin after
fab | tgﬁ cfrm{glnsulln_Srm!IS erical

Bﬁﬂ rnd{‘é’ ﬁ%ﬂqliﬁ?gﬁn eeystal line insulin was

suspended in a m nimal anmount of deionized water with
Exaople éaHbai mxtlmmasmutal P:00%k ﬁr&neﬁﬁ%ﬁﬁﬁi‘n@?ﬁaﬂ% ehifd T’!m‘h@les

suspensi on was ded tg a stirre ered pol yme

sol 6‘?1 G HTES %t“‘@h@)w%r%“sméﬁ‘ieﬁl f gniping: quh@lf deionized
wateh @rithisBigbatiohqb léhﬁlré’@&ﬁ o Of’sgyle E%l&@lllﬁ :§1{ g%*xﬁ%ré%s added to a

crystall|ne i nsulin, olyet yl ene
stinpdy uided privater splutien (wIili 5@65Oat1253C3spmhmteddet’HP@ so that the final

soh% Bﬁ‘rfentrm%s Red b%#/"y zn% ﬁgﬁ\élhrﬁ]ﬁ)éﬁsu uﬁ f? o Jolye %\lf\gat 'Pycol 3350,

hree mnutes as the Crys
0. 7%'ﬁ¢ét!llnmfé¢t}deaﬂl @0.1 M sadinm geethth duff@o Tht ixdialWedoudy mixture cleared

wichfy R St i o S ine 2Tl B0 e ganediately er elearing, the

sohitiock. WasZﬁmferréémgi glass 6RRBIaclftR Er@SodrAR d%@l{ré’ﬁ &y was used as a
V| n | and I}JU% gl ass col unmm was {)05| t| oned

ARgsF [plunapyjyd ¢ %@nﬁe]é"flg’féxéfmn@e!wq Glags Weenpprated; Nneland, NI).

Thd/@hﬁf cohind€ 6k p@hhbﬁk% REELAP £ld &b %ﬁ&%kg%‘qtﬂgggﬁ FLES the water

he top. In order to doCument t an e

Jaclﬁ:;; @bg]etl?cg@mopf mecogygq gpd e]glt@lr atcho oyl ebn Oifigpeo docmlnethe heat-
t o th | i

RIS 8 R T U B (R E R b LS B

the genierapf @mmm fonmﬂgmndiqmtcbatph@fbp lagid hexgond bf fhie 6Tt AGooling

ial .run. The thernmoco es_wer.e
tem?eem)vegtrgg[ér| ng0 fRike g‘t@“ﬂ%ﬁcﬁ@@?@ﬁo‘ﬂﬁf E’c‘? f e thermocouples were

remexqieduring tite 50 batshe3 @bndRtedTbr B3 e&BerBndn® 58 hdibt t& Hfhfoaﬁtfé 2 foreign
25 The heat exchanger was pre-heated to

sur%?]cdvaflﬁﬂél ® nsulin - buffered pol yner soI uti on was

t r amefieat egohafgdrUnll BreDRARE 10! §RE
tenperature di d not gl;eop bel ow 65 gqlgly'lrﬂnbub%ffered polymer

solufign avag dransferredh el 2 marmer thet ‘dlelsghltlom teniyferaimretdié nof drap below
65°8 G al:OBUbBRS wab gWaal Bl ﬁ?ntlﬂt %gltuh%& c %iﬁ?lé Iéﬁef alfg?rdso?utlon was

65C int he eat exchanger,
allowed four minutes to equilibrate to 65°C in the heat exchanger, the heat exchange fluid

was switched from a 65°C supply to a 15°C supply. The insulin formulation in the heat

exchanger was allowed to equilibrate to 15°C over a twenty-minute period. The insulin small
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was swi tched froma 65C supply to a 15C supply. The
insulin fornmulation in the heat 30 exchanger was
allowed to equilibrate to 15C over a twenty-minute
period.-The insulin small -30- spherical particles
formed as the tenperature dr @ped t hrough 60 to 55C
resulting in a uniform sta creany white
suspensi on. The insulin smal | spherical particles were

oA Pt Bien e S8y ogobaiohinmel Wi 55°C reuling in o

umﬂofﬂi&f:dbld;élaﬁmﬁﬂvlﬂérsﬁs}pbm agai nst five 5 volunes of
gﬁ .um acet ate - 0,026% zinc chloride buffer, pH

§P]%%iﬁélmlwe sepatsirg frothithe pcﬁlyd:thﬂene glycol by

disilir&tiona I | | aRBRLLcal particles

lsuspens%jﬁpﬁgﬁmlﬁﬁerﬂaﬁ%% E diaf ﬂa*?a‘ill 8ﬁn j peajost five

volymes qfof.LePessodiunt ecesate ze @. OZé%ezmc chivkride viedifeypET 7 0, followed by
A0 NOVE. wat er, . Car e was

cogérég@éﬁré agé‘? oﬁeﬁpa fr%‘ﬁ ﬁPP{@“B%?m fthe Shsafin c'*&?ah i"’ma? particles

su;mnsuum: was folttirdr ngastlediby | didfiltration 4dafRMGRS Ahindat 6f0&bmnézed water,

ar.ticles on. the 10 nbrane surface) an
rolet iy hiRfon, & RGeS Core Wi ke R reeel agglomeration of
thcssﬁimmpﬁﬁ'icappdiﬁ(ﬂ@d @fing i fkatiod (fr&ﬁ %laﬁQAuq ﬁ% an% bfga:%cles on the

qnﬂall ‘i&;:cal particles were free
m jafih dyeing &%@@?mr(ﬁpﬁbﬁfﬁmg Qf@h.q smopll sphcncal particles

pnﬁﬁﬁuﬁéeﬁﬁlg) Sirgd gm%gglﬁﬁll gﬁﬂpr z Lllti% ef Sve ?é frb leéz"ga% a-rr: eready for use,

above descri bed proces ces uniform
‘“’l@pﬁé\eraégllommﬁpn@rssvlﬁgmmadwc 15 crystalline insulin
wi t hout added exci pients. Small spherical particles

pre%ﬁﬁpﬁmﬁl@%cl&r&%ggﬁ have excel | ent aerodynanic
progbesles as y tinme-of-flight

( Ae ﬁlzcgqerﬂesynbednptOMd q:rmhnes(fmﬁﬂ)aﬁesﬂm%eﬂ particles from zinc

o PEARL R Bimdts et} RgbERR: \Srof apbsienl bk armrish by this

. prosessihayd excelhdng eérydjdﬁﬁﬁic ﬂlroyerﬂéﬁlﬂeﬁctdnﬁﬁﬂh a%!'ylume-of flight (Aeros1zer )

USInglnsulln as a node proteln
and, KSR e Tpation eI tso PR gl Fospizgig eetismy nfiiive of

dea@nhhg edfﬂh@lg” S‘iﬂgn ::)éfglﬁg{eﬁgﬁgiﬁf téﬁﬁgﬂvﬁhﬁ&? (o= PI dry_powder inhaler

(Cociphaler Ma B paying mswin %@rmdehnr@@e@n e qmohlas Rbletb ¢xaginle the effect of

o tenfd et OB e U B Gt By

MA) DryPapwiler) insylin esueatla lspterisal waartiges fvodreethaged rgy @Eilanzed light

PR AL BRI B R vl Foereo S amerseo

(ANIRAYe 1608y Bediord, NIARd Pedtiol siii&@mﬁ@éﬂeﬁas d&rfohﬁed D8hd Hﬁ'@x‘%&oswer

rated,, St I : dual particle
Mol laoh RO RiRs suifemn, whshimeliony & Modab a8 Aspo-Disperser® Dry
Powdes Wisperskiofor i@rodebiag thPovles E@ﬂl’égﬂé}%ﬂ}e—ﬂpﬁt hegﬂrﬁtﬂ'gted St. Paul,

M]‘b,gte%(rg] ty of .the insulin before
Jngfxiduzl pasiicle aidele isizes Mereccaadioned by gompalm&thHSEbmmmgesmﬂth to the
eledti®h nli%g&labﬁb. Human (USP 26). The insulin.and high

The chemical integrity of the insulin before and after the process was determined by
HPLC according to the USP monograph for Insulin Human (USP 26). The insulin and high

molecular weight protein content was measured using an isocratic SEC HPLC method with

| UV detection at 276 nm. To measure insulin, A-21 desamido insulin and other insulin related

substances, the sample was analyzed using a USP gradient reverse-phase HPLC method. The
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30 nol ecul ar wei ght protein content was neasured using
an isocratic SEC HPLC nmethod with UV detection at 276
nm To neasure insulin, A-21 desanmido insulin and
other insulin related substances, the sanple was
anal yzed using a USP gr adi ep%lfeverse-phase HPLC
met hod. The -31- insulin content is nmeasured using W

detection at 214 nm Hi gh nol ecul ar wei ght protein,
and insulin rel ated substances

. ] . Lin r..

ini5 30RER 1 b0 i O et 3 oo S gies welaht proten,

e e e oD SN, Rt Bl Shbsifte any
of . insulin snal | spherical particles were

ch%‘?’zﬁﬁ‘icﬁgﬁﬂﬁ%‘?nr@uﬁq@ﬂ@rﬂ%g?ef%r (r) Ioi nstrument. Size '

di sthé batrdBRaMRASHA SIS RS OF ’ih@siﬂsﬁlﬂ{ %C %?R%%ga{lh%%s were

conduct ed usi ng _th% AeroDi sperser at
exapiasd uripg dhe Astosizerm indtawent. aize distbution nedasurements on insulin dry

Do TP Pl sk ipk e RSB SineR AR 1o it fore, mediom
feed agier nch oozl [dpagppanxeatiana Dies inshitBeni R vaRf coB@éry BhES-flight

cntl b 450 ahd o35 S8 Rl Soveh Bmate. o bp auroen o paricles

deteletec &t eabhi sizeeBiahwas #@d o stafliiRalValalidR, ggh%ﬂ iagb%é Bfal volume of
e nu er

hasi zes, | arge particles nore than
p algggf 8?%‘%?‘?% gze PRe r g giolimg distributionsampbiasizasdarge particles more
thafl ehee it b AEEb I &de A Sl Lcles as
Il as |arge %g?t ]ﬁ% glse)fcgfqll'r ’gg%ﬁ%ér%%gs#ﬁ%g% @g{gém}%%?ms of
nonsdigpsrepdyp ia8 piel aplarge partislesepar at or; ni'ne st ages,
el td I back filter. Thei |
51 SRR CRGE hgfor 0l I8 bf o pisepdtr e soses,
cight colipetipn plaied, sndia bockiupifiler.s Thg 2@l e niPhing&d H, c@NL ai A4, 5, 6,

end T RAR 13K kb B P onff, A ponuis o Obempinefor Stage 6 and

the bocltupdiltor.t [Tha statildys b@yafolledtioh @es WEr8Y8atsd With ANint Byer of food
"bounce! of the particles. A sanple stream

r event
gm@? ?11-\{?‘1“8\7\? PVt oPove’| e Reiderg HL sameple sirrpimenir-flews rafs efi60 LPM
thedugh thé @aBplel Yk Sused\Tordfte UWndlvelkyY XR1 QPGS fgfﬁ%cﬁ L dntp18 fsize of

approxinately 10 ng was wei ghed into each s
APPRORERlPly [/@di ey weighed intoecqebvatiech 26psdlel (emden)|, with ahe powder
deli?&tQa9 - our seecpnds. The, |
i anmount 13J%)f&grigér?slu Iﬁ&ﬂ%?@ﬁ%ﬁh@%g pfé%]{ Tag%ndgh 53W°B‘Fta£§én% powder
deperdiedron pech plpter weedetethipfibbe rbRkGd dsHags HPOXT détedbAA #M14 nm
(ol e P. 26 ass for human insulin. The
accﬁaﬁgng tﬁemg%%p%%%gﬂfﬁ’ém@df‘ er (NI MAD) was
calihel mésacnbliaBogunyidhad diasid MMAL i GIRIAR by 'dikma Plot
soﬁglf the curHIZ}?ﬁl erthl ess .t han mass percCent versus the
FRETEFLIRYT B 1 thoepmylalivedess tenopss papsnt versusctbs eff¢cED}) cutoff
dianvé@sr @D NEMREd Iosd D) v, ' Lineg. o
deposited into the ‘@cﬁ%@%ﬁﬁgﬁ?ﬁ%ﬁﬁé “?’éer{é%‘?‘%%s"éfd‘mﬂm
dep%%tgfg e theprseasle Iotnastpe His ds fpreshal as @ percemagena] the mass of the
insubiR BREN ; rptah' f | e cl ohal er
e capsul g@e'rrlﬁg reshast%s&1 %ﬁ%tﬁ))g%% ?g?lgﬁ%ﬁgt%s freful control
of [}b? grsulisdgmonsivage Biat carefubanjrohaftrireuesspdrdineters in conjunction with

a phase change formulation can produce: 1) predominantly spherical particles with a diameter

of about 2 pm; 2) a narrow size distribution; 3) and reproducible acrodynamic properties

from batch to batch; and 4) small spherical particles composed of over 95% active drug
(human insulin) excluding residual moisture. We determined that the solubility of the zinc
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a phase change fornul ati on can produce: 1)

predom nantly spherical particles with a dianmeter 30
of about 2 m 2) a narrow size distribution; 3) and
reproduci bl e aerodynam c properties frombatch to
batch; and 4) small sphericad, particles conposed of
over 95% active drug (human 1nsulin) excluding

resi dual noisture. We determ ned that the solubility

i -22- CI ine i.nsulin coul d. be )
or el Sp it Coutd s GpASheY b SRt f bR, i opmer concentration,
and émiresttengthi Ve alsafisinid dikit @ostidTEAGHS coVMngitaeOihrRy ek Hi¥8E change

eSO i.ng hf cool %nghrate during the phase change .

PERET 1O%H “NALPYHY pryametehthys snabled the Jormatioarpipredpminently spherical

patticlesradthion afroRrsgdemgeant | y spherical particles within
size range. 5 FIG_ 2 is a cooling tenperature

an VY
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peRBAHAL. B M ol 26 8O R i Pl i of et sized,
sphglg:ahmtg_rtm]@'sn}mt ﬁivyl%eﬂ ﬁﬁ(/jgiﬂmtﬁ;gFK}J ﬁbﬁ EIﬁ/dT}cBéﬁz%t _J:ﬁl@tiis MBkter than
atjon of..unifor ize spherical particles is
25 "iog\pfgr“éé* ? ﬂ@%’fegﬁ" éﬁe gle%“faé‘ n, there4s @ dendepgy &aﬁr@dmcg very fine (less

tharf @.$ tuitroi)) Aoh-sphbriGChaI0MS &F irkuiP Bl RdilyCadoMnerate );R?f%ion C; FIG.
ce ver ne

5 foroul ation, there ig a tendency to pro

). ((?@gﬁg r’[‘tﬁsag\c’ﬂ?%g’ﬁ’il Srtofhjminuis-tegshisr preduce pabropddr edzeodistribution of
insullif SsealiNsph fadi ; 8 ' - FlG. 2

e Caol | ngprg}?%lsﬁsl oggé%ﬂota%%ﬁ& @g)ﬁner%f %la? éebnagldt %D%P%%)c%occulem

precipigtedRegion &; FIG.®)st ri buti on of 20 insulin small

sphar i i.cl ang,.wt h. nan- spheri cal, shapes
an 3% a%ﬁ"&qﬁ%%éa‘t#:ﬁ o(g% lﬁé en 11B"r'be effl%t S?me’ﬁegé‘ﬁﬁ]ﬁn@"%g%ﬂeﬂm heat
exc@iger/f_sﬂst Mbl? ﬁwamt ﬁtaﬂﬁmfﬂ, atlﬁfa;é ¢ifand ‘?bc}éhl%frfaﬁﬂttﬁ% R H{18f-white,
ol yt i Wi t-hin the exchanger falls within
sab e g oty S 61 2R o cgse cispietony ndioating

micmsphetdformitionehegins 6 Bbdir 28 HRABHHARRS dibPSHlbW @ﬁé'% appears to
g

spherical, particles. Phase separation Tndicatin
be cr?&@?%% ph&ectemprians sinchusd0i6. t No duher chgngehin the suspension was

obserRIARAMAE FirBuBiGP Hab B A ﬁ)of‘:i"éggigﬁgo:%%@é lﬁ’x)d@ﬁ}t{aﬁgﬁx to remove

conplete as the tenperature r
thepcﬂféﬁ‘glémieh t he suspension was observed as the

fo [ 0 1o 15C prior to washing b
4 gi]fﬂléli'et%% gft?:@gﬁ@t%g ‘ﬁ%eént%gxéé Buman zfhe' ystalitne a5 w 1¥1ate_rial shows
non-homogenous size and crystalline shapes with particle sizes of approximately 5 to 40 pm,

SEM pictures taken of one of the batches from this Example show the sphetical shape and



the PEG pol ynmer. \Wereas an SEM of the starting human
zinc crystalline insulin raw material shows 30

non- honogenous si ze and crystalline shapes with
particle sizes of approximately 5 to 40 pm SEM
pictures taken of one of thegpatches fromthis Exanple
show t he spherical shape and -33- uniformsize of the
insulin small spherical particles (FIG 3b). The
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illestrated by QmﬂEM iFepleottitatiye 96(ha bater five Emm bRBa i Wi Bxample.

| di af i.l | |
Pl i SRS 0 i S
Iyophﬂizhﬂldh goml 4 dephRed Gaker s@sﬂéﬁiiéﬂ Cth@ Wé@d%QE%iﬁvﬂaXI spherical

g fl om ng and easily wei'ghed and hand
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soIREEAL AR Y STPLC AL RN i femich] - bRssun e to e
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u t her wa ,ahn | NCcr se over the startl ng
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spherl cal part| cles. I nt er - Bat ch Reprodum bility O

Parf@k |cI es There was excel I ent reprodum bi I i ty for
""er“bdynam C properties anong the six separate batches

of Thegulias erwellintsphexdicbilitD@t bédb&maRicd PGR&IAS th
20 and %n&ldersen Casca%lmong o six

Aer
sep A s SFAIC nEal pitieloh e dogoncos lsraonsizesd baf osizer
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eran 6310 3.4 m a mninum
ovebg9 3ot Bt Ggf‘ﬁ Hel wethin agigerrimge of 0:63 10 3.Aqunivtith mminimum of 60%

SN R G il i el L Lo s .5

tafb?&ﬁ%ﬂlfd@mdatanadmacs thetagie @9 b6 B5%tchafidensthat #t lesrad% of the insulin

s R e R BT e A B P TS T VB i e 3 o

-34Wﬁgera(ngs&@%%mmmmetaﬁ»@tﬂiaﬁeetomwter of 2 m.

