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METHODS FOR FABRI CATI ON, USES AND COWPCOSI TI ONS OF

SMALL SPHERI CAL PARTI CLES PREPARED BY CONTROLLED PHASE
WORRARATFUSON CROSS- REFERENCE TO RELATED APPLI CAPCONS2004/023182

This application clains priority to U S. Provisional

Application Serial No. 60/488,712 filed July 18, 2003,

which is incorporated herein in its entirety by

reference and made a part hereof. FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT: Not Applicabl e. BACKGROUND OF

THE | NVENTI ON: Techni cal Field The present invention

r METd30DS FOR FA BRIGATION OUSES ANDsCOMBOSITIONS

LU L B

aqueous-m sci bl e sol vent contai ning a dissol ved

phase- separati on enhanci ng agent (PSEA) to forma

solution in a single |iquid phase. The solution is
CROS%REFERESEE YO REBA TEDUARPISIIA T Ophase separ ati on

having the active agent corrgrl sing the solid phase and
t héhipgpplieatignsiiime mnontyﬁpﬂ i Rrgvmhmal Agpimatlpm Sexal Nche0/488,712

fled 1 D0 LR S TR R kP mg P oY EfpteBen md pace o par
heres®!l uti on to bel ow the phase transition tenperature of
the system The method is nost suitable for formng

snal | herica articles of therapeutic agents which
FEDERALSY SEONAS D SEAREHAR LY GBI e
th gent. The method is also nobst suitable
%?R?ﬁr?%aglegol id, small spherical particles of
macr onol ecul es, parti cul arly macronol ecul es which are
BAC}I@(&RO[E\HDIC&?,THE(IN\@\IW:@ ns. Background Art Several
Tec t echpi gues have been used in the past for the
& ure of biopolynmer nano- and mcroparticles.
COTFM@ Hreenalint @HBAT AURS kHGhidlsds B‘Taé/rogﬁéﬁoﬁg r[é‘é}ﬂods of use, and
mlling for particle formation and can be use
commnsmme of pmaﬂl sch@g:abparﬁclns of alll estive) agesi. zin, acchdanch ®ith the method
of ut thg ' acti c? Al D23 007 80 1
pifRbeiob g i 5? S Pofsitvag BhianivsRin oF sHBtgRiAghle solvent

contdlnifigna diseuiEd HRLJEORBaral&ienhdic a0 em0 TRSEX R %‘mW'at §blut10n in a
zinc in order to create an armr(ghous conpl ex, ch

single digMidphasen The golutipn iy then subipeted oy hgundcﬁp,’grl@hgmseparatlon having
the agr op%{%?lt g r1§1 glte?sg)'hg @F%eg%%letﬂs 'ﬁgﬁg]gr%’ soh(?entt rcgr%f)relsmg The liquid
phase. The 11qu1d—sohd phase separation can be induced in numerous ways, such as changing
the temperature of the solution to below the phase transition temperature of the system. The
method is most suitable for forming small spherical particles of therapeutic agents which can
be delivered to a subject in need of the therapeutic agent. The method is also most suitable
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 pm or less in size.
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all owed to evaporate at a tenperature o - 80C and the

resultant material is freeze-dried. Mcroparticles,
wOonR@so3peer es, and mcrocapsul es are solid or PCT/US2004/023182

sem -solid particles having 2 di aneter of |ess than

one mllinmeter, nore preferabl'y | ess than 100 mi crons

and nost preferably less than 10 m crons, which can be

formed of a variety of materials, including proteins,

sybthdat. NpdL6pH19,angd dl. § ket ARars, @sS M8nttsaribeithe atddocison of a solid

o eSS OSRIET SR DSt PS5t Uned e L1 (e .

to credttdn ARIGHMBY cohPRXMREIch\WE ten kiGN RY IRILES af biltrasound nozzle and
m crospheres used in separations techniques are those

spraysdi ddwrniteliquid méldogsh ip @quﬂmp sﬁe@ze thet drepletsy nkheeliquid oftrogen is then

ural or, SUuC amd apat i t
st ¢Sl R o oSNt 0F oy AEREL ! e
NMOMEEreh@SicRE £ nﬁ&b@ﬂhekd%c @ﬁ@ Qﬁi&l‘&dpédlﬁso all sEIC 3P SEMALSIEH particles
W thin small spherical particles or incorporated into

havigg grhignetenpE lasa ithanconeomillimetaqmer preddrably dessatham 88 microns and
most?hre?ér&l%?rl%gé thaRC If@'lﬂfé?@nsa%%ho%% ri)%l OIILIJI%& ft g9 \E%légfl of materials,

crospherés Troms IC poly msrs natur

1nchxd¢ﬁgy neroseinspr @ylﬁhﬂﬁz aptdymeﬂsysp@yﬁb&bhad&ﬁs and!| JélinBihations thereof.
” ?&se separation, solvent evaporation, coascervation,
crg

exgst hayg jbeen e dpr pnyr Jiftstsnt Gpdeationy, tpsinarily  separations,
d1ag1&%k1¥§%ﬁﬁd§g%dglan _supporting structure of these

crasp ) the drug of interest is incorporated
i nThe ntvst pellyimewnsexangiesr & miRassphedee sisqat Bpsapachtioas tghniques are

to enca targ ugs aecurrentl
those, R A, RS bhaotarEs Soh ehaas TS OF centthRrige such as
polyéli‘ryl@angi’dlen %Iyﬁro%&aﬁ'ﬁt'llté bPh&rRROSANAL 'c@ﬁtgolﬁﬁq{r{?% dellver¥ area, molecules

| est erol yers. Liposones are 100 nanonete
are @teganeqrponat@u IZIED an dnqmgulaiad within wianil spherohl partlcles or 1ncorporated

into 4 gBhal e, e for BsPaft KeRer ahotihity GLATHIG techniques are

routifitlly t fifeli etoa eHiRE Ube kO FRAGLERALSIrbMA ERfietRaApbIyRIeES Malb?olymers
used to encapsul ate water sol ubl e drugs fofr subsequen

proteiie Jndenjysaschygeides, |nbé@dmg1phatss sefRaationien V@tcez@oram goascervation,

e ve n
el SPREESR  BFAGRIME R D580 SPTEAE Sl st of
theseh@icrespaenes,end alid diﬂug @if @Bereq s hgatpethtéDinkethd poBmersBucture.
rel atlvely | arge particles that have binding

speatifle &lpmpar using thiredp Wy enqapufde  targgt dptegi ase cyprently available.
L1po§cﬁﬁ'és Fl%f %}h@ﬁgzﬁ %ﬁ‘}n&w‘éoﬁl@ odefCGPS %ﬁ%lg%r trgﬁ gfé;fﬂgc%&@ pid and/or

ar activation, oun
cholq:slmsld)ﬁagen‘so Lipasntoich aﬂyld)@aiaﬁdmﬂar b1 ghestsr fnogize and may carry a variety

oaf fi i fjcati and e used t
of watg{-ﬁ g e pr q}péci/ g(@gélf: cigugss 190r let,n’ﬁlg%cglaéragngbﬂayer membranes
oufiBE SAABChqueb P 4 & BPEE L
Surt antli odi elg co ] uga%% to Iﬁe pg(?{nlo ?‘rg:s t o r get dc?%’ encapsulate
wateng@nble tdougshier detsseqeht delivery Thdeseribed anUdh Pgoidig 342200120 to Sinil
Kimf or devel opnent of new nethods for nmaking particles,

Spherical beads have been commercially available as 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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particularly those that can be adapted for use in the
drug delivery, separations and di agnostic areas. The
WOR®E/08fe8s r abl e particles froma utility standpol/ng2004/023182

woul d be smal |l spherical particles that have the
followi ng characteristics: ndrrow size distribution,
substantially spherical, substantially consisting of
only the active agent, retention of the biocheni cal

agent ithaé gy sloylyaredeaséd dver thinglusgigdssuact tuidrispedifit aetibatiésvenjugated

agent h rticles shoyld provide a suitable solid
to thF%ﬁ‘f“c}/%E? %%?nggaﬁﬁot%ﬁ%?ﬂmgﬁﬁ%i li zation of the
parhére! ie anbdn-68iak i 2ed Fbr B¥veld 9. - -
.Furtherl, t he %et od of fabri pﬁﬁn%g?%hg%ogglffﬂ making particles,
partigplady ithase theacan be adapirsfor ubminethe deng delivenyi, sepadaivns abd diagnostic
h cterl :CS;  Si e fabricat.jon, an.essent, all .
area%iq %%uén%f)ﬂr g‘%%%‘ le R"f“glﬁie@i‘fé‘f%,a gﬁh{yr t&ﬁ‘?ﬂql‘ﬁgwﬁﬁfd Be stnall spherical

partislkeb shauante $he YoN@winS UAMiiRYer{obcst Hrark WENK @NtrifliRn, substantially
resent invention relates to nethods of production and

Sphe?éﬁlh selstantially cogsistingaiof opbhéhe aefivepagent,cletention ofnthe biochemical
. i . ] : i th.the hod, ..t he .
e 8 RI80 o ASE AR R 0E LA 08 s provie

suitatiles sudidv thalt |wremdd aHewadaliianl enbiizalioy of @B iaftkldsObyNcdating or by
l.i.qui d. phase. The solvent is

, | ution, that | i ngl
micrgenceplziop. Sirtheacpd of (REBeian ol dhisreall aplieeiel patides would
haveS MleUEIRRViAS debRAb1S UbafictefidilsO nghftqudgg%?ﬁ%gfl, gagnoigg%ﬁtially aqueous

separation having the active age
process] ligh pledds end radjuirie RSHAsapuentsidwnignt conpri si ng t he
liquid phase. The |iquid-solid phase separation can be

' [ 1ys, such as changing the
SU%%@QFW%F@QWUU on to bel ow the phase

U1 TRS pick @R iHRMABH 214He8 1O Inetlls D8 prddueflon hild eheP{ ik OF W88 of small

enbodi ment of the present invention, the nmethod of -

spheg¢adjragtialesgok #e agibieuagesh o agcardange dvigotliedmpthadethe active agent is

. at i S . I t.he, splution to bel ow t he
aiss 006} KONl D FRRLL PTG BB, BBl e o fom o
solutidbettaplisiti siiple Tiy@id bRageer ThdlElvEMYis bﬁeﬁb&b\lf afl ad¥@b@Wor aqueous
. the freezing point of the solution. For solutions in .
misciffs 3ivenke The selition isybemsubiesteshioadiquid-selihplase sepasitiandraving the
: r : ' ' d zin Qi n P
s §SARE Shng I S0 AT BEEHIRE 85 LA e i
phaspr By liguié-sglid/ pldse sémardtnasan bbénduced i mgn@oudivapy, stidheas changing
solution to allow p%hél%e separation 'in the solution

the EEpSREBOL G TNt SEL P PR SgmaK P emamresuse of he sotion.

Dhﬁse‘?ﬁ&‘é&@écﬂ&n‘%d‘%{%ﬁ% i 5 e jecti
i nventi on enhancels or ?r%gg&g&?hlg%r}%oﬁi ggé;g-%lﬁﬁhp%fa%ugjecung the
solutipwpter atliquid-seiidt plesaceparaticgsnby icoolipe theosakttiantovbelow the phase

the solution is supjected.to the step, of phase change
trans3F, Rt uRCoL e ARV gt ins B safitbe The teBPmage may be above or
below WsPREH M pht SMBAL|soRPIORS 'P%ﬁ%olﬁﬁéﬁs‘ il WRcR $hePfreezing point is above

di sconti nuous phase while the phase-separation
the phpfsdrraisitign temperafentthe sotatiorscan wshide edréeminghmint depressing agent,

s SERABAPAR B3 FO e S G BRAAL B s apsion o
allowbilit phire sagdraticn iagenéolalagsio ecr Wit fide ANPER solution.

The phase-separation enhancing agent of the present invention enhances or induces
the liquid-solid phase separation of the active agent in the solution when the solution is
subj ectec{ 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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change. The nethod of producing the particles in the
present invention nmay al so include an additional step
w®@R00s0808%1 | i ng the |iquid-solid phase separ at PONUS$004/023182
the particles to control the4size and shape of the
particles formed. Methods of "controlling the
phase-separation include control of the ionic
strength, the pH, the concentration of the
agenp fergeing dpaelied om theneeniimunes plpsert  Thahés, donphasersepireting enhancing

act.ive,agent i.n the.solutjion, or.controllin he
ager} A5a i SO REER o, WPhokR of DRt i e R EORHF he< B, BSugh a phase
changentrol of these being either before the
phase-separation or a change of any or several of

t hébe methask efeproducing dhw partibles hiwaresephinyention may adso include an
. i .0f. .t h Lavention. the
s 8534 SRS g BHBRSZb ) EBE L Toyhgome e
size biid e OO 1Mld parcivies Bhaskd. NEBROIPET donbbBinkoheBhhRsepdtion include
yet another preferred _enbodi nent, the nethod of . )
contioh 94 the AQgHC syengthyihs phgthe renessiration AT dn phissisgparatien enhancing
; : i . i activ ‘
agen e LoErdlon b A% SecHE HEsbfiyth, GachEUAE theifie of change in
tempehedsre -of eipasodbticar) tlendvatrol ofithagebting sitieo befoketherphak®separation or a
i g id nmediu TEe l.i quj d V\gahi n di um rm%O contain
changg, ﬁ@%fr Wrra%frt GBI WENSAINP PRAFESFPATAROMCL | ve
aggnh i‘éTefréHeeﬂlbSdihfénﬂgﬂ{hﬁ'g}res-gﬁtein!vélﬂiﬂnd RGN %(Héﬁgélgﬁrﬁcles are
r h ci pl ent

may al so contalin one or e excipienis. The
separatgd fiom the RSEA abithd eantinfious plwese sftet partipleeformation. In yet another
articl or. f.or the active agent, or the rrier. ..
orerf oo SHR s, R melta Ty eiraboH Mot veRESa R selSiign fontaining the
parti6les i@ apﬁ«Fdi&l Gheivh tih welch the Qb@le £33af RGIoeLbIBbIeGH tBd/Afuid medium
.as controlled release of the active agent fromthe o
whilp dhq phaseseparaiirt enhasngingezgenhis svluble inHbe dispid sedijomt The liquid

. bj ical ti .+ | N, anot her, preferred .. .
Was}ltéﬁ%%% glﬁlenn#% \%ﬁ? t%{gl it %éﬁgﬁ]l(:h Ferihg s Olélgﬂ P f fhr?calcmﬁceagem in the
liquitl heedRBEA THeRjnidraysiife Reddines hef d1sd EdifaiRons &R GRorefextPents. The

.PSEA phase for_ subsequent processing steps prior to
excipieAnat 35 As £ stahilizse fopdrnsmalhapherieal pariislaser fpr e aetieagent or the
. ' : ' i Lt i . .
IR0 T oxd DSk 8nt 38 ANERUSFEHE bR v seciona
charatdristies aghrds ahtioled prlese i thauaivei agent Sofpr tt gaaidles @ modified

har utically active. agent, which can be a
pﬂn@ﬂ%ﬂgﬁgﬁ?P@“@@S%ﬂfﬁ@ughQE%ﬁgﬁﬂém%ﬁént, a cosnmetic, a
U Ad{okm ?!refgm?cﬁelﬁﬁmnene TwHRleRES Lh &t P8rticled B Mk SicfideSfle PSEA,
ment of t t nt

enbodi e present Invention, e active age
they insayabarhavested et theepresancd ofi sheaP PEAtphase, foa spbiegperit prdegssing steps

. % carbqgﬁg{atﬁi %gl nucl eotide, or a nucleic acid.
PHOTR SSREFatE ot He “"pﬁse]%b PPEG enbodi ment, the particles
C OBy Aol PréfBfed ebYSInRAL the 3616HSH st ﬁpbcﬁlef)ﬁét; sol0tidd ¥Smprising an

delivery to a subject in need of the agent by a
aquegyfi Qraigreousauiseible ®lvensuch as parenteral injection,

}ou eg%clztiveoerlgaelnt orfetﬁg aplreseﬂ %n%lehtignu EsnBrQ:?eerblyvaa %lhgr?rlldceutically 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 containing 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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subl i ngual , transdermal, transnucosal, ocul ar,
i ntraocul ar or otic. BRI EF DESCRI PTI ON CF THE

WORARNGE FIG 1 is a two-dimensional phase dp@muUsavn4/023182
plotting active agent concent,ISr ation agai nst
tenperature. FIG 2 is a codli'ng tenperature profile.
FIG 3a is a scanning electron mcrograph (SEM of the
starting insulin material. FIG 3b is an SEM of a

suchs @l parenkral i iopectipar ltcvp:d:@ ofalj rrsethi, nnaski apiihend)y, ¥ghal, buccal,

Si S ral | maintenance of

HPLC |
Subhé’ﬁgfﬂ! @n sderma Parall’ts uS‘?Saf ﬁﬂa{ ﬁnoveﬂlabi’re?}}fr ed into smal |l

spherical particles. FIGS. 5a and 5b are schenmatics

BRIEE DESCRRTION GRITEE DRAWNGS T eproduci bility. FIG 6
Is_a schematic denonstrating batch-to-batch

r eEI(&d]u@atMOrdlylenﬂpnal Phasesdisgramindotting ectificsagenteapientragion against
nuous flow t hrough process for naking insulin
temp%%% spherical particles in Exanple 3. FIG 8 is a

SCaIGI NG acloblihg Rmptamediemb. (at 10 Kv and 6260X
nification) of the insulin_snmall spherical

baf 1 é%%aﬁ?%ukgé‘de%@ntm@r%&m (SEMD! thecsiping sarghn ol
[
bt AT b S FERTBE F ool Sitricd il ot ol AR R, 27

pr E]ﬁ.r‘ﬂads by HPeC camalysizshios/ifg overalh mmi@ﬁnﬁfcfegﬁ'sﬁlemfical stability of
e 3. FLGS. 1Qa-10d dempnstrate the effect o
ms“]éfwggﬁw{?ﬁ?r&f‘ infe S’alﬁﬂ Sﬁéﬁ}qaﬂp%a%i lity. FIGS. 1Ce-1Ch
deprip$tshahg SBQ?e &ﬁl@ﬁﬁﬁ&fdeﬁ{(;ng@e&ﬁ% babhl-tbha rl’g@%ﬁhbigility.

sol ubility. IS a pectra o
malKs.i 6ails alsnlsmuhatm, denmgstratmgratobae dutdhrroproduebility.

SPPRSLF A RS8P LR e oS B, B h 58kess for making
1nsu1ﬁ1€§rﬁ£ll @Heﬁ&al@@ﬁic%sélﬁ@xﬁ Fle@U' in of EX&“”D' e 10. FIG
is_a bar graph of P/l ios for Exanple 8. FIG is a

scFHe.i %wm@mnw@@ﬁ@n rmcnogw@hf(atom Exang|6268X mrgaificatian) of the
sl b e b Pl R Wy mpges n Bramote

3. against storage time at roomtenperature in Exanple
17. FIG, 14c_is a plot of activity against storage

ti a9 iseni HP Earyomatograpbsot] dispalye rllésubg(?‘rmlbtsgherlcal particles
prepaj.:rlec(iz‘b?lgl% doRiflu é(}{ovx‘l){hr%@_h p%geggfna,gga%@gr osi zer

par t sl ze
FIGS. 10a-10d demonstrate the effect of sodium chloride on insulin solubility.

FIGS. 10e-10h demonstrate the effect of different salts on insulin 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. 14b is a plot of activity against storage time at room temperature in Example 17.

FIG. 14c¢ 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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FIG 27 is a SEM of human growth hornone (hGH) snall
spherical particles. FIG 28 is a chart show ng
w0 p®als8st abi ity data in HFA-134a. FI G 29 i BCHUS1vA4/023182

conpari ng aerodynanm c perforpgance of Insulin using

three inhal ation devices. FI& 30 is a chart of

stability data of Insulin small spherical particles

co ared to Insulin starting material stored at 25 C

Gij 25 la a M of bimen athh h?ﬂ‘ldmee(hG‘H) smslilspherimbpdrticles.

?g& Ak g cg?ri 61‘1: vi%%g%% lllg&del}tgf' Ui{kggﬁﬁ 4%r ting

st Bl 129 Yis datchaAf cdlﬂﬁdﬂrﬂgnaﬁl?@ﬂanﬁ@rt%fﬁoﬁﬁéndéabf 'Iﬁiu@i% usmg three
conpared to Insulin starting material stored at
inhalafien dedesss a chart of stability data of Insulin small

SPPS5! 57k PR S SAPRRLSH BB Rt ctscompared

Insuls:t sthitinigtnyatel@dlatoaéd 4p$aCi n smal | spherical particles
éaredto nsulin starting material stored at 25 C
ﬁ) 35 issa § %rﬁaf stabilitg daw; ot nguligneraalb sphasisal partigleaicpmpared to

ared to Insulin starting
Insu%%{g{dl g%asf?%[rltg{ écﬁétsf_]gﬁpm G 36 is a bar graph of

| nElGk.i32 mea obrhafiistbiitaldatai dfyinsdimngmall Syledrichbp@ticlPlompared to
] graph of DNase snall| spherical

l'igh
Insulb%\&f“it’@gé%a erﬁléog%%at%géochart of enzymatic activity of
DNegee - 33F3sG R | b§ s@bi li'g)? h&tamﬂhggflla alP 1%99 1lsles compared to

spherical particles. IS a chart” o
Insulgrastartihg masainl stoatd atsyiher i caI particles. FIGS. I A— B are

sc ic il of t onti nuous . .
5. PAtE b RabY oRh it e Sl Sericat pamisles, compared to
Insulliﬂ gtmhgmat@m@{orém 2(5@@“ nuous enul sification reactor
when surface active conpound added to the continuous

phele risthehart shatpbidity griasd Ibeilor smalhephsricalcpartiday compared to
Insul?rm%ﬁhgma%ﬂaﬁs " J{%E}B‘EI c illustration of the

con s enu SI I'cati'on reactor when the surface

acEHGl 86doapaugrdph of asidchedddyaimestslifyiugiigl O0yclbilder .
z&Stérﬁgé\gf:}&t he ef fect of PEG on the | VR rofl | e of

htd%llééogfm ‘Rfd?N@S@ISé@H(SEh%ﬁﬁ@l Earggl)%s FIG 43
PSS S LT S Srcope e Lo
[ IFI@SBQ&.‘I mhghﬂmlcﬂfgraﬂt of FOIPp kinali splmmichipitidesphase on
! \ﬁGD 48flsI 2|1 (e:ha?%c oﬁn%matic data for SOD small spherical particles.

FIGS. 41A-B are schematic illustrations 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 after 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 31).
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encapsul ated insulin small spherical particles

(Exanple 31).- 7 - FIG 45 illustrates the VR profile
w@booPhMsencapsul ated hGH smal | spherical par t PCI/8S2004/023182

(Exanple 34). FIG 46 illustrates the effect of the

m croencapsul ati on vari abl es’(pH of continuous phase

and matrix material) on formation of INS diners in

encapsul at ed INSrranl(\éExarrpI e 35). FIG 47 illustrates

¢ hElte §2 alugrateshre R qepfilepef)iPAGA rengapsubitide bGEbtsmetl spherical

. i hase and matrix material) on formation of
paﬂlﬂm%g@l%zgﬂ n encapsul ated I NSns (Exanple 35). FIG

48F1Q. | Afsilluatratss thie- offeco of elecdiogoddicapselaichi vagiable WPE DT continuous
i nsulin, fromupnencapsul at ed _and encapsul at ed
phas% ‘a]éctj

gl paedal) opdermation ghINS dipes iencapaiated INSms (Example 35).

AR o 1y N B L i
phasdhed pragventatdrial)ent foomaiion sLEbEWtspbties froereapatited MISmk (Example

35, MRNY different fornms. Preferred enbodi nents of the
)- invention are disclosed with the understandi ng that

t eI UG SBMtraflsSE VA FeeabSoft ﬁc&ﬁ?ﬁ .lﬁixﬁﬁﬁﬁsﬁﬁl from unencapsulated
exenplifications of the principles of the T nvent ] on

and egagpsulatedmae-fabricatedguisulio sinaltisphdrivel particlds mapaqEsanpletos,
i Hon t e..enmbodi nen illustrated. The present
i mth%snarf ng?fatﬁ%Ha%SféeﬁﬁfﬁW%%Epr oducti on and
met hods of use and conposition of small spherica

DETAHLED OESCRIP TAONOF THE BYEBNTION: accordance with the
~ nmethod of production, the active agent is dissolved in

a 5% VEssentc grveation g wsepyblsl ice¢mbodisesnte jarmenyodifferent forms.
Prefefr: H%H%b&ﬁhe%gse&t thk SnvleRGSR %:f:scﬂgcﬁgsl gy fhhtﬁtg uhﬁeg?tgﬁcggg lgc/heaé the present

i 'qui d conti nuous phasé. Thé sol've : _
disclesyreeus bercoagidered s rexsmplifieatidad we tHe. prifteplsPbLitHeGfvértion and are

BT SO O S O
PhBaREN SRR $hdenfbn i€ FASEA LY %tﬁdﬁﬁ%ﬁ&%&ﬁ?‘éﬁ a%%ﬁr@%tihlo%s of use and

wher eby the active agent goes t Iqul

compokitisr of srpall spliepicalt artidesnofanswtipensing nNincdcestdahde with the method of
a di scontji nuous phase

spherjcal .particles constitutin ‘
prod P dhy ResvGiiesat BPHER ohe SN CPRITIBE Aiseliad RBasreparation
enhaﬂch%é‘gbﬂ’é t S a RE@ESH tﬁ@%@%ﬁng%lﬁ@ RbAHRYS pERASerntNivent is
nmet hod of the present invention of preparing snall
preferabhyean agaicoyseen dqukeus-oiscible sivent eThesoittidreiyithen sibjdoted to a phase

rQyl di ol uti on having the actiye agent an
chan%h gélle %%S(%%gfﬁ‘eatso 0 oweeﬁ]ﬁgn@]e ntal%garélﬁ.{re ffsthg Vgﬂtlc_?% t%%erorvgtthe phase
transitioh t@perhtiredos tHeG vt lagetit AwREXBE theThQive Clglhi O8bsCBIVUBE 2 liquid-
..an .
solid phase separation to form a suspension of small spherical particles constituting a
discontinuous phase while the phase-separation enhancing agent remains in the continuous

phase.

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
enhancing 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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organi c system conprising an organi c solvent or a
m xture of m scible organic solvents. The- 8 -

W@ 008035088 can al so be an aqueous- based sol uti oPCT/US2004/023182
conpri sing an aqueous medi umgor an aqueous-mi sci bl e

- organi c solvent or a mxture®6f aqueous-miscible
organi ¢ sol vents or conbi nations thereof. The aqueous
medi um can be water, normal saline, buffered

solutsai whn cib®, bbuHnf equedus-hhiedesolutimh comptisike. anSaquea)bB emedium or an

&HBGOUS-I’HlSCl%PC orgamc solvents or

ueou m sci bl e anl c salvents inc
aquep i RAPIE TR PR 9F gy ARSI Oh
comﬁlh'éﬁ@fsnﬁére@f PHe" eﬂfub&%rlﬁldlul% MOk dtel, REMeal (sdline, buffered solutions,

pyrrolidone), |, 3-di methyl-2-imdazolidi none (DM
buffedecﬂrealmpl &ul 1fho>hkde Sunabietatnb}doawtlembld ergaaisesalendcinglude, but are not

llmltg g:tg,(r:” ﬁc yﬁ - :yﬁgﬁcgllngﬁe 1h tﬁ%rZS gglf;rglbcgo’rlllg} 2-pyrrolidinone  (2- '

pyrrlidoas), Q@Hlmdﬁh}ﬂ@ﬁﬁﬂﬁ’iohdﬁfbﬂé )(DNHb Qﬁiﬂ@ih,ylsﬁlfyﬁlﬁé Odimethylacetamide,
t et rah¥dr ofuran (THF), pol ﬁet hyl ene gl ycol  (PEG ,

acetipEGid, G #id,paestione, peahyb etipitcketane, prgiongrilepmethanol, ethanol,

isopighpicly BRI s AP SRR BRER, SRR ESgfotugn (o)

polygthlighé @btcoh(PES), %41 PGEGG&J BEGG&HEHE&Q? PER14,ePb§H 16n PEG-120,
sor bi tans sorbitan isostearate

PEGHEihiy Poreo g ilene Aok PRy, BEleh S, SEGH3@ cilgate, PEG-6

1sost§%€fé) PEBE?E:}Jpr op&%%%)éé ﬁg(?%g(i) g%@egfo@(% E)Bgreﬂiaﬂé}fy glycol sorbitans,

PEGPRGsdrBitare isoyteargtey pokethyldne rgly FoPG o atkgt h’ghlersg [PEE¢H3 aelimethyl ether,

her h
PEGH C‘E{iﬁ}g’it e cﬁcﬁwﬁfp@ﬁt@ﬁ? Sy @ﬂﬁ ahG rgg}dgle% algingte, PPG-10
butaﬂédY(SlOfP‘P@iO (rﬁé?ﬁ}';la%l st@fé%ﬁéru ‘PY’G 26 G élﬁlzc)é%taﬁére PPG-15 stearyl

gl ycol ether anes i ncl udi ng propane, butane
ethep epropylene @)«axb edlcmlamhpammampymaal@cold downte, aod glycofurol

ARt 5T ) AR LB 8hne, s,

pentﬁ{éaﬁ@ca% F}@b@hb QiR NEHah O HedHRNb: a YéthiRatich BédeBEr
soluble in or mscible with the first solvent. This is

f oﬁh@ml%yolﬁmm phs east by prepgeedt by Sirsthmowiding  galution of the

phase | on e%h’:il&?ﬁ% é;éﬁ%’ v@gclgfg%gengexdéoﬁ&?é or rxgls&g% w1t1ix the C{'1rst solvent.

ThlS|1§] f(ﬂlcﬁ&d(mdacﬁﬁlhg/&lltacﬂw agdneo thegelttien. dddedtive agdie may be added
solution, The second sol vent can_be the sane sol ven
direcily tp e solytion, eiothg asiive agent may. st be disselverkin aswm@fhﬁeolvent and then

toget\?lmg{ E&%ﬁﬁe S{hlgngoﬁl,'[]t?onl ' §he %Q&)\ﬁﬁ s%%n%%uﬁ IEe'tﬁ 'E‘aﬁi‘é' é?)ll\%nt as the first

ution. It 1s preferred at th e agen
solvaddedit tan b encthérudolvent sdleced froini thenhst ghyveraad uwlﬁclors mlSCIble with

| ower, which. is.i rtant par for heat |abi]e
the splfiigh s PrefaERd bt et &@@?é Jiipn peatahEnbipmperature
or lov@Fb\lvﬁl@B i¢ Eipgtal gﬁﬁcuﬂaﬁ%%lt R Sl %ﬁe&flesars@éﬂ‘gs 5&%@ proteins.

tenperature of ab to about 40 C. However,
Whas ys teamiclan “ahbientbtenipesated” usnaltcmpea’slee phiersio uboti teperature of

nt in the tem S heatin o
aboug 8@%‘{]%@”&5}@&? gﬁawwqrcfilﬁ@w 5 A5 bF Reted toyicrease he solubility
of th@acliieagREER the Kstent BE10RD S BeabbRHoBS hOtF\@RG Bt AcRtion in the
activity of the agent. '
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The phase-separati on enhanci ng agent (PSEA) of the
present invention enhances or induces the |iquid-solid
wohes@3sspar ati on of the active agent from t hePsoiustioan23182

when the solution is subjecked to the step of phase
separation in which the active agent becones solid or
sem -solid to forma suspension of small spherica
partlcles as a dlscontlnuous phase while the

A DATAE 2IE: gent remai ns di ssolved in

t i
T L
induck eheSHGWHisORd iphader slipah’lnoh(nft the geties agesphomt thersolution when the
conditions. Suitable ﬁhase separ ati on _enhancin d
solutiped SHSPIaGIP 168 HER 6L DPASFHSCEE- R, IgBHg R Cofe et feges sol

I I
or serﬁl ?ori} Q¥ %E\%Frgg&g?ﬁ%@pgﬁeﬁéﬂ gbﬁfr%nleérg Sa@ Ia\r’gé&Enféﬁ\l?ciurs] gg?se while
the p}QiBe -b¢parationdnhaicjmpagent e qnsﬂojwdns theagonibipuowst drase. The phase-
sol ubl. e, .sem -wat er soLubI Clb e

L R AT R E T N —

brougﬁl]f‘ 45 Ghe %ﬁ@é’e%épﬁfhﬁ%ﬁ hasa@itss. ag@l!ilfableS EH@E%Epé‘r@ﬂub&b leBhdcing agents
ter mscib Types of pol yners t e used

mcluden bhiate noahmahoy th, @okynias ednlfvdwgﬁﬁéf ﬁolywrsyém gRapluble or miscible
vt B SRS PSS PO RS meELRER i 36 GRaspsd pomers

These%&ﬁheﬁ Qi Bé Wakh SoliBleJsemiPOAtoXIES veatatmissibhl, o aBbluble.
127 or F68), terttﬁolyners ol yet hers, naturally
odn @rprg@:rqg@fym,c@ HIvVgntien dhe p zg;pfsg]@qrgtmrgenhancmg agent is water

solubg %Ie]ﬁlys’géb ag&g&g rfaigbgylﬁé{ﬁg tﬂat%é}y DL AL qge cargohydrate-based

nMers "are ones

polyn%fﬁiq%ll Mbﬁatﬁ;sal@é}ﬁﬂd;f@cwhnylalpo@ﬂ(hri ipobacfytic dehds, polyorgamc acids,
i ntended route of adm ni stratl on of the active
polyagrpq peifsco-palumers, Blorly rerolvaness er&r RO @i?f’}eésaﬁ‘?@‘ as Pluronics
acce bl es S h o] P
r12756P SR80, BraffbLiesoaynas ABhAE DHGRSoKaled PR,
surfadtids, p%B@stBﬁf)BranE]EG diﬂ@@ploﬁﬁlsmél@m,d peEGlRDHIE, et c.
andtg rs such as, Pl uroni c 2 Pl ur %Ad: for th
Yarelied Rammises i o 81 Y aresploto, Bhaieo el fifes for me

mtené]éavﬁ)ute Yt ad%ﬁﬁfsﬂ@ﬁorp ro?ftﬁé ra‘%ﬁv@%g%ﬁfef)aﬂn@les Preferred polymers are
ydr oxyet hyl starch. O her anphi philic polyners can

pharmadcsutidadly us@eptablonaddtivisn sedinis natqlmbyle% glycol (PEG) of various

ote B R APEE RS R 05 Y 651 8061819, gro, poo. P

20006 RAY - pdibtiicils Shi M FifasRs S@%bﬁPh@(ﬁm& Fogyuiet a@lthed preferred
phase separ ation of the active ent in the solution

POl}’inn ise polsvioglpyplidene il Yidd kn i apofhee  apreferigd c hpolgmer s

hydr rﬂgﬁgaﬁ 319 @ﬁ}%? én&)h'irpﬁ lic e&wﬁ fcgle Efgg 2)% ILblrﬁ? | %1‘;(])“9 %ﬁ?n tdhbinations.