: %‘ﬁ%@&%@? %Ca cgeralgrgag tnpga% n?qrx,'reggaqtggeé;rgligs Ondﬁgmmiﬁérlrdata with
the ampﬂg:e that ad 7avefdpefoft 17esg QFand ebiev 8818’ 90! A8 Cyclohaler was
depcg'syteé m tﬂe E/fou\tll\gaand Pre-separator/throat of the apparatus (FIG. 6). The data suggests
that the powder dispersion efficiency of the Aerosizer is greater than that of the Cyclohaler

device. However, the average emitted dose for the six batches was 7 1.4% from the

‘Cyclohaler, with 72.8% of the emitted dose deposited on Stage 3 of the impacior. If the

respirable fraction for deep lung delivery is estimated to be that fraction with ECD’s between
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deposited i.n the Mouth and Pre-separator/throat of the
apparatus (FIG 6). The data suggests that the powder
di spersion efficiency of the Aerosizer is greater than
that of the Cyclohal er 30 device. However, the average
emtted dose for the six batghes was 71.4%fromthe
Cycl ohaler, wth 72.8% of the emtted dose deposited
on Stage 3 of the inpactor. If the respirable

1.1f t3 r o Y |S estimated to be,
2B R s PRee OB Bl By R gt potices may be
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vari abl es are under tight control, resulting in batch
o, batch unjformty for aerodynam c properties. Table

Table'l: Agrodynamis Fropsriggse insalin Smail Spharical Femidi¢s Spher i cal

2. = On

stage|3-F Em tit ed dos¢ (E6p 3.5k I ek
MeRan P. 4848 51 88.8 /2.8 r8s& SO U. 109 0. 06424587
4075 ws the aerddynani c properties of

- 37 Table 1 sh
Insul | n S8 | [spP%4 chl patd cl eq. 10 4Wsults (neaRar

F=—SDwerecatcutatet-from-analysi-s—of separate

insulin small spherical particle batches (t4=6) on an

Andebiseh sbaws able ArESRInGE . prYRiriesIO0 InduBR ' QEHIC E@e}ibély articles
Resﬁlf&r nghe +/pr®3ess I s demonstrated by the extre y ot )

S e blg_ | a‘f’?rﬁrfé‘lcf‘]&kdtﬁﬁ‘@n NRlDsiared sesiate Therlinrsudll spherical
partisteeatchepiNe+6) ©alan Peidelsh E8scRiCRMRER: biéfe{;%ég g?pg‘(l)%lgg%ﬂity for the

grocgss showed little tendency to agg

ProCEsFiig dHaangirged by the sxirerastyidow stanthtddevintidatfoe the. MIVMAD and GSD,
EXTP hRutn sabi P far. making I nsulin ,
Snal | Sphe?i glznal%%grc%{i c eéeségg%%‘?{b%gmﬁ CB‘%/]W@%FSS showed little

tendency yorageleratrateias avidaBed by the lapetimain@n datg lnyTadie B350,

0.7% sodiumchloride, in a 0.1 Msodiumacetate .
Exablt begtinddVeasd Pritesdld mifss AdMEIT Oy 89l a5, 3. 1 ter
wat er | acketed StirT Ser—and presirearedideSs75C,
20 Sin W kv sohwstald iy g 233,07
di , .
S_o W tﬁ soni cg?)i'rgn %&I%a‘éeﬁaﬁ%&ég?oﬁ’gg B2 §perasiagied thrreglass 3
liter jwadar| jacketads ptivresl oessslasndagaiSdated fhheseet | D ELrams of Jrognan zin

.e-heated buffered pol yner solution, and’stirre
erystlline it ar ospeniedinedl b pethe pyfersdpoiimar siltioduwitirgnication

;ﬁm%'gé;(gf“ﬁfﬁﬁ o or Jn Wfetof b a0 i g Gl gre Feated
e, epd sfimed & axf additonale§ sainutentt i Thet Mture cleared
during 6 [ tirfe RREKBRS that the zinc crystalline insulin had dissolved. Water from a
chiller set to 10°C was pumped through the jacket of the vessel until the insulin polymer
solution dropped to 15-20°C. The resulting suspension was diafiltrated against five volumes
of 0.16% sodium acetate — 0.026% zinc chloride buffer, pH 7.0, followed by five volumes of

deionized water, followed by lyophilization to remove the water. SEM analysis of the

Iyophilized powder showed uniform small spherical particles with a mean aerodynamic

F}iaaneter of 1.433 micrometers by TSI Aerosizer time-of flight analysis. Andersen cascade
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solution dropped to 15-20C. The resulting suspension
was diafiltrated against five volunes 25 of 0.16%
sodi um acetate - 0.026% zi nc chloride buffer, pH 7.0,
followed by five volunes of deionized water, followed
by lyophilization to renove_the water. SEM analysis of
the |Ilyophilized powder showed uniform small spherica
particles with a nmean aerodynam c dianeter of 1.433

Al osizer tinpe-of flight anal ysis.
ﬁé‘?ﬁi&?@é‘ 1 5% T o e afs drmonifikon paas 1o fter, an

MIVBY0 of 2t2hendaiGSIeof 465 ell At 6fle:Rllsh A883yminti® i
an NMMAD of 2 2. and a GSD of 16 hrme properties of the

iJter,
P9 rqaﬁ'cators of excellent aerodynam c properties of the
powder. Exanple 6: Reduction in the Formation of
i &: . . ,

sol wsuA 1%0 iobtidd SRRk S i 726 °

Wi t hout ext gndedmrggéi}/%!dig ﬂé‘% tinme or vge?] I%IC?I%F%IPerameS= e.g., 75°C,
withqut ?—%ﬁﬂ@@qﬁ. perigglgof @il}emian lacidissniirornmens i bgn of whightesult in significant
ag@@ﬁt{%ﬂﬁfg} %ﬁa(ﬁqgkqg%dgﬁd to the solution. An

I nprove 1N sma p?]%ri cal particles fabrication
" pr odasimpysd m‘bﬂrxiﬁt&ﬁ fﬂipﬂeé'icﬂl)paﬂﬁdlébggabﬁ@t%ﬁ |ﬂr&\é%sn\'9?s accomplished

: : concentrated slurry of zinc crystalline _
“5‘.}’§ 2%1“ ?"gﬂ‘f"é'tgAFeB@‘Hﬂ“% e fipERnSETiateft %ggy gtigieg crxgalline insulin (at room
tengfierature)oyps ddded (While/sthieigd) ek 11817 R o ! i

(Lin 0.1 {\%Iﬂ ao i lSm acset ate, pH 5._6§? gé%%ﬁg*ﬁq?% gY}CcBimO.IM
SoQPBr 5 ita P 3-555 Preghegtse: to Fempraximatfly S oy 88°). s The insulin crystals

- five mnutes. The insulin sm spheri ca
sphegpehpartisles formed anthertemparasursfof theeobutib tiaplowees. | ower ed.

15 GGt r i 0 f..A21 desami.do.insulin, and .
i nsﬁﬂfgig%cgétcnig?%atf gle‘g?%mc‘ﬂeéﬁ?@glmw?%aa&m TBFin ERigrs, dig 19 chemical
Teaptifing jogdurted ﬁpmﬂﬁ W@rﬂiﬁrefﬁ?MWbﬂﬂi\ﬁel@a@éd%t dﬁgeraturqs. gIowever,
: r ver ui red extended periods
id FRRp AR IR e e T vided Srisciporemintin sgnifioant
insgling degradaion.  Prstisiolvidg ghadddulifNin B Sxflic %Higycin%&n{ Bfso caused
ns il n_in an agidic environnent also cause o
““‘13?1’{?3"’1 PUBEEI1®0 AL & lafes npesgentage of dhe pestibierie geAof deshmido insulin

degrdtiatibd profigtan A21 desamido insulin 20 degradation
roduct. In an experinent, sodiumchloride was added

p . €
t ol sperisieal srdivpmehlotide ovasordded:ita t the ehufferednpafihir feaction
: ' insukid n.di ners. by. chem cal
b B 30 S BB s,
the gﬁ@dj foidiam clrlyrideedﬁdamg siggiﬁbmlyatg&m thd fdﬁﬁ&ﬁ%ﬁa_épdééﬁmid]g or dimer
. uj i eqradation products, .the addition o
insutin BeradatiGh fro %chg %ea?‘%u%?f%{?g'ﬂm[ OI?‘f{ﬁr%FﬁfttlYofﬁdu%é thet formation
of ogi_t%mgfxmegi)gh ﬁimgaghlaﬁ%@ﬁtﬂnﬁﬂinw&h&) {Tdlsldyn products)
able 2). -36-
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Tabl e 2: NaCl added to insulin-water suspension %
other related Sanple Description %inmer % HWA .
desam do conps. control, no added NaCl 0.94 0.23 0.78
1.52 Nad, 0.7%final concentration 0.83 0.05 0.82
1.43 Nad added to pol yrrer_g/éml ution %other %
related Sanple Description %dinmer % HWY. desam do
conps. NaCl, 0.7% final concentration 0.85 0.07 0.93
1.47 In addition, the Zn crystalline insulin dissolved
chetaste - ! ] of—Nadl han the caontrol
[o) eq i IasURYYRYSESPePAIaP additi on of sodi um
chi oride inproves the 5 rate of solubility of theygther
[ gul iInDan al l owed a reodug:ti on in the tenper%tur erelated
usRH R PHTIPTON | v di ssol bdimese 5 HEWEns dasamisioy st ad@mps.
Thi §°HY! 'Eﬂ??'@%qlgacx))/\as_ confirrfe¥ i n an0@%kperi m&8 t hat 1.52
deinbACY £ 46 el pasentielioe addi (98 of 00950 NaCl 0@ t ho 1.43
rmul ation allowed the zinc crystalline insulin raw
gttt addedits pelywersioltiont 75C within five ninutes, a
sijgni ficantly |ower tenperature than the 87C % other
prievi ously requi red without NaC addition. Aty75C, rdiffeqd
mpleDesCHPM NaCl, 106 dimeri nSUAMWL. di ciesarhido comps,
c o %1% fing cogeantietionf t er  DF5mi nut e6.07 A serb@s of  1.47
experiments denonstrated that increasing in the
conBesidition; te Zof cryallinminsali disdotied (Ruch MR8 thSpRsence of NaCl

nd 20. /m). further reduced. the
el e Nenept PG AEY wgited Mot habing ol et SRl ge mproves the
rateaniscitslity rof dhicinehulirhand ARPRAAL AR Bh iﬂ\"{HeCthln &1}@@ 8l to initially

. erpical particles begjn to form (FIGS.
dls%g_‘%i flﬁeozr\%‘i ﬁ?‘ﬂ"} pryiigls- dgllt“é rPPtepis) Bas lgenfirmed rinaan expetitvent that

dem@Baaed tat therndeition Be oMBCNaE ! { - ikl _
ins q}é%o | ved_ hi gher ’ concent ? at %001%12 f%‘&%@%’&%?%‘fﬁﬁ %glcycrystallme

Pimateral tqgissolve at &1°6r within five mimdest #significantly lower temperature
tha leWIPC ik Ry D uirel ' i ven, tepperaf ure
R R e A T —
the gnsplin didaot ¢ampletelpidissolee aftrtiBatingtent | nuous phase. This
al | : ess to be conducted at tenperatures )
o B PRSP o
chletislgr @tatmgmlpsaduntal, 2RO MgAiIdnd t 2.0 6LEHN Nrihdr Tddfced the

: L um.chl.oride has unique chem cal propéerties that
tem%?‘ ow -att"frbé"%rtb‘c‘j ’cPé{‘]f‘b?’fY"rtﬂS 5@%&%@@@%@1@%% [tgraperature at which

the bmslllspifericalChaktiohs Moo MAB B (PIGON62-0). ATHRALMY. § i
chl oride_and sodi um sul f at émwerea c%n‘pgggghéi@’gwas determined

that Jacreasiie the 1oqmeeaintinn efthsrNald. ingbe forpulGon quivkNARSDed higher

* conCenfrhlichs lof Zh @EHESthetiRG1he W%%%Foré EHRES a0 s%fu%%l}/tﬁ of the

. the zinc crystalline ins
insulin at a given temperature could be carefully controlled by adjusting the sodium chloride

level of the initial continuous phase. This allows the process to be conducted at temperatures
that are less conducive to the formation of degradation products.

In order to determine if the sodium chloride has unique chemical properties that allow
the reduction in temperature to dissolve insulin, equimolar concentrations of ammonium
chloride and sodium suifate, were compared to a control with éodium chloride. Both NH4ClI
and N2, S0, similarly reduced the temperature required to dissolve the zinc crystalline insulin

raw-material. The higher ionic strength appears to increase the solubility of the insulin in the
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raw material. The higher ionic strength appears to
increase the solubility of the insulin in the -37-

m crosphere producing formul ation, wthout affecting
"the ability to formsnmall spherical particles as the
solution tenperature is reduged. Exanple 7. Study of
PEG Concentration on Yield And Insulin Concentration
And Size of Insulin Small Spherical Particles 5 The

mﬂ(e‘%'gr eaé; ﬁ%ﬁ% |f%‘é@13§§)§3§\9é] %oéflfe%@ggglsdgbt ﬁ'ﬁ go%l{\”sé’f“os%aﬁl spherical

Padicles bs thp MuhmﬂemmmcisequWev er, when the PEG

concentration is too high the partlcl es lose their

- d 1 ) \ 1] 5 ~+F
IIlSIhD‘SBlaHSb mgg te to the PEG V\,here |ncrea§| ng

nce r.esul c‘f in a decrease

|
yi oIt GPERRRe Sfivaf [ fitionclis Shope et Gewasing the PEG-3350
alsg @iedadds the ﬁ@l@ dfimhll Bplﬁk'ﬂ@ﬂ p‘ﬁﬂf&fé@ nHB@Hréi’ NShé thé FE@J éo?centratlon is

| fotﬁlfgéd | ar ger di aneter spherical particle

geiclesdope theip @}Hﬂ% éhapédﬁl@ehl cangels ontihalsbght improvement in
leqdasulted inamx of non- spherlcal particles with the
smal | spherical particles. Exanple 8: Insulin Small
Sphé&hg @a‘llhlli’quardi'a@sn Saia@jmw ) Itreﬁﬁ) gppokﬁe Ththe[REGOSRroOIncreasing

was t

i S ERBLOTEINE i GbenlE vl G el Seefie e |

aer B&aloi &eed generul iréndpbciaghed e&w&hﬁdﬂéﬁs birstigh Srféﬁglﬁrg@f diameter
Smg@ﬁlgﬁﬂ s %Iabeledlnsulln particles made 1n

it 8ot 011 B FOPHBES F BlghosebooHERton 215 resulted in a mix

of ist-sphaalpaeqaswith &R sehllspRrieaasrldzed i nsulin was

eval uat edp usi ng garrma scinti graphy Five beagl e dogs

(%y and each,anl mal received an
1gal Pay : ad¥afsabel ed insulin

parTheC ﬁ@o%k@sﬂﬁs ﬁp&rhéﬁ%‘té‘cﬁ Igc%h% @bﬁﬂﬁg{%] Yiddftification and

1 103, 104, and 105. ior to aeroso
Wsaagﬁwt%ﬂnsﬁwa&lmaﬁ for eroaelized lixsulie pewderedpositiog eni thd fumgs of beagle

dogds! 61at Mpelel IE%:?H a@:ﬂ:lés %éﬂ% ;9 Qccaf das efxglﬁlhﬁg e(fsfcﬁac?osed berein.

an endotrach plrace e
| u@@ﬂ@'ﬁ depostieniof ﬁ?eydemzalz@d muﬁmyaym&lmtedmﬁglgﬁnﬁaa scintigraphy.

b harrb or hal ation .of the,
) a%g ag))és Aot 05 Ya4nd spch il rovivethan administration
fana?aT"Rnlratheﬂabejechmsﬂﬁqbar@dléﬁ RiGEbL ajdgqaentﬁqcmmmm%é}e 101, 102,

103 Oj mage was acquired for the anterior as wel
{J sterior thoracic region. Two in-vitro cascade

i WFI&RJE ®F adtOdol AGhIRNSLYEBe SURLMANEL anddBRHDET Q{ iﬂ)gfol through

first animl (101) aerosol adninistration an
an ipfisiog ling, &Tﬁﬂ%smeé@tanéﬁn radotrpdieal) tubswasplacedtio eadht aab:halﬂnr aerosol
deli@byt he stability of the 99mTc radiol abel ed insulin

powder.. )
Each dog was placed in a “Spangler box™ chamber for inhalation of the radiolabeled

~aerosol. Immediately following the radiolabeled aerosol administration, a gamma camera

computer image was acquired for the anterior as well as the posterior thoracic region.
Two in-vitro cascade impactor collections were evaluated, one before the first animal

(101) aerosol administration and also following the last animal (105) exposure to establish

the stability of the *™Tc¢ radiolabeled insulin powder.



10

15

20

25

30

-38- The results are illustrated in FIG 11. The

cascade inpactor collections in both cases showed a

uni -nodal distribution. FIG 12 shows the results for

the P/I ratio conputations for all animals. The P/I

ratio is a nmeasure of the._pgoportion of the 99' Tc

i nsulin powder that deposits in the peripheral 5

portions of the lung, i.e., the deep lung. A typical

P/ I'THeabd ol b1y diiak el : L Pl ratigs aboyv

b 7l e sl if 16, 2D Ot dhicide hpncld opfiSenoidiot cases
shopigdh g upignpdal distritetiomnt ral | ung or  bronchi al regi on.

Thawscinti i C ip FLG 13 shows the insuli
, degoct (TRt ool o it oo s
is agmensi ' ftionVéf i i "s ] i

AT M RE 8 i ke Bty He g
P oc?ls a i;h%ém%o g% %hﬁn%g?ﬂ lung Adypicat % 13%¢q Will Gredpbe abouh@ge P/1 ratios
abo¥00.7 Dadjeald dighifiod® depbditich Hl RS E&?Jheﬂf Itgrgoct%ﬁlgrla%lg 48 Seitpal long or

b dﬁP sifion wth an obvious Increase |
TR ag’?ﬂoﬁheral | ung.  Radi oactivity outside the lung is

" duqhe b@nti 3R gﬁx%?r- QN 9.9'%0 rom,the deep .

| ung depo%@l% ion O @E%@'alef%hg {‘)"JIg i%}ee ppsitigy, locasiqns within the

TeSPREPTOY stamand fiecansiatpet with thei Rilliaat @1GhE) 99 Cintigraphic image for
n

TSP tiecanei IRt €167E) O Ring
Do 8 eSSyt ORLS Bol R i T e 1 i ol abel ed.

i n3be sointigerphis itvagde FoDdg 10NShARY 1100 BERkal It BEbrVBR deposition with
an obWl Sc;atrl ve. o l.ow | evel s of &;?gllporrerqtl on of the

parti ¢r ey’ Appastten imperpheral Bing.oRadigadtivisy omtsige tHedung is due
to refidrabsirpticad fZha e TORRR sulin Small

Spher ?j% P o] e T deeb ik AEosTo8 e e 310 g Powce,

i nSRft P satier | andptheringe dode tnditatss then *Yie RSMbeled insulin was

depoS@ddWrintiily b the & depl £ Lo re Il. of the
P PSE? from t hees ge pensi gﬁé '?Al%lct)lsl ?tgh"? Vgﬁ%@%ﬂ%ﬁ"gﬁ.“@ﬁgﬁﬂ into
the pgripheg lypgrvens indiestive eflovuatel PSEAg bk Hioa of tRadichisnder
to formnon-friable agglonerates of the small

ExanSilé) e i[ﬁﬁﬂilﬁﬁﬁéﬁ iﬁ&laﬁﬁt ATEhﬁ?tigg] oneranl ((): ul d er From

adversely affect tne em

Insulin-Small Sphetical Paviioleder del i vered from DPl devices. In

g vt ke issue xposyre to repeated doses of a
c{PS E)co Ifg{inlrﬂ%ggﬁe Of gﬁ?i %‘flﬁg?aﬂ%tl?é‘é?ﬂ ngictqsri@éhe PSEA solution, it
was desiofbiv Quesovealbofihe PEBAr Rk 10/suSRRAEA LN Yo WoftlBaiiR fven a
i.cal. icles from the PSEA prior to )
fow H%ﬁ%%ﬁfﬁ%%? 5 ﬁﬁp‘f‘%ﬂlﬂi % apA binser 1o foom woudrishle agiibmerates of the
smallsaphdricalipafitled.| FhisOf il | ar,ger .
b oe ot ha EeloRAdon Rt HRUERKE! afreef b omiepg dose and

uantities of the small spherica

- acrodyRaRIL doReRies pfopavedenfdelivazed ot BPT dovioedi i ad@ikibAlOung tissue

1S h1 r.e than a fewmlligrams o
cxpostRa BB lodeS OV A bR bBDce Lo |11 0 e
t HEreg dachniguessyerk obhaiduretl foy sqavion of wRshaEhESal particles from

the PEBX AL . ensi.on.in a wash sol vent " and ]

e_ re- g‘%an}r‘ftk 393353%@%@&@1 62%"%‘%8%% 9 pollest smatd\quantities of
particles. However, larger quantities of the small spherical particles quickly blocked the
pores of the filtration media, making washing and recovery of more than a few milligrams of
particles impractical, ' '

Centrifugation to collect the particles, followed by several wash cycles involving re-

suspension i a wash solvent and re-centrifugation, was used Successfcﬂly to remove the

'PSEA. Deionized water was used as the wash solvent since the insulin small spherical
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PSEA. Dei oni zed water was used as the wash sol vent
since the insulin small spherical -39- particles were
not readily dissolved and the PSEA renai ned in
sol ution. One di sadvantage of centrifugati on was that
the smal| spherical particles were conpacted into a
pellet by the high g-forces required to spin down the
particles. Wth each successive wash, it becane
antibies Ra%ind@landal fikd t e spend the pellets int
Pl ser et e par?ﬁ@éﬁowﬂfaﬁglﬁer a |%H3a3}edf’ﬁ§‘ﬁ‘3u?% ‘?‘14\338"311’53%3 of
5|a|tpg]§vetbythéhigh

cengfugitionerasthas thé small mhetionhptields siboRigheed i
usi ho

g ' tion.process. Diafiltrgtjon using h ’
_gf@?gbé ?éq@%g P osé’élg dRue @lﬁe‘_ﬁ?r%‘gesan "g}di‘ SRARtuGEssige wash, it became
merpesingly fdiffiatiit o6 reshpendv@ifpholeis il digkedtd ;pﬁnﬁiégl] | Agg}o ation of the
ins%%ﬁcﬁal articles. In-a conventional set up ThE

W35 sHiten ap gawanterside effectyofthe pentrifsmiam measks. n
parbiafilt@tisy S8R HbMRY dahaged |l ed contajner .. .
ar;hgg_ t he ,sus,pe%si on % re_gem?%aﬁggefdﬁfaﬁratﬁ%{}% centrifugation

for pMapfing, the;ingulig gamell speericalpoiclesr ds awoevdntionA ystaupt dfehel @afiltration

' he hol |l ow fiber nbrane, The
eppishis{ 8 BuftChed PSBARSAN Bk o 8% s Slheelah el cppiginer and

the sysppnsionewas totcircilagd tirpogtethi: fibkrs ot Ffidie bRAM-Fr8ssibe th Ruse the
of filtrate renoved fromthe

viol.une
mﬁgﬁgi%% i%gﬁ;ggva oY Tt trembrang p 1 remiseniasionsetstandiback pressure
werpeptimizedtoeatent blotkaeb erSdrizhf | |
of r n? thaﬁ]eidi‘i afi |t ratgt%n pro(?ggg,ﬁﬁtpﬁgesc%ggﬁgg%% |e(')r;fhgf‘mlume '
@%ﬁ‘i PROYH e reshe USRS ASiOn 3vag confinuonsly replemdgtd ynsiphdaing wash
IvetiStifoithe SHFR| &G PREL . spensi on_ was .
- essential |y P%%%hf&f ee after ?Jfgdl%ﬁg&%ﬁé\?pepﬁo?els ¢ (opgentration of
PSESy iy theasuspenisinrewad graduallys edpends iand the $nsakis hangeshwidal particle

riod. of an hour, or so.
PR A P el B B0 8% g ouilcvabgee of the
SuspgRsioeYYesAdxehangod yithrtheawathwelvynt oxsENedlod dfan B6@!drlgl UP
to rgi.ay: ntities, the insylin small spherical
&?qert@tlﬂc s‘%ﬁ ?Aé"ﬁ:lg?q%% RFOSHSS 9% Veryi shligiaw sl dapmaviag polymes and very
amepgbleyionsdaliyg wpeid @lndiciaMGERtsS! ' lgﬁggnﬁ : 7
Sio“ﬁlfter i ned_that. i,nsulin V\@Stl ra‘gﬁegfnlsyﬁli(%g%mi t %l%des did
| v e %@“ﬁ‘?swwowvﬁ%wé_amhe avask enivbit eBsperiments
deteitinabthae igfulig rwate Hﬁaill?Cioéﬁ%%e Gt A tigstﬁinmp%ﬁ/cles would

orl dinal_ Vol une O suspensit on wa

tines th al A
_ -comglﬁrgﬁvaﬂﬁs@ e gifef Heignired water et alant sovtwdntys times theadriginal volume of -

i f arimnaly .sqgluble in :
S“Spggif%n‘fiﬁﬁmﬁ{gg?y g?“ﬁgﬂ%l?ﬂglg ﬁ]es],ﬂ?lf EIP%!R g(g}}égf:ﬁtpﬁglc?es were found to be

‘sparigglyf sqluble tino Acipnipest swmterc dind ihigha lefficidre froye thes QiafidhRion process

' ' robably zinc ions, fromthe suspension.
conty3) SeBon A Su OR8N of BEaH Bl taeeriromm s wBteesiam Thercore,
the equilibtib® batwedn inseloble @nd fsalubl MnéulineRibMRR YO 1Y qg%\?én volume of

I'oh, a

: . i;oni.zed water did not occur with diafiltrat
d"“"g‘%ﬁ‘d‘i"‘%‘* ro%dﬁ?it"c?‘%\?mbe@aﬁhﬁ&%% @t qondition thatdavired disialution of the

~insulibabl e 3 shows various solutions that were eval uated as

p(r)p,taﬂ%Ptéa wash nedia. Ten mlligranms of dry insulin
s © 3PS ¥arloup selutienscibat were exalupied de gotentidl washfiedia. Ten
miligash of AylihbAfh sefli . - . xed for .48. hours at .

f oom t enperat ure. %ﬁgn%gp%ﬂgﬁl %Sreosflsgeélfjﬁfgfr‘ei)%?ﬁa‘?aﬁh solution
and ggpily mixed for 48 hours at room temperature, The percentage of soluble insulin was
measured at 24 and 48 hours. The insulin was found to be sparingly soluble in deionized

water, with equilibrium reached at just under 1% of the total weight of insulin soluble in less
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measured at 24 and 48 hours. The insulin was found to
be sparingly soluble in deionized water, wth

equi li briumreached at just under 1% of the total

wei ght of insulin soluble in I ess -40- than 24 hours.
However, as previously notedatthe high efficiency of
diafiltration continuously renoves the soluble
insulin (and zinc) so this equilibriumis never

tham P4 boves] Hmde\teheis ipRes/itukly nofedBiht ?@Q@ﬁdl&ﬁk of ahlﬁ%lﬁgr? continuously
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hour gmathsnberial partidle solubility il varidisuwashGelutibr,

pH 5. 65 0 00T Msodi-um-gegtate—pH-5-65-0. 54
b 80 0. 16oEUtRCet at o 0. 016 o‘%ﬁ"ﬁ"ﬁﬂ'ﬁ” .y gjssolved insuln
(.48 hours

Deignized waler 16% sodr um acet at e- 0. 02796 ZNTt g1 pri 70 6% 95,80
Aat-ed /\I /\l\ QA7 D 86

01%%[(}[}1%3’&@( %'65’ detontzet—wa
nh\lr*lrnr?lc 2t hanol 0. 05 0. 04 |Buf f eP280l uti bns use®

Oomn 3% %?“Eﬁtaéff PH5RE crystalline ingsuli n0§4|spens ons f@so

: oW%p%ﬂnmtatabsm%:mmmmaazl nc T yolutTgrz—Two t ||c(?[)g1

01@5@56&11.!!#&5& Y3 s Fasuliln-small_spher cal
narti ol s o 6%7 gft qreatlv réduce PAR%ulin

50?’@!‘?1‘8!’4%“1"3%9%%%(\/@(1 to dei oni zed|wat er @4Accor d| ng toa_aa

100f4rmhydrausetilanbl e,” ZI NC_cr yst al timefimsutfggshotti R e

o4~ Zmions—bounrd—to—each-—insulin hpxam:r Zi nc i ons

per hexamer ranged from1.93 to 2.46 for various zinc

cr )Bﬁwr Isolluﬁonsl wedlid conph @Bl Ahd &%taﬂfl‘.ﬁ
alsd for mpking the insulinsmall "sp erpsgjaﬁsagvns for mjection
é)ﬂ%ll I :Flgg 1n sofigjog. ggyor Jpesa gelutions woers &:sted withdinStliti shgall spherical

-Pal'tﬁﬂ’é's and/ Bunde k@ HteaRl feﬁl\.%enﬁisﬁirk% g%]}({: Ic::q{%) l l I eeloglged water,

A ulin. After f or mat 1 on
°°§ fodhe Wﬁﬂedmfsclastdﬂlde irfsialirh smdmave@abnszn jons bound to each

| d to 74% of .the zinc was |lost durin
 insuliRIHRRInEE e?%gxa&xer fff“(:?yE EPmt .93 to 2.46 for various zine cr)%]stalhne

r ocessi ng.
insulin preparations used as the raw material for making the insulin small spherical particles.

This corresponded to 0.36 to 0.46% zinc per given weight of raw material zinc crystalline
insulin. After formation of the insulin small spherical particles and diafilitation against
deionized water, 58 to 74% of the zinc was lost during processing. The loss of zinc from the
insulin particles would cause increased solubility of the insulin and loss during diafiltration.
Diafiltering the insulin small spherical particles against 0.16% sodium acetate-0.027%
ZnCly, pH 7.0, virtually eliminated insulin loss in the filtrate. Surprisingly however, the zinc
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insulin particles would cause increased solubility of

the insulin and |l oss during diafiltration.

Diafiltering the insulin small spherical particles

agai nst 0.16% sodi um acetate-0.027% 2zZnd 2, pH 7.0,

virtually elimnated insulinghoss in the filtrate.

Surprisingly however, the zinc -41- content of the

insulin small spherical partlcles increased to nearly
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in the HFA 134a was assessed at time 0 and at one month. The data shown in FIG 28 shows
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The smal | spherical particles were suspended in Hydro
Fluro Al kane (HFA) 134a 30 propellant at a
concentration of 10 ng/nL. The chenical stability of
the insulin after storage in the HFA 134a was
assessed at tinme 0 and at ong nonth. The data shown in
FI G 28 shows -42- the preservation of the insulin

m crospheres in teens of nononeric insulin, insulin

thé pifBtvatioh Y S el RISt BF Fshf ficgoBene joooliniapyliy dimer,
mmb}igm’ﬁ?iﬂsﬁhrrfm&ipdakhﬁ@wtﬂmgioaﬁ%di Rg to the
t in Ex 4 e, , t0 thei
por PO Releg e dniin B PhriRdb PaFlon prepatel usesling o the
meiiidS o FRANAL dewsR b ohaakAdR tb %e@fmﬁsﬁ&aﬁmﬁﬁ QYitferent inhalation

d cl ohal er device is a comme dry powder 1
eYipgs) psing the Amdspsen Gascads Mmpactosr mefihpd.poillier Cycidtedlerr device is a

cofdrcidl 8ry FRFRE SEhHBPHN NAL Bﬁsgﬁﬂ%% &lnlgt};]lg evﬂo%gegi&}égnggler and the

whi ch the m crospheres™dre suspen

megpseck dgsp dehaler MDD ignatepice imndhichrthe priopsphepe drbrsasehded in HFA
' k1 ek t.her, si zed eri | ve. The .
15408 A B g B SR o ] o or oer
meteping niabval Cgm trbsnlltleSinllﬁtG. rmaaaéawgsﬂgae ik ?ﬁ@%nﬁ{l §pﬁ€1’ic§1 particles
. ersen scade acto evi ce deposit on stages
m, g“%ﬁ‘e SH§FS © ghq ﬁl@f‘&%ﬂ@i éaéc%siﬁ Tmpgetes, devios denosit pnestages 3 and 4.
Thiveisf ndiogvecoDb 419 PRl ' el ; i
regar d1 Ss %_f t hée}?d egﬁgeclﬁlglé%ﬂggﬁ%nﬁ Qia‘?%g%e?ﬁaq'hsgh%nncialy paruclgs
regardiess oldhe devies,peedips andetinlarh Thophly anaor difiredes beteser the DPI and

visb Rk _ i L] ical ..
By R e S bl B on BN St D BB oS b Bl i the
threz sectioreof zh@dmegrca;sadagmlpmorrl\]@ng tHelfijj %lhe }t@l?feildci‘tyﬂimthe MDI
) t
G N DG A —

explpind thienkighdrepropgition ¢ff melid mﬁoﬂxsﬁegzdgbbﬁemég‘n@g&ef@%e DPI

e ited co d.to the DPI : [
eS8 ity 5, SPBELDR ope Yeklacn threars et e Db devas) witloas ltsnusted
or Woiified xRt debitipt &fild 86 WREIS IBdeXi el acit be. .

used to decrease the nunber gggﬁﬁ ﬂs?ﬁ;é[r s%t%rtlﬁgﬁnqu s%hencal
particlss; deppsifanggia fhe thrpatg Additionel meénsuras could bk ttheowss! of spacer devices at
e ould be the use of spacer devices at 20 the

end of the MDI. Insulin small spherical particles (Lot

nurpiin \aopd 0 SpiRyicak partitkeb r(Lonbadbérr YIQO10Y0R)hivkieZ Bricated from

oSl i terjal .accor di the net hod
tyonyE B Akl S i e oo ocopoe o Pramge. One

yeaf stordghestabilityl for theBinkulaPBREN GpherRAT bhGicRS Was HaRY edith the
i O‘fﬁé}th %‘gﬁliﬂrhé‘%}%hl lized ingulin starting material at 25C
YoRbftged g Zuateriel 8t 206 1and §7'fa SThedngsdinestnbility s compared by
exaRitil Tofdl Kepitgd HRRHiAL @SmbaRHL, | MPAEMS ' ]

Di,Hers and digoners andbA21-’ ]&%nglm oglsn%%ﬂ @fg"@?ﬁsﬁm‘i A2l
desaggjdainsylith\y t hat over a one year period, the insulin

S Mpdys SHYISS | rfobhC exhi bi sigpificant]y. .

| ower | %ﬁ]tblg&gft@ r?é’%j Ji‘ﬁﬁw?%%ﬂ%ﬁgms Ltcims Spllé/rlcal particles
exhihjtad gigoificintly lower amounts of Insulin Dimers and Oligomers, A21-desamido
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significantly more stable to chemical changes than the starting material.
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Insulin and Total Related Insulin Conpounds and
conpared to insulin starting material stored 30 under
the same conditions. This indicates that the

m crosphere formof insulinis significantly nore
stable to chem cal changes thgn the starting . material.
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background. The sol utions' spectra were corrected by
acquiring 0.01M HO spectrum under 30 identica
conditions and fit with a series of five overl apping
Gaussi an- Lorent zi an functions situated on a sl oping
background [S: D. Yeo, P.G _lgbenedetti, S. Y. Patro,
T.M Przybycien, -44- J. Phann. Sci., 1994, 83,
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Example 10: Preparation Of Small Spherical Particles Of Human Insulin By An Isothermal
Method
Human insulin USP (Intergen) was dispersed in a NaCl and PEG (MW 3350,
Spectrum Lot# RP0741) solution resulting in final insulin concentration of 0.86 mg/mL, and
0.7 wt% NaCl and 8.3 wt% PEG concentrations. The pH was adjusted to 5.65 by addition of
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articles in solution 20 Exanple 10: Preparation O
Smal | Spherical Particles O Human Insulin By An

| sothermal Method Human insulin USP (Intergen) was
di spersed in a NaCl and PEG (MW 3350, Spectrum Lot#
RP0741) solution resulting |5] final insulin
concentration of 0.86 ng/ni, and 25 0.7 wt % NaCl and
8.3 W % PEG concentratl ons. The pH was adJ ust ed to
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mlFF@ HHsIRCeee Ricasndnstpain iguid iteoggn atrﬁelﬁ’evhﬂlaedzz n . Y he
resulting protein 15 mcroparticles were then
B. SnaﬁmﬁﬂGﬁMCaHPakti i Off A mmggﬁ#mgﬁi l'ized. B.
lrbg)g:herlcal Particl es pha titrypsin (AAT)
The § BICERE IVRREGH Famnalea he m@@ﬁéﬂmﬁndbsmwgsdrmcles of AAT

‘whdheikd p&ﬁ&iﬁ‘&ly%aitam@fdrg%@ag{] gty whi ch are

y delivery. Exanple

particul arly suitabl
X Prepar atfl on of AAT srmll

Jalc et ed CoI urm Batch

[y

30 gcgj d at pH 6 O W|th 10mM amoni um acetate
contal ning 16% PEG 3350 and 0.02% Pl uroni c F-68 was
m xAdolytioh bafferad at pHS. emﬂ:bmmanamrﬁmheicelﬁteb&ﬂﬂmﬁm@ﬂd% PEG

SR 7 15, R e SIS AE MBS0 L e

heasal tot305@. an'hertesm‘mmmatuwas( eo%%hed/\@ﬁngﬁﬂdﬁ@ufaﬁng Water bath. A

on. whi | In
concentrarted soluvt\i%n o recom gnantg AAT (rAAT) was added to this solution while stirring

-and the pH was adjusted to 6.0. The rAAT concentration in the final solution was 2mg/ml.