The plﬁhséJ@@)a@émfﬁeélﬂfaﬁélhgrhg@ﬁt t:ilﬁ aBotbe/e mgepilymehangde as ra mlxture of
t he concentration of the phase-separation enhancing

propydeperalycod pahefBand). osnol ality of the sol ution,
conbi nati ons of these, and the |like.- 10 -

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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In a preferred enbodi nent of the present invention,

t he phase change is a tenperature-induced phase change
wh 00508588 Ng t he tenperature bel ow t he phase tPENER1000023182

temperature of the active aggnt in the solution. FIG

1 is a two-dinensional phase diagram 10 for the

sol ution containing solvent, a PSEA and an active

agent. The diagram.plots _the active, agent .

coffbéhiPFlETeh SIBBeGigen RE Nenprese uinepion, hiies phaei ohange is a
tempERRuE ARGRBE "TAbALBhfoe ¢ elaéli@ 0t el 1 it
i agram has pgl sa?lllja?l fion cur It}ieZ{;éﬁlf%gaE‘%gfgsei?wu (5 ipﬁ?fe transition

'tempetature of the amtine hgstt ablhe salutioan.16 t her ebet ween; a first
ratian cur where the systemis

ar 8. be] ow t he sat

i nﬁ?#oﬁoagsﬁ%yf}g{w@f%@f@hassf Lﬁ%ﬁ%ﬁﬁsfer {hgesodutign) containing solvent, a
PSEAOCIHACAE A {.n ih g oti S r .

D B o e ot P e AR Against e
tempgragyie op Heselutipst dilre lsandentyatiorsafltheP§RASehelfl cohaagct i ve

agent and a, | i qui.d phase of the PSEA and sol vent. The

oh L6 SHPRY 5 ¢ SEHRRER SHrVE 20 & SWPHAEOR Ve 14 & metastable area

16 thaspewednre Rét Ake B SERW aRdsith&tibe! Alve! Svhere the system is in a
concentration of conponents in the pure liquid pehage,
homegeaoys, giple-leptid @haneardera all componanirdare iim e syrid phasei agl a second

i1 these t . As disclosed .
wrea RO R L S ok R R SPHBRIS BB s having o

solidt pimsaof itwe actiyenigent iafid lapidduiy phieobt &% BOOAT 74 {dIAHM.AMhe phase
; undegsa%uLfr,at ed solution (point A') reaching saturation

diagram 15 Belgful jn (pfermainingehe tomperasire of thersysigmy andithe tetativietdoncentration
f | : y e further... .

of coffBén&it LithP BARA 8 bh ARG BaREB M bnacebpta b} fffditions surrounding

the treuniticu brgwemr thesectwovshasggent t han that corresponding to
Aty at the given tenperature;

th uj I 1 brium sol ubi A ) .

t H@S gg“ﬂﬁ’éfcg Mersiys Piseaghen of gmalk aphiprisele partiglss nefafhsoaesive agent
P17 R EnSA uRORESAGER 18Rk, S v s
pointiyy yrhger thegblution. imit aguitibiien zeitteanyTididtizas tiah IngayzBgresent. On

i 0 i, GBS i s
correspoReing afou tirt eQiilibGumGAakility: atl @gg%(vt:eﬁcgteizrﬁ);@fa : n% ?lgbs.?ﬁiélﬁon thus

t her nodynani cal Iy equi val ent :
beCOfﬁ%St p@satupared.r Epordarsous faapetion dthesdlidvphdse doed not occur until point

_ irng, & MRtastable solutign. | |
Bis rgegcglgg.; gﬂ? Rglns ;1? itpﬁbnt g)&%%t #%}dég%a oggh%&p{agggbg%ggagpﬁ gletastable

zone Width conbe B pradse RitRd & b m bR FREMAbIE R bony
wi || again }{)e achi evre at poinﬁt A An i so?ﬁ%fa&rrlgfgaATmax To-Ty or

by thensupsesgirationc deeermail*on These stvov eRpressiao bRt itl@fmedynamically
o uivbl% seedi ng/ addition of the active agent, for
quivd gftance)- 11 - to point Cwll cause the solution to
nove into the netastable region until the
netastability limt is agai cF ached. en the
met astabl e |i nﬂ(lmaxis%x@éed@{?ﬂ‘%ﬂrmg;%ajbecones

unst abl e 1,

The 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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and a spontaneous formation of the solid phase
i mredi ately occurs. The val ue obtained isothermally
w@ 2585088 f f erent fromthe correspondi ng val ueP@©f/US2004/023182

obt ai ned polythermally. As the boundary of the
net ast abl e zone is approacheHL'the ti me necessary for
the solid particle formati on decreases until the
netastable |imt is reached. In the polythernal

to pgnbCexid, caubetheatobutivn toondvenigtd thednetastattle aegiom tntill the dnetastability

it S S S PR 3Rhacife Buh o bmes s
and Ospdfataicous Brh&idhethe KA1 ﬂHaEWﬁlﬁneﬁthl Eﬁrs?r ef erably
fromO.2C mnute to 300 mnute. The rate of change can

beTht wlwor(dCandr=6i*;1G*peabtainad eisothermuailyl icarabe rdifferent from the
intefmttent, or_a prqjgrarrmad rate (having nmul ti
TH2i

in l e
corresRonding yafuss 9t Ayecdarkei ebtawied polyheapdlyat e theogpw?@ry of the
Aty . _ e h L
568 e SN S UL O TP Tl g
untildlelf mstastabletlingit tsanachedr ati on of the active agent, the

tratj f the PSEA, the tenperature or an
O P b, Pl A SRR 202 o cont
the sB@lan¥ hARENT the B&Siclel O Wikt id %Hérﬁ b?taaéo%t ﬁe@raﬁ@ ¢l dbotit 96/ minute
wh 0 no a phase

ile the PSEA and sol vent go throug
to aboh HEE/ miiite, evmdi mora préfegblydfom| .2 1@ mamge ta 30 @ mphet.e The rate of

changing,the pH, the ionic strength, the osnolalit
changy GaIP he 3 69 n%g%me?{:::léﬂ?é’é fe{t% r%’f’ﬁ’ﬂ'ggea{ ey BiCTBRIS dprogrammed
rate (lhaﬁnglﬁaﬁﬁple?ﬁmq-,ycﬂég)t solutions in which the freezing

point is relatively 'high, or the freezing point is

abbierarfieleppaistee separatidsiomn the RSFpe imtherselutiohend phtifiedhy washing
as witiaR di%]:%lséé‘a%ef"ov\fzreeﬂ ng poi nt depressing agent, such as

propyl ene gl'ycol, sucrose, ethylene glycol, alcohols

(€Tl preséhdnvintiontohefpldtesdjasin@oms cohedntbBsn of the active agent,
freezi ng-poi nt. _depression agents to |ower the freezing
the copgentratiin efle e fhe iSmarTabite phanpemkingtinmefethpse tolveuse a phase

j ' . T, cess, .ca
hanY SHER LSS L BEL M DCLHT LA ISR B5ESPATRe o
solvent doasd gkd)eﬂhmu_ggi‘esphherse&_hhm@ a0l fdmadi |a§ ﬂiﬁuﬁ‘dﬂs_tle fiﬁb laTEB?bontemplated
roces scri.bed herejn is particularly suitable for
chan&,ﬂg @E‘iﬂ? sthe AoRic shengiadhe P%?lg]éty(aéldéhe, 11}5%/8{ @ithagge, promote, control
or supfebOia phkedhBhEN For BR1RAE i Gheh R fré%eﬁﬁﬁﬁ?ﬁitrelaﬁvely high, or
I'nvention may include one or nmore excipi s. The
the freeringipomt iseapoiveriihe phive taartsistien agmpdratore, tthe splatibhs t@s include a
& with.atd I tianal charaFlteri stilcs ?uc as increased
CLRRANTT TPIGYE REPator OF LR CH5EY IRl HEtPeeiagent glyepl, alcohols
(e.g.,@thahBE nfe@anbB or GRS miL@Rs P le8Hngbéint déﬁkﬁ?&ﬁag%ﬁtsttg fower the
active agent fromthe particles, or nodifie
freezingrnrait ¢lothe systemetoaaltow theapfene chingelighthbisydtogiwighout freezing the
syste{n} m@gér%%glcég ?kgh%%eléigg&tssuéﬁ] gh'a%' (fLee’ terkfl%gra%{ree isnroetduced below the
freezing point of the system. The process described herein is particularly suitable for

molecules that are heat labile (e.g., proteins).

Optional Excipients

The particles of the present invention may include one or more 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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(e.g., trehal ose, sucrose, mannitol), cations (e.qg.,
Zn ,My, Ca ), anions (e.g. SO), amno acids (e.qg.,
wabhkyasioas)ss | i pi ds, phospholipids, fatty acids, PCT/US2004/023182
surfactants, triglycerides,;pile acids or their salts
(e.g., cholate or its salts, such as sodium chol at e;
deoxycholic acid or its salts), fatty acid esters, and
mers present at |evels below their function

pol . i.ng as.
releaspSiEAhe, ackVRe RS fromiths epfticles; %@eélf{eﬁdoeé%ﬂﬂlbﬂk thgoasdive agent
of. i i £ t . . . i r .af:
g HREEE! L A0t St 1802 ol BEAPIRINS, carvonyires
(c.g., BEleflGwl adrashadiniai), cafors tegpZes eNg’l, B2ED1 andens (elgeSO,™), amino

ST e B KT RS B st
their ?rag{s Kggggxfhoia% YF s 380 .rbﬁf:l% RS %cﬁ%&e&lo%g@,%yolﬁﬁﬂiolictdéﬁi or its salts),

separatlon IS Yy wasni ng t he Sp ution
fatty avidhésaéra ang pohyan esgtdsestizt davielsdlelqyatheirdluastioninghasdP J5Ajgi dVhen an

. prediumjn which the active.agent i.s not .soluyble in.the . .
excipiot s e e SHFIRIIESBs Fe AR an L piec PRenadh i g e Sotution
agent is soluble in the liquid nmedium Sone nethods of

Separd@S AWM O fhePariiaf [tration or by centrifugation.
The T1quid nedium can be an aqueous nedi um or an

ofyarirefeyyod pebpdinmat of the neseag arvestion, tthe poall sphesisgkparticles are

bilit t | & qui [ . .
8 B0 5 T A 505 RS T . 1
yet afGiHEOpRIGAIUBhbbdisneaf, thbenahéd W€ sageation &bl washing the solution

di val ent catjions, For active agents wth hjgh aqueous .
contaiging e Ismel] spherecal partiglen yithraokiqishgredin gr whichdhe aetiveqeent is not
r. : i _' . . luble in th
sl e BRUFCHRARPLIFR SORARCSeltn slincig necrf pgoleie in te
liquidmaydins. Woatk mEthadpbewadfingmiay &blby diafiaaian sobwemisfugaion. The
use_as the liquid nmedi umincl ude thosi ani ¢

tiquiBP B e AR FPERFABEUAE B FE IR § Rbactive agents with low

aqueo‘hﬁ NhIdBHRYSHR rl?cft@d pHULARES o' & 5‘({1@9@’ mEBIRY bERR aqueous medium
chloride;” chloroform acetonitrile, ethylacetate, )

containitghagmits thet medvek , thp @eguenve  sobrbility lod the leetive ngémd, suoboas divalent

. contenpl.ated to use .m xtures of .any of these solvents,. .
cationnl G ABHRY AEPth PG BR “pAoS BRI kh e Ty ol f organte
solveRll i A ﬁqﬁoumbﬁ)éhte&ﬁnﬁﬁingrd PRtANGhreteRiafNg aghht s’h as ammonium

preferred that the liquid nmediumhas a | ow boiling
sulfatpmiaytbefused.easy renoval by, for exanpl e,

I hilization,, evaporatiaon . g d.
bartnesar af@pierbBRRETolsBs, B o ¥ M 4AUQ, fpSithflinclude thos
organlid §81v&ht€ adeETeddibdvE die saitatde fbufhe cogiucut Phase, and more preferably
supercritical point. Supercritical fluids can be
methyene ghipude ghierafosmt geetonitilpnaibrldepateametingh wihaaph gentane, and
the iR9ENt S, particularly sone polyners, but are
nonsol vents for protein particles. Supercritical
f ITuisdgsoceuntdneplaeéd do bye miranme bl ety of thedet dvolwentso SOhe preferred blend
. The fol] ow ng- 13 - supercrjtical .fluids can be_used:
is me hyathler@? OB kB QlRghY M ShIpRgeATd A BRG o i S DEeppred that

the liQ\ﬁd medium has a low boiling point for easy removal by, for example, lyophilization,

evaporation, or drying.

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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acetontitrile, dichloronethane, ethanol, nethanol,
wat er, or 2-propanol. The |iquid nediumused to
waeepanstes t he smal | spherical particles from tPer/PSH/023182

descri bed herein, may cont allrg an agent which reduces

the solubility of the active agent in the liquid

medium It is nost desirable that the particles

exhibit mnimal solubility in the liquid nmediumto

supepegiticl Hwids Iean yieaised:diquidy @Cbapﬂlam @s xefon. Potemtial cosolvents can be

uman g?owth hor none,

acet A, SiSmoRotfctn AR, bRt Re @RSl WD of P tehng) " e

adth®¢iqafd eiedAinRised &3 isephsate SHERmMAH spRefidhl tﬂ&?udlésofr%innthe PSEA
O her ions that can be used to form conpl exes i ncl ude,

descgqu hgreinpwey (cppfaingan agsnt which r@duces,:@e solubility gfithet dstive agent in the
h 0 aQrowth ... . I

el APt BE RRNS B, B BAPY iy o e i

medilinafol 1hﬁX1ﬁﬁZeOthe gfeld bethe pagick:x. IFBr SO EPHOENES sﬁ&l atéhhﬁﬂ‘in and human

T. di um may. al.so contain one or
gm“@ﬁ SP cgm 81 %P’Eﬁ’ﬁseﬁ&)ﬁ% JupHite cirhe aghigupd bé(gbwdcbng phéivalent cations,
€ I t
suchpaggﬂeagoggl gﬂ 1r1ad§{htef R nd leg BEL éedsﬁafﬁ gﬁ X8 inolude, but are
notlamtadvte G’ Gt j e, zﬁgé*nhmdthednﬂmr olled rel ease of the

TR R R SR S AL M—

to allb'v&scﬁbéﬁl%aﬁ% ef ﬁﬁ%%ﬁﬁ%ﬁxﬁﬁ%ﬂ 'aglﬂs%lué’ solifflo2not her form of
the invention, the snal erical particles are not

seﬁbﬁ hq@d hedmmt inay BBEA:ontam anqongaseextipents which may imbue the
iols eferred enbodi

i UL RS SR BB RIS BLER S SERREL M or e

partifled S GIEE aBive i dafliddGgais, %Hﬁ@l‘l’@d f8leasdlof the active agent from the
aqueous- m sci bl e sol vent. Exarrp es of suitable

partl%l@ﬁ;@é@sﬁdxﬁ%pmr@aam & theactive pgané through hloéogwd tissues ae discussed
prev%ﬁslyt hose identified above for the continuous phase.
‘advant age of using an aqueous-based process is
t hlatanbtier $anibf e inedhtion, thefsinalleghaidl pafickRtdhdt separated from
pi ents that, provide bi ocheni cal stabilization to
thepgégtc@&a‘lpﬁés‘él&flf’%e agents, such as proteins. The
Active Agent The 'active agent of the present invention
Aquedofs-BhlPrakly a pharmaceutically active agent, which
can be a therapeutic agent, a diagnostic agent, a
cdsrmlpthe;r peeferued embaodinlents mlmafabnea”tton moces peslid priestdt system is of

he ther apeut agent can be a biolo .whi ch
on agions, dUNER e iRt aHTscPr 8 AReReSTHSSciNe) St dasgmples of
suita18 g dnE Ak @Ble %Weﬁfk%ﬁl:lﬁ@é 'lﬁﬂ?ﬁre i ﬂlog§ i fltifidd &oove for

protein can be an- - anti body, which ca
the ceminpenppldseo Dnmamt@gmbf usiirgeart axmeapsebased pearshi thatlthevsolution

can b@ugu?fé%da and can contain excipients that provide biochemical stabilization to protect

the active agents, such as proteins.

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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wei ght nol ecule. In addition, the therapeutic agents
can be selected froma variety of known
Weba@soswvetiti cal s such as, but are not |inited POI/US2004/023182
anal gesi cs, anesthetics, anaf ptics, adrenergic
agents, adr energi c bl OCkI ng agent s, adrenol ytics,
adrenocorticoi ds, adrenom netics, anti chol i nergic
.agents, anticholinesterases, anticonvul sants,
antlbgaxwhlcm@n Rgawixslonsl prmengelonal| | Thetthetapeutiehéani beoa sqw molecular

CI d
T L TR —
pharma¢dutinals sadh a3, Bgteant aot njiedot Bedla@eis] htes@asY, SnalBSilsdhdrenergic
bl OCE@ %g g@ ,. anti-inflamuatory agents,
agents,+ AAEReESHt gcking, ¢ Agents: h pﬁ@pbfﬂg@e nogcpntlpmdg,t |¢;kenom1met1cs
S ent s
ARG SO S 01 SRRl EDAGF A, i,
allostenici hmﬁatwensamohg estemdsarainormm&; | anitavidsg edditigliarrheals, antidotes,

obacteri agents, antinmalarjals, antlsetlcs
antlf(zlhctsi % ﬁ?ﬁ c? “ij 1 pRSEYy JiSYRRtheraRsuie sagentsp neural blocking

agentsmm&DﬁiﬂEﬁfn@e&&%mefgenﬂs m%%flﬁlﬂﬁ+santaﬁm 2By T Qé&ts antibiotics,
agents, antiviral agents, anxiolytic sedatlves
antlcﬁ@“llmtﬁg entstidépsesazds.en @@Efilabwtlcb | cagentsg azyﬁwpﬂeptlcs antifungals,
t dia, cortico ter ds, cough suppressants,
antlhiési)agl%gsz t'clu{{% € etnglve dzlagga o gluﬁ(f%]&}cn gggﬁ% nglgnmycobactenal agents,

antinthlattady, iagHseptofantines %S, adeBi¥D ahdirbeSeal r%?g‘éﬁfs 0 llrﬁﬂl'uﬁé’guppressants
ag ents henogl obi n nodi fi ers, hornones, hypnotic

lmmlﬂf}?ﬁﬂﬁé aglyh el hﬁ@&ﬁ@ntsamtlmb@ehtsmmmc aerdatlmsh estrlngents beta-

adredob a@?gﬂh%%%gsy %Q&t?%? ine n%‘tslc Ic:(pslrgc:{fs)iéltsh%ﬂugh SUPRSESTAME: diagnostic

agenﬁs,ald(aghostlcn imagins taaghten divistics! %Fmﬁﬁﬁg‘i@%dsﬁﬁé hematological
sedat i ves, .sex hornones, anti-aller gi c agents
agentgy | in gy edif} %?é}“m n%l@ﬁ%@lesat hylbngtiesgentsmuriological  agents,
1 or, [ n d nt hi. Lnes
anﬁh%%??ﬁg%rg%casatiflcsﬂ%{r: ti cegncag{ryga%% I?Q nﬁ%c T pifpsdf erelaxants,
paraspypathpmimetitst o pramthjtoad el hc&mdmel,er icdRitoni@, COplostdpdadins, radio-
er antineoplasticg selected from t he grou

phan%at’fﬁg‘il‘?y g 5Bt PRal oiF¥s, DORPPHRSt ab%q't}'t‘]é@glcenz%&% s, stimulants,
symphﬂhbinlﬂhét‘itfss thgtdidt | abdmg %?d&ﬁl%to?ﬁd Vg&tlﬁeg' o{lllté?l'@]fn s, and xanthines.

cosnetic agent is any active I ngr edi ent” ca
Antmﬁ@l?lﬁﬁ@: Qr galinapedragantsi mitule bEk aneploe dindfedtth qﬁehtagéll and derivative
e can,.be er .ali enollients,
R LR I ———
antimafabolites) feh2yM@ inbiHi®ss, alldylAfk Agent§ISR] SIBMHEY agents,
anti-acne agents, anti seborrhoeics, kerat ol ytics,
siA eAtARficaagant 4s agklaﬁ?tllz‘@llmrﬁdignta%nbb @ﬁ’lha\snlglsiccmtlc activity.
i | ar a tinol
Exam?ﬂ:@ %trqghegé‘ggtll\'f in Igec %ern ucan abcei’ c%l gg).[lléqngs u}nectants free radical-

inhibifiog yagestt Lahatlﬁﬂarﬁﬁhbtoheﬁw vilgming] @epil ﬂﬂeﬁtlﬁ%sta%éﬁts anti-acne agents,
ocophe rg ni coti nate, unsaponlflales of rice
antlse B ggzs g]érpnggj égentqq)slgmo@q}om@g @lgnw@ﬂrd awscreen agents,

y, el eni riyatives,.antioxidant
and ﬁ’!e Etioert deici® “hl) WA, UDY °Bridar e ol allort esters
polyufitatirgted rfetty a&dm,rMC@tmmEEtersakcbcwpﬁétal hﬁbﬁl@at@nlﬂ{sﬁﬁmﬁﬁﬁbl&eof rice,

b% ar ed b L(ges knovvn in the art.
soybe é’ﬁ‘rﬂ 5 RYGRRY agids piusheast alyeelin ewﬁl aeleniufno derivatives,
antioxiits, rbe‘tah@ar@feﬁé:,t w&RmAloriAfol and stearyl glycerate. The cosmetics are

commercially; available and/or can be prepared by techniques known in the art.
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present invention include, but are not limted to,
proteins, carbohydrates, water-soluble vitamns (e.qg.,

W@ 24081083088, B- conpl ex vitami ns, and the |ike),PCT/US2004/023182
fat-soluble vitamns (e.g.,_ gtam' ns A, Db E, K and
the like), and herbal extracts. The nutritional
suppl enents are comrercially avail able and/ or can be
prepared by techni ques known in the art. The term

peSEpmplge Afsnuiritienal i pplemenis neasigyaniated dobiuse desthe practice of the
RS +ed.d carlcld / tjcides
prest b tbh 1R B0t B, LBIE L liBing, subhvdraispotiatgr-soluble

vitaginas@es, vitanwhi Ch B-bemples tvitaindies, iand tthe 1fKeBS BMsoluble vitamins (e.g.,
triazines,

. inventjo y bel ong 1 ncl ude ureas, S,
Vitarping a&;o\l-)e@; Eaﬁ@a@ﬁtlg@)a wiolyshar gxbraglsi dTlees nwirigional supplements are

rre P . e
el T ——

p?nz@qui pgﬂhiaidpgis nmdﬁdtc:cmﬁdrh)momlpm. heasiem'e_ﬁ,,: ﬁlswﬁgmab,e&aricides,
.pestlcldes..n ea of. these classes are |li1sted In

nem et RS FRDHFAes SHHUREPIRS  EXEMPRS oh copppuRl et fomhich the

pesti€XdB g ke pré&t@t RASHIIGH H8S &[&lngﬁ&é Efe@%(,ltﬁaﬂ}{@é ltlﬁ'%gfge% carbamates,

and/ or can be prepared’by techniques Known in
phosphprie #nideeteise dindmesadinesnmorpholites, peydalemines, pyesthiotds, benzilic acid

he: ' e is a,macronol ecul e, such as a .
ester%ir g’ﬂ’g‘?ﬁﬁ{l&gﬂgggf‘&p ggfylcgélc ﬁalgg%gaﬁybygp@rﬁgns. Spec1ﬁc examples of
pestipidby fedcRaifl these dagébd 4. 1isid 1A PEd6tiat Ml orNIRILC British Crop

aci ds include DNA ol igonucleotides, antisense
Protegtipy Siquasibotlhgeresticiges aisrcommmpeiallp muaiBibRNAnd/Ghean be prepared by

t %H&Lrﬁ' n be natural or synthetic. The protein

©¢ cgn e an%g%ht%iagtgdy, whi ch can be nonocl onal or
palny @l raérredr hentpydimentn of afhe apf@erie idRMtidHOME active agent is a
t he proteins isolated from natural sources or

, apeut i
machWB[?ﬁ@@dS“& ag 9 profern; 8 pelyperitdsn®d Farhalyduete opelynitentide es virus, or

ol a I; t:e] [ u e not |limit.ed .
a n.uc?gl’c %?%t &ﬁ%gélg fa@i{dg éﬁ%lpg% gj'l\&k,ogl?gorl]lgﬁ%%@%egﬁ gnttsg_nﬁe_ Pflgonucleotldes,
aptinfes tRAVA Mirld, SIREA 0rThel hicrofalzcale daXbeatat@hl dr synthetic. The protein
subtilisin, oval bunin, alpha- -antitrypsin (AAT),
can Bs,gns antibog eWgS‘(‘ﬁd'@n csaReEenat gopplyclopdlo 7 Yhe protein can also be any
knowhi BRfpehER & i e ! S i
hor rmmriibg, e?ﬁ?tﬁirﬂ% pﬂgg{afég’ ﬁ?ﬁls l’}f‘tﬁ‘%ﬂ %gj?%?o(v%t ﬁg{dg%\%‘% rbg s(%ntheuc or
recomhipant methpdsys Exemplest eff hempeiapiaténeinclude, but are not limited to,

poc B 08 50 T SHRAE BT, P NG o 1, ot )
subtilREGY bedI B, CllSianEan@kyRAS éA@H?,d DNasBY egéﬁb%/lige sk (soD),

protei ns, desnopressin, LHRH agonists’ s
lysozymgyribnnuglsaseg bxalpwnidase, watlageahien grovdk doshome, etiRidpoetin, insulin-
: g?&’ir@ .St s, ssi.n,. cycl orine, calcitonin,
hlfe par a%ﬁg?gsi OZ tﬁ%‘?%aﬁgegs’ prg?rg?ﬂ%’ 5%?%?%%@8“@8}5‘&%?%&3 colony-
stimulating | factor, Prrafigibeel dol@iyap@iitliatigPraotdR] Bstitddes] W@%&ﬁed proteins
al pha- antitrypsin, LHRH agonists and growth horrone. ’
leCOEQg‘ﬁgl 85 lyperdyosplatedupsoteingi glesmenressipe LHRH nog@ist esuch  as:

1 el Less t -N0 i M.t , _Steroids . .
eup'r%e.t é?ég_g g%]?g.t £ aHﬁ’l %Lrlnéelcr:érnc?b ?%{féﬁ ANEEIUR Yyl &OPEesS ity é¥°1°sP°r1ne’
calcit¢rinyg ipatathyréid horehond§ paradtyréiti Béraiond Upeptide® ha) ins@i. NOPreferred
acj.ds, aliphati f conpounds, aronatic conmpounds, and
thera@pﬁcaprotems re 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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conmpounds. In a preferred enbodi nent, the active agent
is a therapeutic agent for treatnent of pul nonary
waele®ensiess. Exanpl es of such agents include, bRCT/EHSEM04/023182

not limted to, steroids, betaagonists, anti-fungals,

anti-m crobial conpounds, bruonchial dialators,

anti-asthmati c agents, non-steroidal anti-inflammtory

agents (NSAIDS), al pha- -antitrypsin, and agents to
antingiCeoigbuds 6geNds)f atvinys acids, Ekiphatlcesonyioustis ravomlsti gemponds, and urea
cmn(ﬂ&ﬁgre not limted to becl onet hasone (i ncl uding

onet hasone di propionate), fluticasone (including

f1 1t & pacroned imdBPHRIAL Sthe BEWCSOME §ea tﬁe?ﬁﬁe%@i%oiﬁe?t ié)r treatment of

fl udrocortisone, fntlnonlde tri anti nol one

pulmopary fsgEdtren Exa@ple@ of dech, aganf indlude, bot ard aot Emanqbltcestmds beta-
agonm%"t %n?gﬂ%aﬂiz ?dﬁjg Hllic oq:)&falft%:g)%n it edrsg fgt%hﬁl g{a tors anti-asthmatic agents,

non-:ttet‘mﬂiahlabtmﬂﬂﬂhmabﬁﬁbghﬁﬁ @NSAEDS), tdlﬂ)l&b%ﬁtﬁ@ ps1rEXa<'i‘Hpa{g%ﬁts to treat
of..anti-fungal agents include but are not Timted
CYS“? fiprosisn dramelesif Stesrids e lide hnpra aphlimied o bq‘:CBmethasone (including

becldhARIRBSL 'drff'% 6?1%%1%(' ﬁ‘lﬁl;cugo%et (kfl“?clﬁ(dl{}gﬁldtm g%-gﬁlpgate)a%udesomde

contrast
estradlink | ﬂndhrowmlscﬁﬁsﬂuéﬂbhydle triamcinolone (including trlamcmolone acetonide),
G6-trii odob%l:gzoat eez al so known
1

t

and le%l g]ll oo esopéol?eéa( -REOPISIE BEBr | nowlmnge,tb 2(2 salmeterol
xmatbat@ forrﬁ@teﬁﬂ e Yraf M@Q@B&Xéml b terol, and tulobuterol

3, bls(acetamdo) 2,4,6-trr'io enzo

etExampey f5 anti-firrgabt @@ntso)ncmd@ But are not limited to itraconazole,’

0 enz on utyrate (WN 16318); ethyl

ﬂ“"c’éﬁﬁé’ r?‘%xy dieg: é)ﬁgw N 12901); ethyl 2-(3,5-

biBibgatia Mzt 119?0114d66thb "xl-ﬂa§l’ FaREAZ QYN ROBRAR WM s, (M Nhples of

16923) ; N- et hyl 2-
X-rayuwea%gewmwmymﬂe 891&883 detbyleh s sljdossaynide-didbriniied¢Bahbbate) also

knov@?d:é gtac e gﬁ‘%g% no ii l%%ég]t%rwdo@glpé?ﬁ)z YN QY722 d6e Korethexy-Grqyohexyl-

3,5-bikRbhajrida)- 14, H}thmﬂobé’nz%ate ethyl-2-(3, 5-bls(a(c\e/”§,;1m1do) -2,4,6-

i?ep%acet m do) - 2. 4. 6-triiodobenzoyl oxy rral ona
triiodghenzqylox HWratQ (?VjN5]_6§|1§x gdwi diatrizoxyacetate (WIN 12901); ethyl 2-(3,5-

bis(atahifio )5 H'Mﬂpﬁﬁéﬁ%f{yg&%aprgﬁgﬂﬁgac?w (DR 7 5RRhhyl  2-(3.5-

propanedlo
bis(adstam{ido)e? méamlm)oeﬁzoayk&yt ramnaazqwm@xw]sms) -8 bR)  2-(3,5-
enzoi c .aci

bistac§ gD 4 Sy oD Giopiamitio- AVRY hyl2835)t néiegivb- 2-G.5-
bis(ad2tHnBAORS, ﬂb-ﬁ§$®‘be%ﬁﬁ%ﬁzﬁgﬁate W%ﬁ?g %ﬁﬁfﬁ ﬁa(g 5-bis(acetamido)-

agents include thosé ar e expecte
246-@1119d®he@g®§d01@')r ebheriylasktater afWdNy 6ASES); phy@pe&abdxgiccahmd [[3,5-

i 28 T B L BB SRR o i i
3,5- blg@zmwﬂlﬁo)hz/d VGQh}ééd)-ﬂ*(eﬁl?l Bﬂeﬂlok;@thﬁéhdaiﬂcare&%y' d'TygIN 68209).

aci ds at ysi ol ogi cal pH, or other mechani sns

Preferﬁ%bwqtragbagmmempl@ga iHzase mrm@hr wexerpeateditd disimegrire aslatively rapidly
rizoykc acid, .and netrizaic acid, .al gng

underw? ?*S?(ﬁg%lr ol y?n&l{al\?ﬁls)’/ 5% Tehistien Qfl}édpaé'égl& axogiaed Jég]ammatory

respoddEN Iﬁiiﬁ%gratiﬂiﬁné}z%@&k hNe : 31@510 1381 sERBAZaR6n of carboxylic

others may be preferred.-
acids at physiological pH, or other mechamsms Thus, poorly soluble iodinated carboxylic

acids such as iodipamide, diatrizoic acid, and metrizoic acid, along 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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Nuner ous conbi nati ons of active agents nmay be desired
i ncludi ng, for exanple, a conbination of a steroid and
wW@2@en3s08gyoni st, e.g., fluticasone propi onate BETUS2004/023182
sal neterol, budesonide and fgynmeterol, etc. Exanples
of carbohydrates are dextrans,” hetastarch,
cycl odextrins, alginates, chitosans, chondroitins,
heparins and the like. The Small| Spherical Particles
Theluperaus cdosbinatibns lod astivd hgenttheraly del desired iindledingf for lkwample, a
resent i nvention.preferably have_an average geonetric
comBFTE g aCtSi9d Ad 12, B Grsg0h .k AIGaRG BorigRAimand salmeterol,
budesriige Ricfoematetal, §iom 0.1 nmto 10 nmm even nore
preferably fromabout 0.5 mmto about 5 nm and nost
pr Exenplss yoff regshaliyduateso ase ndaxtrensbbetastarchm cymbodextrins, alginates,
. S .¢ _Light,,scattering nmethods (e.g.,
chit P %f g@%ﬁ?@ﬁ%ﬁ%@?ﬁéﬁﬁ?&@py, | aser diffraction,
| ow-angl e laser light scattering (LALLS), nedium angle
The BmaBiSphéridat Patialeseri ng (MALLS)), by |ight obscuration

met hods .(Coul ter anal ysis nethod, for exanple) or by
ot {Fg"r pws&ﬁ%a@c{ @G&?ﬁéﬁhw@bp%@%?f@? Pressrigpyentiongmeferably have
I tt ol I [N [ V. wi | |
o ofinf SN RS A IO IR, e ooty

from0.1 fulni G110 TRE SRR MREYe DréfraBly frH@I DAL 058t t87abbHIS 1B Mnd most
Cascade | npactor neasurenments. The snall spheri cal

prefegahly ifedne sbanie OSubsx tmabeit] 3 pephay ncaguwredNbat dymantiedight scattering
by "substantially.spherical" is that _.the.ratio of th )

methloésn g(tsefgs’ & oﬁoﬁ%rr?%“%‘gsipef%osfﬂléy’siﬂﬁ?rt hifragtion, o Jefvanglr Taser light
tteds (DALLOE MéditinCdn]eC 1965 1iSIRCIchAdtid i

" e&%zl( to a)le;out 11. g%r@Subst ar% iaIcI y égg/lig%}lg)gggsﬁggtt obscuration

methody (Fewdten apalyiss afethgdnfer exampte) ety otheheeledsj suchsasniyology or
. Ut t rpng, . such as lines.or in tations .
e B35S BEBE RS YRSB4l AE R Bt
partitle sifvederwreiiabd byi dle Off flipht RRabirementdNe.gSt Ablos®l®zer) or Andersen
substantially spherical. Mre preferably, the rati'o of
Cascp: 1R&Lop MCRBERMEMSE | ongest and shortest axes of the

' i - r . about, 1,33. Mst .
Patlhe Shtn SohFREl PHARIET ofMBbed ol otnchodls | WhBLds meant by
“substantiatifi cspheri¢al2iesthatf theheatipaof ited derigths| 66 $hé Nikedt to the shortest

%gualﬁto abo%,lt 1.25, Surface contact is mnimzed in
PerpeRAICURE s eQl (theyipasticle <qIpsst 87riioR Isy lespHBRR catl equi foh about 1.5.