The rAAT was completely soluble at this temperature in this solution composition. The
entire contents of the vessel were transferred to a jacketed column and heated to 25-30°C.

~ The circulating water bath for the column was set to ramp down to -5°C. The column and

contents were cooled at approximaiely 1°C/minute to 2 temperature of about 4°C. The tAAT
small spherical particles formed during the cooling step. The microsphere suspension was
frozen in glass crystallizing dishes and lyophilized to remove the water and buffer.
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25 and the pH was adjusted to 6.0. The rAAT
concentration in the final solution was 2ng/m . The

r AAT was conpletely soluble at this tenperature in
this solution conposition. The entire contents of the

vessel were transferred to a,packeted col um and
heated to 25-30C. The circulating water bath for the
colum was set to ranp down to -5C. The columm and

cont C at_, appr axi ely 1l Cmnute to a.. .
OB OB OB Sl G iaion,
thpEEGiprotein chbs washwalied With nibthylanR! dhldgids (MBCL ) Nenother washing media
cy ospher uspensjon was frozen in glass
“@Fﬂt“ﬁ% ’in‘f‘i%ﬁ%n i e:g¢fdoney bidniari metdylese chlpsiderpertene 1:1.  The
washing pravagurd Wak eépeated Ror dtﬂwpéﬂ?ﬁmkgfh%%gﬁ%¥£5§e Wafls. The finat

hhe protein small spherical particles
Peligtopts Tesuspendsd in arsmabrolyroobacetanelor pratensvaishédedaby bither direct
exp&ufvb i ot her washi ng nedi a

utili zgg%ﬁzgglg%e?rﬁjglré%gﬁoﬁﬁé: acetone 1:1, or

nmet hyl ene chl ori de: pentane 1:1. The washing procedure
Exgmole; b1 Jacketed Yessgl Bafich |Prepfarsion| ofeA ATh8mall iSpherivhl Particles (200-
ZOU@ﬁ%E%leg'aSheS- The final 5 pellet was resuspended in a

smal I~ Vol une of acetone or pentane and dried by either

di r &bis typx pb praperation mias doge bsig@ sheoosanky for@bREYN composition as the

: i on.. Exanple 12: Jacketed Vessel Batch )
*J“E“f’t%% §§§#Pg%utgﬁp okgppinmidaing lazger pajumes 6d wep @eare suitable for

scadS0finYt ddascale, T ritdl@RnOkasHAREALATS Bk WAS ﬂ%ﬁkag% g&hme style
.t same,f%re | ati on conposition as the 10 jackete
REPL AR B %Eam5$10PS%E o0 mhgand hgated \tol 096's Afd vessel
tenyREatiie Ffas SUhir R a cirefiifs t s seal.eonfe .

n?‘ﬁ%r nul ati on was d(r:inl'g’i}(lgéll cgt% %%e\rmﬁ%tﬁ ?ﬁgﬁ-ﬁgﬁ]aepsgghon i the same
Ve%ﬂdﬂ‘leé"%ﬁhaﬂl squigsevisewiichedafrpra alGHC € battewse?°C hithaliThy vessel and

oo R SR B 18 525 s AOBEIEL G o

was contro sing a“cCl

- sphetieal pottidldsdred diring dhaneooliug s®pl , ThHehemp@hte Wat Monitored using a

: W tehed froma 30C bath to a 2C bath. The
m@@%%%éﬁ%%@ Tl ra P Raee ot e hejsisless itoristepperature for
an ddditioraliBe miauks.t TRe Hat Al sfgf), ﬁ@-smgh%phéﬁlsl sabile sBspension was

. spherical ticles fornmed during the cooling step.”
‘f"“‘fg‘g‘aﬁf‘élr?ﬂ‘éﬂfgg opalarersdi4 e te Ermnye appraxinatdy #6% of tegiolymer and

vol@nel IAE Fer MBinZURANShQtal g%ﬁglg %P%Apgnmblﬁ “%?roggd ?seé I_th?ﬁ Sayer in a

to this tenperature for I 'ona m nu

- preggoledlypnhilisegipn tray ansl lyophalizechio tensyh ehrel veattr and nérhaihing buffer,

su i trated via diafiltration at .. . .

o S 0 6 SO PR s YRl B B e

polymer clthey by wamtrififiation withionganiy Solints @PAesckibad idJB'kélﬁ;ISlE 30) ot by.
e

NS © frozen hin layer. in_a recoo
sorPBRER S HRGR, For Sobiani: s GishoGegtioms bamstered
intonat Righ aptdssiimekitacion RikkhBér, wWiiéh gﬂg@}f ?x‘g%ufiﬁ% ko 25091ps|i] g(at room

sgheri cal particles were separat remai ni
temgrtafe) Vg §%r Osre prerating peesmure iwas geacherh ethianol wasgaimodnced to the
inle AhMeRESm 685 7088 €0, 286041 i | Sk il ;

supercriti caﬁg?lﬁgd&ké?%&%qméﬁxk%cstﬁ P %rr?}mf—ac}rﬂb%dcfassowed the polymer,
leaving fhecemnalh spheisaldparticles atid rthalconalssion af seeprogehs, the system was

flushed of ethanol and slowly decompressed.
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25 into a high pressure extraction chanber, which was
pressurized to 2500psi (at room tenperature) with
CX2. Once operating pressure was reached, ethanol was
introduced to the inlet fluid streamas a 70: 30
C02: et hanol m x. This super -G |t|cal fluid dissolved
the polyner, l|eaving the sma spherical particles.
At the conclusion of the process the system was

L and_slomﬂy‘o _-4?-_

0O »EE

i¥! ,. "\'.:‘... w_o G4

SrelSmaphescab s oloofbi SRkl s SRRGTAS B
fabricated as_ descripbed in Exanpl es ]% aﬁl']aé: (ﬁ&d 11. Adter

ﬂlem;o[ogpg PROSESS %51 Sorplets: 3 smad aliguot ebikp |5@qu1,151{31 wmiehloved and filtered
thdbgtoa oRpe s 8&ﬁh§e %@P@%ﬁ% 18 Soll RN f Lk gllg,r §.8fhe absorbance

t.hrough a 2m's e filter tore
of glfﬁﬁlrragpw@,chd@s téw £ mgammgm aﬂ@nmbmas éetémﬁﬁect 41@80nm using a

U kbeekr rema lution,
| Shooh Bpitonb e MTNAA AP Corc Xt VB el St i, Bindard curve.
Th ?Wecwlmmtmm@a was then calcul ated froma

st andard curve The %conver3| on was cal cul ated as:
fil trat e K AAT

L 2 € rale-rd.4 OF
cofreer 8 AT OSSP R T Oy *‘ioo’b@ﬂ%r 11422
conversi on %"é(ﬂé’%@@ﬁ’@@ﬂé‘ﬂm to small spheri cal orersion
particles 100-200m n=9 col umm 91. 7+4. 4 300m n=4,

colum 93 4+8ca@ 2qg (n=5, vegselsy cotlefsioh 8 smasphSrical particies

. Mﬂ@ﬂ%m@mu_m@bl e. a I gh percentaggy ek 4ine AAT

dinto small sphericed4pasticles

WSp¥esele nrocess scal e, Exanpl 80.441.8

Particle Size Distribution O AAT Particles At
& fhaen iptheahoye Gbly, a bighpercostagert thaAa ThfiotinsedRbeverted into

D f
smAlf sphBfcal | %Eleéﬁ}—e B%erSAer gro%%gkg%spherl cal particles

was anal yzed 525, which neasures’
partléz_IPe Si ze_ b “L‘E of fli ght easurenents. From

AeRki2lRi-6r S were cal cul at ed to denonstrate the particle
Srze distribution of the AAT small spherical particles

andA wamnple of tg final AdThy pmt/d):r sall bplehiest garlids Gk @RalPMed in a TSI

ARt SRS ED TRt er B iRy BreniMish appmeDeRSBrom thes
measolenents, Biffddont(AHdL of%ldﬂm dilam%ﬁzrs Qve?@ cg‘lc@gfgg'%gq_%ogjgtrate the

+.0..14 0-.200 , _colum +
partiple size) dﬁé utlon ﬁhe AAT small sphencal partlcles and were used o compare to

particles fabricated by methods other than that of the present invention.

Scale d90/d10 (volume) | dB0/d20 {volume) d90-d10}/d50 (volume
5-10mg {n=12, column) 1,88 + 020 1.49 + 0.10 ( Q%+dm :
100—2_00m_g_(n=5, column) 1.83 + 0.05 1.41 +0.05 0.66; 0.05
300 mg (n=3, column) . 2,05+ 0.17 161+ 011 - 0.77; 0.0
1-2g (n=4, vessel) 221+ 0.30 1.60 +0.11 0.86 T 0.19
Andersen Data

A 5-10mg samp.le was weighed into a gel capsule and administered into the Andersen
Cascade Impactor using the Cyclohaler Dry Powder Inhaler at a flow rate of 60 liters per
minute (LPM). Small spherical particles were collected from all impactor stages, dissolved
in 0.2M Tris-HCI buffer at pH 8.0, and quantitated using reverse phase HPLC. The data was
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300 m (n=3, columm) 2.05+0.17 1.61+0.11 0.77+0.06 1-2
n=4, vessel) 2.21+0.30 1.60+0.11 0.86+0.19 20 - -
Andersen Data A 5-10ng sanpl e was wei ghed into a gel
capsul e and adm nistered into the Andersen Cascade

| mpactor using the Cyclohal eygDry Powder |nhaler at a
flowrate of 60 liters per mnute (LPM. Small
spherical particles were collected fromall inpactor

w88 L SERNRY 8 BRI B Sl e U

Statas Bhamscopéa (UsP)a| T ddisadethoh it @EBORiFovesiad AREBHELD,

devi at i on (GSD) cal cuI ated as described in the United
A lalm) The-data-denmonstrated t he

Dl ates I"Tlal T I.épCI & \uul yAC Hne—cata—aeHbH L
+-e—GCSPD—100-205

narrovv,onggm :5 Bi Hor—Se € Envav; J n=>5
coluam) 3 ﬁ-g e’o‘%.lm %)OIII =5 L,ui o 77IW441@0'%\LH:5,
vessel) Bg .s):spvédgé;y-\l I—of TheydrstrToution méblgt ers

shown above denonsirated Thé excelrrent partrcle

S I Z em:ibﬁthé | AR R &GS Whéwn faﬁc%;é‘ Jegﬁngti%gd Al éx% F]partlcle

of the present invention ten
SI%fdlSREl’P“BF Batieplistiorrthe fabrisativmesethbd oﬁpe piefént irvehiiod, t 2
the r AAT smal | spherical particles were dissolved in

Examal 15¢ R et A AOF BidLtkRom t enperature. The
resul.ting solution was a yzed by an assay which:
rr]?ag adstsrmine theegpaeific petifityy ;IAMAM snuel dphéridah; @algb]e{g g dissolved
0 el ast hydr o
in Q2NPREE IS pRPRD B0 o nefifR WD 55Vl Dok we kbt by e
asqy witiei me@urdsethi capscity ToR rAaTetoShibiti 186 abflity M TposdtRd Ipancreatic

o RACERET b B0 SRS ot E?ﬁyn%ueamﬁ%&an group at their -

termbRay 'Ihé\sﬁﬁmidhﬁionfo‘b?‘i\m andll §B, Eﬁrhé!le waOlidh aSfy P By protein
al so anal %zed in, both assa Beca se t e activit 35
deBispchoninic Aﬁ‘i @GAhasstheA aonirol tAA Daferthg material

19#or2 wad BEE HhAltd Jagw?v
SOact|V| ty 15 vgli lﬁlgﬂv\géthcor gct%&%gs@edg%mt?hagp c?vﬁ%\pevelc’ped to
detgrging the @Bﬁl@ehaspduonmccasemmnen ok hengy/thlyprBEh p@ saiiple, the activity
t|v .activjt valuefpr a
valt o8 Bifeblel $afiothd York i Fohieblrinn 5 depficd B BLA, giving
thesperifiaructivity walud: nhi bi ti on of por ci ne pancreatic
el astase by rAAT

activity value for sample

- —— = specific activity for sample
actual protein concentration pect e 7

Inhibition of porcine pancreatic elastase by rAAT

Scale IU/mg small spherical IU/mg control
. particles )
100-300 mg (n=12, column) 64.19 + 5.01 64.34 + 4.95
200-300mg (n=8, vessel). 62.53 + 5.29 65.87 + 0.98

The specific activity thus demonstrated the retention of bioactivity after fabrication of
AAT into small spherical particles.

Example 16: Retention of AAT Structural Integrity

One of the central differentiating points of controlled phase separation (CPS)
technol_ogy is the formation of particles under mild conditions utilizing aqueous systems
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Scale U ng small spherical 1Ung control particles
100-300 m n=12 colum 64.19 +5.01 64. 34+4.95

200- 300nmg (n=8, vessel), 62.53+5.29 65.87+0.98 20 The
specific activity thus denonstrated the retention of
bi oactivity after fabricatiaoggof AAT into small
spherical particles. Exanple 16: Retention of AAT
Structural Integrity One of the central

dlﬁinﬁgﬁl—tﬁgﬁ keHnafin BAY B Sial 0919 thQld 1{1%.}] ase i a{sg S ‘increased

(CP 5 technology iIs or mat
teRpREratureyishagr,caih dln the wertiota dngma@gaﬁmequgoﬁmaﬁ@ are4fe stability of

Pl'-‘gf'éfnb gl'llﬁ%E Tﬁﬁdn%atgo%r nﬁt o and ﬁ) o daﬂgmggé,(g}grradauon pathways such

stres uci ng con

ast exigaions Ldeatmcmhaarandeéspeclhlly ta@&egﬁfolh' t@f Fjbr@c@i% n«ﬁ@ rﬁeﬁ@ved to be
ity of prot

or, concerns, are_the stabi
‘%5"’%“9“’ PR etoupy femiaian e effets tiesledjee SmaynbniityTh Ehercore,
reguiat Eefkitel
fede ‘?f)’g‘f@@ i :ﬂlgﬁ% ﬁl@gfcf}‘%li/el‘i{/ ﬁ:lgg %P’%lg‘gft@ aqgﬁidn pl? uctsnlg final particle
0%1?%% h%é‘cbﬁ Eﬁqeg ienll isharadterizapiom svehras [ and BSC Ofere utilized
to détetenind HWRGLS r%fn%cfi‘ﬁc i B %ﬁgggﬁl}gfg o e%‘(levf |ore\(36| of

regul at oréﬂconcerns require an
degFieear Slichypienu(iR) istHei matt @ﬁ:ﬁhdnﬁ&alsed QP FdrO8Rluation of

L Sran char act.eri zati on, such as CD
aﬁ‘gi%sc %?‘%53’?‘!”‘?“5%@]@&?@ d@?f@&ﬁiﬂ% OffesppREisop phthe stucture of an
engiserdd prateioto the paretprotdi.i Mhe £ ARIOANs adebdsh J'Opg& in folding, and
i s the most commonly used net For &
pro@\%?{cg?%&g@e TRy SRR U r al changes |n a protei n

s ubfeohddy kRuderktodn Ballk g "
str éé ﬁg of an eng| ne@?rén&gc{)?%t@g) %I%T pa gy UV" spectral
gmnc# 0 Worelengthasthe ghﬂon@phmretlsetha peptiddibogd when it is
loc&@Bdlin epfe‘ghﬁf 'Tol%@& %ﬁ%eﬁtg q&léﬁat liﬁ;f %55 random coil structures

econdar structure can
eac

@Yﬁ s o%)yharaptwrhéc 'shagre- ddﬂ'mm&ﬁdld 6f CD¥ §@tt0kn. ( 190 -28p@ximate

' t velengths, the chronpphore is the
fradidh of Glohy 06 A W B ERAb e i il 3 Foteisgam s bo detemined

by padlyking s farGWn€Dt Spedﬁshﬁh as ReduX of ﬁ%&tﬁmﬁf‘ﬁﬁiﬁpl&n& such reference
speétﬁa”td cgo stiuctures each give rise to a
ract th‘i Q’R%rpe and magni tude of CD spectrum The
ap mmmmp@n-uﬁ;r@m profdiPhn 58 aBORONHANN RETHIONE 85d YBE con be

resent in any protein can
SemB ?Q‘Pﬁﬁp‘?"fsso fftgrtiam\stigEiusp ekt these Webnguhmmfcmomophores are

e e O
to the,oyesall tqqt@qy.stywtu&pcd‘dhe alotsimgiSighalsZh Ghe %MO&]%ODZ?O nm are -
attnﬁﬁlﬂﬁb ttéNé I{Y?algl:?%é Iaeltqﬁg E]Eg%.}%&gfglr Y0290 a?ef ;’clt'i'fbtugarbia to tyrosme
and those from 280—300 nm are attributable to tryptophan. Dlsul.ﬁde bonds give rise to broad
weak signals throughout the near-UV spectrum.

Far-UV CD spectra of the rAAT stock solution and AAT released from smail
spherical particles in phosphat_e buffer (pH 7.4, T=25°C, protein concentration 0.05 mg/mL)
are shown in FIG. 13. Each spectrum represents the average of 10 scans.