SubstihBAIR itd1R1oBOHES! i rati o :
. Spart i[pciglglgnuag?r? stgtfﬂaegg?é %ﬁggt?ﬁ?ﬁ g %}lﬂ ijltéllggesp figles may have
surfa¢¢ extusingf swbsistlinas oc axdentatiow drargmbaundes ckatepnbmall in scale when

l. i cur, by ionic. or )
compiei®Fo, e orerirsich P PRrebhnand Sl b8 eubanielle sobegal.  More
prefefablf Ghe SA1R éﬂ%n?h@%ew?@%ﬁ tR&[dnbEdt GRd 3hSReR ok sga?f‘?!g?/pggﬁcle is less

have substantially the sane particle size.
than proqueg taabrusddsi Mostipeferablys thorratit of denighter letaean thetlhngest and

shortldf 2@l o\{feché/ pgrltiglealsn ?esg’ Ec‘ﬁaalnl or %?prlettlltg lagg’uteil.if Vgur%a%e contact is minimized

in microspheres that are substantially spherical, which minimizes the undesirable

ary

agglomeration of the particles 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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for the smaller particles to fill in the gaps between
the larger particles, thereby creating new contact
woeuodsassss A broad size distribution can resul PCTS2004/023182
| ar ger spheres by creating ny contact opportunities
for binding aggl omeration.” This invention creates
spherical particles with a narrow size distribution,
thereby mnimzing opportunities for contact .
for tha gukBerspaati¢lonto filhan thesgape Batwesy the lapger Patiiclysy thereby creating new

comal S5 PR BEFLEOT el BEb) hAuE Rt s mony
contaf oppdeufifich feebnaitic doglceritivd. sThis| insqhioni @edtes spherical particles
. particles to the volune djaneter of the,t? percentile )
with 3 BYLOW IFEA %?tﬂb'eﬂfﬁl» thegeby, MRy @@F@B}t § Tetheontast ppglpyeration.
S lec . Q - . . .
whorg gL 5B OB 5 25l AR Babuion woul
have paitid 6f #8 vioburh& diavedterne thé Q0P percentfle tofichd $muple sptenicall marticles to
| ess than or egual ;,to 3. , t preferably, the particle
the veluzs AR 96 G ] CuCFEF LR 5y B TortEhle o Maee prefordbly, the
. @i .ar. . i . heLi L £
pricf PP puPlhe RS Bl gl e 30h gkl of e
smallppherént particles s thehatume dismeter of the2l 0" Greoermtild kessSthan @aequal to 3.

o TS S50 AT ATt
90™ ﬁé?cteﬁflif@ d1i1R8 lsfﬂaﬁ s?%&%‘al pd@ickY @ iHe FolamBtaimétECH) tat10Rrcentile

cunmul ative | ess an percentages of 15.9% and 84. 1%
less ti@BDrieqguadudl to the square root of the ratio of the

SO0, 85% ViDL 6P, B A gl o

distriBitRher@ohYeal c@fiohf atvolved . deteimnify teasffertlvd ontwdtiodiahber (ECD) at
i nvention, the active agent in the small  spheri cal

the c%mlg’qi‘(,q less than pergentagey §[f {5.|9|‘Vq1@1d02}4. Hén-@YLy i equpl tedhe square root of
the ra-{i%%'f Qﬁé JE&D l?%@hlan %QH%% &%Clﬂ %s%'t%éneﬁ.%q RYGEB%as a narrow size
pProcess 1n IsTinvention are substantially non-porous
distrih[tﬂ)fnhﬂhbgll @SDMBIMO@L}EG&%I}I lhﬂ)’thﬁh !5.891:I cnB, nore
preferably greater than 0.75 g/cnB an st preferably .. .
griB atnaricrrpd Foranmefi the grvgntiop. dhrgactire pecat &r ﬁéwﬁﬁ erff@? particles is
: ] ' i about 0.5 to about 2 g/cnB8 and '
semt &rﬁ?gﬁg{r%‘;dgﬁgg%&%?%gm about 0.75 to about 1.75 g/cnB
artypiaty, soel gphefiealaparicles anedeb byt the. gHcgiscmB this invention are
about 1.5 g/cnB., . The particles of t pr esent
substipllioBrPoRel BUHHE o SRS EBAID Hangfs A o B greferably greater
than @9?% m’ Uﬁﬁ;n%bs'ltj ?re!fé%a%l?%éa"t&m aboBf 0.85 gl fA GRsFérred range for the

quantity o ki ng agents or sim | ar "exci pi ents t hat

densitrie froemahaue 6.5 alvawly?2 gicme andratoroprsfasibly foprabawg 0.75 to about 1.75

articles. For anpl ' | i I i cal
glem VB B BRGTER SR G AR D8 S gpebplr Tt R 0596 by
veitghtar@dled BE tiRApilebdit GventionRY R exhibit! g GoeRNEStheractive agent.
exci pients may be included in the &grtlcles.

TherePisebaeauitement ffer mgignifisand gupatity of pplkingagentsomsipbagtexcipients that
0. 1%t ter t % ' h icle. .
e G0 9 Rt oS5 T Mol Yorhled BB 35l o s

spherV#ai @hiticledveshstoref @uafl es abl gredtethanb0se 6P%veight of the particles.

However, bulking agents or excipients may be included in the particles. Preferably, the
active agent is present from about 0.1% to greater than 95% by weight of the particle, more
preferably from about 30% to about 100% by weight, even more preferably from about 50%
to about 100% by weight, yet more preferably from about 75% to about 100% by weight, and
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to about 100% by wei ght, yet nore preferably from

about 75%to about 100% by wei ght, and- 19 - nost
wonrefs@ssisty greater than 90% by wei ght. Wien sPariusgno4/023182

ranges herein, it is meant_f¢g include any range or

conbi nation of ranges therein. A further aspect of the

present invention is that the snall spherical

particles retain the biochem cal integrity and the

most prqf¢r@@lwcgreatamhasm 2096 1y wrightic tYhen eialéng rasigen hgtein, it is meant to
t hout thel c ents. In vivo Delivery
mdudglfan?'ﬁ%ngﬁ gf'rpagl%? isﬂ contai ning the active

a@@ﬁﬁ'thbﬂasfpba cﬁTtHc.S piberit ﬁlrmntlomrs thatehs smblh plesricalr pamcles retain the
vivo delivery to a subje

e of the a ent
biochemioph itesrity And, thﬁdaﬁlogyalc ﬁfté B’le gl ?%B’ec%ﬂe Syith ¥ Sithout the
C |, pul nonary, vaginal, buccal, subli ngual ,
mchlstrlcﬁl 694&{8}13?&1%@ transnucosal, otic, i ntraocul ar or
ocul ar. The particles can be delivered as a stable
Invzvbmmvelr@u@haﬁolns or fornmulated as a solid dosage form
has ablets lets, ca etc,

e B oot T BDAHIEER IETFRe] (glich &e'silable for ir
vivo dem/&g 8"&%53(30! ﬁ‘ltﬁe%%?% Bent Byl ReitANERAH%e, such as injectable, topical,
Intraperitoneal, intrathecal, epidural,
oral, jeotal,anasalk; @ruimnary,magmaé,rbuc@ah avblingyaly firensdemal, Arsgsmaugosal, ofic,

1ntraoFHl%1[' emrrrc?c?%a%? g Of d l?/gle\réi%{ ehgrg etr&})%ﬁa st'alglg a%(@.[la osQlSpensmn or
formIQB@a4 4 s6lid @os Wg@fdi@%ﬁch u@ﬂlbldtsﬂ chflets ippsuled, @RPi A ptaféryed delivery
tract, or anywhere in the respiratory tract. The | X
route pinjectables Wiich meludes W@Vé@ptasm&a@ww%@ wetdicuispeqpsy infraperitoneal,
er al I d
i U IS}l IR RN 8L T Bl iR o o

delivdry R pularonaiysinkaibidal. | n, thisuohteast dehwm the pammemy hé)ﬁgposﬁed to
deposited in the alveoli, where there is gt
the gy Rt 1oy b VARG TeABFEOR,IAGIY b ABYY B it B e fratdty Hact. The
4&13, ARRRS ! dritRdY k8 be delivered
prs RLTPAPT SR, EPORHLNS, LB e RS o bt
byaﬂetm’@dtdesemmmbherpwmﬂmd:re can be adJ usted to an opti nal

E ﬁ%{%g%{ngqqga 5 fcgﬁmgt%cl)r{] %}é{eu ! dﬁgfg g ueh ag Mﬁg,sarg ﬁgsbréably deposited in the

alveog CRALE ¥her8ih B é}ktlérgé SurPdcé %rea%ﬁﬁ@&lé‘ﬂr%bﬁ(g?ﬁbﬁ b ﬁle bloodstream.

ractions of aled drug particles are ten achi eved
Wherbyargetmgngleedmg pdepnsition do taegaimoregionatwidhkin thetlheg, the aerodynamic

sam PG PR e b OB b 61 SRR b Qo AR, g
physﬁél%ﬁ@rra&eﬁﬁhd@fof eCpadtidleeshich byl ghapaS denSikyg and 8@@1@1&: hzen )
is effected by bl'ending with |arger (30-9

paxaceptrbls refpifablerfractiany pfenhyled drug nastidescare aﬁten achieved by adding
exmpg:%ﬁsr}a-tlgn or%xgﬁfgr? Sctthel 1n5'ajg get%ﬁh{o' tﬂ\eNBHt]l% lc%'ixg)%gmon or as a mixture

rcles i

with ﬂ[eoﬂﬁfgt pﬁ'ﬁcley\thﬁi\ e@;@ﬁlﬁaw ainpﬁo%dtdismfswrm@foﬂmfbmzed drug particles
codfynam c_ef In a further refjnenment,

(abouéﬁanpﬁ is §tfgctgd By ﬂok—‘@émgdw&% loeeea(3Q20 1ip)ipattislasid 1%%?4mer particles
| fact
e AR PG bR Rl A1 BR1 RS LRI R povae

flow @rapgies, which correlates with an improved pharmacodynamic effect. In a further

refinement, the excipients are incorporated directly into the small spherical particles to 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 lungs, such as albumin and DL-a-
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General |y, excipients are chosen that have been
previ ously FDA approved for inhalation, such as
woaoetsessnss or or gani ¢ nol ecul es endogenous t o t ReTiUSZ®S/023182

such as al bumin and DL-a-- é@ - phosphati dyl chol i ne

di pal mitoyl (DPPC). O her eXcipients, such as

pol y(lactic acid-coglycolic acid) (PLGA) have been

used to engi neer particles with desirable physical and
phospbhidpilclling hdipaiotiey] {PPES). Hatbéx/ excipienish sgeh taRepoly(lactic acid-co-

glycohg 21%1{ t(i)ﬁ%ﬁgi( ﬁzﬁzﬁ EEP%S%S\LC\A% ek ngpx’re Eﬂlégeg ong{ﬁ ' cﬁ'sﬁeﬂ}lé pti@scical and

chemRar EHatdcBeritides Hobawed @michadd tiie (ikﬁﬁhﬁlloh dxperﬁehﬁe w1th FDA approved
t racheobr onchi al reglon and whi ch do not apprecia

excipisatsdis deen vishiapigm laﬂ’vglg leege acrtlnaRiopastiele #1267 tha desirably
depos?t 191%19 ?ra%ﬂe%%ﬁ(ﬂ}%ﬁf&% ?jé& agxp%lﬁgh 148 ol %@%gﬁbl‘ ; eetrﬁt@ Qb &he deep

ncern t ong-ter
lung. SEtﬁ"hn}Med pl{)teﬁhﬂ‘ﬁﬁpémiﬁle am‘apmmcs éﬁthv@redaamhe)dmprlunguthdsre is concern

due i myunol ogi cal Jesponse qr. caused
that ug;igqn@b]@ﬂpgg-\‘r,ﬂq@rg@q] @@fecg% Su U)g'{ag@?qtlgntqqg iftgtioq gan chur which
I I
oo S LB O 8
the albmladvgmhageous to fabricate particles for inhalation

re substantiall i tuted the drug,to be .
adh | oFedS TRHEE meral B IHSTIHS iy AT O 4G Nong inbaled
theraﬁe)ﬁﬁ% Y Bay Be Q&hpd!ggéiﬁssto QMMa%%ﬁ’cl&shi%r HAlafbh thRSfe substantially
ose of particles deposited on alveol ar surfaces with

constﬁaeéh bMdh@drquséqetde}avmem mihis steptégyr wouldiminindizeiabygolar exposure to

excipEBlsaPcaTosgae EFRU TRe HOSeP bORaRY CPsBLPp plygoler sufuces with

each &é@btﬁtﬁh@w Iﬁfmﬁﬁﬁﬂg Irihgiod anass émemcmb@bf @e erﬁﬁﬁe&ﬁhéﬂapédtic Small
rrposed entirely of a therapeutic protein or

sphernaay pwticlsarwitle afraelynanis arraperiey syigbleafos flegp Jung §%‘?ﬁ“ﬂ%that are

of s
R e
for 1s@fate|dfsm@¢srbrﬂihe réﬂmﬂsdﬁ chfbnidﬁﬁelfapémdxiosmgadﬂ the mﬂn&loilam ahembrane of
particles by inhalation coyld then be, Stugtefg wi t.hou h

the luggmdihe eHesth gl sustanie delivrry gHprokn syp%ig dn Shecigrm of small spherical
C [

pri FCS Py Fion R3S FETRON b R AR08 et by

associmdadeexaipierd.| nmean aer odynami c di arret er of 0. 5- 10

" herier RS 1@ GRS PESt i Lhe devi duten By BpIgien aifsthat the
partidRAERES sﬂiallpfﬁééd &ér@@yrﬁ?n\{é Afnfikdr (106021 0 RAEfRh&s 3hd & narrow size

ranges. he pr ocess ‘of the pr esent invention all ows
distribieont éﬁreu iowdntion atso c@mnpl@pmmmm@togpdmt ofzvaémlwbmhcm@f particles
eristics.

h
havmgpgxﬁggeglﬁgarg s Si7S5r PRS- pa € ﬁorggssmﬁ)\'fﬂpagriesaﬁ ngyprgion allows the

fabricitiafet @hall Yfhefleal patickesr g @1@ abdVeechatdceiisARPr oach is to
produce relatively large but very porous (or

pektfetsy are dwP pringipe pashessfor Ghradeg paéicles math asredyingmic diameters
of 0. g 3%21?1?@}%1{] gl%f?%{ aﬁﬁ&&&lﬂé Igepr&%(e %;E}ﬁ%&]qg}gggﬁ)tl% porous (or
perfof@@) MBfidrbparticles.  Since the relationship between the aerodynamic diameter
(Daerodynamic) and the geometric diameter (Dgeometric) iS Dacrodynamic 18 €qual 10 Dgeometric
multiplied by the square root of the density 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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mul tiplied by the square root of the density of the

particles with very | ow nmass density (around 0.1 g/cm
W@oosassoeschi bit smal | aerodynam c di anet ers ( OPGI/U82084/023182

m crons) while possessing relatively high geonetric

di ameters (5 to 10 nicrons)12121 - An alternative

approach is to produce particles with relatively | ow

porosity, in the case of the present invention, the

paAni dieesativaveppeoadkisitd prodsed pamicieh with tdlatively @8 porosity, in the

a e, and.nore general | hat i s ¢close to 1 g/cn8B.
caso K BieRE JEVRORg T E2BiolE s  SEnSie netioH o s Agaes above, and
mor%%éeiﬁﬁall%ﬁhﬁﬂ i8lefte kS 1G5 Tiust € 'aEro@?HﬁfcrdiErngﬂe?gﬁlﬁﬁ TION-porous

présent nmethod foor particle formation set
densa pextigles py dosadioghdivgequaattic dlamefenr mati on with or wit hout

XTSRS A PSR R FRIAS s o i

formati6y Weth or SHPBE Sicisant ages for use in pul nonary
delivery as it provides options for |arger dru

paljalsicglon jof @f@d@é@%hﬂé@gﬁoaémﬂifé@r@@mauow?nﬁ §with no additives
' [ [ lL.ation. . .
prov B oIkl 9950 R SEARRRERH R B0l ppions o e

drugpahiends; dcr@aed safbtgandeirbicd hembeds of RGN athabitionsl |
particles prepared from other nethods (including
' rtti cl e i Cr ospheres, nansp_her es,

.. mcro
Microenca ated 2 phergal Partiglesansul at ed

- W TR SnAREFHeFiRS) e&frtlé’l@é of Fl@ gfys% ihEbh B Smb? phifl repared from
m cr oencapsul at ed particles. e n1croencapugu atT on
othercrnthbds Gnclodipii siverpatticlannigosphess, kamovpheires, hiveoparticles, etc.) can
In_a preferred.enbodj nent I croencapsul ati on of the
T T T R AL
parti€lBy, Phd'@icrédRhpushifiioh hieBe h&oRHHINR Bﬁ?@%r@é’es?ﬁnown in the art. In
emul sification/solvent extraction processes as
a prefersest ¢eipbedimehbuniciisacapatlation ofithe small spleuistlaparticles of the present
. | e opertjes._to the actij.ve ent resulting in .
invertfo Y afty BIRE Stnpl] BRrtcles s e Ompliified: Y At ylg Hitinrdsol gy gxtraction
procé@bes\@elsscHBEDbEIoRY The thfrid &dhitthatth@ERRRML lefease properties to the

. applications. The m croencapsul ated particles can al so
activp aggRickesWingyis drelease saes thet mensist ifioms meiutekdo hours, days or weeks

- i . rieal rticles. In .
o L0 0SB BAALAF, PP LB} &bl prices com
prodsqehdlayed] refeasd fahedatdne ofalid pe-Rbricdtedrobl Phetdal §articles. In a
I n. anot her preferred enbodinment, the macronpl ecule is
prefegreﬁ,r Sg%pilntﬁnt,pah%, p]gﬁtfplgéc_atefin small spherical particles are particles of
Ca . . .
eSS LCoH QRS YRR LRl PO Soetl i o
polypeptides, the continuous phase and the di scontinuous

p whj ch i.s al so known, as the di spersed phase), to .

f 2'?13{?%r%maﬁifﬁ]@%laﬁélivﬂma%&ﬁ‘aﬂw@rﬁr@%?%ﬁ&aﬁf»lﬁﬁﬁ&n i ppgtained by mixing
two RHsEBUOPRasB ABE doftiAlbul PHEQU Snd BRS Bisé MtinhiBEs ﬁﬁés@ l(which is also

phase) and the discontinudous phase I's an orgahi c phase
knownogs thee dispersedhabede)t v fammaarenvilbionn- ateprefeded) embodiment, the

.emul sion.. The disconti nuoys . . .
contiruous phase is an aqueous p?lase or the water phase) and the discontinuous phase is an

3

organic phase (or the oil phase) to form an oil-in-water (O/W) emulsion. The discontinuous
phase may further contain a dispersion of solid particles present either as a fine suspension or
as a fine dispersion forming a solid-in-oil (S/O) 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



10

15

20

25

30

phase may further contain a dispersion of solid

particles present either as a fine suspension or as a
woios/odssper sion formng a solid-in-oil (S/0O poass2004/023182

The organi c phase is prefejﬁfly a water inmscible or

a partially water m scible organic solvent. The ratio

by wei ghts of the organic phase to the aqueous phase

is fromabout 1:99 to_about re preferably

1:99 for ehput #9:60, andgnes m&fs{ﬁblmémenab%@ Hode 2po Eapr gny range or
comb{:ngﬁgilﬁ na%?lgeszthglgmﬁ OI@Q%?%I’ ertePemB dlﬁl@M‘[ 9o 5 the organic phase to

ranges ‘t her el n. preferre
the aciebadpEN s, abohe1 BatTI&, @bsenh mventgﬁnfmthplhmmpiateb aitilizing reverse

aqueous phase_ i s abou

3..Th nt .
emulsiost Hevateloir @hpmasen (w70) Wﬁﬁrgethgxrs)gs@ém‘e TS s Gogiimuous phase
and V\%’éﬁéé%aéenfoﬁhg tﬁé%h@nﬁﬂu&%’ %Sé’m?ﬁee Iteg&t %\}enﬂaﬁ‘?ﬁﬂﬁ& lcBRtemplates

conti nuous phase an ter phase formns
utilizid'g mmmm barsng hasre . thdinéwp r;é)ssﬁst suchvesnani ofl- 1ﬁ1wat¢ren-011 emulsion

Iates tili having nore than two
(O/W %tﬁrcﬁl%} n}iwa’érpg)]u Wﬁﬁ oil emulsion (WO
Offp aa"‘%ﬁéfréd‘ ShbodiBrenVVatRd HRIUEsSI OF NELdeMapshiatidn using the
preferred enbodi nent, the process of

emulanﬁ@raoe/ndap@tmxamm SRS stam \@ﬂup@pam&meoﬁab@@ﬁtvbﬁvaﬂ spherical

partlcgels é)yf gt | o@é({ﬁrédf §‘}{g”| ﬁteatgfila ggda%{) c%ntaltnhng the wall-forming

materfiB! MEprélesiichied bnedl éph@ﬁcaa@ﬁrtiﬂhscﬁr@ al’spersﬁ@&lﬁme organic phase of
containing the wall-fornming material. The

the waH-donmipg inesderéal te farm asqsnwérm@ﬂ (SHa} phase conigining psfigresden of the
pre—fafbplcatgc? siial gasg)'hgn@ep a]:?a‘f‘t (erﬁ'ﬁase Igés%{ gh{]ng e?fehaémﬁo(zilment, the

rma so

dispegichpie hedopiplished be hpmegérﬁhhg tlad miktseril |theS$1hﬂl bpsteekical partlcles and
particles in the oil phase,_ In a _preferred rrbodl

the Oltgﬁ@ccﬁhéﬁfer émo'c}wgusa@ew Palh & herfsragueHs 2 £ W TS ase, the
emulsgarng%hél irn{eaeoysémﬁllsﬁyﬂﬁg @hd Q/gj B?nﬁ\%\:\i(ﬁ{ ?lgr ﬁ}]fé@ug Bﬁase is a solid-in-

ase. "An aqueolis ne
oil-inamten'(ﬁﬂm'ﬂfé) qaisien spstemhi s case, the enul sion system

L é}géva}lﬁ% eg{g 1?Sllatfe 1ﬁ]gx?eifetr£] fq,] = O a}:‘?éée} 9‘? S aqﬂigr#ructural entity

of th§¥1§attﬁ£nma_ DRIMEY lor fiRT SIniEndiRher BidepRHssIE WAll- f@hﬁﬁg Maberials are
capable of formng the structural éntity of the matrix

preferirertiegpeagindlly| fpr wgeqtabl@ epitlicationso nExaBmi@e@ﬁ' sidh mhagerials include but are

o 5 A B0 BB GOIE bs RS ovyens

glycol BﬁjugeﬁechLGﬁ!’ & (POGALPEG s thnldaribiRedid] | tBé embodiment in which
acti de/ poly-qgl ycol i de polq)grrers (PLGA' s

PLG,tg(gr)}&%fPé}{é ig|uged| the dHj Gy arelgrabhichas a(qat_lg@f)m@'ggctlde to poly-

o R BT A O i

prefeﬁBlyYaHo@t:'SO@e tl galkyd) the Cngldae thd rafti“oodsﬁ th@ G3oly- gtycahdé)fb the poly-
nmore preferably from about, 90: 10 to about  15; 85 g$
lactidgdg tthepp@lmewh? e éwdm hitig is the péissesnerpsulaied Rigiclss resulting in

faster }F}%re{t aﬁldofast{eﬁ Zie%%%lé[tl | Yol l?ﬁem'bf%cﬁllale v@:‘?éﬁ@ BE L6 cBh also be

yner drop
used. mrc gex&miaﬁﬁuhakaﬂe patid oﬁ balg-glyslitie Ian@; pbly faaﬂdeam the polymer, the

dratjon and r at
1ghegv¥l} Le @far WE@E{ gﬁq aﬁgj%%Abgw sllc())vrv]er is e re ease 0 ‘?he actlve agent, and
the wider the distribution of the size of the microencapsulated 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 aqueous
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used. In general, for the same ratio of poly-glycolide
and poly-lactide in the polyner, the higher the
woriososdoss wei ght of the PLGA, the slower is tPEI/US2004/023182

rel ease of the active agent,3and the wi der the
di stribution of the size of:%Hé m tr oencapsul at ed
particles. The organic solvent in the organi c phase

. (oil phase) of an oil-in-water (OW or solidin-

immispiblg. \Wihat isrmgagt by We term“siatsn impyiscide sejuemslisre those solvents which

I Jd S Ci . ' us- 23 - | sci bl e. t
o] AT AGHDIE R0 BR Ul b BEU T, el B S L o 0w
Suitdbleo seateo| iummissiblshisolvehtor Mchlile] MBRr bRCIndL HRRESCleS Whehtuted or
onblnegﬁmnth an agueous solution_in a 1:1 ratio _
unsu%%?/t\%fd, sarabraachact oF cyehs alkantse wilhl ¥ warboni menbrteof Buer higher,
t Ltk t i e i
b SR UAREY o  MRRLAGL B DRAGHA Lhn mmr of 5 o
higherusttbstitutdd & wrsubstigited,, linsah $tanthddest orlivakyhsd withtaedrbon number

linear, branched or cyclic al kenes with a carbon ,
of 5 rﬂﬁﬂﬂ@?efbﬁr%na&c Ry dgprarbons gommistelycer partialhs bplogprated fydrocarbons,

etherk,] ¥RS, kWb RECHRHCOIdiC ¥E kri-%@éﬁ&eﬁgwet &ls’g af@hBRN aldehydes, acids
_nunber of 5 or higher; aromatic hydrocarbons ’ ’

amings nipheat edry cyelicpailicpmds| yhekhathethpldisiledartey chrogmy lonbination of these

her esters, ketones, .mono-, di- of tri-glycerides, .
solve:%gst i v§a18ﬁ?f??ed3!38f§ﬁ‘&tﬁs%n‘%’fi&e ﬁyﬁ &Le npt; }te%ntl%n ggr,%on tetrachloride,
methylen@aghlOfide; Y ehlofofSinh, GaRRBlordteMAGRL MHHIRHARNBRE, trRhloroethane,
any combination of these sol vents. Hal ogenat'ed

hydrafbjoyeagrbons nehilerinateddoanzenedmenp, i tri)t wightosoftunrbmethane. Particularly
. ' | | ori de,.. chl orof qr

s L T e————

acetatel | WihaDisombiia s, “payligf water @0RIBNO BSlvertt! el tRadeedlvents which are
nmono, di, tri), trichlorofl|l uoronethane. :

benzeng ( ] or )

Waterpﬁl?l%l}seﬁﬂea?‘l On&s ORCEPIrEiong PR iaker JRiscible: #yansiter dawer fafeentration.
0 i1et er.. .dle ne and et hyl .

Thes€ Eg%?is. 5{\% g? l?%ltﬂé’rée ﬁi&b{i}’lsp}pbgfrltyi ngc} f)é%;\%atﬁee [0 ms%o&-%élleéus emulsion
formaiiny erfi:sinpese of hestallyo watsrt misskble Nvolfedtswates ketrahydrofuran (THF),

imm scgible at o concentration, and water nisclble at
propyémqq ng ?nzé(gﬁeg}&lﬁélgiegﬁ’. agtdee sol vents are of

i A dupdcavat @de %ﬁﬁbﬁﬂd bdyy b@nzgid%@,pﬁgl &aﬁplép%nh%pe%ggsthe wetting

. EX Ial I'y “wat er

emul sion formatio anpl es of ‘part

. propexigscobthe erghnierplmsar dhceturfaby dotivelcampéiidryan pe cdéd before the

carbonate, benzyl alcohol, and ethyl acetate. A
emut AP RRGhGee VS Wi UGS BiAEDR RbAaRopsalibeth fhs aqueous
medihif 6h@ @Rriific ¥aitidd) Or RRGRRE EhERiMbLHLA o@é%éﬁ?'ﬂfe sibn. The use
The surface active conpound can be added before the
of a spifpeq farider icomppried ey reducchéheaquades gfhasmcapsulatde or partially

' . h the.. redi .
R e T

agenttdarihf eheaglélasd. OThe siitticels@ivefcompdifd asifbasddel o Mg&iﬁéﬂ phase, or
can redyce the nunber of unencapsul ated or partially

to thegaquapis phase Pr dekpih the eganicaphasepnd theerguepussphiasd, gpénding on the
1 e 1e initial burst of the active agent
50 Ubgﬁfl ngkgﬁrg%gﬁ({]ease. The surface active conpound can be
adilied i$ mdahebprigatinm f3he, adivetdnipdandURO ¥SmMPBASH such as an
. or to both the organi c phase and the aqueous phase,
anionjg Eﬁaﬂfg ag@tippig surfactant, a zwitterionic surfactant, a nonionic surfactant or a
biological surface active 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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solubility of the conmpound. Wat is nmeant by the term
"surface active conpounds" are conpounds such as an
wa@niosnsmssur f actant, a cationic surfactant, a PCT/US2004/023182
zwitterionic surfactant, a ngnionic surfactant or a
bi ol ogi cal surface active %cule. The surface active
conpound shoul d be present in an anmount by wei ght of
t he agqueous phase or the organic phase or the
case amayl bsi, 6om lessathaw ebout )1 %21 abouti3®e myretyeefetabdyrfibesabout 0.01% to
b u%\h@,& about 0.01%tq. a?out f300/ re preferably from ,
abouf, | py Oy 1GHESOTH0 09 51y “t4hge or conbi nati on |
of SHiddMKke Bnibie Qi fActants isiMdedhlt AredRbtARhfeddF hahtahIaurate, sodium
include but are not limted to: potassiuml aurate,

lauryd ogil{an, | sodium @Qdeﬁﬂsvelfatgodﬂ(mnmb@émthﬂ@mﬁ asuifptes) Isydhum algmate

T LA TR o S —

inosiaB O%RBﬁihbﬁd’}}ls@in)écqthEphaﬁhl@S phat arfiv |thé1ﬂ Gsitfe ﬁlyceryl esters, sodium
serine, phosphatidic acid and their salts,

phosphat i dyl
carbeyiyyecth @iqsg; @1011@@@m¢n£<§h@oba %ﬂe@elqhgh@g@d demsiyrleolic acid,
|
o T e i e .

deoxgthuladeaxychol ic acid) and salts thereof (e. g , SOdI um

degxychol ate, etc.). Suitapl e cationic surfact ants
i n§¥“1¥?§’@3 cafipnicy perfacianty feludeq buioare fiphlisnifesh o, AvaisAMagyrammonium

comﬁﬁfﬁﬁﬂ" ndgn Sﬁz h b%ﬁzaﬁﬁ&ﬁgﬁm Elggﬂaéz hl Qif1fEnethylammonium  bromide,

cetylt ri met hyl ammoni um
laurylldimeytythemeylamintrexinay | chionige) anyl cérhitine dydrawbidridesrari dllkiyd @yridinium

3RS 5, SRS Si0b e e s
for Sikhaplee gﬂ@ gy Rhéie, nchh&%haﬁ etﬁ‘dﬁﬁwﬁlﬁe phosphatldylserme

phosphat i ati dyl et hanol am n

phosphﬂjglyh amcpsﬁyl s}ﬁm!s}l&%dp&%&gm phlgslphatnbs iacol, ,lysophosphohplds egg or
sobeanS@g%gl%oéﬁ%c} glb% ggﬁl%]é]&fdg% ﬁls eé);’f; C}mqglgogi%q f‘n&yc})eosplt%d or desalted,

hydrégdiiict ak batfiall{ 8y @0fenaldtcorROFANn Py #hdiRYrRnthadid. ed or
desal t ed, hydrogenat ed or artl al Iel/‘1 hydr ogenat ed or
nadwiakic nayieRie ylmfmutsz:msludg yislyreayethylegg fatamleohﬁé sthers @lacrogol

ot AL BESBRLBE] MBBPLA P E DULP s S5bpyine sy

acid feateky (Wil e@bﬁans e(sB@d )(Spu’nbag@&éml pﬂd»r)cmeﬁﬁﬁ@ybcﬁ @hylene glycols,
fatty acjd ester orbitan esters

polygppﬁélé%g Yﬁ%cfml&l@bel cﬁ@ﬁty@vh@lp@wé sgwrlcﬂl@ohol aryl alkyl polyether

alcolg)(ﬂég é/ eﬁ%:-}%ﬁl Xypr ﬁglglﬁeylakw‘ers ole@glt%%g%% , polaxamines,

polyahy:llomlomml pdbrymymtﬂmjaﬂmee-apdl;lgcﬂ)ysycnhamidlasetlﬁcludmgl gtaveh snd starch
. 0 Cco

derisgBT TRy 145, BB i JHE iy SN e vlass hovisu el hydrory

propﬁﬁ:éﬁtﬁ&eaﬂ)ﬂd ﬁﬁ%zﬁﬁé’ﬂ%@éllu‘f&% a?ﬂdlq{bn]@ stalline cellulose). In a preferred

ydroxyethyl'starc methyl cel I'ul ose,

formrgfdhg xyresatibuy the eqontgmtr amy?acmno by b qn@llyqxbfdhg],enh yadd gojyoxypropylene
cop BB TEHINAEE' | B0 om0 SN LS ESR o such
polysibsf Aet 8 drkled (RO HRYRAN TG AMER 04 1Y X$RIARML §oRrred o as
PLURONIC®, and sold 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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copol ynmer and preferably a bl ock copol yner of

propyl ene glycol and ethyl ene glycol. Such polyners
w@e®@s98d088 under the tradename POLOXAMER al so SPOEUBIU84023182

referred to as PLURONIC(r), d sold by severa

suppliers including Spectrd Cheni cal and Ruger. Anobng

pol yoxyet hyl ene fatty acid esters is included those

haV| short al kyl chains. One exanple of such a
gquamtlvesblg@gyp@lrgpl;c yes implude such molecules as albumin, casein,

I I 0- r act red by BASF
hep a%ﬁtmgfrﬁlg% s][1 gf)asfag%a?rwgerr %ﬁf I%}J@ﬁ ? éo%gmg c{]l:l’qv Vé g%q o] ogi cal
m)]nea \prefBrred dbind @f thie inventies uhe 2iqasoud fHase inclG®3e Protein as the

; g rin, hlrug tastarch or other appropriate
sur aﬁ? Wﬂﬂug geme rreﬂ,prgte@rléfag}w@g flde mprefeint may also function as

an e)kd"pi&'i}t | BNembSENRANEAUShIPR F5Reins lndd! Qur cgtac i%e 35mf gund other
d. pro £¢ Comp

surface active conmpoun preferre
exc1p;¢nj$,| map. beTineluded e the eraylsiah salded Iwhewb\efa& @ﬂafter the emulsification

| n. enbodj n whj rotein is not the
proo” PRUEP e PisSE RBRdI Eaet WS aeshiigesp disaccharides, and
sugai ARLHSISD AN phdTBr&MdiStHAridadd esqlc h&ﬁd ge[% 'feq—{e%r s@¥at Hiconol is
the emul sification process. Sul t e excil
manniigl | ude, but are not limted to, saccharl des,

di age des And. su ar al cohol eferred
Igia% ccﬂgéljll de’ 8 gg AZAYSsa S f‘% er gthyilejas gywbHBEG), can
1ncrease thamltdrqiennbdtloﬁddtet dfole f%&ﬁp@ﬁu&hﬁfﬁfbﬁl ﬂeﬂﬂtsalﬂ%cﬁgcatmn of the

h as, pol yethyl el ne glycol (PEG, can increase
initia @se ktetienef Bis active agﬁnttﬁm fhermatrlprasdudt as dtgredatlon rate of the

i 5 el LI O O b Bl 855 . Usin

PEG aes t}&gbhaimbhmgl ergahie dﬁfmg hecatlativn gk be advanta eous 1n terms of
rel ease kinetics

i radat i rlgﬂ ndent K
e 1m119aﬁ 3? I%g PIOGESH glup%fa&glcgm@ Qﬁ‘ffhﬁ rqng]all isgher g:ghpartlcles n
whlclgP'EGniQ WREE Q@ﬁi& %Epﬁ%ﬂog %n@a‘}lnﬂlgt dEOUS 4 éﬂ}t}oﬁ% r\EBaryﬁjng pH of the

el i m nating pa g p 0CessS
contifiupiys i phasé dlroogh tdse afibiffers paersigdficypalyt iretese |tHe Whit§dl process

betwqeﬁglé%azin#lllegr?uraf\sggt ne 81h gﬁg%ﬁce ]i?\arégillgﬁ%?:ﬁ ?{gga‘g%%% csarrll}: reduction of
the #nlf20UBHrstSEf Ofheb léfléﬁ)rsﬁlaféan tﬁér%ﬂe‘uﬁb cgpdily g fﬂa'ﬂ‘f /s %}1’%{? € of the

wetting process between the p I cl e“surface and
micrognegppilated parisleshEne propertissibf the lcnnﬁ;nu@ns bhasa rRhn bBd be mddified, for

|n|t|a t, of ,fhe enca t her apeutic,
exam}glg,ew&ﬁeg%nlgﬁ 'S Sﬁgl%l by 64(%113%1% 8 g u’qoaﬁegléce miscibility of the
two phases.i cl es. The properties of the continuous phase can
al so be nodified, for exanple, by increasing its
ﬁfteﬁ,chs}pewn%&m :ﬁgalb sglmuca]spm'hclas iINdI@ orgagicr plihse €oil phase), the
[ has er. dis er3|ng t
contnﬁ?oﬁf plﬂ hé é%tgélaqnaﬂsl l@leg gw?tﬁ ji?sgfgn‘?c é%or()gsﬁy mixed, for

exampplh byél))mdgbﬁzm (brrMﬁidzﬁtl@h 3¥ith BE di0BntRAMES Hﬁas%@ 'tl%r%rg ic phase
wat er phase) is then vigorously m xed, for exanple %n

to fo nﬁbé’i‘i‘ $PR ofPIEHNEE N PH ]l%lf@d dWPﬂEHS t¢fe caibeyomin mmnm@scapsulated

particRE2$8e chntﬁﬁgué)ﬁcﬁﬁgﬁscplﬁgéa@a% be saturated with the organic solvent used in the
organic phase 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

surface active compound in the organic phase or in the aqueous phase, or in the emulsion if
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to forman emul sion containing enulsified droplets of
enbryoni ¢ m croencapsul ated particles. The conti nuous
wagusmasisphase can be saturated with the or ganPCT/US2004/023182

sol vent used in the organic,phase prior to m xing of

t he agqueous phase and the b@@énic phase, in order to

mnimze rapid extraction of the organic solvent from

the ermul sified droplets. The enul sification process )
the surfane baiveerofrponed intdded o thengreylsion aéer thevdmiwsificatéon process. This

} m re.can intain.ts,li i r tjies.. The .

is ongth BeoReRPs IRy Tgemunds” ARl 7 o R i kioRntpn gembryone

microBhcab§iBate 8 fadides) CnidV the COZP abd dizendisidunio i e phRS&nodpsulated
in {he aqgueous phase, or in the enulsion if- 26 - the

particlesr f Qeher deatoss eaffastipe thel size distrbutiqno of Hucrospeapswatedfragiicles are
 the Berintee S ‘

oo SR8 BN ERSE, o LS ChrhbEy LI Es o

emuls{RaEbN appEant @noentdips ol sirfde pativd @igound uhdithe Osli Water ratio.

and size distribution of _the. m croencapsul ated ) .
pa¥iier che smulsiiiaiionqhe grulsien is-thep @rapffgﬁséj o a hardening medium.
. . - . il : .
The e B e SRR PisB o e embryonie
microdhapaulhted qustigbg sesultihgan foometen adirsolig microencapsulated particles
. emul sification, type and concentration. of surface. e
having arspli PRISSER FeRT S AEPPH heChTer Wil syl Cophytal Paigles within the
vicini§BF flef LAALIRA: drbPiRtse N HleQUboRlih&R ot ROPHEEF SEOMisPstem, the
d hardening nedi um The hardeni ng nedi um extracts the
hardesinkweetiuriris theqekoss omdivmoushich asy dontain sirdacsrstiye ppmpounds, or

. .. m.croencapsul at ed parti. cl resulting,in,formti on of
ik} SEEPT AP BB P BT’ SR O ety
spherRel ¥{Ehdve dTBdrkibk oM Hoin®ont 6.6/8bbeEIEHuETRAILE more preferably

spheri cal %artl cles within the vicinity of the
from @E@uts(?.8 ite dibaviop ey . Additienallpnthsdniesrpncasulatedopatiples preferably
S/ QW m..t 21 ' ' 0 . )
e SofF G 5 ABIER  FRALL LS ARy oo
phasel héat o RidugePPrRiduSe cal beoddgptied exthefiagiRthing médium. The extraction rate

. m croencapsul ated particles,are preferably spheri.cal
of disgorfinHayePasy P e ST YRl GRIFPIRIRI IR rfclpEis ghdmportant factor
. 3 . | v .
in 8 RO LSO Puft pREinemova
e.g., pr efapostioy (beiling affeet),rafithe distontbubiophast results iic ldestruction of the
.Si,.ze. . To reduce the extraction tinme of the
continffity § ks Ma&¥s phase, heat or reduced pressure can be

a?ﬂl | 58relQd b ol AR AR MR iR ibdRon 16cRX i A&k rAdridtLcontinuous
0 3] scont i nuous phase fromthe enbryonic

fashioni énsbemdc ap sultatohd ppeess. ¢l EKS.i 41 adepiatp dhe adesignaof othei eontinuous
lﬁfe deﬁre of porosity in the final solid
emulgiIcAlQRARATL | at ed particles, since rapid removal ,

€ .18 anothér SrARRER o d{h&it] tRInAhéRA w)vall-%nﬁiﬁg polymeric matrices,
di scontindous phase results in destruction of the
encapsulating dhe ymetl spheriepdtparticle af dhe petiver pgant.eptsotiirthentharvested by

L.he .emul| si fication process i.s f [ .
cont RPN, BT SRR PREGERG WRaBRARLIEY bl witpveggr  The
remait &l {i@pﬁdt PiRseke a0 furbifer theerepived riy0 W Sprovask Suth et fyephilization or
evaporrgt?o%. or:
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I n anot her preferred enbodi nent, the hardened
wal | -form ng polyneric matrices, encapsul ating the
wapmblo3gherical particles of the active agent PCHDS2004/023182

further harvested by centri;#gation and/or filtration
(including diaflltration), and washed with water. The
remai ning |liquid phases can further be renoved by a
process such as |yophilization or evaporation.- 27 - A

A. | nksulin Smal| Ipheyiead PardiglesPar t i cl es Exanpl e 1: Genera

‘gﬂ.l%,.||1n nau] QQeﬁlcalbs

Examp

preﬁared. A concentrated slurry of zinc crystalline

PEGTH
A i1 01 € j ' ] ut k on_was 3

solub i £ yHORE e Hick B0 cbbehBfic fihe FRANCLRIANG P8 hggnL.. The

solutigrswhs heatéd sd absut @58 0l0ved TRNBbEietysthR dif¥obved comlplletely in this

tenperature range within five mnutes. Insulin sm
temperaiae range Within Byesinyiey ¢ &sulin smeHrapherical paritleostated to form at

ure of,th olutio reduc t a .

sl el MEEBLULE OF ot 15,361 HhL 0008y RSB Al Theyit

increa sy e ednceitrAonFEPHRERARAT Thidhrdcdd fbBSn¥HIBpHSrical particles
smal | spherical particles with various Size

with ypEeys; sae igrbwiamwith pesganef 1.44um . The insulin snal |

s i cak ' f or.med re, separated.fro b .

e ! oS 8RN bt ARG, A B ER ARG HoRUREG By Washing the
micrasphetiet ivindiafinratioh idémenditihb is PMEhi 8 lsmABrsphérid@s pal@icles do not

. ot '9 ssolve. The insulin small spherical particles _
dlssox%@r el tsekn swall spherical partples svesm washed pud of dbgsuspension using an
| ytyi ai ni ag+Z 7N | ucgs,the ., .

aqueRs] R R B uPho 2l O reibet SR FGTGHET of e imsutin and
prevantredissobionetbatyedicds gietll arlaasessmalllspbaiarl padtle RaslbimetRion.

aggl oneration. Exanple 2: Non-stirred Batch Process
ExantQL - "@Ki g uljn Small Spherical. Rarticles 10, of

deigoninZe df Wade ﬁ&il'h l' " 0 i 65 ol
(PR et e SRS SMETRAE Ay O 1 bt 46058 warer
room\{gperayae @ dueroliters off Ord & HOHyyasiatldsbtouthe ensubif. # innc of deionized

tadili ' Li 12.5 f Paql yet hyl d.ycql
wateit A8 RUdel 18 KR Domd e s uBg AR Ay SR D sitin. 12,5 g of
Polyd{iSl gren)Glvesl €335 06 $8igwey dnd 5@.5% of PR ITIbIkSIRIOAE (Sigma) were
) odi.um acetate buffer, pH5.7. The pol'ynmer sol ution -
disso g a0 chdj0RgmUkmpler Sute asrtae baEraplS i Hoepdlymer solution
: ' i t t I [ [
volufl i adied R B o it it Solpof el BT, 26 b sigrotfers of the

polynhé@nsplutioni insati eppeaddrttutnwast Bédddna00 nfidrOiteys & thsOl04id/AN, insulin
was prepared using

bec .cl qudy on m xing. A control
solutighy %ilﬁgﬁ’é‘gﬁﬂwe& spdutisy Basame sludyiaanmixipg  dppenmitddmfas prepared
inotwdd | far 30 ..
NP SrieF ettt ST bt s hEirisc g woeer bat
at 90YT wedD omnutee without mixing or stirring, then removed and placed on ice for 10

.......

minutes. The insulin/polymer solution was clear upon removal from 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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m nutes. The insulin/polynmer solution was clear upon
renmoval fromthe 90C water bath, but began to cloud as
WO 200s08d088l. The control w thout the pol ynmer rep@l/nsmo4/023182

cl ear throughout the experi t. Particles were
col l ected fromthe insulin/pdlyner tube by
centrifugation, followed by washing twice to renove

t he pol yner. The | ast suspension in water was
insulisypolmer sehestshownd A nmﬁormr Jisgibutien of SEellasphbsisil paaticles around 1

micrb ik YRR Aelsfe € Bt SEshi S AiFi i sanlypisict ks paviges showed

a naﬁﬁwl dlzes@lbt@ibluﬁalh Wit & h@aﬁ%aﬁfc@ﬁlﬂge &f M498 GRFRhetb, 95% confidence
meter. Coulter light scattering particle size

hmﬂé ﬁ’ﬁ py%l d &% migiempigrs; ped astasdasdeaviatiomet @4 mierometers. An insulin
contl%'l %{hbﬁ%dlgﬂe Ovaéh %[E@sg r‘t})@é&t"&r%1 51"8%6%66(&211(1 fyogglhzed in the same

m cr onet /o con
manmdre sloveddeosly fAsicksanst purteles) Welet did SEMsiRila4ih appearance to that

nsulin control wthout polyner or
typlc\%ligﬂlg@{ngggiebﬁgp% IR preingr ocessed and | yophilized in
t he sane manner, showed only flakes (no particles)

Exart#§18e7; ke R 1Bt ThroRBR 26836 Sof AR 1hotBh Sl Spherical
obtalned after TyophiTizing protelns. g 3. [N
Part1 tinuous Fl ow Through Process for l\/hkl ng I nsul in

e Bl B el s ol o %psede@gﬁﬁ%na%ie%ﬁimzqd water. 30

uL 030 NLHOT whs Ndﬂgl tYeSss SN E Gtﬁie ﬁﬂ%uﬂl‘lsslq{evﬁ’n lh%hlrgec’ 'ﬂge golution was

The final volune of the sol ution was ust
adjusted tpi %60 wéi with deidnimad water? 73 mL orﬁﬂ’EEEHJP\éBhﬁmhL(M%FPEG/PVP pH

5.6 Na th
5.6 i SLINERAORe P fres S AoBh 1§ e dnmiinsoldionds a ek tasal volume
of 1095 B, 95 iduliffsolfiml | The %lﬁﬁérp'&fas & SQkelelian. 9&‘@18 Jﬁglﬂogenous

vortexed to yield a homogenous suspension of i‘nsul

- suspegsignpEaysplipand REG/RYERI i n suspen5| on was connected to a

Bi r |41 d of 0.4
']fﬂ%ﬂgs lﬁlr og%eﬁls?egyag ?leec%%l& 1?#11_(&??&%;’&10 PHWHE Irunmng at a speed
of 0.dirabvetie rthiough i Tdfn&UbibiMg) (TFEe/30ubhAG diheBict rﬂ%xﬁj‘l'érrt’ubmg) The
was subnerged into a water bath maintai ned at

tubing dfos dheoppmy Wass Ertmestgddhingo & waskt basthimwintaired atrﬂﬁé?Cslm:fore being
herlc arti e farned

o 5 TP D PP S G ek e e
whendRe fe@fpeffurt ro@'ihealhgﬂin Rtfen th%@re%ﬁ%onl? Qﬁ(;ht t9@°é‘ BOHE water bath

A4C in the collection tube in ice.
to abeys H&@wn ihe adillacticantubé irt dok.sFG. @B&Sschafhlmd dlh@‘amrcbmhislpﬁ&:ess The

ot o S 5 L o S e collecing e

smallRBhérical faticleahé ebllRebh %et%%eﬁ\@@é@ r?abb(?‘ %ﬁ 8 203 2%utes in a

rpmfor 20 mnutes in Beckman
Beck@@@ dhB, contrifege.wak rseomsl wetep lvatsk dvasncorhpieted nald the small spherical

e PN AP T B v
centrlﬁ!gaﬂ rat fl SQEebna tforl PO thikREs. f ’K ailéu(ﬂ‘ Wbl Boval £ Jaiiqt 5198 Analysis.

renmoved for particle size analysis.
The small spherical particles were frozen at -80°C and lyophilized for 2 days.

The particle size was determined to be 1.397 pm by volume, 1.119 pm by surface
area, and 0.691 pm 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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The smal | spherical particles were frozen at -80 C and
| yophilized for 2 days. The particle size was
wa@ledsnsiosed to be 1.397 mby volunme, 1.1 9 m bRCHUSIIaLE23182
area, and 0.691 nm by nunber%fs determ ned by the
Beckman Coul ter LS 230 partile counter. The scanni ng
el ectron m crograph indicated uniform sized and
non- aggl onerated insulin small spherical particles
(FIle 8% .of the corfineouss fowf thrdughc procéssuwheref thevinsudino s@htion was

rocess where the nsy l'in, sol was ex sedto 90 C
expei I5 SBHSET BhogpeBpdiaHnap oSt o edystign, el g spherical
partiflle f S'ﬂhé mefeaigald E%ntal %Iﬁgosn_l{dﬂ falRhE 99‘7%%1?)'&@?1‘% g% ggtermmed by

conposition t 0% protein as
hlghmerfmlrlghnqaeln@nd rchroneatd grqph}d (P ONetlog9p thPI(GI—II%hﬁ])mé Fal$@. indicated
. ..HPLC anal. SIS al hat_  t.he di ssol ved
that Ty od Y i BaicaD Betr ot el RRGILIAR Sig QAbort 424 minutes,
not ﬁfgn@é@fﬁly diffededt! AthSMat BOlanSindilin bGAME Yordiht RSB tinsulin starting
fromthat of an insulin standard or the native insulin
mategighr tndrcgtmatthaﬁ ateseivatidre atfi thg binehenpicals entegxity oof dhie tilswlin after

boche of ;the insulin after fabrication
fabncat%oé“ %gﬁ]ﬁ‘f’lf @&?8? RAClES i ¢l es. Exanpl e 4: Heat
Exchanger Batch Process for making Insulin Small

Exarfpplb et Heai Exdhnifiges BaschHio®Rs irigakingy/Bbelid Smell iSphetidaDPyvéisles
suspended in a ninimal anount of deionized water with
soRVERR;| Brc coystakang @Sel@hﬁvaét%lsnﬁ@% 8 jaominimed amesnt iof deionized

wateg %ﬁ&gincgpo e %gﬂ: cg)ngg t%d? lefsf ’Jt“ﬁ%a% ﬁ{nﬁ.\ géﬂs}/m%s dded to a

stirretdh buffelredlpod;ylhelt solatiorc @rH 153351 a:tr% @Mp@e Redi&Vt 7T, so that the final
crystalli.ne insu 18.5%p I ethlene I col 50,

solutg ohBgatm wARoA b, 256, Lt s s ok:Bolgeisylene elycol 3350,

0.79P38dh8k chibhge iifialo. fih/feé’od?lhﬂ 'z’lge?f?tg‘bﬁﬁblrr el“}%l 1ﬁﬁ{§1ﬁg Y}qutdg éﬂﬁxture cleared

three mnutés as t cryst ine i nsu
Wlthllnmm mimligs af ther crybteBine rigsulivhdissdvedt | mmediately after cleanng, the

R e e SRR SRR
heat gﬁﬁih%_érqwhﬁhn Q00 Rm AR 86FnhNALs miﬁtIﬁ&rFéﬁaféﬁl ﬁﬂﬂ:land ND).

he glass colum was positioned vertica
The ghes h@lumnewamamfeorredmedlcaﬂr/,emutheﬁ@am@angeaﬂkeit ena@red the water

¥e) mof ol um at the.to
jacke} rllg (e E)O o rﬁ@ﬁtco ﬁ%%tex%?eﬁt ﬂ’ﬁd[o?)r JBeelfre g’ %‘?cufrf?élt the heat
exch@r)g@tlﬁﬁpertléb%ﬂftlh@ QybAS theti @ uples CPY R FAIIE Phrid&S Yere positioned in
positioned in the center of the insul'in formulation

the cpntgipitha insplie forgpilation lmd airth@foptamé bogoomef thegolamn and a cooling
temp%%ﬁ}ré %goitilg D& gﬁt Et'l'hgd Qi'[nq E%m) & erﬂn d ufﬁenﬁxgﬁ%%cggples were

nary oupl es were
remodeld dulgpg the sidi brat&:lﬂts eMcmdrfdumﬁsed;pEﬂmethSas&maf inf@Bice a foreign
SO ot to introduce a foreign surface variable. The
Surfaﬁee&’in hanger was pre-heated to 65 C and the insulin
e ' f.err 4 N
m%nge?%thg%CHt e soafss?Il e(L)ﬁnela%g n%?%% rggé c}ﬁ éd lﬁ%thhdr 2%&&6% polymer
solutiyal was transferred in such a manner that the solution temperature did not drop below

65°C and air bubbles were not introduced into the solution. After the clear solution was
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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65 C and air bubbles were not introduced into the
solution. After the clear solution was all owed four
wWorewanewss o equilibrate to 65 Cin the heat exPCEHI§®N4/023182
t he heat exchange fluid was switched froma 65 C
supply to a 15 C supply. Theddmsulin fornul ation in
t he heat exchanger was allowed to equilibrate to 15 C
over a twenty-minute period. The insulin small- 30 -
sphesipdlepargaes famtedchsethef ®mperhtias drbgpet] ethperght 60 €o ¢t pedhlting in a
..t hrou P 60 toé}ﬁg Cresulting in a uniform stable,
Mfméﬁg S EBY SN SHIRCIMONThe i nsulin smal | spheri cal

ParThé ¢lsBn WRLA sﬁﬁ%}%aiéfn&}l@clfeﬁ Nd _Ehg)afé@édé %51%%%@ %&%%{Méﬁle glycol by

. by diafiltratio echnol ogi es, 7
diafilifationf (A/G dieclmologies,r 7514600 AW Rt ultrafibiratioh ucartidet) against five

volusted of; G R8BS Kot 100600 foaiel blferopht f0; liowed by
conclittalionado ¥ G of R bASKAI HolenR! | TESRENIRAMmARshh&IcEE particles

suspensi on was further washed by diafiltration agai nst
suspensias Wb (iskerowvasheil dni disdiltvationr against fiowedblipes of deionized water,

illzation to remove th er. e s taken to .
follob ¥R 1 B0 8 TR e Iera T vass b Kol it e Bigraton of
the sehatlisphertbabpirtitleativgng {iafinmmipe (fomZaldrniMapidkis Sifparticles on the

articles on the nenbrane surface) and during ) )

membyans iy freed tand riurimg Jirpriutizationdfiem setiding od) the syl rspberical particles
priofB I EhEr Tt Dich Sula GORLARL porffs LS s Thiling apg poady for wse,
with me elg-aglomerdicteoragpyimpreqatddon or sieving required.

Smal | Spherical Particles of Insulin The above

degcribed progess produces uniform size spheri cal

p }nggger %o :%‘%a"lﬁgogﬂlysglt‘%l line insulin without added

EXThd bBéMeS deselBé & bfRuchahlifdthe §izP rs?ﬁéﬁc%‘fl ﬁ%ic’ié@' flom zinc

process have excellent aerodynam c properties as
crystaidine rinswhiad withowti addedf exdipignts. (Pwaldsphenica) rartitledngepsted by this

de | ith.high r I .
proeess TEFH Gree TP e R PR SRR e bt rmentihar R R feh Tacrosizer™)
and A8ddryar €skchdeOThpactdrbBuremclt Withsiggh d6pirBBMIRIctions indicative of

i nhal er_ (Cycl ohal er_(tg%) .By using insulin as a nodel
deepplupgefelivere vihan selvered| fzomoa esimplenewidely aédairy opowdre inhaler

.chem cal_j .ty of t t ej i
(CooBRREED. AR SARH G S he b B B Bt or
the psqeberdnctat chaiichldhegrivesfahé pResa uliie Bakiishe®d.$ PORbthods.
m croscopy (.Leica EPISTAR(r), Buffalo, NY) and with a _
scaRhiPeyder dasulion sl sRiespd patiRlsy werso impgadk $iyd polarized light

L T T ——
(AMRAN l0R0y BdeMIdﬁM/S)Z gBanﬁekeCBiirZ]é &mwv?dﬁﬁWai pérfd;i]imedﬁmhﬁgeﬁn Aerosizer®
i rser, for, | ntroduci ng the er. to the instrunent
Mol 5 Bl b P ek EEnipen L e st ryrenl 0
Powdelr ZH§peyiet ?oﬁi‘i’lﬁt)ﬂlﬁdggg Y p SRIP S 'tl{égiﬂgtlﬁﬁnéﬁr(?gi #dorporated, St. Paul,

results to the el ron mcrogra
MN). Individual particle sizes were confirmed by comparing the Aerosizer results to the

electron micrographs.

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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The chem cal integrity of the insulin before and after

the process was determ ned by HPLC according to the
w@BBsosreyr aph for Insulin Human (USP 26). ThePCTES1004023182

and hi gh nol ecul ar wei ght protein content was neasured

using an isocratic SEC HPLC et hod with UV detecti on

at 276 nm To neasure insulin, A-21 desam do insulin

and other insulin related substances, the sanple was
insulim gbntensds nedasgred usiBR gY aldiestion reXkel sm- (HizkandiRtlar weight protein,
d rre(ihod. .The-dSJ,[ - i'nsﬁnlji nlaﬁ%‘nt eqr;g% i s nmeasured using UV
SRR AT 4P 2ather MSURP g IATSH SERSFAReCI,&egh 1 ashs efon quantitate any
chenfi€ g a¥bfadatidiSeHuiséd byihd ppddagy. i nsulin rel ated substances

were assayed to quantitate any chem cal degradation

calbedeasgdynpmip r%@@@@rlsfme of etho dinyalhim csnedlhrspheiéeal spartisles were

insulin snmad k. spherical partjcles were exam ned .

exarfthod, 0ok TRLAFRER, insfiBRh - Sire RNl weeiFerGents R musulin dry
powd@asitt ROBNISedtsihf $hel ABrolispeReMBRIchHRIE WeBNBUCIHRS: force, medium

using the AeroDisperser attachnment with |ow shear
feedraiecand neamal rdepgglameration. athe nsirwmentsesaftyoemonrértntime-of-flight

i " t . rts. tine-of -f£light. dat .
data T8 IS5V IRALS e B0 WRESEMNELLBeb e P Slbuf b prices
detecteth re sachThiee bimver wéd gar sthiisties] slelwe ed Wwéll aaeh &tacvolume of

[ anal ysi's, as well as the

.bin was used for statistical s ]
Pami?]ﬁi Qn‘i’te%flaJ iheachsizebing dbeyolmicdisiaiguiion emphasizes dargp particles more
than The 36 QA 2 - I

o SO At R R TSR Seh 08 pE B Syglomerates of
non-gisparseslgrasticlesvas watll adetumetpartipleaaggl oner at es of
. non-di,sperse articles as we]l as |arge particles.; .
T b BBFsEh CabBi dEr T ROk SoNeiy RSB seBuash e stages,
ightdoBleSRREHIa4e8 andd BRLED FIRS . THE | Rt | 53 8s
- andea backup afnl lter. EjFhe st ggéegﬁgersgﬁjﬁl? gffekgl Hi?ﬁ’%?’ 34,5, 6,
and . Stage gl isqn ogifice stagaénly. SBagegfe corttains thercobleétidncatstfag®tage 6 and
eta F.containg the collection plate for Stage
the t0L 1R e P ol s e Syl hlnT8er of food
gradesilit@rito prevehEtRANWETHT thdRir@€lesM A RadiplelttBatha¥efioRfrate of 60 LPM
food grade silicone to prevent "bounce" of the
throuﬂhrtb? cpapler pvas wpside fagt the saneliisis- f AowageatatelyfweighedPhample size of

] s used.for the analysis..An.
oomS SRR 1516 AP RTS8 b S RIE By Gy e pocer
deliverad apah ghredol fitin thaClychhalecih Lapsstoady VER &hduntWitifsulin powder
t.hﬁ owder delivered as an_aerosol fromthe cl ohal er
depogife fg‘brea%elbé’ %YaSTE%e%%bYdﬁwrﬁ% phasepdREEr detection at 214 nm
Aepasied eterm ned by reversed
aeeo pﬁ{ag(s%e HPL%pgg?g%?ifg}nﬁg?a%%lﬁlm according to the USP 26

asBeymbsy nfedimanadrodynainic dinectera@4MIED) avas aRl@ERBY CSigma Plot
f di arreterm(ogl\/lﬁto) v&s cal cul 3t ed, by Sigma Pl ot software,
softwarg ysipe BirBHittt of the gymulpfyedessihan moss neessat verays the gective cutoff
diam B8 @YD), VERSHEd b | | insuli
1amEm' tt ed) dose (EDJ)%%V\(Efg )g‘gééearfﬁelﬁg%&g‘gs ?’Iﬁg&%? g oq;%l;d %Se%f insulin
depostigd gniof the seseaile Inppwer. t Ehiisiinexpresved aascpateentageastt the mass of the

insulih¥'sBh BT SAREMs Bhal RES GV AR cLigmass of the

The results demonstrate that careful control of process parameters 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 aerodynamic 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



10

15

20

25

30

insulin smal|l spherical particles |oaded into the
Cycl ohal er capsule. The results denonstrate that
w@ 200808808 ont r ol of process paraneters in conjRCYUSIN4/023182

with a phase change formul at:{ on can produce: 1)

predom nantly spherical part Xles with a di anmeter of

about 2 m; 2) a narrow size distribution; 3) and

reproduci bl e aerodynam c properties frombatch to

crystplimg Hinsudimacon)d bermbhtralfsidery selitiquateniperatsrec pHp pskythenfcongentration,

over .95% active dru human insul,i n xcl udi n
and DU se e oV icelotih R PR eIt R i G4E Ghilag e ghase change
period whé)@n ZinpertartZpararBétés Hidk lehilfed BRUFIraBON bE PPQlominantly spherical

controlled by solution tenperature, pH, polyner
partipleh withinraparety sigathngoni ¢ strength. We al so found that

Co J . cooling rate during the phase cha .

el 1adSalihe RN rdE R ks coRSP i @ 4 Exampl,
The fpeofilet was @éaspraid apinpant witesploRéted adhr@ahtbp@pRy MWlidh Npositioned

arrow size ran FIG 2 1s apoollnghten;g)erature
g

.a €.
vertigpl ffmdehe@bﬁthﬁ@gepﬁwé@,%er@% theewpionitcke at dha bottonEediths eolumn and
. r i I i . - t ed. .
e A IO 18RRI fin conat s e
solutirmat Omxthhangmuplelis glaeed air etdptdiehaadlamnjaad ket sedbnd Bethe bottom of

h bﬁ‘tﬁlonh,gf the col um ang_ 'tefﬁi ted at the top. . Two )
® OB 8t SRR CBYS ¢iVBitdae itiner ivereBitrpleiiata distinct regions,
QRS o p S s ASLIRREUNLE Ul 658 o oo
an ontiveal gale itemiiéretutechpapatande tetesvle s dbvdader tahge of particle sizes and

tine-tepperature plot into distinct regions, where .
non'sd’?ﬁe%?aﬁ& e Ak PBRORR PR D _eq:’nti%gé‘&s IRECMARS selyble in the
buffe@élﬁﬁcﬂyﬁbﬂﬂ&icﬂﬂ%égioﬁ%;t}qm%.aWIEHtthe_n@hlgE%hﬁe Qbcreases at rates from

t enperat ure change tendos toresult in roader range
approximpight 84 €/minues tand.AdHmiphier optinak HapessionAbf uniformed sized,

3 e reater, 1 han t i nsul in . .remains,
sphel GTRALH 97 BV Rh TRt Ry g 251 LB e e s faster than
25.6%Vinud) is Aptied tibiehd RIFMRIE0H! BeReRl LRRBSCH to RbBel VelPMine (less
approximately 8. 6C/ mnute to 26.5C/ m nute, optinal
than P9 iigrery ogfspheridab partigles jof drsulin ghas reasialy agalomesate{Region C; FIG.
' N 2 T =T oingrate is .. . .
2 (UL TRUE R 4Bl Ll SRS e isvtion of
insulihosnmall syhiecival pidneeles along V\tiﬂﬂd@ﬂ@heﬁ@almh@szCéthaﬁﬁGi})fld')ﬁkeﬂocculent
_Eg.l esERt han O.i,ém' cron) non-spherical particles o
precipifade (Regiqthbi MG i | y aggl omerate (Region C FIG 2).
Cogl i oNET; . ] . Dr e
CopL 08 SRERUELOSE ol A0 BRI Ul HEE e v
exchanget fatls egthin cagipnaBtofl FIGN2 spplesse chingshoepas resudting in a milky-white,
bl TRL hous f | occﬁl]li ent ;ﬂ]{ ec'hgi.t te (Region D, FIG 2). . .
stabley SUSPROSIOB 98 r BE: rellk (§@hyTigel;| Partigles o PbasepoFpRration indicating
microsphést | loh Yepi t 158 o .
P A B 15 bt S DANRBIA T, D S O
be complity -ashihe gemperabire reasbeed@iCon Naf firthenichagenial the suspension was

oL B PR b8 o L5 1SR B GLE Foh 2bMrnion to remne
the PE@FR8marUr € drops bel ow 60C and appears to

Whereas an SEM of the starting human zinc crystalline insulin raw material shows
non-homogenous size and crystalline shapes with particle sizes of approximately 5 to 40 um,

SEM pictures taken of one of the batches from this Example show the spherical shape and
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be conplete as the tenperature reaches 40C. No further
change in the suspensi on was observed as the
wo 2005588 on was cooled to 15 C prior to washiPQI/Dg2004/023182
diafiltration to renove the G pol yner. \Wereas an
SEM of the starting human zithc crystalline insulin raw
mat eri al shows non-honbgenous size and crystalline
. Shapes with particle sizes of approximately 5 to 40 m
uniformssigg pf ghevinswlin smalh spiferisalepasticleh € 16aBbhe dhe partidlhistmpe and size

. th her.i h - 33 - uni .
BB eSO i G PRRGH 5 o BBF TS e B B xampe
3bFollchiag pedphttion Sdapeharshfiiede pbly'nibitb%t &dfittibRewashing and

SEM is representative of the other five batches .
lyophiliggigneromop defnnizedwaier SUSPRRSIOm\ING ¢lry doaidar iiwwlifrsorall spherical

M ST i -
sphetical partivtsSrmoistik contair@hnged oad R.dab 4pByd inclsafie,Wditpared to 12% for

l.atively f fl ow d | hed d
the YR G TEalline IIPHITS fiy MGG | Camipgls anabiseisof the insulin small
f . A4 2 [,S .
BRI LN IR bt oAUl o o
process<ElG. #)y with matisreast in bighmiadedulanediglsi congfouhdie Ahkatighnhere was

.smal | ,spherical. parti.cles by HPLC i ndi cated very . . .
on SF{eERT @VER B CaFinG SEUBAEY SRGHAL) Nl ene AD) fifemido insuln, %
late anﬁsﬁ@akeﬂ@ vhotheMbdiptRde, AL RRARs k& 41 IR UIRIES WeA within USP
wei g co h f over

o _ ounds. Al though there was an increase
limits.hRetgnton phigsulitspdtemeyrway 283 trl%9 JU/ng, Yontipared to 28 AIU/mg for the

desam do. i.nsulj n,, % | at tin eaks, and % ot her
strt g ARBuRAETIa h R oyl \§ e]I%o(_?eIJ ti’FlPogﬁf‘ﬁefbgfteéhlé‘st racsi t(pplyethylene
glycdlSRetd Baléw 0. F38% @6 nbfMeREtabRS HIdiALRS HBRHe PAFmMEBis3ndtQ significant
29.9 U ng, conpared to 28.f7 IUng for the Starting
compoagntafttes ngplin waali spherical@gdictssof t he pol ymer used in
the process (polyethylene glycol) were below 0.13%to
ORG24 RBbSdudiBiin ¥ AGodyidhid BeoRA L TR Ihiulﬂxo%%agﬂ Spherical
st gniTT cant Compomnmerit O UIme TIsulr TIT SITart - sp
Partidas ti cl es. Inter-Batch Reproducibility O Aerodynam c

Properties For Insulin Snall Spherical Particles There .
w585 B3, GitelieBh rERaETHPILA fOR GFroshaignBFARETies among the  six

separBfcORfdhel % iRMA SnldNEphbrica? ?@13%% Z)r@cﬂfcgﬁ] 8s d%gh&fag%i %Aerosizer

smal | spherical particles ced as denonstra
and MedesssinAeascatediniyadtor sieta. Jascdldex batohes, thie AatogizeFdata ahdicated that

ovr SR BT B S ALt B0 B o
of th® 583l kPhedicdl ﬁar_ticl\léé milz% ﬁtﬂinrw R S0 Roet d¥e1 6 @@b!sa% (FIG. 5).

spherical particles f '

. al U W IN a narrow sl ze r
Statisgically, ghe data iglientes(that@nespn bs94Yi emifidait that atHeastif9% of the insulin

i ndi cat es_ .t ha e can be  95% conf i [, that at.|east
small G880 Bt 2R e ERRNAA SEREH TR Sh3Ph b4 B il the 0.63 o
3.4 por aebuessk @Q&B‘V(ﬁb_m@ﬁ@ﬂthgﬁr%%%éﬂetérhﬂ29,%/}.' cles in the ‘

0.63 to 3.4 mmsize range (-68.5%to 70% of the target

di EieeArderssn Caspade Impactor data corresponded well with the Aerosizer data, with
the exception that an average of 17.6% of the dose delivered from the Cyclohaler was
deposited in the Mouth and 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 71.4% from the

Cyclohaler, with 72.8% of the emitted dose deposited on Stage 3 of the impactor. If the
respirable fraction for deep lung delivery is estimated to be that fraction with ECD’s between
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The Andersen Cascade | npactor data corresponded wel |
Wi th the Aerosizer data, with the exception that an
waversagsssf 17. 6% of the dose delivered from t RET/US2004/023182

Cycl ohal er was deposited in {,he Mouth and
Pre-separator/throat of the apparatus (FIG 6). The

data suggests that the powder dispersion efficiency of

t erosi zer is gr eat er than that of the Cycl ohal er

1.1 a&&?' BICToRs R ayerage 0. h@é%félgeembnhed tl@@hd @mellfsphertchbpmmdes may be

49 w.th 72. 8% of
avalthﬁl Ecgﬁstd@@% o]ﬂl Se ‘Péfel{é‘% i te %‘?Lu} e %YSBefmf h@b‘?%%%nc or Excellent
repradicibiay festhie rpaddess fsrshotvinan "Jfatble Iie\e]@erb ROstaRd oy ﬁé\\ﬁaﬂléh values for
I\/TRQ?II 0 be that Lractlon with ECD s between- 34
the fqa%(ﬁgs . A/CFRECE gﬁé © §IX SERARtE fatcbes aryesiremply pwh Alhésiindicates
I aj | abl.e f.
it A T RO S 5T A B i o

aerodynsmid mmpertiepr oduci bility for the process is shown in
Tabl e 1, where the st andard devi atl on val ues for the

rasb R AT Rt

Parayeetdr g MI\MD g [\ GBIE(un | gh% s&QBRIFOl | T &5Hge30H T T Eifttdadose (%)
to batch uniformty for (2D mdyamalm C (pcmop@rgm)es. Tabl e

Mean : Aerod%/‘#ﬂam ¢ Pridperties 888l nsulin Smakl Spherical7qs
Partilcles Paraneter VAD (m ) GSD|(mm) % stagel 2-F %

SD

stage “30F0B {t Hi0%osé (99 46ECD 3]3 nPOTECD 2, 0 m p.37

88872 8 71-4-SD-0-100 0.064 58 4_0Q7
|VEd.|| L. ’-|'O J.. J L OO0, O 1 47O 1T TS9O

5.37 Table 1 shows the aerodynam c properti es of

| bld N s tisd B@ﬂ'oﬂ?ﬁdmleaﬁﬁ)ryéﬂh%? -of FERHIiA SSn% er{cal particles.