The far-UV CD spectra are indistinguishable, demonstrating that fabrication of AAT

.into small spherical particles upon its subsequent release resulted in AAT molecules with a
- structure identical to that of the starting AAT material.
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the aromatic am no acids and disul fide bonds, and the
CD signals they produce are sensitive to the overall
tertiary structure of the protein. Signals in the
region from 250-270 run are attributable to
phenyl al ani ne residues, signghs from270-290 nmare
attributable to tyrosine, 25 and those from 280-300
run are attributable to tryptophan. Disul fide bonds
gi vep.jipgct 0 broad weak signals throughout the
near - UV spectrum Far-UV CD spectra of the rAAT stock
sol @gnaélmphmalxpmﬁclﬁs: meﬁkfs?lﬁraiﬁlﬁ(ﬂl_t'mk?/ﬂ 'ﬂriﬂ_slgmza%ﬂ 8.0 and analyzed by
t e sphat.e er L4, T=25C, protein .
refie i CBPLE, RRBSRR et )o o SGnaoBheaiion of Sorins wEAT gt there i
nogippatitdifferendeds Gtlappidicayiha BikofatobPmacans. 30 The
far-ﬁé{zggD spectra are indistinguishable, denonstrating
t ha $9Ste®:i on of AAT into small spherical
par Hpglcee n. j Eahk in AAT
mol gcul eso}\?ﬁg%h %ﬁe%?? irigl}?tﬁ% Fég’@f %Eecgit’rlg?%’ 3?@‘&’#9’?&%91%-%
st aM{aterg AlliancaaPes Purhp/ant@@mplRP- HPLC Smal | spheri cal
par y o1 jssolved in 0.2M Tris-HCL at pH 8.0
and%%ﬁ%@g %sthfeverse-phase HPLC. When conpared to
a chbueation Vedime -@6ubf starting rAAT protein, there is

no nt difference in the appearance of the
chrgﬁélﬁ%lgpgﬁ%qce@aﬂ%@ system HPLC Col umm - Pheonenex
Jupi t er, Mobilt pha28 1: 642 1300 w450x4. 6 Mm  Waters

Al'li ance 5 Punp/ aut osanpl er Wavel ength - 280 nm
I'nj ecti OWZO%@P Bﬁ;égg’ G:e85% TFA an 09%dF/whacetrmitrile in water
CONRemtiidli gimidVobi | e phase 1: 0.1% TFA in water

Mobji | e phase 2: 0.085% TFA in 90% (c/v) acetonitrile
i n Hlavaate-RUAmlims - 60 min Flow rate -1.0 m/mn 15
DSC DSC di agrans were generated. See FIGS. 15-25b.
Exappte 17: Storage Stability of AAT Small Spheri cal
Particles Relative To That of AAT Starting Material

SmelP$C sipgsane wereganarited. eSee G, H2dbyzed for retention
of bioactivity (using the assay 20 described in

bﬁise% eeﬂctslﬁl;i]t[vﬁéfow %m%h §p%g1[1rc]:a& %‘ic%t erla?tiv% ) %I%t of AAT

or :
Starting Material

Small spherical particles were analyzed for retention of bioactivity (using the assay -
described in Example 15) after storage at room temperature and 4°C for 1 week, 1 month, 2
months, 3 months, 6 months, and 12 months. (FIGS. 14b and 14c.) The bulk material is
rAAT starting solution which has been dialyzed and then lyophilized. For each time point

and storage condition, there were duplicate samples which were each assayed in duplicate.

C. Small Spherit_:al Particles of Human Growth Hormone (hGH)

The present invention can also be used to prepare small spherical particles of hGH.

Example 18: Test Tube Batch Preparation (20-50mg scale) of Small Spherical Particles of

hGH

A solution buffered at pH 5.6 (S0mM ammonium acetate/SOmM ammoniumn
bicarbonate) containing 18% PEG 3350, with a final concentration of hGH in the solution of
1 mg/ml was mixed in a 50 ml conical tube and heated in a stationary water bath to 58°C.,
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nonths, 3 nonths, 6 nonths, and 12 nonths. (FIGS. 14b
and 14c.) The bulk material is rAAT starting solution
whi ch has been dialyzed and then |yophilized. For each
time point and storage condition, there were
dupl i cate sanpl es which weresgach assayed in
duplicate. C. Small Spherical Particles of Human
Growt h Hornmone (hGH) 25 The present i nvention can al so

Tllibeh(ﬁﬁaﬂsdl@edﬁh%@é ar Ies of , NGH.
anpl e 18: Test cﬁ]"lﬁ at C rep‘gdr]%ffs c')[h‘ en removed from

thg gl pathrandegpled $p ke nwecbath Patilt the balationf readh@:tl 16°@ 0 |Ilhte lcOdling rate
W & R B T el R 541 R ckeagte fogmed daing the

anmoni um | carpbonat e
coplipgmster oBmalh Bpmmarpaﬁiclﬁ@thrteﬂ td FRmSWhen the FerDferardQ c?]f the solution

m . coni cal tube and "heate
reﬂ,%e{rlﬂf F’Jy fgﬁ? ﬁ%@@l@s@e hGﬁ]PIOtFﬁbsnh@*mﬂlsmpmdes were

sepalatt:dhﬁomollaﬂl’E@ By @R&l8F tvkd BSBo & CR B hﬁgﬁscn-grg& Liype was
t he rer.mvdfrom the water bat c00 Bln an ice

bat %FO %V@élplag rr%urp%&@h eﬁ!erltb(:poo‘ﬂmg stapodridngprticlé ormation,
the\@BalSphbcat ﬁﬁﬂcl@ts ﬁﬁhllxﬂgxﬁalg%ggqnn@d lyophilized

spherical particle are

to ramaye wajep pad hqffm Imcaﬂezpa rsbpamdteﬂ:le :fmem efall @pHepioal pAiRIes from the
5 reached about 40C.

ol utio
PEt(Aff‘t%fetéle ?6?%%7 Rrotei, eakeywas  wepanded ig| methylene chloride
(Msﬁhbr PEGlis galutile dh B/SeOl@Wﬁlle BRPASBM Aehall rsgﬁéﬁc*aﬁpa&’ﬁg ere insoluble.

91?5\1?8 cido o rrelh&) whi ch are described bel o
FONAS TG Atopmy lemperae fr § apintree Foed ﬂlnglemtemf the hGH

smalhd ali 150l =
oA AL T 0 RIT) 2P0 46f), B o v
ne"le%Bh 0 pwerdhe liguid depsity t@é‘g@hta‘artdntbﬁighmn Anectone] evhidhOis miscible
B ATt sl ri.cal icle om
A B A A PUR LB D Sl
suspension, wpb thes oeantrifirgach éa@rpml ﬁ)f |5dmm1fu|m:eﬁ1£c)hmn R&pdrture. The
i ot eip.smal] spheric ‘

supeRlatiit Grab WdGdd Wy %‘Ie d 48, MgC. @2@47% again for 5

particles are 1nisolu

" minuigsrat tmpemmteef Ghlsawﬂhﬁhgt}ﬁ&edlﬁb %@réﬂ%@teé g4 {dfal %ff 3 cwashes.

smal.| erlcal partlcles is close to
Aﬁ%}gﬁi ﬁ(‘_‘ld“’“h ﬁ‘F*} resysperded il aswalleyalumees MeCIz and drled by

rotangemiefﬁﬁ&n,ﬂ@girf@/ﬁnea% gﬁvghér&@m?flgﬂ%ﬁﬁﬁ n‘P entcgll Ja?ticgﬁl:sl tate
%@?é'%léwm eguited] thaﬁaftetthsatodlmg tﬂaphnabfaar&bl@f&manon, the

| sma_ﬁh@h&'i'alg 91'3? Elésggllbi {’v%l S@BQI Brh Fnlo mmutes at 4°C to

centrifu

separateyileer Malimphen“ﬁhbparsﬂﬁwﬁma’m V@e sﬁi&e‘iﬁa@iﬂ Sds r%g%cﬁ Nehd the pellet

d C12 d d
W%%g%duﬁéndgcgs usdg@ﬁp& rp:ggfag{lé{;g 20 g:t%ﬁ ,zgc\);ggwggg qgwiumd @real to that of
tho waraceue ahat dds eyt Ahe S ifRRERY 0 bREIMD S AL RbH and

e.pell et was resuspen In a s

wash, ..
P“"‘f%‘ﬁa flsaaaﬁ% dvé@gb‘gﬁshu_ag Tbe wesh ifaponsiépt on ldee e Rg@spansion was
therf bHMifuB VBT BGZH I ical partjcles, The

zinc bgffer vvas]‘hl ng ?g@u%?}t ﬁé{’m&?g th: i@%lﬁ“ﬂ?}natant was
remeavedmndribic piac tbruﬁ’mewhsi:r repeatedhforta¥etal of 3 times. Following 3 times zinc
buffer wash, the pellet was washed 2 times in water and centrifuged at 3000 rpm for 5
minutes at 4°C to remove excess zine. Following the final water wash, the peliet was

resuspended in a small volume of water and flash frozen using liquid nitrogen. The frozen
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smal | spherical particles suspension was centrifuged

at 4000 rpmfor 10 mnutes at 4Cto separate the

smal | spherical particles fromPEG The supernat ant

was renoved, and the pellet was resuspended in cold

buf fer containing 50 mM zincsgacetate, in a volune

equal to that of 25 the supernatant that was renoved.

The Zn2+ ion reduced the squbiIity of the hGH and

peﬂléﬁ%%&g g@bﬁﬁ?éduéﬁ RO UL {%g leay Ivvas aln Eg%dwas q)ﬁ*ﬁl 6162[51 spherical

nice he susp

Pairtmlmdu ater at 3000 rpmfor 5 m nut es at 4C. The
supernat ant was renoved and the zinc buffer wash

WS e TerTy S —wataed =<
_Mr and centrlfuged at 3000 rpmfor 5 30 m nut es at

:ﬁ“ %ovcg. excess zinc. Following the final water
% HE® pB| prepargien Waés%se%edauwﬁarsfmmlauon weBtpofition as

Emph;rléalid chh Qﬁbmﬁﬂoﬁ&@ﬂ Qﬁ& 1@ itk § &Sﬂ for Q:gle-up

frozen -52- pellet was hen zed O rennpve
wat & Sojuligy;; We&df iah atH p@M@ﬂmM dn@rbrSua| hcesmhéﬁmmilammomum

bidafiohit) N R
i =3 g o aﬁigarlltgi(i%‘ggiﬁg scéﬁ?’g?%@‘bg 24 fl e];B-%% Jyas mixed in a jacketed
begksy by ayeans of ambvértbadsiniiellar, fydieal tcpse’p:anatelx@ﬂumeenﬂfeﬁﬁm was

coltSiRufing b Url O Al © R sarscpar S ot MO hgiae added to this

solgmn wbile stircing.s Thé EntPconferdRlibh bP BGRUEL RS
hGﬁ8 I’il g% cetate/l OM amoni um bi %tg?%%nngr%e?]ﬂyml The
‘t"FH ] Reratugs ip 2bis Fylutiardompesigion wilke vessel and

coﬂl&lﬁﬁdieterthél b&ﬂé@ﬁteﬁrat@@@g?gn%ﬁ%%% gerggt?eeo gépgi%g;ngtely 10°C.

ellar, and heated to e m X
Thg H gualb sphesichlepertielen @omedlmnug ald Beplin@tsép, DaHB - sul spherical

ed sol uti was added to this
parfiOBCSOULR 1 forRuidhnd Q‘H , P08 hasest, Gontisied 48t swpension was
com’fuﬂh&ﬂ leftes EHleWob iy M85, te MM pheribifpartiiitd B separated from PEG
ter sol ubl e at thlsaya)gg%erat e Int
n(‘ﬁ.lﬂi’e idescgifed a. and contents wer e

then cooled at a rate of 8C mnute to a tenperature of
Ex POxiRwedneiby of BeorityTd¥endieH smal | spherical particles

for,ﬁ{ed duri-ng the coolTng step. The small spherical 15

parHiecPoley ddfeerity ofo hGh: & rﬂphe‘m@, panticles heapevdenal at the

foll6 C oo fter
o t\ﬁigﬁ Ig{gg%fbrf% [%rggessc‘ (i? foffR Orni’ P95 Flgg Erecfl?:gg, Wér;@st solvent
TemEER} 47 ROt dlfjfm& nMEE@remgm@lﬁ dleﬁhemlbal fowgrited R HGH af}er fabrication

| d 20 Exanpl e, 20:_Ret ent
oS0 BRSBTS R, G it s SkrBsctuion

25"

Chrglphiteglaphgt (§ECY iR!e{nﬁ'Se Bﬁ@see(l@b Ut tﬁﬁtet giom%}@atfoﬁl z{nﬁvﬂteﬂﬁdanon

post “par mat 1 on

procﬁ)lg%g g@v&%(ﬁ{ﬁ&ﬁér%‘: Thai Qergmm] slgmﬁgm\amunuﬂattmssmf agglomerates

or othiey telged SUBSHEbES HERR] ity of the
hGH after fabricat |gotﬁ£ Sﬁlms&g ﬁ£Q1 ﬁﬁhcle %‘%1%5&“0% process.

a. Organic Solvent Wash

hGH Agglomeration by Size Exclusion: Increase in agglomeration over starting material

Stage of process % increase in % increase In
' dimer i
after particle formation 1.17 . ;pecles
after PEG extraction and drying 2.67 0.43




into small spherical particles was determ ned using
HPLC assays (Size Exclusion Chronmatography (SEC),
Reverse Phase (RP)) to quantitate aggl oneration and
degradation products. Results denonstrated that there
was no significant accunul afkopn of aggl onerates 25'
or other related substances during the snmall spherical
particle formulation process a. Organl c Sol vent Wash
h I ctease in
it SaTRAtt O R phfeet KRSt Prfoerediegcy o matera
% | rﬁiﬁ!@&f,yocms%l ncr &lein®edsa in eRHyE WS FlifcREse in laie

—&?.LJ_I,.CJ_LLQ,LIIBI_LQ'_D_LMEEB!M%r PEGdessinidact i jon e’k]ﬁdg species
angy parfigle forniiiom) 43 - H3- hG8.2Re| at ed Subsi@nces by 0

af raotippand divisg lease i429deqr adati orP-@8ver St arting

material Stage of process %increase in early %
b. i ncZimgdnffen Washncrease in late elutin species

h S after |cleformat|on022
Gﬁe%@%g !”%’bg"é gg‘?‘Pﬁ%‘h ‘ﬁ"aéﬁ&P fﬁﬂ?fatz@ grengartng paterial
Zi nc Bothdecof pibtess NGH AGQT OME%akdrédie WY S 4© CXCoGordath in
Lncrease jn agglonerati ¢n over diededrti ng rat er i @w species

ﬂﬂgﬁ\%@é'a&m}?h@bess % I ncr¢ase 1 n 088 Ncreasg 1n__ 0l mgr
exd@rt®s. af ter parti§¢le forrma2d on 0.88 0 aften PEG

Lafigilatidedisg > o5 0 affer [artd&le 2.51]0 5 hGHO
Rel at ed Substances by Reverse Phase: Increase in

hGH&sladeihPubstnonsdry Raverse Phge riatreaseah de@hd@gion @frer@fa@tﬁ%%ﬁat%al

Qb ncrease.in late
el ut?n is. aei es de% Begwy np sHdnorease iaf ¢ mipgreasedn late
s ? p ﬁf‘@@gpemqs* ok g ‘égE §e r\f f '\nﬂﬁluhrg SpQCleS
n [© 4 B | I L\ C7
R R Bt A TeT partigig—dryi-ng—o: 34}33;. 580l 37 ggg
| aﬁ&tﬁﬂﬁllearyd}g Partf i e—Sloé‘sg Brstrr-but U|'58UI SirpH 057
Spheri cal Partrcres of—hne-tharactertzattonr—of—the—

Ex@ﬁjp ? r}é IQ% |I§§t§:ilezging§sltﬁﬁt*ﬁﬁﬁ bf §mgl§ Sgt ﬁ]e%cgmaréiclgf oq"%dl-f al

Characterization of the particle size distribution of the small spherical particles was

16 determined by aerodynamic time-of-ﬂight measurements using a TSI Aerosizer (FIG. 26) and |

15

20

by scanning electron microscopy (FIG. 27)..

Example 22: Dissolution kinetics of hGH small spherical particles
Dissolution kinetics of hGH small spherical particles exposed fo two different

extraction procedures were compared.

hGH small spherical particles washed with organic solvent dissolved immediately in
aqueous media, similar to hGH starting material.

When hGH small spherical particles were washed with zine buffer, solubility was
reduced (FIG. 28). Dissolution of hGH small spherical particles was carried out in 10 mM
Tris, 154 mM NaCl, 0.05% Brij 35; pH 7.5, at 37°C. More complete release of the protein
has been achieved in other media in vitro. Dissolution kinetics demionstrated that
approximately 30% of the total hGH was released in the first 15 minutes, and approximately
50% was released in the first 24 hours. The protein release reached completion at 1 month.
The fact that small spherical particle dissolution proceeded in a two-phase manner may result

in some delayed release in vivo.
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10 determ ned by aerodynam c tinme-of-flight
measurenents using a TSI Aerosizer (FIG 26) and by
scanni ng el ectron mcroscopy (FIG 27).. Exanple 22:

Di ssol ution kinetics of hGH small spherical particles
Di ssol ution kinetics of hGH gpull spherical particles
exposed to two different extraction procedures were
conpared. 15 hGH snal| spherical particles washed with

DO 9@Pinfic § |34%Bﬁen%%a i medi ately in V\ﬁgﬁegg}i

nedr a, Sl rting material .

_)%nf}p?d 2% Btﬂ@nﬂatla:t Of Smhil Sbbéhcgﬂfﬁmmd'% zi nc I

=Xel Di t
U oG $ L st Somsae, [T 4 Pha 3350, 35mad “omoniim aebtate pil
9. msmM mohfnd SMaNAEE3m N sOH M Bhidrids 52611%' %1 émb HioRILC-

rotein een

| ete rel ease of the
ach.e%le ED% &uﬁevwm@dwmém §5. SBhelresullting skspeationx was flash
b Mgt 8B land WHATCIN ARG AR A S sptiorica

was rel'eased
Pagigkes yeranoraeds  50% was rel eased in the first 24 hours.

The protein rel ease reached conpletion at | nonth.
E. 'Iiljﬁasg@gaut gn&%c pherical particle dissolution
B procee e nase manner nay result in sone

3822?*.“%2% L "1 %8 GRS 50 ok T, 1525

- PEﬁ ﬁig/(ﬁtmlsmmzym 9@@&6@5&&3&9 oS MV e

anmoni um sul f at e, 63mM sodi Um

c hI S&B%G%W%?Wﬂrﬁl&ﬂ 8PS GiEeezst ausk opdienan wasflyephilized on
a Moﬂqﬁﬁﬂmb@ afl@ %&Edﬂe}?ﬂys@gﬁh%_? tﬁ¥ gé;rgll#ugbtgﬂxl ﬂf’]ﬁﬁ?ﬁ éc}one

was_f.| ash frozen in |iqul
on Ial repseniriions toieh ivere 8rlmghnh DiNase land mw PEG 3350. But after

¢ o se_Snal I rical
tryﬁtgrt{) :cgtglzorfgg(zq} foo(f ? d ot %ﬁl@q & picipi ’gn,grfq%leg Gimapstaf DNase was
addegto iget the abbv@bdamm%oﬁor 'ITiuh ablrufiﬁn Waéllwd)led it OBOAG BBezer and,

fr om 18. 2% PEG
OH%S%%Z%? Tr om P g@gg /éh Qagbgl lboF-P@ifygatlon with
MeChyaatont, 0 bditial Mbnceﬂiﬂ&tﬁ)nﬁ lﬂﬁd@le@&h @rllﬂﬁﬁnl D‘N%Ee,egld % @EG 3350 But

0C freeze once frozen, was |yophilize

a
aftg tP&"P%% 59"9@0 "Gt not seiting e ch;pltmsm@ebymount of DNase

-wag edieflith Webihe BV é&c&@ﬁ%@ﬁ@ﬁﬁ:@?ﬁﬁuﬁg@&a‘s 'c@!} d érbgyepégc freezer

Concentratlons tried were
andz 9ner frpgan, xys dyophiized phifhe mmfddl lybphitizes. 7 G’Vas(he@@yaﬁﬂmﬁlgatlon

Wltﬁme 1detdnd. ariRke ate, another anmount of DNase was
added to get?B %bgv)é concentrations. This solution

was cooled in t he -80C freezer and,
Activity (Assay for DNase-I using DNA-Methyl Green, purchased from Sigma).