SD) were cal cul ated from analysis separate
Resulgsrrgppargrj; ePPL avergp galchloted framcdltaiys(sl\bf))semmtannﬁﬂlﬂhegrﬁah spherical

partlc@ﬁacf@t?@ (N[r@ éltrlm g{lls n¥ gla %%%:%fi% T4 :.PZqI:rlyl gtoéq,frgl{rgﬁt;\%lplgty for the

process '1s

procesisem: idaibonsigatddoy the exhdhely ans st@ﬁﬁ%lrd -ﬁ@@la’u&%%f heNRIAD and GSD.
erical particles produced by this cooling process
ﬁhé&éasq ling madl sphetied particdesapigiaeedr bt éllsasocdmgdlm)cessl shywed little

e LR RAT R ARl By IR il | car

Process g lns ‘cal
Partl cles 2880 L of a buffered polynmer solution (18.5%

_WMMMPWCG*S 8BmAking. Iﬁ%hnﬁﬂhllim&ﬁbﬂma&jﬁcled n a

xam
aahad o o5 bASSe ot subwtior {180 ralbeskylencc deeks 3310, 0.7%.
sodiu@nhldHde; ﬁf—‘@quMt %d?lﬁn gcetgte"ou%ﬁgchg 6515'%@%)[@/2@ added to a glass 3

crystali|ne i nsulin was suspendt in a
liter Wity gacketedostirradr vesstlutid rprmhtehedswl T58€I 0.4 @rans Wiehuman zinc

crystaﬁ&gq%s%ﬁl tv?alrsf’s %ePres ée? Dmﬁne?g} r@hnoggllf lg,}féae n;ﬁ%? scﬁ\%fqna\ggl; (sjomca‘uon
to ensardedniplete HsgeRiorANTAE HshiliR B@dpersith Wk S ded REMTT Kk & pre-heated

cl eared
buffered polymer solution, and stirred for an additional 5 minutes. The mixture cleared

during this time indicating 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
lyophilized powder showed uniform small spherical particles with a mean aerodynamic

diameter of 1.433 micrometers by TSI Aerosizer time-of flight analysis. Andersen cascade
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during this time indicating that the zinc crystalline

insulin had dissolved. Water froma chiller set to C
woer®spssoped t hrough the jacket of the vessel uPtT/0S1004€023182

i nsulin polynmer solution drqued to 15-20 C. The

resul ti ng suspensi on was di ltrated agai nst five

vol unes of 0.16% sodi um acetate - 0.026% zi nc chl ori de

buffer, pH 7.0, foll owed by five volunmes of deionized
lmpﬂﬁmfeﬁ}naiwlél egitesd 1y 73% opfhihe | emitteh dosepdenmsitec Onmagmﬂeto filter, an

fid d h d
3B 22 1 5 o 5194 XOP P R SRS o

powdbranet er of 1.433 micronmeters by TSI Aerosizer time-of

flight analysis. Andersen cascade- 35 - inpactor
a aI | S resulted in 73% of the enmtted dose deposited
Example §: Reduc i they For at1 of Npgylias DegradatignPradwsts bif Adjusting the

Ion1c§trer&|tﬂ of a{@fn aﬂ‘gﬁﬁéﬂcﬁi Pﬁﬁ&%hﬁ& ir&eﬂ‘o‘}ﬂpﬁmc properties

of tThe powder. Reductron 1t the Formation
of Insnlsubamalbe (ge aldisbivedl 1rPtImd§ohttmn fay lo%qruﬁitllah@niﬂ&&ath&@l &g., 75°C,

St rengt,h, of Spheri Parti cl duci ng
with R/ SERAEY s SAre GEeT 28105 CBUrUrAS) Tt FPAITSul i significant
aggr@@h@ﬁ I hdaing Y@ toithd §di@iont €MpPeratures, e.g., 75 C
hout extended periods of tine or an acidic
enletrlrlmﬂ?mé’iffﬂ ingnlin smhallvbpheticalgmutidlesi fabscagivnf proesst was accomplished

. r e} ._addi he sol uti on.
usin® B8 BOBH R oo RE e obispte ot P bGP ale daatit room
temppfa0@eswas\ailed ¢RAIPLIIFHEY /8 169 % B6lufieh bPPbREthylene glycol in 0.1 M
techni que. A concentrated slurry of zinc crys%l r?l

sodiynpy agetats, (p{;} Sidere-begied 40 appioxineatelyolfe to (9@{"\(DI eThe 1nsu11n crystals
dlssoﬁ]édggdfﬁ%ztggg i g tZ{nggl%Qurg }gllalgg% %ﬁthgf et h ne qlhg 1nsu11n small

I um ace

sphedqab paxticle fainedds tlh@teﬁ%ratﬁb of thesblukibn Wa)z( %@éréd. o
di§lsol ved éorrpl etely in this ten&er ature range within _
gnificait fogmations of ey despnzide insubiprand l@alllllrpdrmmI@s to chemical

a6 2. D5 DR ARAE(05 A AL LB TR e
this requareldi emteided paridisef timech d57C.aThe eacidednBnoOslgs! fdselllediin s1gmﬁcant

initia tenp atures.of 85-90 C by the_ el evated
insuling demAdatiphes DTRARSORINE (i 403k T en asidie rirop@enoglso caused

unde@fabld BEnvREsidiP of- 8 Ihge %fc@@@?@ otf'tH%rl i1 {oe%u; ed elhgrmdo insulin

significant insulin dégradation |sso
degradagen pradugt. an aci di ¢ environment al so caused

esi rabl e nve .sion of .a |ar erc of the
ﬂguﬁu} ﬁxl?%m& Aﬁci 1S shiPtde |W?§u?‘fq’? d@g g‘%&‘?ﬁﬁd polymer reaction
mlxuné el BiE ffork o BtuCe BRY fofRMton SFAHNR GRERT hyehNasal fh?%ﬁg Although
the buffered polynmer reaction mxturé in an

the addﬁdr@éwé@ chlpeide didraet wgnibeantlyseiias the femmtion affdesimiab or dimer

1nsu11§$%%ﬁdﬁt§$ar}n P‘i%ldg?%%@g ea%?ﬁlgn ogl%dl o {%lﬂl o(lield glggﬁ,_y &%ﬂﬁ?d the formation

of oligomess (high mcimm@mgﬁtmmn%mﬂw@ E’rablé‘@ addi tion of
sodium chl oride greatly reduced t formation
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of oligomers (high nolecular weight insulin products)
(Table 2).- 36 - Table 2: NaCl added to insulin-water
WG aBpes®8oHN % ot her % rel ated Sanpl e Descri pt i POI/#52004/023182
di mer % HWXY . desam do conps,, control, no added NaCl
0.94 0.23 0.78 1.52 NadCl, 0.%% final concentration
0.83 0.05 0.82 1.43 NaCl added to polyner solution %
other %related Sanpl e Description % dinmer % H WA .
desami do conps. NaCl, 0.7%final concentration 0.85
able 2) NaBI dddéd td msalilivated Busdehisiodn crystalline 1 nsulin
i ssol ved nmuch faster in the presence of NaC than} &.er
ontrol wi t hout NaCl . This suggested that addl}l on ﬁﬁé’d

S pTDESYNRtIbRE | MProves, bififer abeHAVESO! Ubidnhiliy Of
' ”%f?'”"ﬂb‘*e@g%i'ma% Ssol ve JHe 21 ne Jgsul i n fstal s, 152
s , o) :
IFs Ih(s;?p)%?\h(ellgl S %{asb@onfl rr(rJe in an Oexper|C|rren tEat 1.43
e e addition of 0.7% NaCl to the
i or m% e{dlaté%gl W?EOIHF?'M zinc crystalline insulin raw
aterial to dissolve at 75 Cwithin five m nut/es aa,?t:.ec:
$i gn |f cant | ower tenperature than the 87 C% relate
3 _ L ui red wi ?F(bﬂn‘t“ef\lad % BMWLt | oflesamidg5C, comps.
Ak op Hnal gencgplration + he | 9881 i n di 8.0F0t conpbetely 147
di ssol ve after 13 mnutes. A series of experinents
delﬂmdﬁttm ée 71 atystaﬂmeelasmlngdmsmhtddemudnfmret matheolﬁre@fnce of NaCl

than S GHRT O N ThiCRiaBte et FE ALt o BraghigRde Frproves the

rate dsmmmmyl dfT¢he ﬁmhalaﬁdcuu%wah\éeféd@d%ﬂ)nqmﬁe "t&%ﬁ‘i fet #8d to initially
erature at which the small spheri cal

dlssoﬂ)‘@nﬁlﬁ #pe fisun (FY stds. 10as dypotheds twas rmvlnﬁymed tin \msexperlment that

demc%alﬁ:ftéﬂ]ﬁlt?ﬂmee tld 8{ & 26 ]gg?gé fg; gnce %tipglgélfﬂvgﬁetpe zmc crystalline

insulinonwandteddlite Elszdlf/e &7 Cywitleh ifive enihisd lal s[lgmﬁéanW??fower temperature
therefore confirnmed that the SO|ubI|Ity of the insulin
than g &7° Ginerioysbrramired métheniNaClrdditionef At 75 Ccomtheoabsemble of NaCl,
l,qr evel of the initia
the ”@%%’??ﬁ%&g&%ﬁ%@& |1{§Ié%flf%? 19&1? eL process to be

Cohdamdsecnf eadpemmame rdaimonsigatédebat Micfeabias $n @Iwéﬂiﬁbh‘t@a’cfoﬁ of sodium
i.on adation products. In order to

Chlor’dlgt é’ ’ﬂg} w3 em§ » ukl- hméfnilldea@ago@n imgialc If@‘ﬁhﬁttateduced the

temp&hRBRESSitigsh Hféaihs@fn éi’%étéllé‘ 9155(9%’(1:51{(9%1 {%d{lceeﬁqﬁ% %n%faturlf at which

di ssol ve insulin, nol ar concen I'oNs 0 DN
the small spherical particles begln to form (FIGS. 10a-d). Additionally, it was determined

that increasing the concentration of the NaCl in the formulation quickly dissolved higher
concentrations of Zn crystalline insulin. It was therefore confirmed that the solubility of the
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 sulfate, were compared to a control with sodium chloride. Both NH,4C1
and Na, SOy 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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chl oride and sodi um sul fate, were conpared to a
control with sodiumchloride. Both NHAC and simlarly

WO e@a/08398% he t enper at ure requi red to di ssol ve p¢EUZI000023182
crystalline insulin raw matg The hi gher ionic
strength appears to increas he sol ubi lity of the
insulin in the- 37 - mcrosphere producing
formulation, wthout affecting the ability to form

micresgdiere Bmdécmgaﬁonpuhtloml wihew affestisp|tha pbiity derfernatsuradl spherical

f PEG Co
partef PR TR BRI on And S 26 of rnsulin

Smal | Spherical Particles The pol yet hyl ene gl ycol
Exarhpid 30)Sthidyt 6APEGNCdadentrafieiien el AME li@akh Chnkbi@ration And Size of
PEG 3350 al so_increases the yield of small spherical
mm&@&_ﬂéﬁéﬁi@_ra eIl €S when the PEG concentration is too

C I t S th '

SR BB ohER 9580 BELp BIFShAR BR3P B0 pro-saso

also urra:s&abd:srthe gmlrdaﬁf sradll theﬂadl pasiclras Howeven svhopesPEE@ cbcentration is
glg %lre i.ncre S|n insuljn concentration i )

too I H}et@rﬁl%e oz thegspherigq §1P3@Pdw h cangels ayHbs plight improvement in
yieldarticles. W do see a general trend that higher

concentrations of insulin yield |arger dianmeter small

sphbe insalin pandenthen dita shows a drepé roppesite, totthe PRIy hvettere increasing

t.rat l. | ted. ' cal
insulD B R G o8 dhpeve S Hld o anspb it L B B! o

8: We@dibdenn 2RIA] tRINAGNAGREhPREA BB Fonst kst ﬁelm%er diameter
The purpose of this experinental study was to ‘conduct

smalh sphetipali partédes: oTn this@xperimeriti &laﬁllglmr eoqenirations afsorresulted in a mix
er nsu powder, deposition in the lungs of
of nt Sg%?gcac]igggwi h%{ﬁf“ gﬁlmﬁéahqnﬁ Aol ticl es made in
accor dance with the nethods disclosed herein.
Exarfiple 8ohistlin SeptiSphedenl Phriiclee Saelyosieh Dagg i nsul i n was

eva uat ed usi n gamTa sci ntlgr aphy. Five beagle do
L@Jélaospn()f his  sxpraymenid Sudh Was kel condedi gegu fication and
|
o SO UL 1 AL O AR B s f
dogsl dﬁ{“Tcﬂ@aaledmﬁuhﬂ wmcms natd5n alrordenct evithethe smdthods disclosed herein.

adm njstratio the ani mal s_were anesthet.ized wth
P ul #BPSIFW? Bﬂﬁ’ﬁ agrosplizeq dpsylin Was gva ngxte%@gg Bagma sginggraphy.

anple,g @Qﬁg’léﬁagﬁlvefé"t%d ‘i‘@?m? Liage gn Bach anlle,E%Jv %f administration

a9 rosol delivery. Each dog was ace
of arhoXT'c wdmidhetedfiosulinpmaticles aznosof. Dhgldeatlﬁcdtmlneimﬂaers were 101, 102,
103, g@ﬁ gw | mredi ately follow ng the radi ol abel ed

G461 gdrri nistration, a gamma canera conputer inage

VB GiCid e 36l ﬁ&ﬁltﬁdﬁ%ﬂ@ﬂttﬁé lafiim RS wéRl éne@tﬁet‘ii?ﬁ WA bRIPoR1 through
thoracic region. Two in-vitro cascade inpactor

an infgsiqndine fon anasthesia@ud an gndadrachrad tube fwaspladed if eachtanimal for aerosol
dellV@fy. el

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.
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(101) aerosol adm nistration and also follow ng the

| ast animal (105) exposure to establish the stability
wofhodshes@9niTc radi ol abel ed i nsulin powder.- 38P€T/TiS2004/023182

results are illustrated in FH¢G . The cascade inpactor

col l ections in both cases shHowed a uni - nodal

distribution. FIG 12 shows the results for the P/I

ions for_ _all animals. The P/I ratiois a
ne?%‘afeé‘%gérpafﬁ ReussEddRlEn L bt TheeasgaderiennantonicpHeqsionslay both cases
shov&eﬁ%tun@%mmétrfbﬂu&be peripheral portions of the |ung,
e de

. ['ung. A typical P/l ratio wll likely
beFKb dLZtShOW§ thd?/elsultsaﬁ)r t= Bbmtie c@m}auaamdnf ﬁfr@dl animals. Thg P/I ratio
nificant deposition ig,the ri phera ung comnpare
is a Flc?g i of 3¢ pioRrtem %f? %‘ﬁcghllgﬂ E‘:y? BRWdethihak denqsity im she peripheral
rtibiPefRhd Mink! 2., BEAYS ks, ANSYIchIPABRRSHT ALY BSELRDS. P/ rati
PO 1vvl thin thg respl rg\fporygsygt?’gr% and?alqs consi s’% ?’Sdu /- P/ atios
above e/ dicateatignificat depasitionT reths qienipheyrlalving compage ﬁ)thentral lung or
b dois representative of all 5 dogs in this study.
ronc% ‘;él%rrl]tl graphic image for Dog 101 shows little
|t rEshealtigedphixy h[m%@lﬁ'FIdeﬂ)S’%h&thhe%Ml‘lna(fb ?Qﬁbﬁ’ Ytations within the

I ncrease 1 n_t osition in periphera
respiigiRry SR¥em\ing ys ‘é?ms§ e withgh¢ BAglatas (EL@ | #.0] Thrps(nintlgraphlc image for

Dog 9B QNeRl, by INTC R deep Iung deposi tion

f th aeroso I'zed

i Metgescitgipeaphivdinage &)rt[b@ BRINghews il ok aehie bratRuldl BedRion with
osi t ed ily.in the deep Iunﬁ The quantity o
an OtiH’ElS R-(s 1) gb@ﬁwﬁsmm lrlrpeaélmxgh lpag) @dloacttwety outsidsttbe hing is due
i f l,omer at .on, of
to raﬂlcﬂJ B&gﬁ}?tﬁﬂngf glgém T ﬁo{ﬁ th% 824% 19%(? F?po?{’ao%%@ Rbeaa[eﬁ%ﬁo ized powder.
Bljlfh‘eeP/IC@mlDal amldngleZImageraﬁemwatePﬂiey HETc FradiplABesed hr[buhn was

Fol L owi ng fabrication of the

depossfﬁn@é)rlfl}??% egﬁ?ﬁg l{n:g;:ﬁ%éwpp%tyég t enrafi}%ah:aggqnsuhn deposited into
the pésiphbtal Rirg Wds iMBEatHLDFIRR hef'x‘/efsQ)f ; g%ﬁfﬁl%r [1 o?fthet;%%técﬁ (?sa

fromthe suspension prior to ion.
few percent of residual PSEA coul d act as a binder to

Example 9\ iafiliration \Azaingty| A e dSonddintnige Zowald Raahevei Balymer From

| omerati on woul d adversely affect

Insulif 8itd (4 ricgl aﬁm?e%%d aerodynam c properties of powder

d &bllyeingdfabricatoDB titeMs@as smAID slﬁﬁﬁbﬁl' PRARicléHRAARE PSEUSSoLution, it
% re to repeated doses of a PSEA could ralse

was df’%% %&Pd@‘}l(’?’% §]Eé§the'lpr$r]-:e‘3e ﬁpébthmsqimsmm pdocnypptalieaion. Even a

ical par .i | es from
few pgl%éntscﬁg‘%&%?e{lgj}]i% é@g g {?QI {o é rE) e@@gIoaleé%tes of the
small Lspmhcabpamblleecﬂ“ wglorqeraﬂbm YW(ﬂﬁd edvelRlyt hFt®@She eFllﬁed dose and

er ar uantitjes of the small spherica
aemd%‘é‘ml%/ é%f%l%e%?%ﬁ P&Wé‘?roé%@arqdhﬁommg devicehe Ihiddditiom, dmng tissue

exposﬁi%% fepeliRY dDgs WS DS %@dfa%%fﬁ éfliogr isIpie than a few

l'igrans of particles 1nprac
Three techniques were considered for separation of the small spherical particles from

the PSEA prior to lyophilization. Filtration could be used to collect small 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 in a wash solvent and re-centrifugation, was used successfully to remove the

PSEA. Deionized water was used as the wash solvent since the insulin small spherical
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Centrifugation to collect the particles, foll owed by

several wash cycles involving resuspension in a wash
weabos@masosand re-centrifugation, was used succegeTmiSkop4/023182

to renove the PSEA. Deioni zeg water was used as the

wash sol vent since the insulmn small spherical- 39 -

particles were not readily dissolved and the PSEA

.remai ned in solution, One di sadvantage of
partigles, werernah 253y disselved apd thed S@rﬁatelm@rﬂ%éniseblltwpaﬂm disedvantage of

. i . . gh g-f.orces .
conSEEOROR e ) 0] Bl 8 B Rt 0
g-forsesc cmpiitied etowsysih, down Itke graetidlescr elithngdcy glickédsbrgl vadl it became

. resusp he pellets intq di,screte particles. )
increp S5 iRl BRospRAT el s L Grie idesor Agslomeration of the
. 1 1 1 [ i . i . .
nouARIBER bl eIl AR TETb L AR ANGBEARRSS,
asDiafiltedtionrusing hodlopwofipewtrtiidgeyatdsamed as amalsdrhatiyettb @entrifugation

| LN sl | _spheri cal rticles. In a conventiagnal .
for viglH, W B ori el b i ssom¥ertial 16 0 of e diitration
appaidfifs Nhie haftbied IEHA /i UEn PUSERRALFRAsIVA Sval E)f‘d%@&i i e{‘se@l}ed container and

seal ed contai ner and the suspension was re-circu ateg

the syspersiomwenee-¢irpdated tirowehsthe fibeisevith fixffikiept rskyresste to cause the
t he.ho] l.ow fi ber

[ ass.acro
fitrafe 303 isd Ross bt BEh Gy ol B ASienr e e BiakOp st g nck pressure
were wptimizefitd prevest HlockapeudriZaliQOkadR 468 61 thd #ehfRdneO The volume

the pores _of the nenbrane. The volume of filtrate
of fillrarEipved dram e SUSPBRSIGN Bies wastieuswsiyrteplesished by siphoning wash
i i Al N0 oh.vent .into the stirred .
sl 01K 1) QRARLAORR ROl BRbbR bR e LS o o
PSEA fe tbosugrhsiat iwas gfad@S8FArddacdd) eand Uhp SRS shals spherical particle
red the insulin small spherica

r.adual | C and ; 1
SUSPepEPR i%se%éﬁﬁ‘ﬁﬁﬁg’%aé-?&sg aBes Bt faPeipnpSERs theeariginalefolume of the
suspehéi¥e wad eR@¥BGed ‘bvﬁﬁﬁlet\bfsg%&vg \Rler X&gﬂ{?o z}inlli or 80,
suspensi on was exchanged wi th the wash solvent ovVér a
pe¥lthougl theadiafibitationrpreeess Mas vengéffictent di afdvinig@pbl§er and very
ess was very efficient at. repoving pol ymer and . o
amenghi? 15 Sy ?8°§‘Eéqf?lﬁlnggflss=égo Paimaygpheriegl agarticles did

slowly kitssbR@ Uhi the SRBInize@PRHAE! 6ALINRIH L& §§'t}fé: asH O ¥t periments

di ssolve in the deionized water originally used as
determined thef| ipswlin vwag peypduntlyit lostdist thenfiltett tidithd irsulin rpaveixdes would

I Ln.the filtrat dthe insulin .
comfAACHBLI LASY ol Bk u bl Bt G RS st vl o
suspengitre vag qiichapp&ht Althowgheht InsuliiBfallN@h&ridag b_ﬁ?ﬁﬂcleF Ut Bound to be

.0 sulsﬁg nsion was exchanged. Al though the insulin
Sparlnglﬁﬂsp %ﬁé‘?l Qeipnizeg (wasgre shevdrigh feffisidneso dfethepdiaffilteition process
. - g he. hi.gh efficiency af t
ot e SRRE, U8 0B 0, S ST Gtn Perror

the equildhrivinn bewwedn insdiaile yund isolubleosulif coRehREHGHEDE (r]gwéﬂnvolume of
t he equilia%iun1betmeen i nsol ubl e an

. .Therefor ) i |
delon@%‘f iiea ‘ﬁﬁ‘wélat PEFUE Srithedipfiliration, 3 pondien, that Faiomeredissolution of the
insuliglel oni zed water did not occur with diafiltration, a

condition that favored dissolution of the insulin.
Tauhle 33shotmsvisarioas isolutiosothat ieresetahaked\y poteiad] UddsRGn@Ba. Ten

- pot ent i al. sh dia. .Ten .
mllhgl%ms orft dry insUlim smrg?l sp%enca? particles were suspended in 1 mL of each solution
and gently 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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were suspended in 1 L of each solution and gently
woroosd3F08s 48 hours at room tenperature. The prCTESL084E23182

of soluble insulin was nmeasyped at 24 and 48 hours.

The insulin was found to be Sparingly soluble in

dei oni zed water, with equilibriumreached at just

under 1% of the total wei g[;ht of insulin soluble in _
than 24 baurs 4 dlowewei s previswsiyo tdothe\hagh effisiepereof diafltyation continuously
: Welc i G f diafiltration .. N
remog}g%] ﬁ?nsl? ?)Luhg? %;H S?Enng%@sﬁ#ﬁg&)s’% F%uerﬁ%el ﬁ’ldﬁlgh 15 HVeh ﬁ%hl%‘fe!‘ilc"ﬁndstge insulin
small §pheried] pattichysiwonld somaneto disholey eThaatbrd, higsulinselubility in the ideal

i cal ticl | d tinue to dissolve.
wash T IOnORRAId b GEIR L LPAIER. ey ieHeR st Solebls near 1t isoelectric
. ' e el iAS.Ul k0 ..
pone S SABUCRPRE A MU SSHBE BB ARy o
insuluivhefsmdtio beepaidant dri the moldritytdf5hé buffar endxampaeble to water at

o TASETRLLC bt SR, SEUSL Bt o oy o e
anhy &P 86@Rh@atidhs Wah€ {nsdlin kQUHITR} |bhld! aﬁﬁmléﬁﬂé@éﬁ% wWHER 8fth¥ol mixed
h f th t only at near

reduced the solubility of the insulin
with zakey delotisncwersersed it tho RSEATeulimsmill sphedtallyattidly swpetsion in the
1vaet ual% A f‘ cr.ease when ethanol mxed with water
car yssoqgﬁﬁ?o%lg I%P%n'used in the PSEAinsulin small
spherical particle suspension in the early stages of

di afabld 3:alnsolin shalbkghedicall pagidld sblg8TRty in VBRSNS W&h solutions

rticle solubility in various sh sol uti ons sh

Sol uti on Y%vedrssanltged i nsul i n % di S8 dissediingslin i| % diss@yed insulin

aft+er—48—hours—Dei-onized—w 4fogs Qg [goafterds hours

299 hAanreco \ ¢
Deiorfzed WaIEL m acet ate, pH 5.65 2.48 2192 0.881 M sodium 080

0.1 MzoditmtaestatpHdHH5.65 0. 54 0. 80 0. 16% sodi uadacet at ¢- 0. 01&%p

- 1L~ N a A N aa N 100/ PR THIEE N ot a- N0 ND7
0001%] ddﬁ{_hc%ta‘?e H_S‘B U. 117U, 1070 500Ul J!II d:.be. hc O U7 /0 1_||\0|‘80
n '7()()(‘)8086 50% et hanol / dei oni zed wat er |[(Vv/ V)

0.16%sagimpogtsteryRtE My dHAS et hanol | 0. 05 0.164 Buffier  0.11

0.169%5§Jdiim &R&tIGEII % Pn@IPPATIC! al Zi Nt Cryspapi i ne fmsui 1§ gg
i ! j hnt ain _zinc in

50% ANSYIBRZe TR ¥Vt hese sol utions|were P8&ted with 986

100%ianBydraus efamdll spheri cal particles and 6.06nd to|greatlowa

\AE Ay

reduce Tnsutinsotubrtty —conparet—to—der-ontzed—water
" According to the literature, zinc crystalline insulin

s Buffedl sbienuded ift céMnieddlsl ARLAYstaRing asdulinehdnBions for injection
hexanmer. Zinc ions per hexaner ranged from1.93 to _
also cpniggn £ige iR selpdens Twaof Ehepe selntionsevern destadrvith palinsinghl spherical

particg%ﬁ grru?ifg 3 ngS ?é'i%%f@é f‘?‘é&lﬁle {ngﬁlir{r%ﬂgiu%ﬁit}t/ hc%nilp%%euci itcr)] c?erirct)arllilzed water.
According to the literature, zinc crystalline insulin should have 2 to 4 Zn ions bound to each
insulin hexamer. Zinc ions per hexamer ranged from 1.93 to 2.46 for various zinc crystalline
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 diafiltration 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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This corresponded to 0.36 to 0.46% zi nc per given
wei ght of raw material zinc crystalline insulin. After
wo eoosmsiossh of the insulin small spherical partPCT/Es20841023182

diafiltration agai nst deionized water, 58 to 74% of
the zinc was | ost during protessing. The | oss of zinc
fromthe insulin particles would cause increased
solubility of the insulin and | oss during

contefitaff ithet mswlirosmalDspifericalepaitingest inereasesdutb ineardyradd, well above the 0.46%

meaGfef b oo By dncarstang Fielts G PRSI Aofhon apegpected resultof

diafiltP$iehiaBain9SAné BodthiBide buffedths aSWaRalis iixﬁgf&oe&gffﬁ%%e emitted dose
the zinc- 41 - content of the insulin small spheri cal"

obsepgditian e £yiclnbrlsa DRI device 668 (iafidsredeighinstodeianizddewdietésus 84 to

asur e r..t tarti,nd, zinc crystalline.insulin.ra }
90% TRBE A0 Pl iR AR AR Bl B b ool gelshS deposiced
in thagRioRS S thie Mondeeyh al 43t 449 ngiaa@f. Was zehclFER difHiltration improved the
i nprovenment. in the emtted dose observed froma

dispe@a@ﬂlgﬁ@f ghe igp}lincmql]c@h(:@@l@@qtig}q drg pewdenaridrsduced agglomeration of

s 4B 805 VR0 L9, AW SooRnE BULLSE e o
impaptort | Thie sugestedi thetdthie rviidbufféy diafilt@fioh RAJANGIRTSARC content in the

. Cascade | npactor. The zinc buffer diafiltration
msuliflﬂrﬂP%g sieherical parligles Imprpve the; pracenk 6 therflaserdlpposited in the deep

hmg.spheri cal particle dry powder and reduced
aggl oneration of the particles, resulting in | ower
MVIAlien suspreddér ghibe prepptiant HBA-13da lvattent sddedesccifierttdifor use in an
[ ctor. This suggested.that .the zinc buffer .
MDI P RAFAOPA B a0 FRRGHEE 3TREsi B AR ERMErakop ad the-ging biffer washed
insulfi{@hall SRAEAIGRMIRRT e lifsulig L i
B he_doi‘gﬁdepg}gi ted in the ld?é%gﬂhﬁ%& By %ﬂé"?ﬁ’gﬁ%‘ﬁsﬁ‘%ﬁﬁn in less
than tahmimpre peut| rsadilyHRAUSBAdedrvinthho shakeadpt beforgiusnt Shiking the MDI
use.in.an MO .application here was np apparent
contafic i Rty e S BP0 aarit oo e R B G b DT product
In fatt)$hd 10ds6 MRLEuISBA Patiedls AT Jettle] 6% theTHGtdn S HhdMDI container may
articles did floccul ate out of suspension in |ess

actuaflyy gphikitrippg fesm saglomesaidon of thesnspianpreticloh6n adhiioarto the minimal

condl s U515 €530y P A0k 16 Mo BORE I Eic o ERLOLS pace
layerusi thg batiym MPithpMBIUsbssutized @@taindr h @ hkRESHE, lﬁljl(\)/%&ﬁéli Ahffted by the
X ticles that settle on the bottom of the I

zine bt diafiitatiagotabe tnapiiy Smh piticler g9y impravedagioneers shel life and
B SRR 2 P LB Ry B

paSineecthesinsidinrmialkthttien] ipattivles vokera Selnd foadskashchaydlinoby XRPD

the bottaom of the MDI pr.essuri zed containper, L
analy§ie B P nglog S OB assPeiBiEe vt e {HoPTdHaatiousqfdpsulin monomers

to forgh BAahiedd. | PRerbrd B ﬂoﬂgsﬁg{;ipc F’@gﬂga%% eﬁldel%s%lﬁ%(% P(%t?/n%qfl benefits

i nprove the long'term spers
could\viterst topthe dirdingsof ions bthsuthian zared Diffeeent proteinbitiedidogiot bind zinc

oupds. Since t i asul i n smal |l herical particles .
could BFR B iens P wif PR A R vy SBPEH AN g pceis@nd impart
similZd Begehitinigtswas not associated with zinc ion

coordi nation of insulin nononers to form hexaners.

Theeesople spharisahpartisiee overe suspiendichin BllydicoRbrantlkane (HFA) 134a
propé'lﬁﬁyétta' doAc 880 o7 l10 ?neg?n%il t1‘?1(: chemical stability of the insulin after storage

in the HFA 134a was assessed at time 0 and at one month. The data shown in FIG 28 shows
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could extend to the binding of ions other than zinc.
Different proteins that do not bind zinc could bind
wW@rGven3iosss t hat woul d reduce solubility in theCT/US2004/023182

diafiltration process and inpart simlar beneficial
effects. The small sphericdl™particles were suspended
in Hydro Fluro Al kane (HFA) 134a propellant at a
concentration of 10 ng/nL. The chenmical stability of

the prbserfrahisnldf rhafihmiinshorasgkerenint teembeA @G bmensinasdfe Ssetin dimer,

insuf figemegs (NG BRGEH VRASRAORTED IR n
M &f GRPREILSENd Brubi§! TRusi sﬂi‘ﬂﬂ%ﬁéﬂ néﬂiﬁtiéllés regﬁg&”aicébrding to the

dimer, insulih olfgoners, insdlin pea
methadld in Examplect wens abmpared as t hefropdrfommagcesinuttyee dififsreni mhalation

smal I. spher articl.es. prepared,agcordi ng to.the .
devig HoeE T ROFTITD GAGASF oAy BAG. { oiengpFionsler deviee is
comiBefcidD IR 5§@dé1ﬂmh£16? i f fﬂw Brsbhalahal aMotHRp d%eilé_bﬁﬁé inhaler and the

usi ng the der sen scade | npact or net hod

mete@i’cd@ﬂqanbéﬂeﬁ@\dm)sls & davige irahédhathe drigrqspheres arensispended in HFA

134a(£5Ae¥s%rébercT1§ﬁ B 3 gr%!g n:%iharggg)op?ﬁ/%} %‘X@avﬁ QQ n}:lg%?iﬁer or other sized

meteriip Chalidie TheCregslph e §3Gane deahesiitad that tHeAsnddf dpdical particles
described in this exanple and are %I‘ opel | ed through a
impagting fhecstagsst ofr the rArsersn (asgass §VigaIdgrositrp stages 3 and 4.

This" §S#ld} C%il*’é’] of! Qve }]!:rgaﬁél‘%ﬂ ng@ggﬁ‘@gg‘% a%P Ghe ?Eﬂ{a%le spherical particles

spheric particles ges 0O
reganeltﬂsie of tre deaeaded hm’pmmhater dave @ﬁlydﬁp)ps diffeencettegesndhe DPI and
icative of a y..reproduci hl e

Nﬂ)lffﬂ@?%% et SIROERY St SEEHEY ok anap apharics orclSs deposited in the
I
throdt 8808 o%aﬁldefseﬁ e sdayi mﬁg atfﬁ»:‘g ﬁhﬁyy%@@g&h %@ﬁcfw {4t the MDI

maj or ference betwee I ces
dev1¢ehpr0$>ﬁlg mhmsa:lmil bphegicalapaticlgu apsinstythef theyabldf the h%ndemh Impactor

artjic depo ed in the throat section.of Ander
exp S S D FEIBI08 TGS RO AP SETPgieani, the DPI
deviddRert Wik be @yguﬁﬁdmyomekessﬁlm fnmﬁé brt SRS MBI JRALE WAlES attenuated
agai nst the throat of the Andersen | npactor explains

or molifiedi gtk velpetp qrouidohe afsed rig udecrease dreospmbelegf the small spherical
devi ces,; . Jdt ca

parsEE A5 SE MRt Aol bRl SRite R eoT e govices o

theenﬂbhtharMmtenuat ed or nodified exit velocity could be
used to decrease the nunber of the small spherical

palsvlél smalle prhsticaln gartigles HE.of Hugder YQBA19308hawere fabricated from
lyoplgﬁéﬁlé%cﬁﬂ{nﬂg “atérﬂl? a&i%?dlﬁ% tor?)ggrgth 3K egc%Foeatua ﬁﬁfe)?aﬂﬂole One

year nutiorhgs  sMOLO 302) thwemeulirﬁbnmﬁaiphdnédl Oparhylﬁ@ Rivdsi ﬁ@gpared with the
insulJin . startin accorln to the methods

IYOP]?)‘B?A Nl SItpg; saiﬁbfﬁec 9 %WP]&@ stabilighps egmpared by
: i I a t S

exanifihe ! Titat et ‘%“P?S‘z@b . nsﬁﬁﬁdgs¥“5?tﬁ#‘ [Dfd? AfSORAIAGEGa A21-

desamithh IBFuliD. The insulin stability was conpared by
o . |
g‘xml3§%%sT%}q%\lé&$glrogte§% a)lng;fg!grl gerpgnﬂleu{r]l(sju n srggllf spherlcal particles

exhibited significantly lower amounts of Insulin Dimers and Oligomers, A21-desamido

Insulin and Total Related Insulin Compounds and compared to insulin starting material stored
under the same conditions. This indicates that the microsphere form of insulin is

significantly more stable to chemical changes than the starting material.
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desam do Insulin. FIGS. 30-35 show that over a one

year period, the insulin small spherical particles
we@zdvshostoesl significantly | ower anmounts of | nsuPCTUS2004/023182

Dinmers and A igonmers, A2l-desam do Insulin and Tota

Rel ated Insulin Cbnpounds and conpared to insulin

starting material 'stored under the sanme conditions.

This indicates that the mcrosphere formof insulinis

si sl sraall |sphmalepag'tl@lm wereotegthé in thel Awdeaseg dSastanzrintpaetor study

ot 0 Bt PR e cpftochor 2 P PRER o g etermine

the kottamic @tabihlﬂje a8 10y At fi6ragd.t ITGTERUEIRIUTRL tHe acrodynamic
Cycl ohal er devi ce was used to determ ne the

perfogmanepigaeins rgmankiablmoynastmtraﬂeb .h@ mosthwisiregeage. FIG 36
R DS AR R LA HERET B o e

beth@EﬁﬁﬂrOﬁe!S@Hﬂll siliivesipl@aid 08 iaginuAdky §aKEBpHeRical particles prepared
elu0|date structural differences between unprocessed

in this, Expmples afipias sherve r{hati e ipsuin in fh?esrgﬁhwp ojsabpaigles possess

e S N N T IR T —

unpredebsdandulial dayphy. gliiedse H‘nﬁh@@tar&éb’iisﬁ%t W‘Mi By PSR R I g gregated
| ower a-helix content than their parent unprocessed

micrqilg) SieRFpnesmath srfsriesingrtigles. dleveishswhenedissalivechin e aqueous
medltlﬁ’ir '}Fé g tf?af rAQE g&@ﬁﬁcﬁw&h{gédl V]Sexjojteuf' LEHG ti.].{’J o ulgag fﬁom either

erical partic when: di Ssor

unprcmesadumrtsph&r& arinstig ingiestingathaesmgadtreaganétiaakésyin microspheres
structures resulting from either

entlc rotern
are f‘ﬂg'ptﬂﬁir L"e‘g’%déﬁs%’ﬂﬁ%f es or insulin, indicating that
anpws handel 'eH insQAP IRSe 11Bstéd %%‘13\% p%gr?%ﬁ gécq%ofs%rﬁx 4\, unprocessed

reversi bl e upon dissol ution.
Insulye &Pt @stergeny Siah N. 402810, dpwt tXOEC tiH01 1 BY) andh i) daediedh the small

sph Lopulig USE.H&%H@S%—?I Nﬁaﬁ#\l H,’i%m ’CSEL)(??\%(?%I’%(I}%H samples or insulin
solutféﬁé "(é‘tﬁ)luﬁﬁ (mlgﬁ%%?@@l?i\@ HdB) 3ie Eac‘fté& intd REinB Eéguc%Plllanes and

les or insulin solutions (about nmg/nL I n
themld@ta)edmdé @é@klé@inamalmalmsanﬁwldalyl a§2515:ab|dhlqaou was mfﬁclent to fill

ated at 12 C for Si S. i cal
the PER rﬁ%ﬁ?ﬁiﬁ% ool RPoER AR k o Boretronerstexcited at
514.3 A8 WiTRA BrgofRhdel AC SRR al -4 &S %gén 1dd 14 dlﬁfbnt Inc., Santa

Spectra were excited at 514.5 n with an argofi
Clarag €4 ené racordedona seanuing\dgahie pavtromster (Rﬁnaieg éva ISp:ex Industries,

btisofp 307 S oprclrchnlit, U6 0” Wl ReAGE: Pt afatesex, )

Data bt)) .0t hnﬂé’t@&l@ Ryeg® Uél‘ldcf&l Wi a6 iRk ﬁ/&{jﬁ{ne@-zlsf s and a spectral slit
mamat su, ' M ddl esex, . Data a cm1l intervals

Wldth/@fr?ecret& Sawmpleg werg Wamed mp@tgw&m apd tndnvsdmﬁl sqans V@r@dmp]ayed and

d
B I e
spectﬁmmﬁerm qahbmtedtv@ltlaitﬁéﬁegam@arﬂdﬁabff@dhﬂdhdeatSpb@t?eS¢ve143 compared by

? aijgs of each_sanple were collected. The
digital difference methods using SpectraCalc and GRAMS/AI Version 7 software (Thermo

Galactic, Salem, NH). The spectra were corrected for contributions of solvent (if any) and
background. The solutions’ spectra were corrected by acquiring 0.01M HCI spectrum under
identical conditions and fit with a series of five overlapping Gaussian-Lorentzian functions

situated on a sloping background [S.-D. Yeo, P.G. Debenedetti, S.Y. Patro, T.M. Przybycien,
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spectroneter was calibrated with i ndene and carbon
tetrachl oride. Spectra were conpared by digital
walrdobmswere net hods using SpectraCal c and GRAMBIHIUS2004/023182
Version 7 software (Therno | actic, Salem NH). The
spectra were corrected for contributions of sol vent
~(if any) and background. The sol utions' spectra were
corrected b UI ring 0.01M HCO spectrum under
J. P haa@ntspb’aiwﬁ%rﬁ@bt |6éhé6géhj The fiinghwas perfomsedin fhev£500-1800 cm™
iQver | appi ng Gaussi an-Lorentzian functions situated on
a sl oping background [S.-D. Yeo, P. . Debenedetti,
S Ramﬁiatslﬁe@tra'ﬁve% obtaitt) Y6 toyth poxﬁderousllnsulﬁh%[ﬁlesscﬁid their respective
994, 83, . 1651-1656]. The fitting was perfornmed in the
SolutméF H8d@e rithe speerum of n@rprgwaqdrsamm @ormspamdseq tifeopreviously

s U 5 BHAT RO RV DY BORRST DI s,

S.Y. Panp) Tal\dzd?rz;dmammdsi Rlearih8cipro94,a83s 195 plessrr |Jh'§g1p‘p9ﬁ COT Byminski,

regi

1. Bonies, T RD6EkBemitr, 1976 Shart w0  Bhe oy mherlgal particl

sample gﬂﬁﬁl‘i@d asgfonom;c%%etr +1(%§054-I§L@1iﬁ%slﬁglln lﬂﬁ@gﬁ?@t ’Ié%ode indicative

ym nski
of a Eanﬂicm@p@rtur’fﬂttmrsmthle sspirelatyc strughae tafche pseeinl eNotably, however,
ut. +10 to +15 cni'1)

o L SRS S b o0y s o i o
the sR@plddr Walel ARsdIVed NE tHRE GQMDRAL )fn&tlﬁlHCtlI#H @aﬁﬁﬁfg {h3€ the cha[nges in the

protein. Notably, however, spectra o e comerc
Seco@@mﬁmcﬁﬁ@uBmPHOC@phﬂgM@aborpalletehctegsrsMe e virt uaI ly

[ t t.he.sa i ssol ved

i RoeOhahl SRR RSs PR oflinien dgeaby fompuing algorithm
that ineladed] amyothingl StibifRtibP ON thY AEASSIRE: WRI §roﬁ%@f@|t%t:§\%r¥und and the

reversible. The secondary structural paraneters

amide d; bapds edpeaayaiptiome E@n@mom@uaéuygdﬁcaym foerescenes wde dsubtracted
essenfigRPL 4N R orf Ht bR hé}g I?‘le (o, glgqesﬁgﬁdagdgt?d S.Y. Patro, T.M.

aromatic gr oun
Przyhyezony. o]Pharmo Sci. m&xsommtmby y Tte GetimBed fskrueffd GaRE®ters are
1 %fn%lukgke%ct ed essentially as described el sewhere
collegt . Debenedetti, S.Y. Patro, T.M
Przybyci en, J. Pharm Sci. , 1994, 83, 1651-1656]. The
eﬂmémt %&ﬁﬁpﬂrb&h@ﬂem% iUEh %511?1]‘*_)1%5 @sftﬁﬂtéc?frbﬁckérﬂdq sgmls&l:t?a.

4. Tab Structural paranete Insul i n _sanp

sampBSt mat ed [ r diefarerfel speé&etald:siFel al BeRemerké surmT ot &kndom coil, %
PS- sheet b- Reveé&8t fur n| FeGhYcoi|l, % %anpl e [cont ent,

Unprod@ssBaTt ENt 90 9 tgprocessed, 34431 4T Powder 17

Powd&dnpr ocessed insulin 44/ 2 11 17 in |solution

Unprocessed insulin 44 28 11 17

in solution

small spherical 11 67 15 7

particles, powder

small spherical 44 30 11 15

particles in solution

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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smal | spherical 11 67 15 7 particles, powder small
spherical 44 30 11 15 particles in solution Exanple
wageosMssegar ati on O Smal |l Spherical Particl es EBET/Hs2va4023182
Insulin By An Isothermal Method Human insulin USP
(I'ntergen) was dispersed im'a NaC and PEG ( MV 3350,
Spectrum Lot# RP0741) solution resulting in final
insulin concentration of 0.86 ng/nL, and 0.7 wt % NaCl
minwe dmBufts i WdekE acetitc avid mad il dvisNaOHeopitlonss At heating tool=77°C,
5. 65 .by dition o nut e anount s of Iacl

clear, profgin Sa@ﬁan%warelogwm%& %@I}& in, e skilinacocen ratig {3@ Tlhen the

solutrc?n%@ver@ l8&ted R Qt[ﬁédéte?ﬁllmgd' 1afdStoVielefh ﬁ@ﬁhﬁfé ngds ‘r"@s UAE HRIT,, protein
in the insulin concentration C . en the sol utions

precmateon: viak ebseaweda Phe ghedcépitatas awere aemovas by centpifrgation €137000xg, 3

mln)prage npA{ &?IB el’a@f‘%ejpn pre@ %ﬁtl‘gltglﬂ?rflcﬁﬁs b erv(?g() dggﬁﬁ resulting

supenafin ivas d8@HRindd bg/ SReIhehiniEprd@inass&Nd Bel"()?45 HfglAth Thus prepared
concentration in the resulting supernatant was

insulires@dwiigrnidat lbﬂiem a PR @Fﬂﬂﬂeﬁl:g@atﬁ# delation Assay t o be 0.45
o TR0 SR BT L0578, e o

PEGhyHobrdagHt 4b iaboutdf. 1 s FC] adal&idn) Iflesluhm@.lﬁ m%rﬂbﬂls‘uﬁn%oncentration.
wt % PEG (pH brought to about % HC _ addition) i
The ﬁ%@uw W@@ mwbzteégeftr{a’ﬂ ¢ rveith Ftﬁfﬂélé rf@’é thy and sbsequsatly sonicated for 2
S . . . .
mln.a%ﬁ Hﬁbt gg ﬂ%érﬁ Lpﬁﬁ'é Er)]flﬁggft'i‘tg d@gregidg@& B §(§lk{15ﬁ ll}grteélﬁg?g %rpl%otal insulin
conceﬂsaiidnl crfgl ﬁi(ngLl OrheBevwdting adxkack tvas keit umdejnw.gorous stlrrmg at 37°C
ul ti into insulin concentrati nof

overnight Fasy g.lﬂgnﬁ%tls& PREEIPHASS-WRICh (e 2o 3@6‘?189%“??110% b Jiquid by
r h t u a
winfls HofuRe MENCERML LD, i £ED 25 RASE, PHEP Shng proti
microparticlaneefel thdsresna(adﬁfzen fin liquip @iteogdn amat}@phﬂﬁeaz m
The resulting protein mcroparticles were then

B. sngg rogen. and | ygphilized. Snall

R a5 ARSI in The present
' nTﬁé‘bfe@éhtqﬁ%rﬁﬂoﬁ%aﬁealéésﬁéjuée‘a BIieHE sﬁHH'sbh@rEU&P E)!aﬁl@ies of AAT
particl es of T which are particularly suitable for

Whlqbwlrmmmcqlaldte'sultaélwfor Bwlamphey deligeyket ed Col unm Bat ch
Preparation of AAT small spherical particles (10-

xgﬁloﬁnpl ngiciée"atgg ;g;o?ur ical, particles 10-

30002t sald)i ¢ F- 68 was mxed with a magnetlc stlrbar in a
j acket ed beaker and
A solution buffered at pH 6.0 with 10mM ammonium acetate containing 16% PEG

3350 and 0.02% Pluronic F-68 was mixed with a magnetic stirbar in a jacketed beaker and
heated to 30°C. The beaker temperature was controlled using a circulating water bath. A
concentrated solution of recombinant 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 approximately 1°C/minute to a temperature of about 4°C. The rAAT
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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heated to 30 C. The beaker tenperature was controll ed
using a circulating water bath. A concentrated
w@o00ans88 of recomnbi nant AAT (r AAT) was added POT/UK1084/023182
solution while stirring and the pH was adjusted to
6.0. The rAAT concentratiom44r the final solution was
2ng/ M. The r AAT was conpletely soluble at this
tenperature in this solution conposition. The entire
C o{n‘ @ﬂélstoga‘xlgﬁabtep%@ et theegretetn ﬁﬂaf gp}feﬁckldtpartazlésaecﬂeeu}eﬂ)hilizaﬁon,
col unm .an eated tg 25-30 C. The circul ating water . )
the RECGH/Rrotgin celirewanwashsd wath methylege chlpgidey gMﬁCbb 35@$.herrwashmg media
120l t e j | .
uili ) WY (BORYEAT BB EnE 01 °Lp e BREAE Sl ke 111 The
waslsphprocedure pas réepehted fooa toid of drtimes thherigonal volgmetvesshes. The final

he m crospher.e suspensi on s frozen in gl ass, . . .
pellef pas e ispOTIRg 1aiecHEL SO R REIoNS 56 PEBEREFaY driehdy cither dircct
expod@b @b nARide P BAS Gl by roftfy evdpdrfogder to extract PEG from

the protein small” spherical particles after

| yophi lization, the PEG protein cake was washed w th
Exa : Yepseb BatghcRieparajion tdfeh AlaSimalh Spkerical Particles (200-

2000‘rﬁi Cia d was net hyl ene chl ori de: acet one 1 1, or
ne chloride:pentane 1:1. The washing procedure
Washik appabe drdparatidnt wisallor@f using kesanid or@filBionadomposition as the

. . volunme washes. The final pellet was resuspended in a
Jackederh poluls) Ritecapable of reeranppdalingt largsr yalpmesiand was wiorenaitable for

e Y ar

el 88 AR, K090 RSB0 M RN gt e st

impelleepar aitth:klrete;df vésAdl, Sahlly fS}ﬁ)be]JOiOOmll, Rad th'eﬁiledzto( 30, The vessel
2000 scal e). . This type .preparatijon was done using

tempE RIS 418 PBTNAS RS E}é%ﬁ%%n& VR Bathy iecepimgithe gefution i the same

vesse Ot WatHatlc AREL R0 bwAGKATRRAAI R HaB BES 2O WP ST Whssel and

was nore sult or scale-up. At this scale,
contdnty watteatooled apapprokivedelntl °Cminpntok tidmperattrestidf€d The rAAT small

addl e.style imel.ler, in | acket.ed vessel, usuall )
spheB30 Paisiin oasd Bt ' Pofinb SEDTHEC ESRERN e 38 Bartoued using a
thernd@duRNAAOWh&Hthe ShdpRndol tdabhded o) & WRtIRId 8Bidto tKReRhPGature for
the solution in the sane vessel , 'the water bath source

an aqgadonnhidOchingtesr ofviter e holdatep, the smalGpbati¢al partisle sespension was

cons U 08 ST SR BB Pl % B e

volupar tThel remafniiidredlalt ypherigal peaticle Gubpe@sidh &fas F6Rn as a thin layer in a
tenperature was nonitored using a thernocouple, and
prec yeplilizationernyiand lyaphilived toemave theawaleeprfl emsining buffer.

t hfﬁ%g)‘fggﬁr @%Hfl e?ﬁggficaqn]i)aq‘gahg iv%}gl seggrra | nrpogls ‘théA‘frEI%Qining dried

t he step, t smal pheri cal cl'e suspensi on
polymess eitien byndenaifagationowith @fganto ailvents ais desaibed it Edagnple 10) or by
renove. appraoxi mately 75% of the pol yner and vol une.
superegca il 65515) exEACtionp gr PEA) eXbartomh the dusparpisrish Wagdransferred
e frgzen t lin ik hBer@ AL e i 1.2 3k hAOn:
o 9878 A A St EPSRLCHAKRE0R! b7KARD, o room
tempbrafurey with IKH,p r@meei apesating [prespive iwas atachad,tdtitdnes wae irgroduced to the

inlet HGld srtr%gu%dasfar%@(} 882;231%&51%&9 T%Esl s%ger critical fluid dissolved the polymer,
leaving the small spherical particles. At the conclusion of the process, the system was

flushed of ethanol and slowly decompressed.
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pol yner either by centrifugation with organic solvents
(as described in Exanple 10) or by supercritical fluid
W@ BOFp3wes racti on. For SCF extraction, the driRCI/US2004/023182
material was transferred into a high pressure
extraction chanber, which Wﬁ‘pressuri zed to 2500psi
(at roomtenperature) with Once operating pressure was
reached, ethanol was introduced to the inlet fluid
Exarfiple d3nP@ses Wletdse/% ceﬁvadrmm of rAer'R mtd'ISi.tr&tI}]lSSlﬂﬁhcﬂrFaﬁicﬂ;@
fluid dissolved the eavi ng. the sm
sph@all sgherieal pargiples wem ¥9tbﬁéat% At Aeseribed 8 Examaples 4@ @ad 11. After

the cg ﬁ%@g@gﬁ%o&{?ﬁg %Ssn?afl eﬁfq?@f‘(ﬁglrltg%% % 28 re(%oved and filtered

throx@hrw@:@gmmyrmge %8 ta mhmvsmtﬁd doliSphmili sphéridad phiticless The absorbance

i cal cles, were fabricateq as de

of thE s BER "0 6 oA TeRFIngRE FrnoioB P i BRBEL shgnm using a
Uv ﬁfé@ﬂ%}ﬁfo?om&els MRhd AT ‘&Hﬁ’den&ﬁhdd"@aﬁl'éﬂ %Qﬁhﬁféd"@@m a standard curve.

renoved and filtered through 2mm syringe filter
The Yeqonyersiomevasaglalaglagerbds: spher i caI particles. The

absorbance of the filtrate, which was the rAAT
r;% n soI utJ on, de rm nedtat )280nm using a

pec C de #QU0YRS % bfersion

cal cul at ed ffwftémar/ls‘ftTaMIfidmz‘wnve The % conver si on was
cal cul ated as: (Starting rAAT concentration - filtrate

AAT concen§éald 1 on) * 100% V0 COR¥&hversion & shidilisPRErEdMparticles

concenbRabmemh=Bcalunnyo conver §1 on to small ggphes s cal

part i cB@sngl@os, 200mm) (n=9, colum) 91.7 + 434 +30§ny

(n=4, cdlgun¥p v&3el + 1.6 2g (n=5, vessel) o8@.+H.gd 1.8

As shown in the above table, a high percentage of the

AALs BEAIeinthWaBoveGAME! 4 §igh Fgﬂc@ntﬁg@dﬂ the @D@F pfodin was converted into
articles irrespective o rocess scale. Exanple

smalﬁsphenaarlmﬁlc@ssrrz@ew@t i tbmpnogfrss GFAT Particles At
Different Process Scal es Aer05| zer data A sanple of

t )] kfel%%{ Ho% §3cAR3

Aerosganrdatazl e size by time of fl | ght ’ rreasurerrents From

th SRRl Bs ge Qa%?]%lsé f@aeyrv % S %@wg{éﬁ?ﬁg%&? gnalyzed in a TSI
Aero§fz§[e3ﬁ55tv5ﬁlayhie9§hr9§ driiSle AYE b OTFH} H8hsup &Eiértscl from these

weré used to co aretoprtlcles rlcae
measuednients diffhent trhtaos oh arblunfe tlfamqmresmrb caﬂmmed ao. demonstrate the

parti%% gizg trl{)gt:llcg)n S%I ﬁleuﬂ)l" small sp erléa\{ part{nfgs ag'l(dgvgerg 1u%)ec/1 gosgompare to

particles fabncated by methods other than that of the present invention.

Scale d90/d10 (volume) | d80/d20 (volume) (d90-d10)/d50 (volume)
5-10mg (n=12, column) 1.88 +0.20 1.49 + 0.10 0.67 +0.14
100-200mg (n=5, column) 1.83 + 0.05 1.41 +0.05 0.66+ 0.05
300 mg (n=3, column) 2.05 +0.17 1.61+0.11 0.77 + 0.06
1-2g (n=4, vessel) 2.21+0.30 1.60 + 0.11 0.86 + 0.19
Andersen Data

A 5-10mg sample 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-HC] buffer at pH 8.0, and quantitated using reverse phase HPLC. The data was
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5-10mg (n=12, columm) 1.88 + 0.20 1.49 + 0.10 0.67 +
0.14 100-200ng (n=5, colum) 1.83 + 0.05 1.41 + 0.05
wWO2®6/430805 300 g (n=3, columm) 2.05 + 0.17 1.PAT/4SDN40123182

0.77 + 0.06 1-2g (n=4, vesse 2.21 + 0.30 1.60 + 0.11

0.86 + 0.19 Andersen Data A™®-"10ng sanpl e was wei ghed

into a gel capsule and adm nistered into the Andersen
Cascade | npactor using the Cyclohal er Dry Powder

analiz&ﬂainérth@@mnéthowtandhﬁ d:deﬁ@nl(GSBr) sajpelated mudesclibddMn. the United

pheri re | ect ed from I,
State? PoaERPPor S o) e deip GEmotHaist S TS s SBlragon o
pH 8.0, and quant|tat ed using reverse phase HPLC. The

data was- 4gtate anal yzed and fhe geonetric sggpdard

devi aipd-QoorhdES, rRheyl at ed as descri bed 1 n74 he2bhni ted

St at es3d@hayr(nes; ogena) (USP) . The data denonsv7 abad the

narr ow Sigie=5lveskel) buti on. Scjal e GSD 100- 200mg 0(08=5,

colum) 1.74 + 0.22 300ng (n=3, colum) 1.77 + 0.40 29

(AR, ofv@is S«ﬂéﬁibﬂt-icﬁﬂgdra&e&% Mdwrohbdveedetsiistrhl@tth® Bxcellent particle
par anet ers shown above denonstrated the excell ent

size @igiriutipe thet sesulds Sem; thefabeirationamethed of the presemh inyration.
fabrication nethod of the present invention. Exanple

Exampte 156REBAA oA AMEioBURAGL 1 Vity To determ ne the
T smal |l spherical particles

wete defesnievael spdmﬂil': aiikvity) the Irl@lA’[bdﬂlaﬂl @Mtlcalq:mnmcles Were dlssolved

) e resultin |on l.yzed b
in 0 98CRG et s08 e t%@e?%w b TgpulfiagFOlREOR Ay gelyzed by an
assa% %161{3 nddabhe OfhPRESARS FOfICAT 3{5' inh Bt aa81ifyPEEbofcthe pancreatic

yze synthetic peptides that contain a
elastpser(PPEQ) emhydrdb'zg sputhetit paptides that eontain asp- nimanﬂtdﬁrgroup at their C-

term§s 2 158 e styiion DR PR OB SOPUF DE G o then sssayed for proten

concBhtEAtRANRMHNthE BiihehdnBEAA BB BRUA) @ssﬁ? nir éﬂntfdf‘MAT starting material

starting material solutioniwas also analyzed in both
solutigys #yps 2 SBezmbged tihebodle @ssays y B@gsussy theiaceite heges dwasodeveloped to
deterflj'rﬁ}ieie Ll}rg oK 18/{:@ asepe:or\l/ Igg r?pnf:e %refﬂlé og f ?%}éﬁtﬁe&%ﬁ@ple the activity
valu€ Qg e@ﬁ@@edvme@l of fthd ftuAtdiéin dohEnBhfo Na&Bintiatd B BEA, giving
det erm ned bﬁ@BCA giving the specific activity value:
the speqifi¢, patiyity yrle: f or sanpl e = specific activity jor
sanpl e actual protein concentration

activity value for sample

- — = specific activity for sample
actual protein concentration

Inhibition of porcine pancreatic elastase by rAAT

Scale IU/mg small spherical 1U/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)

technology is the formation of particles under mild conditions utilizing aqueous systems
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Inhibition of porcine pancreatic el astase by rAAT
Scale U ng small spherical U ng control particles
wa®se88yy (n=12, colum) 64.19 + 5.01 64. 34 +PdT/852004/023182

200-300nmg (n=8, vessel), 62.Hh3 + 5.29 65.87 + 0.98 The
specific activity thus denonStrated the retention of
bioactivity after fabrication of AAT into snall
.spherical particles. Exanple 16: Retention of AAT

duringt pytielgr @rmpiiere grnd ayoiding other peessdmtucklg conditions such as increased

' r jatin int.s,of cont.rol hase separatijon, ...
templiablek! b Ad. O BRI IngSRR0R el B R 8B P 1R Mty of
protethd dlirfi@nhé fabeiostids dnldithé Roraae sRBikEy. YR RERT depPhdnatioh phtAfays such

particle formtion and avoiding other stress-inducing
as oxylatipe, dpamnidation and; amecialE dagasegationt off @rotgineasre belisved to be
. iLcl ' er.l i el | Or._concerns., are
respdrhitd RobHorefl SorRH S RO AL o iR R EGHEA Crhereore,
regulattey sbadeageregtiadah iekitemdlydowdevel A€ Gle gﬁd&tﬁcﬁﬁﬁ)ﬂéaﬁ&’tg\@ﬁ{ $inal particle
y .

form 355t ok bh» OhSHab BTG LAPET ST FONRIICh BT S BINS bres uilized
to defe@til¥ Whehd} FrOb @&ihga{{io%' éi‘éuﬁ%cf %@é@yﬂoﬁﬁg%qlt ng

| mmunogeni ci'ty. erefore, reg concerns require
anCistlare Re¢hrolsmm(CBy aé thé miesyradahordn yedduethsd ifor evaluation of
I na article formiul ations. HPLC, physical chen cal
structil Sl & o TotiElried T B 58 R P gHSOR O Qb lghcture of an
irfbeEe@l prbfeth WBleNRFer pRSEIN TRAED metioan i s o
englf or rraI%fibon. G rgﬁl ear p%(S chroi sm (CD) :Os %%%‘éﬁggggro%iﬁ fﬂﬂmg’ and
protegospeprdayy ardbigritaey bivectizer eval uati on of structural

ch I.n.a protein subject erturbation, |, "
ChS85RL NG BLRLSI0, GABRFEIER L BRUHEBBLE e v spoctm
regioh@19Me5PamyNiAtREat adeledftlis, R BRLIPPNR 18 8REGEHHAI bond when it is
protein foldi ng, and protein secondary and tertiary *
2:}

located in pregplar, falded savFgnmaant.u ddphachebiznbiie-shist.cmdirardbnp yoiCHiructures
C}:[OSC ' . “far-Uy' s ra i 0 190: 250 .
o SRRV 500 M BB AL GHE BB o35 oot

fractipr pf batd secsdlawheruciure typelthaad pdsdnd irBadyesivted cad @b Idetermined

envi.ronment . Al pha- hel i x, beta-sheet, and random coi
by anglyzing ifs dar-HYc (L sRestpms as psum of Aiegidenat inauliiples j9&sach reference

spectB@r gg&%ﬁ%ﬁdﬁpe@ spectrum The approxi mate fraction
of each secondary structure type that is present in

arbhepCDtspecirmanf b ipusteineindisd breai-DBL spycted abgldn (50-330 nm) can be

Joar-UWV CD spectrum as a sumof fractional nultiples of
sonsiffoig SeGAE GHEGS b GRS HBFUER oA GTaR(eneliy b chipmophores ar

e SR ORIV BB R, L1 g SRR e e
to theepeell ertiaryt gruchue wf dhe potein.e Sigials irethe rogivelfey2456-270 nm are
amibﬁgglectgrp%ggﬁgl%kﬁé rgsrigues, signals from 270-290 nm are attributable to tyrosine,
and those from 280-300 nm are attributable to tryptophan. Disulfide 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 small
spherical particles in phosphate buffer (pH 7.4, T=25°C, protein concentration 0.05 mg/mL)
are shown ip 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
WO 2005/033098 st ruct ure of the protein. Signals i nP€TES2004/023182
region from 250-270 nmare attributable to
phenyl al ani ne resi dues, sid! s from 270-290 nm are
attributable to tyrosine, and those from 280-300 nm
are attributable to tryptophan. Disul fide bonds give
[ road weak signals throughout the near-UWv

risg-
spgcthu Fary- UV CD spectr f. ILAAT .St OC ol ution
ek Pheri BLRRHCIFY wRRShesoR <l n ol PEta3Y ghd liyzed by
reveREPEMRITELOUIWIRh doBtpared4o atorRE] soRitRNIfRtLONELDAT PLAOR, there is
0. 05 n&/ m.) are shown in FIG 13. Each spectrum
no appapang dafrrence e thevappeayencsfof e dheematogrims. f ar - UV CD
S e .indi stingui shabl e, denonstrating that
fgﬁ?lf“gg?’?%rﬁl'of AAT into small spherical particles upon
| t HPBQIGE G Nt PHeshRaseupitel 5treidron) CAAF0 0 126014 6 snid t h
a structure identical to that of the starting AAT
natVefgrapllianse 296 RPumplantosiapler spheri cal particles were
di iy dd. Tris-HO at pH 8.0 and anal yzed by
re@@?éﬁé&%}%a?eg%}ﬁc When conpared to a control
S olnjiction Volumse ar76iuhg r AAT protein, there is no

apparent difference in the appearance of the
ch&&%@g%@t’:ﬁ?@ system HPLC Col um - Pheonenex

Jupi ter 1! . 0x4.6 mm Waters
Al li ancgoggggﬁ%gﬁb?% ggg%wg%ﬁwavel ength - 280 nm
1 nj ect i Miobllopbase 2: 0.985% THEAdi 20% (0f) awtudinile mf water
i hase 1: 0.1% TFA in water Mbile phase 2:
‘g‘s@‘éﬂ%f MH0% (c/v) acetonitrile in water Run tine
- 1B8wirhie H owiiaine - 1.0 mM/ mn DSC DSC di agrans were
generated. See FIGS. 15-25b. Exanple 17: Storage
Stability of AAT Small Spherical Particles Relative To
THA®Cof AAT Starting Material Small spherical
p heilk e dd t j,on of bioactivity
SRR AN SeHGS IR e 1) "t or
storage at roomtenperature and 4C for 1 week, 1
Exammie il fi; S@rage Stability of AAT Small Spherical Particles Relative To That of AAT

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 Spherical 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 (50mM ammonium acetate/50mM ammonium

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
wanioshsdss been dial yzed and then | yophilized. PEDUS®aCR3182
time point and storage condi |on there were duplicate
sanpl es which were each assa kd in duplicate. C Small
Spherical Particles of Human Growth Hornone fti GH) The
present invention can also be used to prepare snall
The Q@Hedllsﬁfé‘ifedplartm stlegonfindeGithesExamjitiensl Stheabé whslkieen removed from

ara i,an of Smal | her| cal
the iRbF PrepaB83pieun 385 Bl e Gdionivaiadol ey o e pooling rate
AFBInsd a0 4 8 el t
s SRBIUE 4045518 RO WAL ARSNGB BBl uring e
cooling| siepn. opmal thqirfg:ﬁhpamalss ftastedita form Bhemthedempeatur¢ obthe solution

s BRERGENE, 00030 BBl Pl o St pries

sepacdlirdi GRSPE Gy dﬂébﬂ’tm&le‘tﬁlﬁlﬁ whieR ¥Rk érfpdttRgywiat er

bath and cooled in an ice bath until the solution

r e QgL 1gvent washingokshpises that eftendhe geplineastoe dndparticle formation,
the s?na@lﬁgggblncal ?Qflc&{]&fsﬁ rﬂ o%%s a%H I?I%r 1%1% l@)ﬂthﬁﬁthlé(‘i ﬁ]l(gr%sger? faad lyophilized

to repmve watee and baffexe dntoede‘rmas upamenthe fp@otbmfmﬁiﬂléﬁpﬁé@ca@baﬁlhEs from the
reached about 40 C. After particle formatio