The theoretical activity for the starting material is listed as 775Ku/mg protein, The
stock solution was determined to be 0.145mg/ml protein. This concentration was diluted into
5 ml for a final concentration of 0. 0199mg/m1 The activity should be 775 Ku/mg *
0.0199mg/ml =15.46 Kw/ml. |

AA640 per min of unknown X 40X dilution factor
AA640 per min of known

Kunitz units | ml of solution =

Kufml =—0.0004x 40x 1/~ 0.0011=14.55 Kufml
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once frozen, was |yophilized on the manifold

| yophilizer. Washed by centrifugation with

McCl2/ acetone. Initial concentrations tried were

0. 1ng/ mM DNase and 20% PEG 3350. But after trying to
cool from37C to OC and not _getting a precipitate,
anot her ampbunt of DNase 20 was added to get the above
concentrations. This solution was cooled in the -80C
freezer and, once frozen, was |yophilized on the

I ophi lizer. Washed by centrifugation wth
Cﬁ@j@fé?otge gcgf D

acetone.” (FIGS. 37, 38) Activity (Assay for

DNase-1 usi Net hy purchased from Si gna) .
The theoreté}%lp\lﬁl?flpw’ﬁi;ﬂ* rthqolff‘ém%lf“é@@%ﬁg%ﬁﬁﬂem al is

listed as 775Ku/ ng protein. The 25 stock solution was

determ ned to Wd.58.KulAByubHab Kayml€i0ny b3
concentration was diluted into 5 m for a final

F.conepnide Ditritastf SrRal D4R Phrticlie activity should be
Y. 0. 0199rrg/rﬁ 15 46 Ku/m Kuntz unlts/ m

f : s ofsnial oS o |
Kﬁfn%"l“ﬂ%%%fi&mﬂm %%&Wﬁﬂeé%m 2 wg%sg (frgm stock
319780y Stlimd| amiBarilin Spstede (o ekt i1 bd).e Eirtah @bY e=t 4@9,| adfusted with

Ki / /| 15. 4
ekl ok Ml oot T Wi lon i yoolegint gpc 158°€ over 50
mmtes (el %’ﬁhﬁ?ﬁmﬂﬂq}r&ﬁpﬁaﬂbﬁ [initiated @Roual %ral !Tﬁdahtgpmain was flash
SR e Gl 2 o ety s

by(cfeﬂtﬁmgaﬁmthmcﬁ;a&m e agyroni um acetate (from
sto ad ust ed wth ammoni um

hyd %s&lm éfoglrf&P"g‘r&e OP€ o oa%r 59 thimes €N SIC/m) nEred pteeipitating around
25PC OM AR GobO irP fig R %ﬁtl‘orég éﬂdqg%ﬁ%%%nﬁxﬁéelﬂ}s‘ id Fﬁﬁﬂﬂlzer Washed by

preCIpItatlonlnltlate aro S1on was
celﬁtrlﬁgnnmwﬁlzé/lerfﬁqumed Smalk sphenival amticley opehd furmed andithe majority

£ I ph| l'izer, and subsequently washed by
© nfe%gé?ll on w 15

centr with l\/bClZ/acet one. (FIGS. 39, 40).
Cool ed from 40C to OC over 50 minutes (-0.8C/ mn).
Q. S Paticles ound 25C. Flash froze in
I N LLPgen
Ex "dpll?ﬁl : Ltéq tﬁ)'g L, Szl mer Phase-Separation

g@ one. Small spheri cal partl cl es were forned
and fl orit of .acetqne was retained. G
Subf |°§§1 pesii:] aﬁSpﬁ@ ithe: Jmtipasysiegy arpy contain a non-polymer phase-

separation enhancing agent to induce phase separation of a protein during cooling. Subtilisin

small spherical particles can be formed according to the present invention using a mixture of

| propylene glycol and ethanol without the use of any polymers. Propylene glycol serves as a

freezing point depression agent and ethanol serves as the phase-separation enhancing agent in

this system. Propylene glycol also aids in the formation of a spherical shape of the small

 spherical particles.

A 20 mg/ml. subtilisin solution in 35% propylene glycol — 10% Formate - 0.02%
CaClz was prepared. The 35% propylene glycol - subtilisin solution was then brought to 67%

ethanol while mixing. The solution remained clear at room temperature. However, when

cooled to —20°C for one hour, a suspension of particles formed. After cenirifogation to

collect the particles and washing with 90% ethanol, Coulter Particle Size analysis was
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20 Exanple 26: Subtilisin Small Spherical Particles
usi ng Non-Pol ynmer. Phase Separation Enhancing Agents
The conti nuous phase of the initial systemnay contain
a non-pol ymer phase- separation enhanci ng agent to
~induce phase separation of asgrotein during cooling.
Subtilisin small spherical particles can be forned
according to the present invention using a mxture of

nd gt hanol out he us of
ERBEE R Bsclll CHanBGs B BB puh (AL g Y Coutter
resté’p messsstem vathediscrate ﬂarﬁblhﬁ]mhngsﬁ a:veﬁgaalahiaer of2 2 microns and 95 %
ase ara | On e n this system

agent
offp ByeSTec DB as 394 2GRt Hakmlereppogtovaluation confirmed
thsqahmmesalsh subftariiial %?ﬁéﬁcal Rl kca*sp, ’
8 (gt subtl I | sin so ion i ;?9%5% pr opy ealr%éelg;% tﬁg particles
wlter rggulipor, 30 Cadl 2 was prepared. The 35%
propyl ene glycol - subtilisin solution was then

o}:gﬁlaﬁ% H ricglnPamdes

renal ne ear a roomte u .
cool'd8 f%tentm@ffem@un@m tergonvespiemef whtibidin pasrd[utmhe@subtihsm

I t | t he {1
AR AN 1 i GALASE THSpBEELEA is o
aC‘aYim fpothe smlsl spmalmartfcdnﬁmde csimmftecﬂlhz,ssﬂbr@tg I Et:léhatr}?h wdi found in
e i cles e ul ter
g@ufctdgagg Q“%E? T 03 %PF ﬁleoﬁ"@@%le ea%ﬁke%/ e e Al ity af subtilisin
asmyeal ighe dihansltsabtiliin- ﬁrogylﬁih@gl?&ﬁ s@ﬁiﬂo@ BridPto %oﬁﬁke The actual total
a re_hetween 0.46 and 3.94 nicrons.
unfl byt 5%, 108, Sl in ovmelopterisnb pavichiss divided i dhes Howetionl it
expPrefyed adxt baﬁéryen%g@ efcbfe@éntso %’ié 'r& L G %%ﬁlﬁw %Eti\reﬁ{ aﬁ&epartlcle

articles confirmed t ul'ter resu
forgratiop, By| tb@loﬁlcEHtlyli!th?% m¢ \‘hetn;ctweﬂ tseitilizor aivitp ma.fretamed after

foralkRibh oIR8 §§Btﬁﬂin Laltd Pﬁén%gl ThesLetention of enzyme

activity after conversion B %%oti1isin in solution to
subt |I|S|n snall spherlcal particles was confirmed by
liékﬁ' Sphkeriggl PaMtiedest heor eti cal total units of

t  he.S I {
B “83.”3&’%%“%01“ BECH LIRSS RIAEIS" 705 | 10

t he The peesasit avant(cm‘ tar bsepplied it® thd prdpaution 0t Ldibdydrate small
of subtilisin assayed

splf%ﬁr%ll cl e f oarsn t he total né@c Sub 5 yed,
& SReration can be dpnced Betyiesre 81 PESG chesead 2 dextran
phqse idating the&@@lhﬁm thd Btert t Datdtedn®bPbarid l'ﬁ‘ﬁecg&yv IQ% e%‘&r can be used,

| | h | t
o0 G- Mool 4 and SO tgﬁep@%hégg@&ag&d &m 401 k6% PEG 300 vas
eqiiEtthed %.9'335"@ hﬁel{ file aQlcol l()glf, Qﬁy%:\%;t %.f %{a{pézies were

particle formation. i SO2E
hmvw&slrlm wesdingsthd mikiue vmﬂamthylmy cmaﬁder atebmed: Bfah& centdfgation.

b | h | |
s ot B8 spf o H1CF 48 hatl ofsfloal Biele? Brecy G b csmbobydrates
sucﬁcasrmamhnhjdioﬁathbb bbb Atrehafivs] laciomd) ahirntbl, Reftitol | Hfose, dextran

sulfate, ete. can be formulated into small spherical particles using this process.
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The present invention can be applied to the

preparati on of carbohydrate small spheri cal

particl es. Phase separation can be induced between a

PEG phase and a dextran 20 phase during the cooling

of the system Dextrans of yagiLous nol ecul ar wei ghts

can be used, e.g., 5K, 40K, 144K, and 500K. The

m xture of 5 ng/mM dextran 40 K in 30% PEG 300 was

L MiétdehoRliitbrtr PRafanrdciRl s sThettdi S48 cooled 1o 0C

and ['yophi by washi ng
Exapnpl mh QfeRmAdhmammam Pre:Fabt@hkednslin s)na@ngphemal

&84ty i fugation. As can be seen fromFIG 49, snall

sp rical particles were formed. O her carbohydrates

25 sich as269% gwok polyps sotyied dtﬁlm%aé BRparkd Siﬂ%isga‘émg 1600 mg of
a alcltaoscg, nni.t.ol &%é:ﬂbl t ol P yl ose, " dextran
ot & Actgrropslygolide, (P MM & @ﬁfﬁlﬂleﬂ%ﬁfﬁ@rﬁh&@ﬂe pziiOtﬂltsl seluhon was

adlded 00D i &F INEDBEHEI]
g atéirgl cated Smal lspg% hceaL Ecl,ljglhl‘ég gﬁ%y %< é"n%’ suspension

edh my yiggroys| nuxingnefibs uhedium ubing aﬁatln‘/istawrdﬁbmogemzer at 11k

R 20%
rpﬂnn %ﬁ??nlgigﬁ{d% ?Iﬁgg‘ ?{lgisi;?ﬁd of U; ngz% & u%ﬁ%s 030!.)[&9108 g/ E%]%y%blulose (24 ml)
sa Yeigh gte yzfina chbmzf .adhe @m@o?hmé nwlag tncﬁfﬂd% ,116Mpm using the
c p this uti_on
s ol P HF Bl Sameon e ol o] fthe medium t0
geﬁdrmﬂw)ﬁm'ﬂm@mﬂﬂg?@t@ﬁgﬁﬁgg%ﬁnﬁwsﬁ%g R aor%%tﬁ:o St at og eMilsion has
i um usi
mﬁ&%&%ﬁ Ofglr a&ﬁ? PRulsifsARonTYes %@ﬁmlq%u"@ué mgihates - Next, the emulsion
w@@ﬂﬁe&'&ﬁﬁr Rdnsfir@d %@W@e HbdifR %I:szﬁg H%" irﬁﬂnh Y058 ®D

S 24 %B saturated wt ene Chi
whi %?eﬁ%@aﬁlﬁﬁgﬁﬂﬁk‘g@ ram Iﬂ' He orgammlmgt Wﬁiﬁexh@cted over one

ectedtot

gra dually in
yoiligatinnengd e’fﬂsquwﬂah We'ﬁl‘ D’ﬁid Wﬁﬂhtedimﬁlfr?dn? sﬁIa;?_sﬁ'}da@thes were
i on has ratio o . e
lyogﬁﬁ?%% & ca%lvg nrEEiJe R oRT P uige f"ﬁ]\ﬁl"aﬁ“ ml?re@ryépsulmtmeln%had an

- aveeagelpmitivle siveSf AbODEID @h 6lih MERASS §thé ki O%oélh%o(nDlre)mg less than

har de nmedi um consi sted of 150 ni
90% %%P}eé St e (wied instdinva s stl rred at 400 rpm The

o OB A R AR S S el To00 mg o
250e P@Ehcm@sm gy edidp @ LG4 sV B&if)&n myleRe Eﬁgnﬁé’ Next a suspension

I d Was th water. The washed
of i;goc”tf‘%gﬁ %fl“e*&n R YN Solptips was prspared psiegia homogenizer. This
suspemsmnewdshﬂ @6 @8fer¥B RS O |1, At 9
éﬁlﬁncap:q?ﬁa?gd rpart [ cllﬂe&g&ng]gﬁgnlhqgvrg% gé)%ﬁ A4 & golution of
methyleellylese 73 fdrscrihsd i kixempleal® th’Q ratio tHe3)patThe sarme procedures as
Ex&i}ﬂéﬂ 24 10 | es and cont ed %
(W w) insul Fﬂb%d E’ i)ﬁ\éﬂj%t? pgﬂ‘%%%” tﬁr‘} (ﬂar‘%(cﬁ’ The

- micigepcapsulatsd ppricl fdzmledlhaé ah \ave’t@e]ﬁi}ﬁblﬂﬁiz@f)f 25 ﬁior%ng from 0.8

to 8ok Pl Batindf Bt ey %cleh&ﬁ”%w (v
desﬂtdrﬁmﬂe]@pbym Sy soRBoNasT RECPALRE: Wik "%ed to perfonn‘the

mlcroenca%etaauo%r pro;regls ?mder the same conditions described. This process resulted in

microencapsulated particles with an average particle size of about 12 pm with most the

particles less than 50 pm, and an insulin loading of 21.1% (w/w).
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suspensi on was used to generate the O Wenulsion in 12
m 0. 02% aqueous sol ution of nethylcellul ose as
described in Exanple 28 (WO ratio = 1:3). The sane
procedures as 25 Exanple 28 are followed to prepare
the final m croencapsul at ed_Pgi[ti cles. The

m croencapsul ated particles torned had an average
particle size of 25 m ranging from0.8 to 60 pm The

| nsqmtgom; Y PRelbil&se M croencapsul ated particles
was tively, a 10% (wv) solution of

t he The IDyWE‘D release (B&RY) dfdnginfiniibe Mcroencapsulated particles is achieved

by o 88 30 S P e BB CRERE o8l i .53 i 25, 0.9% Nac, pH 7.4
ln'ﬁ@aﬂmlsaioﬁﬂlr@@g 3 infd @fuivildolde B ey ﬁh%s il éﬁ* ﬁ %% 37°C. At

par

ut 12 pmw th nost the
dei}ﬁﬁlategﬁtan?a tervals 400 ggmem@e@m 19frensforyed intb 8-mibafi@dube and

R o Pl o FACRE e e plefiing b itoved and stored o

-st&emmmual Aoy, artdi tak f
Y il i Og%ééiplvcjgﬁglé%%rg}glﬁceﬁnﬁtﬂ §{)_F ?, i‘bﬂﬁa fﬁegh medium,

IS,
Whgﬁ}la% u§edip geconitale Iﬂilm@ﬁlkf songwith ﬂmlrmmngfsupematant (100 pL). The

| suspBSRRN trattcfbol BEM {0 L r}%euﬁ%@leq% Ug%’lt’i%% eils@}:@q@a}lu mis

designated tine I nterva
transferred into a mcrofuge tube and centrifuged for

Bx 9o Pro ena stﬁﬁﬁnmif)?retﬂalbnﬁdigflﬂ%ﬁﬁﬂ@haﬂss herical
Parki ﬁﬁ‘i@}&]@ t - 80C until analyze The taken
arﬁ@l@P LA lm L of the fresh nmedium -
i éfﬂ%@‘”mﬂuﬁm SR DIGAIIIA Q116 Blebfied 3 M llrkhloride (4
'S

maini n n nt (1001 L e pen
ml)f r ansailg}’ k%%lsgegcq&p at%) %hg Qéi@@w |%-901V1§nl%1iramd @LAMEW 19k)
AR Al
ey bancagan) o 180k >#§@%§ﬁ%ﬁd§gf 630:451,Q6P R QA8 rospectivey.