PEG] e, QQPB#’&@%% itaPECUERiEH cake piet pepeadogeit methylens chloride
(MeCEP aPEGe@ shiuBl® ﬁhﬁeeﬁ%ﬂl’e 8 Ff)r&F:m s%lgg}hﬁﬁgeﬁ pamlgs arg insoluble.

are described bel ow. "Organi c “sol vent I'ng “requ
The susgensadnt was miredc obomderspeptueenidr faniniiek.e Stree nhd d@mty of the hGH

h I heri cal ticl ' flash
smal} SEoe8R ParREIRT GuF s o h Meia Uf o bRt 8. & ger@mombvent was
necem¥}efo l@%r Jﬂiéflfcftﬁd dérﬁltS’rtQ %’a[ml’it@tesc%ﬁt"i‘ a@iohh%o‘éfd?fee{wﬂlch is miscible

smal herical particles fromthe PEG after
Wltth@%hi Wlﬁ& addednin & M@lu%@qwlotoenhnt claleOlpas Thei spel dpherical particles

s BN A B G5 SRS b,
supeﬁiaﬁa}ﬁe Reéls Odi soaddedN ax @ Ctha tpel 160 PostispeR@Ida ﬂ\@edl? fand m1xed again for 5
m nutes. Since the density of the hGH snal heri cal
minytes 3t reqra demperaiuss o This washing dlrfOC(edurﬁ wasasaeag¢¢rfc)r a ttal of 5 washes.
AY I 0
AReSBECR SOUNENE P NS SRAREIIA0. R0 el B M g ard o
rotary svaposa:tlohl Eaving la ﬂ‘rh[kow&\ﬁ%f hdﬂﬁﬂnalhspheﬁédl paRickgual to

t Qf The snmal | erical part| cl es suspensi on
%ﬁ%y@%ﬁwq%’@éaq%e éfg@@ftﬁlfﬁhﬁ Gpolingyte andsp Clﬁ &uymation, the
smalf g;ﬁéﬁ[:eﬂtﬁéﬂ't‘?cles-rﬁgggrﬁ?oq{ ﬁ@%ﬁé}{trl ?nd )(%Jé gper% ff)r ?6’ énmutes at 4°C to

resuspen

sepana’terthé emaldbplepionh faetigiey Béi PEG. T’l’heSsu‘;‘)aﬁlﬁtaﬁﬂwﬂi RERNWA Sind the pellet
was repeated for a total of 5 washes. After the final
was [rgegpendeqdn sold buffercontaining pe mMrindacgtaiovin 2 wedwmenequs to that of

the sNE%atgﬁt' ?QE %S e @{/é/d eVigRoy,at '16)1{] ’ret‘du%@e/ ﬁ.(ﬂgﬁl'h@y 8f the hGH and

spheri‘cal par
prevdnltffdf chssoinﬂs)hldmgng emilshmgd Thé ataslabiifsr Wd%&cepﬂ@i iceg Tt 8@spension was
and %artlcle fmtlon t he
then centrifuged immediately at 3000 rpm for 5 minutes at 4°C. The supernatant was
removed and the zinc buffer wash repeated for a total 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 zinc. Following the final water wash, the pellet 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 4C to separate the small
wa@pivensoss particles from PEG The supernat ant PGEEBS2004/023182
removed, and the pellet vvase§ suspended in cold buffer
contai ning 50 M zinc acet at in a volume equal to
that of the supernatant that was renoved. The Zn ion
reduced the solubility of the hGH and prevented
pelletiiveas dhant lyophitieed tegrewamyhiweger, Raeingastnd pbiveer abbGHKegmall spherical
art The suspension was then centrifuged
P 1]ﬁ“?red| ately at 3000 rpmfor 5 minutes at 4C. The
supernat ant was renoved and the zinc buffer wash
Exahgleeidt g5tk VesbdltBtctOPrepaiatit®$100ned 5W) O Smbil MPBerical Particles -
zinc buffer wash, the pelTet was washed 2 tines in
er and centrifuged at 3000 rpmfor 5 mnutes at 4C
to C
t neEBCPpe, o EEPTabbl huns, Bghe e i Rl $BPostion

Exarﬁplld 1181 Bgheah ammmmgrgar GolutheBahd BOBGe shitgblé frzeile-up?2
B& el let., was then Iyophilized to renove water, |eaving
a ﬁallutl%mh‘éffersd qﬁepﬁsﬁah | (38BNE rarempnipay Acelpie4l0mM  ammonium

inSSATB] 6yl SELRS, Yo5psly By AGPETS Gt GRTE s

beakerf by mepar aftancoverigad dnpelansindtheateditoB2C. The miktatd ®mperature was
C osition I 8, , but can agcconnod | ar ger,

contiEFH FRE ArRFen BB BN Bt b GOReSISIogIsGINAgh OAICHT e Geed to this

solutid H&11€ tidfngP |'T1§: Aind @AM ARTHON b WGEE &/ & llﬂm%s 1 mg/ml. The

&
anmoni um bi Car bonate) contai ning 18% PEG §35
hGHovg2sniiletelyrsolbie @8hisdemparatac: inrthia spltike cempbsiaémer Thyvessel and
s of an ovgrhead impegllar, and heated to 58 . The

contils PEToCUER FRIFA iRl CTRIBIY ek (RNt ApaTo ALy 10°C.
The We{EkmAAL éi)helACa‘F ﬁﬂﬁﬁ s ArRdd SRR R g%?lnli]ngg_&eﬁ@STﬁg 4641l spherical

to this solutio e stirring” T
partldems’artbd abi form cfroin@H40C,t drel el pmbeess ovatindednay e sﬁEbensmn was

h S npletely soluble at this tenperature in th
coolsd%fga Flo rfgfg%fréasgwlmrﬁteprﬂe adbphenisnd padisles irese segeaated from PEG
by odWIthE R Fildiidhs Bodiby ATGGAN sp e Lo a temperature of

approximately 10 C spherical particles
formed during the cooling step The smal | spheri cal

ExamchDcRﬂﬂMﬁﬁgHMQﬂ around 40 C, and the pr ocess
d th | ed furth Af t
T R T
follo®@ipadtales Of fHe d%E&G povt p&%l@forhlaﬁoﬁ WastPEt @Qﬁac@i%ﬁcéﬂdtiﬁﬁt solvent

in ExarrPIeZ . Exampl'e 20: Retention of Inte rity of
remoye-prest grydige] Measwegmttof thyf cheairal nntsgthofslpm Gikafter fabrication
into pS%{alf Cs ﬁgﬂc\ggt qfve fo& ﬁ%lttl] & L%Slﬁlg S%a(yrqagélizﬁwnﬁxcmsmn |

Chroﬁﬂtbgﬁ&;ﬁhty (S@O) eREVd‘f@dTPM@e (HP?}JQ)S uehitiydté goolvRidfdiof At degradation
of the chemcal integrity the hGH after fabrication
products. Results demonstrated that there was no significant accumulation of agglomerates

or other related substances during the small spherical particle formulation process.

a. Organic Solvent Wash

hGH Agglomeration by Size Exclusion: Increase in agglomeration over starting material

Stage of process % increase in % increase in
dimer HMW species
after particle formation 1.17 0
after PEG extraction and drying 2.67 0.43
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into small spherical particles was determ ned using
HPLC assays (Si ze Excl usi on Chromat ography (SEC),
woreaen3dwsPhase (RP)) to quantitate aggl oner at i POT/ESIH04/023182
degradati on products. Resul t,:i_'s3 denonstrated that there
was no significant accunul ati"on of aggl onerates or
ot her rel ated substances during the snmall spherical
article formulation process. a. Oganic Solvent Wash
hGHﬁGlﬂtﬁ@ §ubmncas b}D Reb@ISQSPlZdée Hxetleassi iodegiadatiaraser starting material

| +n.—+: aat-orxa 1l (@ WY

o obeas o T T e oteasedin earhy 1 Uointieags ] ARy in late
RN A R
e rﬁcle f'orﬁaﬁ :utﬂlﬂuu_: J.lh 25 1 LCI l EUSZ’LIQ .-.:.:I:.:ie: Ilmu,l”u 0
1 Yremm F\CI a 93(1 STOY 0
afte c%%lgorcaﬁrﬁaagg d?y?ﬁ'?u east—n UCUI atrat T ot—ov-etr—Star-t— 6

mat erial Stage of process %increase in early %
b. n%méz%éw increase in late eluting species

hGIrI%‘%&% % lsié ru_ty 'gé% B&%io‘%ﬁ 1bda8¢ i apag idlﬁérsu&gg&mg%%ﬂal

extraction an yi Nng

b. Zi Stegdnffofaessfash hGH Aggl Brireresse N by [Si ze % increase in
Exclusion: Increase in hgal onedatsron over| st ar HiMygspecies

aftehpartise faima@erage of proceps % i ndk8ase in Y i ncreaselin

aftegf e pxtiaslitns peci es after|particl?@% ormatign 0.88 0 0

aftecjpitiple dping extraction 2. P5 0 aft?f! [articlle dryving 2 51

0 hGH Rel ated Substances by Reverse Phase: Increase in
hGHdxguted Substamcoy by Rsﬁeaﬂet Plage:matresdedh dStradaiodf ovier Si6RHS mAterial

increase.in earl in Oﬁ\lnrrpneplnlafp

ePiges ﬁfgi’r%cﬁé% i es % increase in late

——partieletormation © g SRECPP ing species
afteipayt lesforgation o éftgp pg13 icle ri ying 1091’24 1 8 0 37026
afterig(r; =Xtr C“QF Partlicle Sp-’ Di-str hllf i n1n34hf L1 0.26
afterd?@lﬂt ,e-G ﬂng Dar t | d ! s nf 0;-5? a_c_t_g_r_lﬂ' Lan f the 0.37

partl cI e size di strl butl on of the srral | spherl cal
Example 21 RasticloSizedRdiswibution of Hipal Part -flight

m@ﬁﬂﬁ&&?ﬁh%n o‘cfl’[ﬂcgJ pg.‘rtl-clz- e 31ze t%lbuﬁon %E the smgﬁ sl?hencal particles was

determined by aerodynamic time-of-flight measurements using a TSI Aerosizer (FIG. 26) and

by scanning electron microscopy (FIG. 27).

Example 22: Dissolution kinetics of hGH small spherical particles

Dissolution kinetics of hGH small spherical particles exposed to 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 zinc 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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by scanning el ectron mcroscopy (FIG 27). Exanple 22:
Di ssolution kinetics of hGH snmall spherical particles
w@e@sos3088 on ki netics of hGH small spherical peeT/U810e4023182
exposed to two different exaqractl on procedures were
conpared. hGH smal | spherical” particles washed with
organi ¢ sol vent dissolved i medi ately in aqueous
nmedia, simlar to hGH starting nmaterial. Wen hGH
_ISMMMﬂSDMrmahPamclees were washed with zinc
. Di ssol ution

= 5 : - ¥ H%d out in 10
m eroﬁltloll 1 5923915:/01 33'2' % IiET_G 3850, 55mMHmmdnitm acetate pH

Mor e conpl ete rel ease of the protein has been achi eved
9.5, ﬁ3mM dremonimt sulfate, 263md! sadiuns ohlotide 26kiM ericomn chlorlde

at appr.o t 04 t he ,t ot al
wa i EEC Ao puF paS BRI TG W35, eSSk Sispeiipn was flash
froza0% Waid' aiteBsE hndNlybpkilikéd oh Bé MOUFsId libﬁuﬁi&t e8hall spherical
rel ease reached conpletion at 1 nonth. The fact that
partlglﬁ&mresfsﬁmd cal particle dissolution proceeded in a
t wo- phase manner nay result in sone del ayed rel ease in

{40 StaR&ohe cgﬂsgﬁ%ge Smal | Spherical Particles

on O Small Spherical Particles
Exarople ms]hwz[mum sdmul] spherial paxtlﬁlw/oﬁDNa\ssozyrre 13.2 %

o PR BCARAELS, of SRIERH GF 1 ks sk éﬁam SRl P B, 182%
PEG B380 REGn a0k 24bj e9mW§mﬁ1%ﬁﬁﬁf’aée@até"?gﬁ5 qﬂrl s C?kTﬂiW)

resul'ting suspension was flash fro
ni This gespeasidn as pholed rretheeB0Uhkesranaidloded frozxmi, Wag &rophilized on

o magftay s i R Ry Binlifeafon BRI ctone.

S phitidl %hcéiﬁfahbﬁé ﬁ%d‘)@veg\@ﬁﬁl ofial DNa38 1208 W'PEG? 3350. But after
. solution of: O. n(gm DNase (fromstocklrrg

trying 80 200l @ 3390 t¢ HPGAnd notgetng pregipitatesranethemamaet af BNase was

acdeflfy Bethe ctpPE SRR, Tt BoBUBR G SOOI aRARTRUER dfpoer anc

onceaerB vat dydphapletl| dnz the, maifbl® Wsphdizent |Wa§H@§ s dcdpitifugation with
centrlfu ation with MeCVacetone. Initia

MeChhreoner ditiseoncentegiong friedgyerp &gl/mﬂ/mﬂ)meée and 20t PEE350. But
aﬁerglg?l% tol%%'bl ﬁt)ﬁlei7°@’t¥)' J3e atnﬁ &%ﬁ g%tugg%m %‘x‘%z}%f;atte%ﬁgotﬁelaﬁgoﬁhq of DNase

a precipitate,
was adliibddotg}tt det atidve c@haemraaom eThis abluioa . washé s l&ioinuthi 080°C freezer

wa ooled in the reezer. and, nce frozen
and, We%ﬁqom éﬁaSoWOP‘ﬁ‘élZ?FgH?ft{bq alapgfalﬁlhlawplzlﬁzer Ve by centrlfugatwn
with &1L/ HORE IPTGYY7N3g).

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/ml. The activity should be 775 Ku/mg *
0.0199mg/ml = 15.46 Ku/ml.

AA4640 per minof unknown X40X dilution factor
AA4640 per min of known

Kunitz units | ml of solution =

Ku/ml = —0.0004 x 40x1/— 0.0011 = 14.55 Ku/ml
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MeCVacetone. Initial concentrations tried were O.
I mg/ M DNase and 20% PEG 3350. But after trying to
‘Weomb/0ss086m 37 C to 0 C and not getting a preciPCT/ESI)4/023182
anot her anmount of DNase was ded to get the above
concentrations. This solutioff was cooled in the -80 C
freezer and, once frozen, was |yophilized on the
mani fol d | yophilizer. Washed by centrifugation with
MeCl /acetone. (FIGS. 37, 38). Activity (Assay for
Coniphiese theonsgticaly DNA- Met hyl Green, purchased from Si gna).
The theoretical activity for the starting material is
listed as I QeHnozala S
determ nedi @H‘% %ﬁ%} %/t%?‘g?i%lnmfﬁ. s}étdw)‘ﬂtylva
concentrati on was dlluted into 5 for a final
concent r at i on 188550Kw/rd o144 Ku/T’F{é‘ 19684 %Pt "shoul d be
775 Ku/mg * 0.0199ng/ M = 15.46 Ku/m . . . D
F. Sealﬁerpmdetﬁmnmﬁsaﬁrhmld)\%phdﬂa}ﬂﬁarhcibs on factor Kunitz unl ts

Exg;gp@g)éf 4§;Oglpg;@m Lo tion gﬁ smal,

t oAl fp@id! 6E@B8m§ﬁ§ﬂ| éoﬁr{h%m ﬁ@ék ?ﬁgln'ﬂg,' ﬁﬁii% qu@tSBS@kfrom stock
*100% = % acti vi 14. 55 Ku/

31. 29%),1%1mMSupmpownde1C®a®n(frcasestC&kaIlM),SEh@i |p}h|— 4 99 adjusted with

P 5 .P f I o
oSy By B0 g W B (e SFEOU0R s G0Td BARRFC® 0°C over 50
mimée$ BODE T /mEGldl &mp&h@&i( ifti@édrajound 2 526% PHES sd¢ffsion was flash

fromstock 31.2 | MM anmoni um acetate (from

oo ieaui MyToEETAIK yombiizeucom mapidal oy o iHsssoarsk fubmquently washed

e ci uti on was cool ed
by o HHRRALAEWAR YRR GoRE F1ad D 3 (~0.8C/ min) and
pr @@b]&dtfﬂim 60rC Wi 0°Cadved Samdmnds 29.85C/mhY. Susfdgedpitating around
ash froze in liquid_nitrggen, and Iyophlllzed Qn

25°Gmﬁ iaﬁbﬁwza in Jigpidh mﬁr?é?n ag dyegeed onppgifold drenhilizer. Washed by
centlgoﬁlg%ng(lg{ ?)rgtgm gglz)gb%tgn%/b gmgé/le ﬁ%ﬁﬁpﬁﬁlﬁe@erg ?%1846(&) arsd the majority

of acStametverd rginmed.pi t at i ng around 25C. Fl ash froze in

liquid nitrogen, and |yophilized on manifold

G hiI'z r Vﬁs %p by centrifugation with

: rical particles were forned

Exaipl bée SHBAiIRih tSmAl 81011 eP WaSled QlstHoN ®n-Kdlymer Phase-Separation
SubtiTisin SmalT Spherical Particles Exanple 26:

Enhaiefng) Agenitn Snall Spherical Particles using Non-Pol yner

Ph FRE" c%% u%floauts p lhse of the initial system may 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%
CaCl; 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 cenirifugation to

collect the particles and washing with 90% ethanol, Coulter Particle Size analysis was
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Enhanci ng Agents The conti nuous phase of the initia
system may contain a non-pol yner phaseseparation
we@nivansiosyy agent to i nduce phase separati on of P@EI/US2004/023182
protein during cooling. Subg%gjsin smal | spherica
particles can be fornmed acc ing to the present
i nvention using a m xture of propylene glycol and
et hanol without the use of any polyners. Propyl ene
perf@ginedpiwithealwelntasttandly ee e guspaisitn dejt. es’lﬁieoparagemyie&dmﬂ Coulter

t hanol ser as the, se- separ ati on. enhan
resuffy R lent G aRioe BB DRETS 3B vaP LS QgL of 2 r B erons and 95 %

of th@%ﬁﬁlés%r@%et@ve%ﬁbe%' mal3. shaReoml I Iﬁl@"ﬁisl:%@@\@[daﬁéﬁ confirmed
particles. O ng/nL subtilisin solution in"35%

thesq rregmjtis esi@vxgng/ csabstantmdi% sherieal eparticle9 2 9SG quakypiar effl the particles

The .35% | ene glycol - subtilisin solution was
co nf{rﬁngﬂ%l% %E‘&%’?)(?Sblﬂ%?% et hanol while nixing. The solution
remai ned clear at roomtenperature. However, when

Rete6O6 80SRilisindXevhatic aREvite Wifter BoskSioa s Saiali®pherical Particles
particles forned. After centrifugation to collect the

paf b estesionn opgyhe AYIIY it goRvetsiRmef subtlisinde solution to subtilisin

smallf)%gﬁe 18%13) ﬁk‘ﬂanom {r%\eéf\@i 2 cgﬁ)g%eg <§ %&%%F?%{g{egﬁtical total units of

activig ot thke emallisphetivd] @rﬁél&et?vefeefaldulatted:lﬁmﬁib&heﬂiﬁg the ttdtal units found in
di screte particles h V|n q aver age dj aneter og 2.2
the supgingiaat tigr gepaggtion ¢ 531?t tlistn partiglesletrpm: the dpfabumits of subtilisin

assafEdd; ?thg é’gﬁ] L QB isih! S?&}ngéﬂq c%\fc%g 921361 i6f thf"{d %}lmg. The actual total

Confi T e ese res nti al
unitss fdnendi 6l theasuhititikias smﬂEMphewdaj/spastust tliwadqdabyitbb etheoretxcal units

confirnmed the Coulter res Ret en f. Subtilis]
eXPrESﬁﬁé st PcPAETIRES: [PPAPSCRYS ﬁ’&r FriETHOR 8‘% g lloﬁm s‘if‘ﬁ‘&t?’c et particle
form286A.1 Byafis agulfaN1 0709 o@&h@ﬁé&ﬂéﬁcﬁ%ﬁbﬂlﬁﬂ( a@tﬁxh@l" was retained after
conversion of subtilisin in solution to subtilisin

formatien pf hplsebtilisan stpall sphetiead padislesonf i rmed by a
colorinmetric assay. The theoretical total units of

H &g <I5h. L1 SHE Jﬁﬂ’ m%f%'ge“ cal particles were
*caﬁty%%eg&gy—gu%irac%-mg" the total units found in the
Exarfiplp @7nBéraitioh af CarbobedatealhalnSpHerichiePagtidled | i sin

part| cles) fromthe total units of subtilisin ass

i nThpPreteRbABIensan Gani b mpplishye dhe rypRrswions of Laartzs%ydrate small
spheﬁE alrttlcﬁes‘:()?hé gseg;;ﬁﬁof?g 8k ntu?f c@ é)g{% |e\§}i%g§@g§/ﬁatgﬁ eahﬁ‘ea dextran

I'sin sma eri ca par
phasb Idanngtheccaiohngl iof ﬂle&vypueas slekteens af paiasnhelgenlsepeighdtas be used,

.2 5B- ARET B, Ondfs{quu e 8{3’5 g g teand R i 36%PEG 300 was
equl%ﬁlﬁﬁﬁeit'ﬁat ?déﬁtthxl: Bl & Gab ‘ébBDéd"i@SOTeﬁrﬁl' Q@ghlﬁfz&?r articles were

ormation of the subtilisin snal pheric particles.
harvestedTay bakliolg ﬂteefnﬁmm‘clwﬂmhleﬂwhmb clé’h)rlﬁmaoemnEx h.rﬂbbnad 2611tr1ﬁ1gatlon

As cgﬁ@)gapstpég glﬂ?rf Ffﬁ;ﬁi F%%llilat e%(gl gﬁt&}o eggv(/(!frg ﬂ‘jéCJ b%her carbohydrates
suchPdsCRACA! hdkoRfetBAr RALN dfrdafoss MBlctose, mannitol, sorbitol, hylose, dextran

sulfate, etc. can be formulated into small spherical particles using this process.
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spherical particles. Phase separation can be induced

bet ween a PEG phase and a dextran phase during the
weombiosysof the system Dextrans of vari ous noPEDUSZN4/023182

wei ghts can be used, e.g., 5%9 40K, 144K, and 500K

The m xture of 5 ng/n1 dextran 40 K in 30% PEG 300 was

equilibrated at 35C, then the m xture was cooled to O

C and lyophilized. Particles were harvested by washi ng
L_Migygengapgulation gfi rme%abmwted&ndhﬁmgrml Patieleone (1 1) and

Exarhipi
Sxarmple

Partigléegh as st arch hydroxyet hyI st arch trehal ose,
~ Tactose, mannltol sorbitol, hylose, dextran sulfate

et8) cah Por(wiviuiokiaer ﬁomt@ném ) wap n?éfmated| pr@saql‘an@%OO mg of

» AT BIBECER oSl do M BEASPERASHLAL oFy Uy otion v

addeE!r H)Pamgtdfansulin ﬁh&ﬂsﬁt&ﬁﬂspdr&ﬂ&d (IN&ndiaﬂ{d ﬁ&bﬁﬁ)genous suspension
sulln Smal | Spher cal ggrtlcles a) A 20% (w
was |8 (M GERTPEH MUENE{ Of thi Sredpiad 35198 Diotery Safer bpmggemzer at 11k

rpm.1 GHO cgntﬁ{uoﬁ% Egr | d:%ﬁélkt‘é& of 8084 &RIbEEsdHESHY df d&fg&?g:gﬁulbgb (24 m))

nmet hyl ene ¢ To this solutiron was a
saturgfed wighu niethydersl ¢hlsqidee r Tha bongmubus plese (Wd’dSnB()sd adndk @pm using the

o SRIGEEES SRR R FTARASS Pl L Wi
genefd?@‘che@ﬁ@or?@:ﬂ% 'nﬁ'éf&ﬁca?@tﬁﬁt%d %Qﬂﬁle%to?%é)(g thmQ fp%%_@:q uﬂﬁé’ €mulsion has

sol uti on ulose (24 m) ur a
an Ot Wpeﬂfel &théueueamlmﬁh@lomms mbuse(bfmsﬁenmmsesm Next, #te emulsion

was s o B TRARDE8b SIS B o

wategjeitélethe niddfine Wak Y@ atM00BRAN CRR I ALE Qol%ﬁt%a%'e%&a&éd over one
the organi ¢ phase. This emnul sion has an O Wratio of

hour ungler Tgscedhiprassyre ¢ -8 bais Enhirdensd migrogcapslateds particles were

ot BSASTE, et ERBE AL ANEL LGB Bricls o

lyopkiBkgd watemigvevthe lekcdsbevaradi The vaaliglti hicestnadpsdRedr puRicles had an

The organi c sol vent was extracted over one hour under
averges RSl e ot abat 30 uio WilﬂblaﬁJOHch@f tha pediséaipopulation being less than

| Ilected b
o0 1, P ERF RS R i er . The washed
M By 0eng s (Whe %og?ﬂ{dr |s§1uﬁ§n VBhE) WHPPRpAred %9 cﬁﬁol’v@r@)mo mg of

t he excess water resul tant ‘'m croencapsul at ed

a 50:p@ pelytactide-aerglynelidy Bled, MAY 85k) in nxithdensf chddridet M€kt msuspension

o ETEH Tl QB A S BRI R 5P i

suspénslon) wio luydﬂi‘fo géﬂeﬁtb Qe OfWnkhuldesh Rf EP#iE0.0DY% aqueous solution of
di ssol ving ;1200 of a 50:50 polyl actide-co-glycolide

methyjog Bplosaey deteribeh o g EW/rihtie = eyt Bhe same procedures as

pefasL AN Of t d
Exanéd’i? ﬁ@o%l]r%vvafgll%vgr%g gtrge %EEFG tﬂe ﬂgar%o %’Z%foggc?a%s% ted partlcles The
micrsnsgsnkitanpasicles) fethet hadean am’age pzlitﬂcﬁ’ SiYeedLd 55 L@ rdn@ink2from 0.8

m 0,02% aqueous saol ution of
to 60 pm. The insulin content of these microencapsulated particles was 8.8% (w/w).

pherical

Alternatively, a 10% (w/v) solution of the polymer was used to perform the
microencapsulation process under the same conditions described. This process resulted in
microencapsulated particles with an average particle size of about 12 um with most the

particles less than 50 pm, and an insulin loading of 21.1% (w/w).
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nmet hyl cel | ul ose as described in Exanple 28 (WO ratio

= 1:3). The sane procedures as Exanple 28 are foll owed
W oopeiess e the final mcroencapsul ated parti cPEBUSIINE023182

m croencapsul at ed part| cl esg&grmad had an average

particle size of 25 rangihg from0.8 to 60 nm The

i nsulin content of these m cr oencapsul ated particles

was 8. 8% (w Alternatively, a 10% (w v) solution of
thﬁﬁ@ﬂiﬁmﬂmﬁﬂmﬂo perfor m the i croencapsul ation

r nd . C tions descri
o SR B R Eep sV RI AT O seF s EReheapEluted Saflctap is achieved
by aaditiay ©f agenlrsthé @él@as% |b11@fepf10&hlwil"r1§-20 0396V 4518 5105y Nh@l pH 7.4)

particles less than 50 nm and an insulin ioading o
into glpsqwts\/sm;almnsé mg \yapivelgneoef eneangulates meulenaseeubuted at37°C. At

R f romth
deSI‘(i{ﬂa%:erdﬁlenca fﬁgt(a'gg aot{tP% F@g I?e Y té%sge“éﬁ? et migRuge tube and
f r e Tdkd500( 0 oMhEsliSornfafI e 3
centr%)f.alg"g/%l fI\(Ig(%l ﬁlﬂ%ﬁ@ki@ﬁ [ h[? gft Fp?els,sﬁ]s\?loa I's Sc%erﬂl alanl sn/ge%gwed% d stored at
-80°@qu1'ti\l{ ahayzel. ofThe mai@psudlmhedvas nmeplhded, with G0bailedf ake &ésh medium,
At designated time intervals 400 nmi of the. IVR
whichaasiied to eeensbitule fegpailpialong witk ihsrragainingrwipargtant (100 uL). The
nL of
S“SP{&%MSIE Eﬂégﬁgliréﬁac?{ Stg]rtl% r%o%rgéﬁ&df vTcpo reietage glﬁglﬂ‘fnbnt il
anal yzed. The taken vol unme was repl aced with 300 niL of
Exariple X @sdmedm(él Iom MidroerfeapmdationsOf Pre-Faeioartlilntiiléh Shell Spherical

.pal i h the, remai ni ng supernatant (100 ni).

Tive 8¥Med back to the

C ORI RSP PR Whifon'det BT & QUIBF Wl A & i
e e A

ml). | Heudlloy CSrmBﬂed S lachO; ﬂhPL@Ar (MWI ) E,IPp@NaE‘hAaé&HI ®LA, MW 19k)

w5 DUBLER AT h0%S] B4 20, ST Ayl vl

The Siespiob&thr&df asdE 210 28 Grd WMllcdrlte Ig%ﬂar@ﬂfe%irﬁ‘? %l&oencapsulated
acid (PLA, MV 19k) and poly L-PLA (PLLA, MN 180 at

partigles. Bhe axammes pHthegnictengapsnldted. naftgqlqu haélfsmlpi&tltmleedlge range of 0.8-
d 8b
120 SR S 5 B B Rt T .

exanpl es of the m croencapsul ated particles had a

Exanfislé 30C Percsd#e Fr MR r&incpsBtatid® O MNP re-I2beicA8H s gllgalﬁnSpherlcal
with nost of the partlcles opulatlon smalTer than
Partigles TPlyh -Ma sterg) 1/ ‘ Sontinuguy dmdd)lscontmuous

has&l €- Fabrl cated | nsul in Smal I Spher| cal Particles In
GA Matrix System Using PEG In Both Conti nuous And

D| A cohttion wdUsmPbad 6% $0:50PUIGA(0.98) eﬂldFQS%f 2@%y5&e5%1yc01 (PEG,
PLGA (0.4g) .and 25% pol yet hyl ene gl ycol
)sWBF @EFRF’@Q In gyl R4 eieridd| Ypinge, r0w4sf?g§0rd10m0genlzer 100 mg of

the l'lrS\Igfglg éﬁezé gﬁ%nm sgﬁ %ﬁtlonlaqol lg%l%f ’hl?eeclxé]e Lo ad% gqusisted of

aquepbastutioan($2 siledf 0102% (w/v) methylcellulose and 25% PEG (MW 8k) saturated

with methylene chloride. The continuous phase was mixed at 11k 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 5 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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aqueous solution (12 m) of 0.02% (W v)
nmet hyl cel | ul ose and 25% PEG (MWW 8k) saturated with
woreaohpbwsee chl ori de. The conti nuous phase was PORES2084/023182
| k rpm using the sane honogeyy zer, and the descri bed
suspensi on was gradually injected to the nediumto
generate the enbryonic m croencapsul ated particles of
the organi c phase. This emulsion has an O Wratio of
filtrafion andfyvashed wishfwater: i The weshed aricionuespstilaied Partictest were lyophilized
t ' [ medi at e rnansferred into
to 88 e SRS, o RAEPEEUR G PorkORN! Bl Rl fad an avernge

partieRistR dfi3e iR dhaih MBESmSE td JBMm aVitf RG] ok thE goﬁﬁlgaé}i being smaller
sol vent was extracted over one hour under reduced
than 70 gers uTlke iasulitDcchtdm of thebemiaoghbered was ¢ 6 0&h0apgul at ed

D rocequre I'or, M S DI d dnsulin, Small Spherical
Partidiee INPI®L VIaRRUS ke AaVhiiGlseBh O ChlimBRePRh&  AthAPhosphate
average particle size of 30 m, ranging from2 to 90 m

Buffe. t h majority of the population being snmaller than 70

TQAO%Q)WW\T\?PA i@i‘la% ?(Sé%ngq:,?(g égglgffg(% (r:(lb%s E)hsvrase %repm%?ed in methylene

chlorfidec r Ueingasp £atbridtaton hékof¥iezdrablio &t &Cthe M weBUspended in this
Spherjical Particles In PLGA Matrix System At Vari ous
solutisi & 1 Ko i uldiescantigeus phasp goprigied ihtagueniisf selution of 0.1% (wiv)
i f 9 ; : was .
e SBLHORNAY iyt pRRERHECA D PSR 03, SyBlodBpinion s
perfonmed geing 2k cortidogs sftup (FEGL MEAS. The eostitapes @Rskei wast fib&d at 11k
i.on The continuous, phase consi st ed of

so| ut t Ilk.rpm . -~
rom G 0SO4BF e ifiBiton Shapbekl 3 aimip ¢ Hispeise Bhve 50S injected
into MeRASSBAHS PH{ILSH t8leRdiai the eéigfkfoﬁ{kdm?crﬁenca su%ated articles. The
M croencapsul ati on s perforned - using the contl AUR LS
produsstl eprulid1Gvas) et aved Hiwne thetdhambersandheemefewad intb Xlethatering bath in

o colspR PR % BB B S TSR, e B s

was GRaBed &er2ore Mdull Bnde? RANSIRIRLHR GOy rl%a?._ The hardened
m croencapsul ated particles. The produced enul si on was

micreeapansulatadr pawiiclerewetsnotestedihyl filtrationfand vedhéchwith tweger. The washed
. ' in a,continuous fashi on. The hardeni ng
mlcr@éﬁgmam{% sﬁ‘!li?srvé]%fe %X"P%Ht?eﬁ S%e“ﬁ‘w & Qf&‘?’ed(a? PSVEE vent was
eXTHeaiateih vesntsOsfahd Rl GEEroe PG tked ?_&ﬁﬁl&s% Répar&d 4 pH 2.5,

bar, The hardened m croencapsul ated particles were
5.4 apd| 13 v spimptedtiod dhSahd-Svansh @ Onresheatively: . Thagesults of size

. . L.Cr LG | viophi |4 d.to
s R SRR LR R R ERS b RR A
resul tant m croencapsul ated particles s prepared at pH
2. Baples 54 Sipel distbwione of dhsuliat kddéd PEGA2 nficroddcapswlidd particles

.10.9. respectively. The results of size distribution
fabrl‘:ﬁl‘%ﬁ %gﬁgc’%fpﬁ ﬂgt 'CE?%BWH%B%FH ed particles are

sumari zed in Tabl g 5. Tabl' € 5. pamhidde finpt 11T DU T O Of
i nsulAHnf GoglingpescRhasPL (Gangel Cr @ @vrcaap s U Bteeiddepar t | ©F @eer

g

2.5 1.4-54 24 35.9 13.8
5.4 0.9-46 23 33.8 11.8
7.8 0.8-25 11 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