’.I‘hM croen@a sul ation O
SRR Pas Exanels 28k werGhliowad & propark/ihe ﬁnal Syistoemapsulated

jﬂ%ﬁ%@hwﬂgﬁs “ERePr 8 STl B ol gp S5 o o0

2050, 5FcPEigal NANB Stith, maxtof fielputalks piptﬂzﬁioﬁ stRuéy mMYYd k)
and poly L-PLA (PLLA, I\/W180k) at 40, 54 and 6% (0. 48,
. . The, same procedures
esEabricated dngulina$mall Spherical

. --.' : QEN, WAl
an)EG st Msﬁi PEGTEeBgt‘ﬁaﬂBﬁtﬁﬁmﬁ AJ&eDlscontmuous
Phaé@ croencapsul ated particles had a particle siz
0.8- 120 m averaging at 40 mw th nost of the

paut hatki gfoP ¢ 109, SUTSY bEGAL (M) 90 B »FXAIALE. 30:1 e,

va%@cedure For., M croencapsul at |

qusrpr% |in ol ersa¢hloridey tWsinges rdtor/sRit6 hdhbgenizer, 100 mg of
the %%ﬁ%f{aﬁg % e[ﬁQn: tg.lr? %gglﬁggo# § y%n Hoon, %ng gg@%@%&})}%‘%g gé;msted of
U solBBapld Ryl by 0.6R% @¥/yrmbthyREGlose MAd 35Y PBS RIRPRY Sehurated
mﬂmﬂeﬁﬁgfgﬁ% 'chfra? dChldﬁﬁ_gco&pnuousn&asae (ngé %{1:{;51{ g% ?Ek rpm using the same
homogenizer, and the described suspension was gradually injected to the medium to generate
the embryonic microencapsulated particles of the organic phase. This emulsion has an O/W
ratio of 1:3. The emulsification was continued for § minutes. Then, the emulsion was
immediately transferred into the hardening medium consisted of 150 ml DI-water, while the
medium was stirred at 400 rpm. The organic solvent was extracted over one hour under.

reduced pressure at 0.7 bar. The hardened microencapsulated particles were collected by
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eSO BEansy s ricpied In 3
DPaviiclds FePloGA NBR; apiicles
B &r e lyophili zgl tgb%?é?o\\%gg BRRSH CBlifhols f_""-‘s sing Phosphate

the I NSms were suspended in this solution at ilk rpm

The conti nuous phase consisted of aqueous sol ution

(12 M) of 0.02% (wv) nethylcellul ose and 25% PEG ( MW

8k) saturated 25 with methyl ene chloride. The

conti nuous phase was m xed atsgi.l K rpm usi ng the sane
honogeni zer, and the descri bed suspensi on was

gradually injected to the mediumto generate the
filaticry ot wadhed FRBNGARS UhAt icl f t.he organic e
phase. This errmljfﬁsi on’ hufé% vga‘rglh érr%tnlg%)-sglfmi:pgmc &vere lyophilized
fodPIPY thr E¥tesbWalgh sTheonicrasuegsilated panticiosibEtis ekRgple bal8n average

S Si ' at ransferred,into the
RO 400 iR, (HHRS hB 2 o gb L3S 8 maforiy obibe eppulasnibeing smaller
thath&) (38, e insutimesnicit bf e ribrodPidrdshits lg.l?)% &Gf%z.”i ¢

under r

sol vent was extracted over one hour ) duced
s bar. The ha[deEEd 1 croencapsul at ed
o 9 ) tl -

€&r oencapsul ated particles of this exanple had an
avepagfutidifbt i Ghi€sS) f ' from2 to, 90
m.wi th naj ori %’} %@qﬁgaggggg,@ PRGRHORY ERnpieaied i mgthylene
chiptjde, Usingee rotenititor bomdgenizerof00 heser i AONSERAGLSE SuspBitled in this
e 31, Procedure For

0 a
solifork 36 LK Hm, 21t B3 ey o o sess olsen bf 0.1% (/)

meghyfoeHilosd andPHr mMoplesphate YA utRt 3.5 X5 PYSS Eg‘f @gcr:r.}{@kiagslﬂfaﬁon was

m%ffnd Contj nuous Phase Usi ng ho%gcha‘te

PeilEposH UShe dhe dortinucys sotypo(ElS 30A25 The Poinupes phasd wasmixed at 11k
rpop e Rxidtol the BRLR j ing, a.rotor/stator .,

. hgrogeni zer . 100ﬂr§g§&§lf0htgﬁ ga{ahg%sm@flé WU LSRAHLPopsg was injected
nig fechambersy 2t myfmimto gankratephe efiheyonienhiorientspsulbes Garticles. The

: Lut i f 0.1% »
oo A SR el ) g i

2 oentipugwrifashign. Wb howeuing sietinti whs Wafed AW SpHE @tﬂé%ﬁ@a&jc solvent
ase

i t FIG 41A). Th ti
v, R P e T bt rocerd srsumcatornbis b ¢ AThe ardencd

was. m Xe

micedeavapsulatet] phiticles Werdicollbhied B SREASA dnd Q@.&Ed%&e%ﬁhe h&dvashed

. | t ha r at 2.7.m/mn to generate
mlcke%c?%%ﬁ]%%ﬁ W&%Eeé ees¥enhilized tqyemove thessxcashavates. pr oduced
emitgiindulivasncRE® Sulm nd..t.r ansferrged
54i ntﬁ g’e}ghe ' hargeni né;z%;% h i ﬁﬁﬁ%og%%%%%@ggw %rﬁpar@l‘ﬁaéPH 2.5,
' ﬁéﬁ @Lﬁﬁe fEnaied dbe d2i5 164 awd lﬁnﬂ resxmgtiﬁdlﬁ gmﬁagms of size
distEuitiea : r..one.hour under reduce
) pressure ygaitg&%?é%{lglgzrﬂ.%gﬂ%?ﬂé’?%@#éam TR SESE dh5ahed e d
partilcl es were collected by filtration and washed with
watl@ble Th8izgadiseibution of desutiapsadedt ﬂ@ﬁfﬂcﬂeﬁ&ﬂéﬁﬁﬁd_%arﬁcles

fab: {4 D t he excess water. 20 The'insuli
: ddﬁaaﬂt’dsrﬁ%?p?ﬁo \Aﬁ’flﬁ’ﬁfp}?ﬁs%r oencapsul ated particles

cont en e resu
S pre at.pH 2|5 Paiticle size (um)
PH of Continuous Phase | Rangs Average 95% Under §% Under
25 1,454 24 359 13
, .8
54 0.9-45 23 33.8 11.8
7.8 0.8-25 1 16.0 5.7
Method for in vitro release:

The in vitro release of insulin from the microencapsulated particles was achieved by
addition of 10 ml of the release buffer (10 mM Tris, 0.05% Brij 35, 0.9% NaCl, pH 7.4) into
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5.4 and 7.8 were estimated to be 12.5, 11.5 and 10. 9,
respectively. The results of size distribution

anal ysis of the m croencapsul ated particles are
summarized in Table 5. Table 5. Size distribution of
i nsulin | oaded- PLGA WICroengipsulated particles
fabricated at various pH of 'Tthe continuous phase.
Particle size mpH of Continuous Phase Range Average

0 500 Upnder 54 24 .9.1.8_5.4 o
o139 L O haidllocS P gavalepy o5 chuopylagy fgmidiny imopblghan 37C. At
defigatédntingé Enitervale1460.98; of THETVR nYddiafcl wha8 |tﬁﬁ§@nﬂf intd)$ HJE\)érBfuge tube

from.the m croencapsul ated particles was achi eved

and gentituged & 21mimet 13k rpme The ftem3@) plifof dhe &(ulb&namht'ﬁwasscmoved and

AR b 1 8l PSR, o e

: madmm;lwkﬁch WBC 28 @ fbcalstiBiféihe Phllet AR OB @ rdrhdiRing sxépematant (100

115 {négvals 400 gL of the I VR nediumwas transferre
B %Ismnéwa%éraﬂif%ed beak tciba eetrgspopading inrviteo releaseanedium.
13k nt was, I enpv.
TheR vﬁ@ ?elEa‘%Q gﬁ@@ r&uﬂ% of (A€ aﬁ(y@%{ %%a ons, Qrgr?h‘{’/%ﬁl . 44, and

and stored unt anal'yze
indjpgte @@ﬁl@@@@nt/\pﬁ'tptﬁ@)ﬂobﬂle tcortiduoas iphasen@dielvate kinetids of insulin
froBfe Bifndiatind €constitute the pallet along with the
remai ning supernatant (100 L). The suspension was
transferred back to the corresponding in vitro rel ease

Exemple 138 Piicedire For Muroeﬂaﬁsﬂﬁﬁloﬁlmrelﬁm&bitsd Blundah Serum Albumin

indicate"
phase

on Aedoaaam dm maill @fszs% (W l5|00rin fPE@ ('NPW ﬁl%fnsk?wa%&pared in
M croencapsul ation

Procedure E
mefsylent 2B G5 ke H ROITPLFR AR Moy AT logirains used o form a

susg&ﬁghlu cﬁggn %?Iﬁlf%&%gehmg%%r?e# aﬂ}g] PE@ %ﬁfﬁ}%ﬂe‘é (HS Ams),

usigg 3 rofgx/stpios bamegenizer atrblihyinendodhisouipkesiof vexs REG@d 2 ml of a 4%

| hI d d t :
PLER (8w \Ply 1801 iins I b080S R Bl Wemlm sniged ar 11
27Tkatrivu e progived ithes prigawit: qksep aThd ednﬁmuéﬁsﬁﬁmé mﬂs%teﬂsbﬂm @l 0.02%

' _aqurgﬁttés psregilognoqlv{&%ﬁ%ﬁo Isé %%Hnagp{d i pmyll_q_ng c@@lgldﬁqg Emylgification was

mmwamy Vigoroad MyHiegef &b coktikieus sk aﬂﬁﬁkff?ﬂf WoYA5: gradual injection
nized at_11- 27k rpmto produc hé or anl%r
%mﬂrw@seo nEermediam swassenelsified doredl ronutes then theaoulsion was

trar@ﬂk&%@ UstoSPBIOUn T-wter Emjb{ﬂsé ?@hé(ﬂﬁﬁe ARt 8leqned fn%cedures were

met hyl ene chl ori de. | cation was
performed at 4°C. The hardening medium was then transferred to room temperature and the

organic solvent was extracted over one hour under reduced pressure at -0.7 bar. The
hardened microencapsulated particles were collected by filiration and washed with water.
The washed microencapsulated pafﬁcles were lyophilized to remove the excess water. The
channeling effect of PEG on IVR of HSA from the above formulations is shown in FIG. 42.

Method for in vitro release: .
The in vitro release (IVR) of HSA from the encapsulated microencapsulated particles
is achieved by addition of 15 m} of the release buffer (20 mM HEPES, 0.01% Tween-80, 0.1

MNaCl, 1 mM CaCly, pH 7.4) into 15-ml polypropylene centrifnge tubes containing 2.5 mg



10

15

20

25

30

initiated by vigorous m xing of the continuous phase

at 11k rpm follow ng gradual injection 20 of the
organi ¢ phase. The nediumwas enulsified for 5

m nutes, then the enulsion was transferred into 150
nil Dl-water mxing at 400 rpgm Al the described
procedures were perfornmed at 4C. The hardeni ng nmedi um
was then transferred to roomterrperature and the

h
oL R BN £ ShEBT 1 SHE! Bl grpoedurs was descibed n
Emnpieo'ﬁncapsul ated particles were coll ected by
filtration and washed with water. 25 The washed

"meo%ntf,%%%.

Snﬁﬂ(}&t;a:;ﬂ;bhe above for mJI ations | S shovvn in FI G
g@tfe‘ﬂ& in vitro release: The in vitro rel ease
(| vp% AN sefetion@apa wrapiepnted by dlesdeipg 420k me of 2 50:50
p%ﬂdchdé‘—b@%lycé}iiie By, el@h?@%ﬁ@dﬂl' ﬁllat%@, ﬁg clﬁén@go i%: &E? -2 gng of pre-

el ease buffer (20 nmM HEPE ween
ededmn pilfate, spyall sphericsd patticles| (\I.ﬂDS)p;dnﬂmﬁng 50 mg of

[ t ui val ence ,of
encaésﬁ#gst%eéf% —%%HF :&%c Sg{&% pquﬁger}%"l@ﬁ'p}"? S‘? PRazgrieg- This
suspggslqrey@& Béeddto; ganeﬁgﬁagml @/;B]emu&mﬂ?l IE?. 81.0. l&‘)ﬁ : jéduls GBlution of
ed_Pre ed Leuprol i de/ Dextran
T AT ARG
Expuoply 28b wer! fullbwed todrépare m@ﬁnaﬂfrﬁ@n@é %Jﬁl/atéﬂ S0t Ng
g

1201)‘1).hrrg1 of ‘a 50:50 polylactide-co-glycolide (PLGA
35k} 0§ l‘ﬁ%etmw@hé‘:dcvﬂrfeﬁhrw w@ra&spmﬂg szt qfr26-um with most of

ey
£33

thelPBd1bG %b:ig? %)erééult %f P LF RN nqu ?rto n&';%{qegcga%%\ggtec& particles

particle cont al ni'ng
aredliestreted &dFiCh 48he descri bed pol yner sol ution, using a

honogeni zer. This suspension was used to generate the

ON 0. 02% aqueous solution of 10

mt%@%&@%scn bed in Exanple 28 (WO ratio

= 1T® in Vhe sdomse (TOREGH u@@mme il N &1&%&%&%@ particles is

m_cr oencapsul at ed

| a“%e"ﬁil ¥ idatidn B AR o E%f?iﬁg?f‘gb‘é@fﬁé@ o] Ié%ph%mh@tn buffer, 0.01%

Twaste3BIRIRAACIC l0c0494 2@af Pﬁ&ﬁ,
bel ow. 50 pm The resul tsp%? 43{%%4 w ﬁ%ﬁ%% nt[ fﬁ%e tubes
B %s%ﬂua‘fa&awp &f teneanselated lenprdlides incabaewﬂ it mcca Sampling

pméé%lme]&as dir%)ﬁi“lns%é((h ro rel ease: The in vitro

rel ease (IVR) ol'ide fromthe m croencapsul at ed
partl cI es |s _achi eved by addltl on of 15 m of the
il : 0f BAGraEysapsibiteit @rdBilfriented ORBdSbinant Human

Gro%ﬂ'&nﬁ&ea‘{f/g al gm%fl% NaNS pH 7.4) into 15-nl

u‘{ ubes containing 2.5 ng
g \xa%e(nde) mdlyreecwbsiont esl) wasipropired By disielvhimt ®4 gdif a PLGA-
PEé 1% me%ﬁﬂgne Oforide. Next 100 mg of prefabricated recombinant human growth

hormone small spherical particles (hGHms) was suspended in the described polymer solution,

using a homogenizer. The continuous phase consisted of agueous solution of 0.1% (w/v)
methyleellulose and 50 mM phosphate buffer at pH 7.0. Microencapsulation was performed
using the continuous setup (FIG. 41A) as described in Example 31. The average particle size

of these microencapsulated particles was 25 hum, ranging fiom 1 to 60 pm. The IVR profile

of hGH from the polymeric matrix is shown in FIG. 45.
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20 procedure was described in Exanple 28. Exanple 34.
Preparati on O PLGA- Encapsul ated Pre-Fabri cated
Reconbi nant Human Growth Hornone Snall Spheri cal
Particles A 10% (wv) polyner solution (4 m) was
prepared by dissolving 0.4 ¢ Qf_ a PLGA- PEG in

nmet hyl ene chl oride. Next 100 ng of prefabricated
reconbi nant human growh 25 horm)ne smal | spheri cal

partMgdhgéf hq/—l;crrg)relwas suspended 'in the described

pol WMQ a honogeni zer. The conti nuous

phasEhechVfs b8 h6H fifmatie euserkpdulatdpaficls: é%cfﬁ%é@ described

rret h%Jggel | ul ose and 50 mM phosphatgpbuffer at pH 7 OeScrl od in
capsul ation was performed using the contlnuous

setup (FIG 41A) as described in Exanple 31. The
Eawe Bt Itsdriniekion Sfifiea@y O MRS cAbHEASIRE PRSHIREA] Tnsulin Small
g articles was 25 pm ranging from 0 pm . e
—%&%‘i@%@ of hGH fromthe polymeric matrix is shown

| N AloGassds thel offi€ of Ml iR%oehOdp ?lghdﬁﬂ p]glro?es.[s Bh S8 egnty or%eencapsulated

of hGH from the m croencapsu cles

preréabvigqied) inpylin stel %&b@m&h parEirlasyphe paBmekx anmi-c&m?@sulated partmles

gL i 0 t ed
coBhRfh034: MhCled SUSHE Mok, o G OPNSEPE WL ol extraction
mefbal sA We@e(éfsafmiﬂe obifhe hepsilgeONBaPEeHe diid g@ﬁdeﬂrﬁ afRbAerfdthloride
ri .ene ted, pre-fabricated insulin

e f
anfl %E{ 1815%%? %lgﬁo q: p pmeric @.ﬁ[glxp di oy:ﬁeggqt dhe protein, a 0.01 N HCI was
addedcamdethe aws phadee @v&@ﬁﬁkéﬂ' BScreAO M 8mbisRA. (fien, the two phases were

?fgéﬁrl cated ] NSnms were def ornuaated using
Se&mﬁ ¢ AgHsGRY Bhasg twascemered pnst tefgshed wih @tvesﬁng‘asqbktmn and the

 ex@ictioh PreRsAREpLAL, | Mt%ﬁf 8§ gx%pe‘?:ﬁ'?&gd u.lms tg%’a?/ ggﬁ%ﬂmed by

chloride 10 and gently m x I'SSO
sizggxglpsion chsomatography (SEE).pThis eiethodaddrifids é‘:ttdnﬂ of\sEhomer, dimer and

_ h‘%%‘?g?‘gﬁ%%%g &W&?&ess I‘}f@g dn mﬁ)ée?(gaétgcb%r g%lgcf&%r}]afq?gate controls

weggjued s icﬁmar;?ethnﬂﬁfccmfahe defonsinlaesn BoRRs owithd iddpe: aTh S. The
) t, i on process. was repeat e e
resﬁﬂ{éﬁ %"%&9 M%ﬂtgﬁé g S8 PR WW%& erm ned by
S| zEhexntapsulard CINSHBRaHN Yo L SEChg odh) o]inlaﬁsd of the protein,

&ntlfl s extend of nononer, diner an
RFBnE opdhe GRadiions ep pgntenieef e nucroen@psulnuon@rmw, mt:tmipanson

w11ﬂf99|19% m&&ﬁﬁé%%ht@ﬁ&?%:ﬁr[ aP IN; S’iﬁ% Qfég suld %4)11 g,‘rc])n%en’y of the dimer

the effect of the de ation OCES
specigt Enthe excapsulatedSINSPherangedsiedn $.04%cna QQW@deogipb.ﬁsdhaﬁth 0.85% in

theigREL ISmh  TRR BT Rl ok RotrR el ousops mariram 4102% to

0. Oﬁ%evqmmtﬂem% in depeiphia gNSis! e Govutts bieOfinAaihed GRERESS. The

S P 128 Aeoag 4y, N cOMPAri son

effecft of po‘iymenc matnx i

Table 6. Effect of the microencapsulation process on integrity of encapsulated pre—
fabricated insulin small spherical particles.

Monomer (%) Dimer (%) HMW (%)

Unencapsulated INSms 98.13 ‘ 0.85 0.02

| Encapsulated INSms 97.5-98.94 1.04-1.98 0.02 - 0.06
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20 wth 99.13% nononer content in the original |NSrs
(unencapsul ated). Content of the dinmer species in the
encapsul ated I NSns ranged from 1.04%to 1.99%in
conparison with 0.85%in the original |INSnms. The HWV
content of the encapsulated_&?@ns ranged from0.02%to
0. 06% versus 0.02%in the original INSms. The results
are summari zed in Table 6. The effect of polynmeric

Ex g 0. 41 0 Releage ARSI VIO EQCROADAII € 2%aM:
Sphdricaleapclud at ed pre- fabricated insulin small
sphfﬂr:i cal egarti %I_es., Mononer % Di mer % HMW % )
Unett IPCuFeigass of Nisuiin gitom sthe rpisragnespsulsipd pptigleat afdpre-fabricated
inshiNOE® a1 épieridal- pafli i - i

I n Vivg__eFéagéﬁ?Eggﬁ?#%E%%#%ﬁﬁéS%g%g%ggﬁkgﬁéggghg féémmmﬂs
received pa fpitialambentanesed dase S/ keSpittbe nuarcaRalutedair eacdpsulated pre-

bYikeMQq & f_ i li.n.fro mi cr.oencapsul:at ed .
fa paér%t.8 ¢ ci_es. §§Pﬁ 6‘?%8%1‘% %'511 ralﬂil:cg ég% ]t‘&%s‘dﬁ Hseg:i%%%egﬂﬂgﬁfecrﬁf’ombmJ‘_
huipan irisglire §rhivdS) serone davielyah diek GolleSRd agupletda®he YestfiDire illustrated in
FIch 3gS - The animals 5 received an initial subcutaneous

dosé of 1 N kg of the unencapsul ated or encapsul at ed

pre fabricated insulin small spherical particles.

ELI WAn_iMaSpeﬁﬁid ditbodidtentsnhaee tb&nf aaRffbdasdd JdesHdBd, numerous

iasul.in (rhiNS). serum | evels in the call ected sanples.

MOHHEA IS fPPE 19 Péf“‘f PrtgQut dgparting frompthesspinBol thpinvention and the scope

of FEPREtidH 18 oBIFRRIANVI e RBYEo ohdrbiRi and
}ﬁescribed, numer ous 10§nﬁ§?§?%%%#b S %%%gmfo m nd
wi t hout departing fromthe spirit of the invention and
the scope of protection is only limted by the scope
of the acconpanying clainms. -64- CLAIMS What is
claimed is: 1. A nmethod for preparing small spherica
particles of an active agent conprising: providing a
solution in a single |iquid phase and conprising the
active agent, a phase separation enhancing agent and
a first solvent; and inducing a phase change at a
controlled rate in the solution to cause a
liquid-solid phase separation of the active agent to
forma solid phase and a |iquid phase, the solid. phase
conprising solid small spherical particles of the
active agent and the |iquid phase conprising the
phase separation enhanci ng agent and the sol vent, the
smal | spherical particles being




substantially spherical. 2. The nethod of claim1,
wherein the inducing step includes a step sel ected
fromthe group consisting o adjusting the tenperature
of the solution, adjusting the concentration of the
active agent, adjusting the_&ppcentration of the phase
separati on enhanci ng agent, "adjusting the ionic
strength of the solution, adjusting the pH, and

R hwsting the osnolality of the solution. 3. The
nethod of claim1 wherein the phase change is induced

Whyt iecleirrdge of the concentration of the active agent.

14. The e Pod of claim1l wherein the phase change is

‘i nddtB8 8@ of PraparRstaall spherical paticlen ofanjastiveprgentromprisios:

Seppi ﬁt@%ae %;%m%@ggﬁgujd hast 84 esﬁl&;i’sﬁnﬁhe%ﬂe@gém, a phase

V\he[ elrn 1 on phase trans

sepasqtinarenhapeing agertiapd a first splpentandr e and a second
te § R hj gct i t.he solution.to. .
o PR 00 obdie 3t 8 RofirorB I Sh ofehifon Rk a adid-sotia
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f t.%sgl ution. 6. The method of claimb5, wherein the
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2. S0l Uhé @Rthod-of EiEmNE AP theGhaiciA %@fuﬁ?@a%ﬁg sSEGON fom the
| pol nt o t

tenperature is bel ow the freezin
Bray) qonsiging of: adiystingrghenionperhtued eff the Solutivie réjustinghtbe sompntration of

' ' ..9. Th hod, of.
56l il DEHSLAE, 18 iy, Ful S o
adjubtingt th@iodie/ stiengthef theosohition adpBGAgtHeYIIE .and 68justi) thd BEmolality of

of claim8 wherein the controlled rate
théc}%h%r%lg'ses fromabout 0.2C/ m nute to about 30C/ m nut e.

3. 11. ThtencttRidhsiticlain ¢! whereih, thipRER| dhahdtCisSih8Rbell by a change of the
rovidi ng the solution conprises: I ssol ving the
coppenicaiion of the 2etivspg8Ahanci ng agent in the first sol vent

4.10 frRd Metholl oft &4k 1 -@ﬁ@eihotﬁtg?h&g cth%%ea]%:]lg&%&ﬁﬁggg g#]&ge of the

the m xture to formthe s I on.

cogoerfration of the phessseprsatismieshanginglagenst ep of di ssol vi ng t he
5. act ipe. ol y I gt .yepnt or, a secqgnd , sol vent

i R EBRTG R I et e sPRET Bl lpally SSRGS, o i
tenpiveature ainil \aescagh tent@rdtive ant Xhe!sRp of subjecting the solution to a phase
change is by cooling the solution from the first temperature to the second temperature
‘wherein the first temperature is above the phase transition temperature of the solution and the
second tempetature is below the phase transition temperature of the solution.
0. The method of claim 5, wherein the second temperature is above the freezing point of
‘the solution.
7. The method of claim 5, wherein the second temperature is below the freezing point of
the solution.
8. The method of claim 5, wherein the step of cooliﬁg is at a controlled rate.
9. The method of claim 8, wherein a controlled rate comprises from about 0.2°C/minute
fo about 50°C/minute.




13. The nmethod of claim®6, wherein the solution
further conprises a freezing point depression agent
to lower the freezing point of the solution. 14. The
met hod of claim 13, wherein the freezing point
depression agent is selecteg6§[on1 t he group of

pol yet hyl ene gl ycol and propyl ene glycol. 15. The
net hod of claim 1, wherein the phase-separation .
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‘ dcﬁﬁh&jﬁ%@eﬁth@loﬁe@ﬂie'ﬂé’ei’m oﬁf‘@ﬁ‘ tﬁé‘%l herical

partjcles, to provide contro ease to the small

J4gphdhs pg B&fﬁ &3, wheyein ghedfidezing eomdmeasxonrageﬁt it bedected from

theSoIdg o t h bi ol ogi cal tissues.

19. IJTE@BB%{H% g@% énﬁk?o%gleh\%‘\ﬁ@?(gl n the excipient is
155e| &bt mgthpd @ﬁ\clahe lgwbonsircthe phastisagratioh: enhaiche ydneis @8 aqueous

solﬁﬁg?pgﬁg%‘%%g{lgh m no acids, lipids, fatty acids,

sur rrg ycerldes bile acids or their

16 s aI The méthod yf eleindl, esticesis thephese Ropay i enhaRing Hpent 8L from

Ia| mlg&v\gtel ein the catlon i.s sel ected from gr oup
Cgro hersEr Ry B n me%zli- ahedpolymerg,s catbohydrafe-basedn pelymers,

- polgiliphbiid atctl |
PO- Qa?lithk i Thserwnlg?%) Q”g I;ﬁ;}l}%&ygc h§ﬁ§ ?Siggﬁnﬁracidtsspolyammo
acifly cosgoiicar and Heak Pgolsmers ter-bolspbas pohbﬂlelrsarmtwllbsoccunng
polPiers,| RlyitRAIOfur Bictafifs a-g&lke“ d\;BPa%par Eg’l]hcgrg yIB?'S, polyaldehydes,

arvesting the sma
starghash| yehstithied pstrrches) eﬁolththﬁema | gilygpol, dpmﬁnyl@yﬁbh@oﬁe, bplloloxamers,
ich the active agent is not soluble
eﬂla?rﬁl"ﬁﬁét&{ll qui gsq{ggﬂﬁ*n and the phase separ ation
17. enhﬂmnet@mhgeﬂmmu 1s wheteitbthe PERA dithylsteds 1 mg%@) 24..
]Th met h do% a|m3 .Wherein heste I'ng is
e Ipf ?4 g e éﬁn wherein the small spherical parucles further comprises an

exclplcnt to enhance the stability of the small spherical particies, to provide controlled release

to the small spherical particles, or to enhance permeation of the small spherical particles
through biological tissues.

19.  The method of claim 18, wherein the excipient is selected from the group consisting
of: carbohydrates, cations, anions, amino acids, lipids, fatty acids, surfactants, tliglycerides,
bile acids or their salts, fatty acid esters, and polymers,

20.  The method of claim 19, wherein the cation is selected from group consisting of Zn®"
Mg*, and Ca*"



centrifugation. 25. The nmethod of claim23, wherein
the liquid nmediumis aqueous or organic. 26. The

nmet hod of claim 23, wherein the liquid nediumis a
supercritical fluid or a mxture of a supercritica
fluid and a supercritical fly.d m scible solvent. 27.
The nethod of claim 25, wheréin the organic liquid
nediun1is selected fromthe group consisting of:
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d of claim 23
rrE'ﬁ‘F wethod qf glai %3 Svherein the liquidanedsumn d @ﬁchqucom lonprganie,
26Whe‘l"ﬁé MRl X el 98t wﬁ nﬁztgshci) g nrf‘e L 65 rsgf%rg%t?c%l fluid or a

snal spherical partic rovi
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27.Per FRAL g{bdoéf (Elpjgl iﬁg‘gﬁ r?ﬁ%%w ﬁr § {lﬁrl}:ﬁ AS séigcted from the

bi ol 0gi C tissues

gronh e:nnslstmgl“af mxthylehe ollotide, 2Blopsibaal fceRMtlaRe cfiyRbRate, ethanol, and
onS| sting of. car bohydrat es, cations, anions, am no

“Us, lipids, fatty acids, surfactants
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esters, .and rrers - The et hod of claim
1e sr?‘fbﬁ]étyé’gfhe@ﬁtl‘fesﬁggl@tllééleédll#dmndlgmloup consi sting

29,0 TRethh Bﬁelaﬁ{‘fjﬂ %Cﬁ:ﬁl‘ll e agg-ﬁﬁo tﬂF %Ig@h%‘.rc{)? tﬁe active agent

wherein excipient I's ¢ ate>or s Sa
mth%hmednwﬂlmmmmsawmmme poI yner is

B0 R R85 B 20w FScalOn i Sl o e S srusising of
Znn;l e, My aht™!, N0, anE[IM{,,ﬁEt hod of claim39, wherein

B Tt BTN M R
32. (N-THR Bigthod -dTYSHiR) B OWRorein @ %tdpObe ARG 1 liquid medium is by
lyophilization, drying or evaporation.
33.  The method of claim 23, wherein the liquid medium further comprises an excipient,
34.  The method of claim 33, wherein the excipient enhances the stab111ty of the small
spherical particles, to provide controlled release to the small spherical particles, to enhance
permeation of the small spherical particles through biological tissues.
35.  The method of claim 34, wherein the excipient is selected from the group consisting
of: carbohydrates, cations, anions, amino acids, lipids, fatty acids, surfactants, triglycerides,
bile acids or their salts, fatty acid esters, and polymers.



pyrrolidone), 1,3-dinethyl-2-imdazolidi none (DW),
di net hyl sul f oxi de, di net hyl acetam de, acetic acid,
| actic acid, nethanol, ethanol, isopropanol,

3- pentanol, n-propanol, benzyl alcohol, glycerol,
pol yet hyl ene gl ycol (PEG) PEG 4, PEG 8, PEG 9,

PEG 12, PEG 14, PEG 16, PEG 120, PEG 75, PEG 150,
poI yet hyl ene glycol esters, PEG 4 dilaurate, PEG 20
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chfi*‘&%ﬁ 0.0 A Clabe 23 HhE0n oA Aot eletied Gpyebup consising of 27
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Barorylencghinol disaprylateiiicapeate, mrdwlmc glyasldamate and glycofirol
t fi@Rirgl
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anathsgacthed af claimrlo M@eregi the agtiveregent is a pharmaceutxcally active agent.
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43. dle S pcatscal of clakhiR-vBgemi S BN GnPR 2 EBLAELS
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45| LSRRG iy 38 G i slEebie i s s o
a pegtediuf the blood clotting cascade, Factor VI, Factor VIII, Factor IX, subtilisin,
ovalbumin, alpha-1-antitrypsin, DNAse, superoxide dismutase, lysozyme, ribonuclease,
hyaluronidase, collagenase, growth hormone, erythropoetin, insulin-like growth factors or
their analogs, interferons, glatiramer, granulocyte-macrophage colony-stimulating factor,
granulocyte  colony-stimulating factor, antibodies, monoclonal antibodies, polyclonal



consi sting of injectable, inhalable, parenteral,
topical, oral, rectal, nasal, pulnonary, vagi nal
buccal , sublingual, transdermal, transnucosal, otic,
ocul ar, intraocular and ophthalmc. 48. The nethod of
claim47, wherein the method of delivery is by
pul nonary delivery. 49. The- f®t hod of ciaim 48,
mhereln t he partlcles are suitable for deposition in
central peripheral area of the lung of the
an’g eéc frab siﬁgmm agy anmlmdxmABEGMepmmme glycosylated or
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470 OThefethdd P WHim 2480 whBeirDthe m%df@‘d%ﬁ%r? is &J[lé’étéﬁ fom e group
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CORSPSBW yﬂbghbbop@br@mal, I@x@morﬁaecfﬁhmam%,t fhibdomdry, vaginal,
budehBEwBlih nt.4s. fromabo 19%.
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48.net Hegmethod oﬁnlmz}? merem the tﬂet—:hod of Hslbvengie by puﬁnéﬂagmehvery

ab 10%b ht of the_partic|e,
49.300the o4 & GAG1 the pRIBP(Es fre Shitablicior gepostion in fhg central
orlmpphéraltameaxrftmmgefthbh «@0% by wei ght of the

par icle The . hod of claiml wherein the small
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50.¢ ph %IB%tP (ﬁ%ﬁl "Y‘i’é’(ﬁ@ the patticlsqavsidelivered by pidbvies sircted from
the pPbup Ehssi Bk P dryofovideAinihies amr&i aqsa hafler 5y ngbame{

distribution conprises thé ra Vol unme
Shof Thfemsthod fcrletmi46, avhstein rtbe 9mwcles sphakelicatd as a sta'bie liquid
Sus g@{sfohcl es to the volune diameter of the 10 h

percentl le is less than or equal to about 5. -69- 60.

2. Thelheandtbat! effclajinal, mhéreihige pamd&hﬁv& rabdtan$igine teGaine particle size.

T T

aboufoahpmqbaw@tag@ ;m the met hod conprising the steps
di ss Ivi ng the active agent and a phase-separation
enﬁla’ﬁc:ql gl@milrll Fhergiputbo particles havpu@o weeragespartitle size of from

aboﬁtqj Slﬁﬁittotaﬂmft%%l? solution of a single continuous
phase, and

55."  The method of claim 1, wherein the active agent is from about 0.1% to about 100% by
weight of the particle.

56.  The method of claim 1, wherein the active agent is from about 75% to about 100% by
weight of the particle.

57.  The method of claim 1, wherein the active agent is equal to or greater than 90% by
weight of the particle.

58, The method of claim 1 wherein the small spherical particles have a narrow size
distribution.

59.  The method of claim 58 wherein the narrow size distribution comprises the ratio of a
volume diameter of the 9o percentile of the small spherical particies to the volume diameter -
of the 10™ percentile is less than or equal to about 5.



i nduci ng a phase change whereby the active agent
undergoes a |liquid-solid phase separation to forma
solid phase conprising a solid, small spherica
particle of the active agent and a liquid phase of
t he phase-separati on enhangF@g agent. 62. The net hod
of claim®6l, wherein the solution has a phase
transition tenperature, .a first tenperature and a

60, S€ Mre, qand the s of. subjecting the .
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combﬂkiﬁgvtuersaeggbgse transition tenperature. 63. The nethod
, wherein the controlled rate is from about
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6. {oTre BB ot SR 6 bnbecl B B Spl ebercal g ctog e densiy
great@zthan 0.72 g/citie particles of claim64 wherein the snall
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68.  The particles of claim 64 wherein the solid, small spherical particles are substantially

NON-POIoUs.

69.  The particles of claim 64 wherein the solid, small spherical particles further comprise
an excipient to enhance the stability of the solid, smali spherical particles, to provide
controlled release of the solid, small spherical particle, or to enhance permeation of the solid,
small spherical particles through biological tissues.



axes each having a length and the ratio of the | engths
of the two axes is less than or equal to about 1.5.
73. The particles of claim®64 wherein the smal
spherical particles have an average size from about
0.01 gmto about 200 pm 74.,.The particles of claim64
wherein the small spherical particles have an average
si ze fron1about fron1about 0.1 pmto about 10 m 75.
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particles have a geonetric




standard deviation of less than 2.5. 87. The nethod of
cl aim 86, wherein the geonetric standard deviation is
less than 72 1.8, and a ratio of a volune di aneter of
the 90th percentile of the particles to a vol une

di anmeter of the 10th percentile of the particles is
less than 3. 88. A nethod féF preparing solid, snal
spherical particles of active agent conprising:

-provi ding an aqueous solution in a single liquid phase
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conprises a freezing point depressing agent. 93. The

od of clajm 88, wherein the cooling the aqueous
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t enper ature above the freezing point of the solution.

94. The nmethod of claim 92, wherein the freezing point

Bde fhe msthed of glaim 1¢ whpreirsesercqndgy ebhydrsiog ogtheeRlive agent from
“the starting solution into the particles is at least 90%.

84. The method of claim 1, wherein the active agent released from the particles
retains the bioactivity of the active agent in the starting solution, as determined by

- speciﬁq activity.
85.. The method of claim 1, wherein the active agent released from the particles
‘retains the structural integrity of the active agent in the starting solution, as

determined by circular dichroism spectroscopy.

86. The method of claim 1, wherein the small spherical particles have a geometric
standard deviation of less than 2.5. “

87. The method of claim 86, wherein the geometric standard deviation is less than




72

1.8, and a ratio of a volume diameter of the 90 percentile of the particles to a volume

_ diameter of the 10™ percentile of the particles is less than 3.

88. A method for preparing solid, small spherical particles of active agent

comprising: providing an aqueous solution in a single liquid phase and comprising the
‘active agent and a phase separation enhancing agent; cooling the aqueous solution;
- thereby forming a suspension comprising solid, small spherical particles of active
agent suspended in a liquid phase comprising the phase separation enhancing agent

and water, the solid, small spherical partfcles being substantially spherical.

89. The method of claim 88, wherein the cooling the aqueous solution is carried out

at a constant or linear rate, a non-linear rate, an intermittent rate, or a programmed

rate.

90. The method of claim 88, wherein the cobling the aqueous solution is carried out

“at a rate greater than 0.2°C/minute.

91. The method of claim 88 wherein the cooling the aqueous solution involves

cooling the solution to a temperature below the phase transition temperature of the

active agent.

92. The methed of claim 88, wherein the aqueous solution further comprises a

freezing point depressing agent.

93. The method of claim 88, wherein the cooling the aqueous solution includes

cooling the solution to a temperature above the freezing point of the solution.

94. The method of claim 92, wherein the ﬁeezfng point depressing agent comprises

polyethylene glycol.