10

15

20

25

30

fabricated at various pH of the continuous phase.
Particle size (m) pH of Continuous Phase Range
wWR@sases95% Under 5% Under 2.5 1.4-54 24 35. 9pABUS2084/623182

0.9-46 23 33.8 11.8 7.8 0.8-25 11 16.0 5.7 Method for
invitro release: The in vit®b rel ease of insulin from
the m croencapsul ated particles was achi eved by
addition of 10 m of the rel ease buffer (10 nmM Tri s,

glasO vl @rtaiping53 Mg %Na(élnce pf eRcapsulatedoinsdlin, - 1ngtlllmﬁi at 37°C. At

e B TSI ETEBRETLGE o it it
o PR BT P S, VTP, 0 GRS 5 e

storddPn -800E uhﬁpal%i dal Phe taken S@Hlﬁ{en%ﬁf’éplél&& wqurgn@qtmaﬁthe fresh
stored at -80 C until analyzed. The taken vol une was

- medivap|vatdeld wak tsed30aesrinsiptite: the palies ghongewiithuthe mammg/mematant (100

used to reconstitute et an W|th
L) ey e e et Ot s o ROt il elgas medium.
traps frﬁhh%%i%ééék(IVR) tREIEOf the §9&%r@§hrﬁﬁbn‘é'a¥é Qld’“ﬁl 8496, 44, and
medium The in vitro release (I VR) results of
indiGibrothe sigréfieardteiffsnt obipH dhtbmonﬁnnwusaphaxb omm‘deasndﬂneitce of insulin
f tgl %1';131 i.ficant effect of p of the continuous phase on
ron} (R & #R&tics of insulin fromthe formul ations.
Exanpl e 32. Procedure For M croencapsul ati on O
Exaﬁbl%-f@%bé‘eﬁhﬁdFdﬂUNMo&%iﬁiﬂlaﬁobtmf Prel FibAcaodtilhman Serum Albumin

S$her| Particles In PLLA Or PLLA/ PEG Matri x System
(HSA) SwnllSphericsd Partigles dn PhEd QrPRLASHE MajripBystenun 3k or

8k) u¥@§t1&{ 8? o'erSW ﬁx} 06 rﬁﬂ PEAR V&ﬂ?ﬁ & )t was prepared in

I on or of ~nmethyT éne ¢ or|d was use
metHyd)errm dhl@idepeiise @EGoﬁolﬁiﬁbmgr prmal- cﬁfa:heﬂhyh:he céhlumian;memsamto form a

sﬁspgl!(l)stki)%}n(lp %:plr%gaﬁ;gg &%Emg]g%érl}lgl:@ HSAmf]z smhgncal %artlcles (HSAms),
usm %%;d?@ta?& g%ﬂ%fj \Z%Irﬁl Hﬂﬁ q‘o“t‘iﬁs@tﬁsﬁ:@%% Wi 284 2 ml of a 4%

ene c and the I um was
PLLAoO{®Ogegi ¥&d 1301()1111— mefhklenpehlbddpranditbe ntddemo mgariomogenized at 11-

hase. The conti nuaqus. phas conSL sted of 12 ni
27k B 00 SO GBI OF HEE FEEI | BT PR LSS 2P B o 12 ml 0.02%
aque@ﬁ@; BALEHE of meﬁ{ylﬁﬂulogg"dﬁtﬁfaftédc@{th %tﬁ‘ﬁéné Eﬁlbl‘l@é eﬁnﬁlfmﬁcatlon was

|g¢ct10r ous m xi ng he conti nuous p ase at
initigted by wigegougrratkired oﬁ tnhp sontimeusp phash at d)llgmm,ofoﬂhwm grzrclhell injection

S d for t.e t hen.th
of tE Qe e st §matls P e MelERr S ARG TSl Sofllion v
trandf@Rd Mtd N80AEB DIivRes: RIG6LAUes Rl eAﬂeﬂlEQre@aﬂaeat pré€edures were

The hardeni ng nedi umwas then transferred to room
perforatpdent 4 Gr Ehehardepiag 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 filtration and washed with water.
The washed microencapsulated particles 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 ml of the release buffer (20 mM HEPES, 0.01% Tween-80, 0.1
M NaCl, 1 mM CaCl,, pH 7.4) into 15-ml polypropylene centrifuge tubes containing 2.5 mg
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organi c solvent was extracted over one hour under
reduced pressure at -0.7 bar. The hardened
worR@sosgmsapsul ated particles were coll ect ed byPCT/US2004/023182
filtration and washed with water. The washed
m croencapsul ated parti cl es 8leve | yophi lized to renove
the excess water. The channeling effect of PEG on IVR
of HSA fromthe above fornulations is shown in FIG
equividenchRif leachpbolatedHYA} inoubatddeat 39 C T iSamiphing iptsc@diuel vessdescribed in
(IVR) of HSA fromthe encapsul ated m croencapsul at ed
EX&IBEIFU cles is achieved by addition of 15 nm of the
rel ease buffer (20 M HEPES, 0.01% Tween-80, 0.1 M
Exahpi!33. PrYhREof dﬁm@ix%ﬂeﬁpmat&ppmmhﬁa ieﬁﬁﬂ)thrdbeéQﬁran Sulfate

ubes containing 2.5 ng- 61 - equival ence of

SmaH idphersaal BartidlepiSA, i ncubat ed at 37 C. Sanpling

Pr é;ic“ (P BRy s chlu é%ng‘ﬁ?s earid BY AR Gind 1200 mg of a 50:50
polyla@tiid-8d- g@@élwurmASMWaBﬁ()Sﬁah&thﬁ@ﬁ@ bhmlde Pa;néxtcéﬂ ofy of pre-

30%51 ymer sol uti on (4 m ar ed
fabrigated mmrwge/ﬂmmrg selfate smllswhsmahmtnql@se( IaSb|c91@t@1nnltge 50 mg of

leupx(oh f\gag n ucsgefnd?gd 18 ggt egcaﬁ)?;g éoang(%r és%u to'ﬂ? uSII’I%a?, orq}%ggmzer This

suspéﬁkﬁtﬁf naglus@hid igeheste (th%)/ W eptuddici ig 120n10.020% aqueous solution of
| euprolide was_suspended in the described poly

methyigellniosn as descatped diwgaM 28r(W ﬂqra@oguslpans;rbﬁ sa@g procedures as
Exa 1@%85%69@#)% L3kef td Pl%ﬁet h HH%]%I]QIQ)C{I& }&a{e&sﬂ gr %?eé" in

ueous solution o ose

EXEH@ hﬁch&lc(aW&tédlﬁ)aﬂlc}'eshaa)an avbrgs parichy sieedfLein@svith most of
npl e 28b were followed to prepare the final

theﬂhb@@WeWc}a@s ulhe eequisaet TR of leupradids; fegre i Bpergpraapsplated particles
a an average particle size of 20 mwth
arelﬁ%%lial[e fm?#gm&oel ow 50 mm The results of |VR of
| euprolide fromthe m croencapsul ated particles are

I | Megiigdafoeth vifio kdléase43. Method for in vitro rel ease:
The in vitro release (I VR of, |euprolide fromthe

i &P dn e yrlkeatd (PR PE lawrqlide slxomothe quisjoensapsulaied pprticles is

achl%\églrﬂ% %iv\c/lé%&r}? g%%%‘ﬁ%?f 'qmjggcfe%agé ég I\lg% Bﬁif’;@@cﬁﬁﬁ&g fb%ffer 0.01%

Twedib860] 0968 WaChp9l0dtie Nadit pH f Udpeirttes HSsmE polyaropybhape 2centrifgge tubes
equi val. ence of capsul ated | euproli.de,. i ncubate .

containg 2.571) SUHE 5L Gl PEeRA! FeBuprebds inuaieh 4735 Sumpling

proc&iifi‘@Wa@d%nb&{ RPREAIIong O PLGA- Encapsul at ed

Pr e- Fabri cat ed Reconbi nant Human G owt h Hor nbne Snal |

Spherl cal Partl cles A 10% (vv/v) poI yrrer solution (4
dhs Ppeparsdiond Ody P Apsig]atgd gatedl Regambinant Human

Growth Hormone Small Spherical Particles

A 10% (w/v) polymer solution (4 ml) was prepared by dissolving 0.4 g of a PLGA-
PEG in methylene chloride. 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 aqueous solution of 0.1% (w/v)
methylcellulose 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 pm, ranging from 1 to 60 pm. The IVR profile
of hGH from the polymeric matrix is shown in FIG. 45.
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in nmethylene chloride. Next 100 ng of prefabricated

reconbi nant human growt h hornone small spheri cal
w@2005/08308% (hGHs) was suspended in the descriPerus2004/023182

pol ynmer solution, using a honogeni zer. The conti nuous

phase consi sted of aqueous iution of 0. 1% (W v)

net hyl cel | ul ose and 50 mM phosphate buffer at pH 7.0.

M croencapsul ation was performed using the continuous

seh&mhmﬂﬂminvngymﬂawescr|bed in Exanple . The average

arfi S| of these m croenca ated parti cl S . .
DTV Raoh G koS ol RboRmae Py Rodbiceg s {fappribed in
Exaﬁllvglg@Sthe polymeric matrix is shown in FIG 45.- 62 -
thod for in vitro release: The VR of hGH fromthe
m croencapsul ated particles is achleved as descrlbed
Exarhple B%a BgtesmartiomrHintearisOf Microensapsulntee i gated Ingulin Small
g th MLl encapsul at ed Pre-Fabri cat ed Insul in Srrall
2Py Particles To assess the effect of the

M Th eesea st fiddt Off th afedendpPsilaticagbrotdss Un integrity of encapsulated
encapsul ated pre-fabricated insulin small spherical

pre-fahiigated nsulip smaosnheteal daides dhe aplyiesicerigesncapiuiaied particles
contﬁﬁfﬁ%athg 'pgegf tbgigatga gNg%gg\kIé;rgi(ﬁg% ln iulat \ﬁ@hg &dk?kﬂasw dﬁibgéj extraction

meths)dlm’l We@hed beem 610 Of fieelinahysyilltIRS e vere SuspRIdele th ﬂnBtylene chloride
tyl ene_chloride_and gently mixed to dissolve th
and wﬂympé ieralye thegobinanatiie Torestrastithe grogeipa 01y HCl was
adde¥@mdald %O%ﬂl sds hﬁ%& Viﬁlx@@"i‘ﬁ%%a’f@{lﬁ eulshsh. ¢ 9hed etﬁé %w@ "bhases were
emul si on en, the two phases were separ at ed,
sepastide dhks aglease phas wesrmm«ﬂvednmdr mffned&ldevshtm thé saﬂne sshman and the
solution and the e t ction pr was repeated. The |
exusEipR Ry BFS FEYE: BNt [ SeceRaBr g dgjermined by
size é}kcﬁ%uﬁf(éﬂréﬁht%?raﬁﬁﬁ @S@@P gflﬁpﬁﬁéﬂfoﬁ’%@ntlf -Elé‘ b}@teﬁ@ Bf‘ﬁgnomer dimer and

dentifies ex nmononer, di ner and hi gh nol ecul ar
h1gh\1mlgqmﬂar(wm (EDEw) @Becms aof |IISS iim thehpxtrasted aedeun. mAgprepriate controls

were R0 R 0B By SRR R MG Sttt B o Mg BREL INS. e
resulfd¥hofes b kipnSanes o osthgirbéaabh 196 iiedritpf this

process on INS integrity. The encapsul ated | NSns

cohbdi eepsylatesl INSgsogontanedEtE of98t & pneraners of the protein,
depeﬂnc?lglg Q)%'ntﬂtg CES?IE]C}I{IFI?S ﬁ%n&nrtén%qgf fﬁn %1%%%5&%31& g tao%sﬁ ﬁg}ampanson

with 199116 mofemeEedtintentd irt ihe o@ﬂ'girgl H@&mé Nﬁi&h‘capsulated) Content of the dimer
(unencapsul ated).. Content of t he0 di mer Speci es in the .
specigh Bnihe GreapsdlatesiSNS meanrsd from i04%lpoh 9956 1n ggmparison with 0.85% in

e GOMRETNSAR. SNk LR TP AN g0

0.06%. (3%6svE02XsinGhe 2tiginal TNSmer iThenasulisNSeBumitagized $uTuble 6. The
ummari zed j n Tabl e ghe eff ct of polyneric

ar
effecaaf Pﬁxmﬁec pepTCisdarictedan

Table 6. Effect of the microencapsulation process on integrity of encapsulated pre-

fabricated insulin small spherical particles.

Monomer (%) Dimer (%) HMW (%)

Unencapsulated INSms 99.13 0.85 0.02

Encapsulated INSms 97.5 - 98.94 1.04-1.99 0.02 - 0.06
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Table 6. Effect of the m croencapsul ati on process on

integrity of encapsul ated pre fabricated insulin smal
wapivsiopsoas particles. Mononer (% Diner (% HWET/¥$2004/023182

Unencapsul ated I NSnms 99. 13 0,85 0.02 Encapsul at ed

INSms 97.5 - 98.94 1.04 - I.%9 0.02 - 0.06- 63 -

Exanple 36. In Vivo Release Insulin From

M croencapsul ated Pre-Fabricated Insulin Small

Exarfipleed6. &mlViRaReleasecehstlin Fionp Mietoencapsafited PyedHabri¢atahinsulin Small

the!E;croencapsulated particles of pre-fabricated

Spher o Il spherical particles was investigated in
SPIAGHR RavdseYof( 2lRhlid o tHé enidfieNBipSulbRaCh#BEle@Bf pre-fabricated

initial subcutaneous dose of 1 IU kg of the

insulim emel sphdriznkphrticleewes prestigated ipiSeragab Dlayder (SDhwtd. | The animals

rece 8 op SERETRE s Rl PR Rap R Epuifed ok Fichpfated pre-
fabrichted &Ruli8 Gl sHABRES ?mm'El@ IEISISIAL Sag GSed fol destériiAhé thel Bcombinant
FIG 48. \Wile specific enbodi nents have been

humpn [insgtip AT Shaeruaelsvels bedhe eallested samplegi fTheatedissare dikestrated in
IHGliﬁ'ﬁ nd without departing fromthe spirit of the
invention and the scope of protection is only limted
by the scope of the acconpanying clains.- 64 - CLAI M5
Whahiles spt@fioeembsdimend avd obeehorillyptafedr iand slemkribed, numerous
spherical particles of an active agent, caonprj sing:
modgpwav?%ﬁ gRcatosBing WEbout degaring o &‘F&B}TH 03 Rags@vetpn and the scope
[ . [ =ation
o e P Ot e B R i g
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 |liquid phase, the
sol id phase conprising solid small spherical particles
of the active agent and the |iquid phase conprising
t he phase separati on enhanci ng agent and the sol vent,
the smal |l spherical particles being substantially
spherical. 2. The nethod of claim1l, wherein the
i nduci ng step includes a step selected fromthe group
consi sting of: adjusting the tenperature of the
solution, adjusting the concentration of the active
agent, adjusting the concentration of the phase
separation enhanci ng agent, adjusting the ionic
strength of the solution, adjusting the pH, and
adjusting the osnolality of the solution.




3. The method of claim1l wherein the phase change is
i nduced by a change of the concentration of the active
wW@®an3sods The met hod of claim 1l wherein the pP@yES2004/023182
change is induced by a change of the concentration of
t he phase separati on enhanci agent. 5. The net hod of
claim1l, wherein the solution has a phase transition
tenperature, a first tenperature and a second
CLA®Ifper ature and the step of subjecting the solution to
a.phase c¢hange is by cooling the solution fromthe
Whaf‘isrcé%m’leéﬁsﬁer ature to the second tenperature wherein
L | ehnrbil K ARARE A PRl Rl SUARRLE Rl bAprsine
" i sphwiding & belufiba sea singlesliquid phase mpé camprising fthe auive agent, a phase

solution..6. The thod of claim5, wherein the second
Sepa{aé‘ﬁﬁ@?%“lnﬁ]’n@ %ggn%?d’ge\ﬁegﬁsh%’?‘feflg@?flng poi nt of the
SOlddutiab-a ghasy?:ﬁalii@:t hogl cefirdtedirMeSin M QORILBn 1th a8 RCH Meuid-solid

tenperature is below the freezing point of the .
phase separatiom. ofghe Ftéveragenoie fofm @lsglidnpBasevand radiquid pbasst dg solid phase

of. .cool.i i t .a.controll rate. 9. Th t heod. of . .
comBh RS PP B SIS 38 0B BLF IR comprisne
the ﬁlﬁ@é‘kg&ré’c@n@ﬂiﬁh@in@%g@ﬁ@hﬁd §RGoRdnt Be-sn@fil sphbbicalThticles being

met hod of claim8 wherein the controlled rate
substagtiphly srbisriealom about 0.2C/ minute to about 30C/ minute.

2. t h;’fﬂg gt c%ag%f @%inn% Ll?g\)g]grejn I%;lﬁ%lpﬁ\l/l{léqgteﬁ %rgo‘fucféfs P8y LR from the

groupltasdstagpat adjustingsthbaaapergtuegenthe isolutibe, ddjussingshd vamentration of
to.forma mxture; and adding the acﬂ)ili ve agent to the,

the getisieupgent.oadivyiig: e sopcRitgirn ob theripbasfe SFRAEPIAN ERAnRing agent,

G NE SO o 000L S ERUSL RN, 08 BB Bomonity o

the sohutiohsci ble with the first solvent before adding the

actjve ent .to.th i xt.ure. 13. The net hod of ,cl ai
5. o e Spf b Tty o kcin e mhie GBef e andiofd 514 sfnge of the
condRRirfondTREER TV Rg@gent to |ower the freezing point of

the solution. 14. The nethod of claim 13, wherein the

4. frdbeinmghgbpficladmpt evlsirein thyehesei changé d imticed dm a lebange of the
ro of. pol.yet hyl ene gl ycol and propyl ene glycol. 15.

con%ﬂ%é{ﬁg’ﬁ%lge %@Ias?:is. 3 tlf’n%a%ag}cg}gnagmtg phase- separ ati on

5. enhragaicihdadRMimi 1S vaieras HRAWEIDA IO, Bha¥e tARMLIEOH Semperature, a first

m sci bl e agent. o )
temperature and a second temperature and the step 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 temperature is below the phase transition temperature of the solution.

6. 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 cooling is at a controlled rate.

9. The method of claim 8, wherein a controlled rate comprises from about 0.2°C/minute

to about 50°C/minute.



16. The nmethod of claim1l, wherein the phase
separati on enhancing agent is selected fromthe group
w@omvsi3tssg of |inear or branched pol yners, PCT/US2004/023182
car bohydr at e- based pol yners, _* pol yaliphatic al cohol s,
pol y(vi nyl) polyners, pol ya‘cqu'l ic acids, polyorganic
aci ds, polyam no acids, co-polyners and bl ock ,
co-pol yners, tert-polymers, polyethers, naturally
10. ocEge i mgthod| phre¢lsim pd| wherethe she semtratiedintags comprises from about
-Rpl.yester hed and cycl o- pol yners,
0.2 g&‘éﬁﬁ%‘éﬁ%’é%%?%ﬁ’es, sﬁbst i |tout gd st ar ches,
11. POITHEIRIHOANE chHid AQbvhe R th¥istey Bt dvadih sl B0 RIS PRI Ss:
et hanol , acetone, and isopropanol. 17. The nethod of
c| dissalving wkrephaisersereatiogEahancigmrgeat inthe fiest golyent to form a mixture;
d (PEG. 18. The nethod of claim1l, wherein the snall
spherical particles further conprises an excipient to
enfddinethehetied @it fottie BiixtuftetoSom thesphgiohcal

particles, to provide controlled release to the small )
12. sphbe methodmralaipy bk further eemprising the sien pledissobyingfthe srsive agent in
i T ' i tiSsues. ...
the F{FelyelP O g PRI ST B RUBTE SHPUBU SR BURE: adding the
activeagentti@ thefmmuare.he group consi sting of: carbohydrates,
catjons, anpiqns, amno acids, lipids, fatty acids," R
13. suﬂl%\&%lmcg ,O?t iR O Bhersdy the, solution ifughes comptises g freezing point
fai. i %’I&E’g The net hod of
deprclfg?%g%%,tgmérrg{liﬁte e c]g(?#%érﬁﬁésosle ect ed from group
14. colibé sethod Of Zlnim 19 whereimth€dreezingpoint Aepreddien agenh &ckebdcted from
claiml wherein the bile acid is cholate or its
the ggcngptoTpgg){ethyﬁguergéquﬁ)an%progylgpﬁg ok 1t her conpri si ng
15. t hehshemoalofMAMIMES WiGeihBe PARE seSRNGI &HMandRb Lb&ltSS
23. The metoho_d 1of cl ai er:r11 226,: 5\/\,hersceélﬁalr% the starelp %fg an adueots
solutle pyesepuymissiblergent. spherical particles is by washing

th rti gl es, wth liguid, nediumat a.tenperatuce at
16. P BeitoS EPlelh 1o Bl e Srhe igiiBE plglipefbbeed rom
the BRMPULBIinghef Phake- 61 ihe® NpAHRBRC | dAgbAFERke-bised polymers,
soluble in the |iquid nmedium 24. The nethod of claim )
polyaliphatipaleahals, eby (gl petymess mokgeiydiciagidg; palyorgarie jaeids,qrolyamino
.qcentr tion oo I h j m wherein .
acids; 8 Iﬁl%lﬂ,&ﬁ e "so'goaﬁ‘gg‘tﬁs Q%ﬁ@?@&ﬁ# Botghnet{hsibfilly ocouring
polymetshpelyimfided, surfadants, udyestens, thignchéd) uhdl cy@elipaYin s, golyaldehydes,
uper%ri_ti cal fluid or a mxture of a_supercritical
starchgsy; ogiyted staseieer irolyeiyleneydysel.s pobivansdpymadisione,2 poloxamers,
ethm@%c%h@%ﬂd?{o fdtﬁgg@ 25, wherein the organic liquid
medi $Usel Bote

umi’s s fromthe
17.  The method of claim 1, wherein the PSEA is polyethylene glycol (PEG).

18.  The method of claim 1, wherein the small spherical particles further comprises an

excipient to enhance the stability of the small spherical particles, 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, triglycerides,
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®".



group consisting of: nethylene chloride, chloroform

acetonitrate, ethylacetate, ethanol, and pentane. 28.
wab@soetokod of claim 23, wherein the |iquid neRPCT/IDG2004/023182

further conprises an agent i ch reduces the

solubility of the active agetrt in the Iiquid medi um

29. The nethod of claim 28, wherein the agent to

reduce the solubility of the active agent in the

| i Ghe nhethedioﬁ wlago Py Whersinghe bilph@d ingholaseor BosaltThe

22, ¢ riﬂ?o Lfgarpg‘lgﬂsﬁuﬁg%:fg)ln{]ﬁr}spr%nt e SJ@Q of }%ﬁe%k)ggc %l}eg%mall spherical
part1£‘f@s andNH . The method of claim 23, further

nﬁrlses the step of renoving the liquid nmedium 32.
23. ThE erethod oftlaih nwhareinthe step @f hayegingghosmalk sphering particles is

o A B LGP v s s
not solubld h B diqua ﬁ@dﬁlhﬁﬁn&theﬁihh&e@pmu@% ehiin@Hg- agdft is KBRible in the

met hod of claim 33, wherein the excipient enhances the
liquid megiumity of the small spherical particles, to provi de

24. CoﬂlJ %J:tﬁgd glr @n%ﬁﬁ %ér)i g{ﬂglieﬁx{rq %rf' &Qghnp 5;3{ a[ﬁltraﬁon or

enhance p spherlc
centrifﬁga:tuglh bi ol ogi cal tissues. 35. The nmet hod of cI aim
34, wherein the excipient is selected fromthe group
25. cohag wetheg ofelaim 23 bwﬁvlm&h% Hquid medipm is 3gAeEwSOr XANG

26. aCT%[S methdd 98 cla% ft3y \%‘é 83 the qL@ﬁP'ﬁ?e'a win is faa%utpgrcgléllc%l fluid or a

ycerides, bilée’aci sort Ir sats
mixtesstod asppandtiqab yidearsl. & subdreritidd fluihmisvitlé sxdverft claim

35,, Wherei n e.c t|o IS selected ,
7. cohts &y o it Tspghereip dhearganty LSt @iho sslected from the
grouﬁ |c§1‘1§?§t§1§’ of"‘ﬁf%ﬂ%}'léheedﬂérmee BilofcForal! Oic@ttoﬁltl%e e&lﬁd‘f&{a&e ethanol, and

he nethod of claim37, wherein the pol ymer
pentqml yet hyl ene gI ycol. 39. The method of claim 1
el n

28. Lo d R S 2oy DRP s BRI BTN TR G Yomarisgsgw asent which

redué%@l[eﬁsldh&ﬁ@ FAWERESe BbER Inb{he lﬁqﬁid/ﬁBdlumS selected from
the group consisting of: | -2-pyrrolidinone

29. ( NThgeimptpiod of glaim @i8; Wbﬁ@n thQ AR ,t@rqd@pmﬁqq@o@mty of the active agent

t m dazol i di none (DM),
in thgﬁére?ﬁll‘q%ﬂﬂﬁ% §GS% %rﬁ}%’?%yﬁlégét am de, acetic acid,
30. | aThe meﬂbddxf cl@ﬂhhﬁh Otheretrt tienmation isefycedafieh, the group consisting of:
3-pent anol ,,.n-p &apol bepzyl al cohol, glycerol,
B

Zn 2+|c¥é’4 S oy NS NI o SR - GPESHY PEG 4, PEG B, PEG 0.

L PERReOBEr ilin 35 Gulfer P20 B o 6 B meti.
32. dl Theunetlend GEGafini Hostleasiatthe skipGoBrapadving dsd Hauidt @edium is by
lyoph?Ez%t&)n?dl}gr?Agrgrte%%t)oergtgoant e, polyethylene
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 stability 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.



gl ycol sorbitans, PEG 20 sorbitan isostearate,
pol yet hyl ene gl ycol nonoal kyl ethers, PEG 3 di net hyl
WE@LRWen3s08EG 4 di net hyl et her, pol ypropyl ene gl B€DUS2004/023182
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36. gl Veomaiher of claim Ay whereur the cytionsis selaeted oy gioy lconsdsting of Zn?,
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suppltaﬁ@ht@adndp%tﬁ!ldesf ectal, nasal, pul nonary, vaginal,
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43. odheancthodhofrdaioul ,avheasid tln:qmtlhahgam is a41aacr6hmlermtehod of
of deli

4. o eohsbod LTAGar v Rt dis, Bopmalreu i aeladied from the group
consii@r 6f ﬁbrdt@iﬁs pﬁél&pé‘ﬂtﬂ%s AEBbSHYtALY SolRIucHERES WiRBes' And nucleic

. the central
acids.

45.  The method of claim 44, wherein the protein is selected from the group consisting of:
a protein of the blood clotting cascade, Factor VII, 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



or peripheral area of the lung of the subject. 50. The
nmet hod of claim48, wherein the particles are
waledoswe0esl by a device sel ected fromthe groupPCT/US2004/023182
consi sting of dry powder inhaler, a netered dose
i nhal er, and a nebulizer. 5168-The method of cl ai m 46,
wherein the particles are delivered as a stable liquid
suspensi on. 52. The method of claim1l, wherein the
antitpdles] FhBsfrdpmvents; Udisdledhaial dntiboliRs S BREyRAEd ippdtBinS] EBcosylated or
53. The method of claim 1, wherein the particles have i
hypezxglyepsalategle Pioiging. cdesmepiessips LEHRGMmagpists wich jasmleuprelistsytgoserelin,
. . i rej t o s .
nafarSht, Bhgerdlt, IO BhORAE, Bl PR Bicios, parathyroid
hornfhnb, parathgroéblaetinoh peptides and flelimet hod of claim 1,
ctjve agent is from about 0.1%to about

wherein the ) ab .

46. 1073 Wﬂi‘/&f‘i @ﬁgla@ 1 SRR ithe: particlsg arerpuitabls fasgrgivo delivery to a
bidck 8 : | tive agent is fromabout 75%to

u Jabgiulgee%)(f)‘é}?gga\%g?&éﬁ%go the particle. 57. The nethod
47. of Th¢ aiethod, ofvigine#é, wiereindhe weetlagieoft ddlivenuisaklet@ddrom the group
reater .th 90% wei ght of th ticle. 58. The )
consfitiie Sl fetalile, Hala g REs ierah donisaly ¢ral Bl ’&%?PE pulmonary, vaginal,
buccRREdHI kA, Rakde@ndlAFnSussaE ofit Sdculdl UhirfSbul® And dPRthalmic.

nmet hod of cl ai m 58 wherein the narrow size

48. di the method of cleimpr i whereintthe metliod ofidelivary iubrepuinaneatyaielivery.

f~th h i f.the.. | i e .
49. O ThORelign DrBERE I8, el R RS ate SRESE 16 spastion nthe contra
or peiri?:hé@ﬁ@re& behe Mingesfihe sitffectbout 5.- 69 - 60. The net hod
0

claim1 wherein the small spherical particles are ‘
0. sehhe method Hf claga 48y whersingthy paicles gee dgivered hyea drydcef Siected fro
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the oEERBA ek pRAE 68, B BFee ool B L iy

51. t héhactisth@l afaddimadd, avhpruis ahs epalcidsi o dINerl BY a stable liquid
agent in an agueous or aqueous-m scible solvent to

SUSPYBI®r a sol ution of a single continuous phase, and

52, ! tnB&hod of Pﬁﬁﬁ.l?@fﬁ&%ﬁl J‘ﬁ@ ﬁﬁﬁi@%s WG &%Eﬂaﬂﬁz*l@&ﬁ@game particle size.
undergoes a |1 quid-solid phase separation orm a

53. solhdmetmdeofodaipr 1 siwherem thelpadiclenimvie spdverdge glarticle size of from

rticle of the active agent and a |iquid phase of the

abougﬁgig%@ﬁgﬁoﬁig%“@nhanci ng agent. 62. The nethod of

54. fle’ﬁiﬁpéeqrngghﬁle“gfedallﬁhpl,t Rfiersf b RN R AR Rrdok Pt e of from

about 0.5 um to about 10 pm.

-

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 90™ percentile of the small spherical particles to the volume diameter

of the 10™ percentile is less than or equal to about 5.



first tenperature and a second tenperature, and the
step of subjecting the solution to a phase change is
whgoososioshg the solution fromthe first tenperB€TU82000023182
the second tenperature whergjn the first tenperature
i s above the phase transition tenperature and the
second tenperature is bel ow the phase transition
tenperature. 63. The nethod of claim62, wherein the
60. c8he msthaskior eleian {lswhersim the sunallspheriqal pattislescera sergi-crystalline or
nute. 64. Small particles of a therapeutic agent
hon-c %thl}rnr? vivo delivery conprising: solid, spherical
61. PAr tetgasfoef prepaighanalpephirivabgenicldedingn Shied apértatHeymethod
spherical and having a narrow size distribution, and a
compriapgtheystes of:r om about O 5 to about 2 g/cnB. 65. The

gﬁﬁ%drlg Vit gsth% g%t?} az} av L 530%3 e néeﬂgtlcﬁp%xﬂgnm ng%glgbt I G0 aqueous or
aqueohs}n'ﬂimmlt sdlvéntgd ¢'cblﬁ1 a ﬁnﬁuﬁ&hﬁ' qoemngle cblﬁmuoﬁs pheat,and4

wherein the solid, s heri.cal articles have. .
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have a density greater 't ha
agent pad 2 ighid phade aflthé pinasd-semeatmnmnhamn@agem smal |

spheri cal rticles are.sybstantially n- por Q

2. THBE picithe PESt 6T afiRisnthirmoRBion Tinse BT BRnSiSs eimperature, o
first tehipeesthfetindRAgdebid RSnpekttlireSindCiBBBlch %F sab) e@d&fg b Qﬂlhtlbﬂ’ to a phase

enhance the stability of the solid, smal heri cal

changpds thyc readingt Bepsadwtiade figon theo firsé demecr@a@@ t@ft ¢ secang| fegperature
wherefrﬂ@k so]?%%gt%ﬁll x%llttrrg 95 ta{b%Lfee thé gs[e E‘Pl% %S%%Elrﬁre M cEhe second

spheri ca

tempeRit@re 9gbelaw thé §ﬁase$rans1ﬂ&1 temp@ratukbe partl cles of claim
64 wherein the excipient is selected fromthe grou

63 Cohe methadyoot ik 47 BH It SOnEERIbSS isoRpBPOhfRg/minute to

d pids, fatty acids, surfactants,
about?& &%I%ng?l des, bile acids or their salts, fatty acid

64. esmaﬂ S})artﬂ:lfﬂ of' altlycfmpamc ddent Threnpavd dedivesy afmmishign 64,

;oﬁr@ﬁlsghekg:% (I:)a%t 1&1 hq jLeerq}pFélCt e(ti%faﬁgpr OHt]C Eégg p gtgxgiaily %erlcal and

havin%"@fI B556W siBRiSMtonS QPfrBﬂnCale& B8YEBMP2 o/em’.
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65, t ke patigleh of ofaim lo¢ vihereiaftessolid, sneadlssphbwical q»art&bpszhlavé o density of

o B350 sy T SR P L go,of T od wherein the

66. aPRYpalicR oMALMARP Wher Bt solid, small spherical particles have a density
greater than 0.75 g/em’.

67. The particles of claim 64 wherein the solid, small spherical particles have a density
greater than 0.85 g/em’.

68.  The particles of claim 64 wherein the solid, small spherical particles are substantially
non-porous.

69.  The particles of claim 64 wherein the solid, small spherical particles further comprise
an excipient to enhance the stability of the solid, small 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.



74. The particles of claim64 wherein the small
spherical particles have an average size from about
wo e@si0adeetit 0.1 mmto about 10 nm 75. The parPCTUS040623182

clai m 64 wherein the snall Bherical particl es have an
aver age si ze of fron1about'§.1 mmto about 5 mm 76.
The particles of claim76 wherein the narrow size
di stribution conprises the ratio of a volune di aneter

70. of Thehpar@€ehopelnine 6t iwheran thehexcipient|is sglensed &ram the group consisting

ot B b o 5. o 0 AL promie,
bile dcici Ptldr WherRith adibesierBhid sfaedscal particles are

sem -crystalline or non-crystalline.
71.  The particles of claim 64, wherein the cation is selected from group consisting of
Zn*t, Mg2+, and Ca**.
72.  The particles of claim 64 wherein the small spherical particles have two transverse
axes each having a length and the ratio of the lengths of the two axes is less than or equal to
about 1.5. ’
73.  The particles of claim 64 wherein the small spherical particles have an average size
from about 0.01 um to about 200 pm.
74.  The particles of claim 64 wherein the small spherical particles have an average size
from about from about 0.1 pm to about 10 pm.
75.  The particles of claim 64 wherein the small spherical particles have an average size of
from about 0.1 pum to about 5 pm.
76.  The particles of claim 76 wherein the narrow size distribution comprises the ratio of a
volume diameter of the 90 percentile of the small spherical particles to the volume diameter
of the 10" percentile is less than or equal to about 5.
77.  The particles of claim 64 wherein the small spherical particles are semi-crystalline or

non-crystalline.



