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SphdriéaDbeB @EVE bEerbddntROdi 85 available as a tool for biochemists for many
“years. For example, antibodies conjugated to beads create relatively large particles that Vhave'

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




conjugated to the particles to target the agent to the
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In accordance with a third aspect of the present invention, there is provided the
method according to the ﬁ_rst aspect, wherein the small spherical particles further

- comprises an excipient to enhance the stability of the small spherical particles, to provide




spherical particles through biological tissues. In
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In accordance with an eighth aspect of the present invention, there is provided a
method for preparing small spherical particles of an active agent, the method comprising
the steps of: dissolving the active agent and a phase-separation enhancing agent in an
aqueous or aqueous-miscible solvent to form a solution of a single continuous phase, and

inducing a phase change whereby the active agent undergoes a liquid-solid phase




agent and a |iquid phase of the phase-separation
enhanci ng agent. |In accordance with a ninth aspect of
the present invention, there is provided snal
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In a preferred embodiment of the present invention, the method of subjecting the
solution to a liquid-solid phase separation is by cooling the solution to below the phase
transition temperature of the active agent in the solution. That temperature may be above

or below the freezing point of the solution. For solutions in which the freezing point is




above the phase transition tenperature, the solution

can include a freezing point depressing agent, such

as pol yet hyl ene glycol or propylene glycol, tao_l.ower
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That is, the phase separating enhancing agent does
not The phiseseppatipncinhangingodgephdisdescduanhirives acinduees Aye Hguid-
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Met hods of controlling the phase-separation include
control of the ionic strength, the pH, the
concentration of the phase-separati on enhancing
agent, the concentration of the active agent in the
solution, or controlling the rate of change in
tenperature of the solution, the control of these
bei ng either before the phase-separation or a change
of any or several of these in order to induce the
phase-separation. In a preferred enbodi nent of the
present invention, the small spherical particles are
separated fromthe PSEA in the continuous phase after
particle formation. In yet another preferred
enbodi nent, the nethod of separation is by washing the
solution containing the particles with a liquid
mediumin which the active agent is not soluble in the
liquid nmedium while the phase-separati on enhanci ng
agent is soluble in the liquid nedium The |iquid
washi ng nedi um nay contain an agent which reduces the
solubility of the active agent in the |iquid nmedium
The I'iquid washing nmedium may al so contain one.or nore
exci pients. The excipient may act as a stabilizer for
the smal|l spherical particles or for the active agent
or the carrier agent. The excipient may al so i nbue
the active agent or the particle with additiona
characteristics such as controlled release of the
active agent fromthe particles or nodified
permeation of the active agent through biologica
tissues. In .another preferred enbodi nent, while the
smal |l particles do not include the PSEA,




they may be harvested in the presence of the PSEA
phase for subsequent processing steps prior to
separation fromthe PSEA phase. In another preL red
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they may be barvested in the presence of the PSEA phase for subsequent processing steps

prior to separation from the PSEA phase.

In another preferred embodiment, the solution is an aqueous solutlon compnsmg an
aqueous or aqueous-miscible solvent.
. The active agent of the present invention is preférably a i:harmaceutiéaliy active
__ agent, which can be a therapeutic agent, a diagpostic agent, a cosmefic, a hutritiona[
. supplement, or a pesticide. In a preferred embodﬁneﬂ_t of the present invention, the ective
agent is 2 macromolecule, such as a protein, a polypeptide, a carbohydrate, a poiynﬁcleotide, |
or 2 nucleic acid. In yet another preferred embodimeﬁt, the particles containing the acﬁ‘v‘e”

agent are suitable for in vivo delivery to a sﬁbject in need of the agent by a suitable route,




FIGS. 10Ce-10h denonstrate the effect of different

salts on insulin solubility. FIG 10i is a Raman

spectra of raw material insulin, insulin rele fro%
anuary 2007

smal | spherical particles3and insulin in smal
spherical particles. FIG | i is an Andersen Cascade

" | npactor results for radiol abeled insulin of Exanple

such as (paremlagal Idjectiond oplcal, 96BN r&&aiP/ dasdiaty] anpl en...

sublined 1] %éa 13 is a scintigraphic ?hagagé ’ofﬂlgl%f)%%g’ ﬁéﬁﬁ]ﬁi buccal,
mgyal, rapsdergal, Fprsmycesal; eciare intraatwdar adtiotior oi sm ( CD) pl ot

for alpha.- | -antitrypsin (AAT). FIG 14b is aplot of

BRIEFBESCRIF'MO@Q@!FHHI}E@%W(}g.ﬁE at roomtenperature in
Example 17. = FIG 14c i's a'plot of activity against

Hot dgetwi-tamasiosal pmﬁﬁﬁﬁf_%lbﬁing@c%e Agent BnénGalibilaeainst
tcmpera%l-é’ts' FIG 26 is a plot of | Corporation Aerosizer

article size data. -6- 18 January 2007 FIG 27 is a
mmgfammlﬁ_t@ﬁﬁéﬁtﬂré%ﬁﬂ:”e (hG&H) snmall spheri cal

articles. FIG 28 is a chart showing insulin
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insulin W&‘F@reeareﬁi intg swal sphesfcabpanticles.t y data of Insulin small

FRE8LI ri C ared. t nsulin starting.
FE';?? 0 A5t B it SRR g bl g habghreprspucibiiy.
. 135 & behenthtit dembon$ Rt vatchIBlY hgabigarticles
' F]%ocrzpared to .Insulin gitgarti ng %%C?E%F&;}%lgﬁgd at 25C.

- & 1S sehematic lipgrags of tt)amqstmgow dlaw ldhrohgh \rodess i@l haking
insulin snfal@hé ' ared to Insulin starting
e rm?grirgllalg?ggggﬁg?’%ﬁ . FIG 34 is a chart of
Fl& 8135 histanniteg electfor mictbgrapls (@110 BPBSY 860X Wé““m@ of the
insulin s Cﬁgﬁr'ed to. Insulin dst arting material stored at 18 _
"Rt aphicpical parficles, praduged by thsicontignoys flawdthraughupirocess mefEtample
3. spherical particles conpared to Insulin starting
material stored at 37C. FIG 36 is a bar graph of

FIGn8uisi an BRLEY pheomiatogmplidfi dissoliel Ngs@if ¢maAh@inefic ﬁﬁvrticles

preparedbgltﬁ% cogg. is s,?ill'lc'&g% m crograph_of DNase small sSpherica '
the: continucu guglLprecessan Exgnpledzymati ¢ activity of
FIGE3NA®R-10d demonstrate the effect of sodium chloride on insulin solubility.
FIGS. 10¢-10h demonstrate the effect of different salts on insulin solubility.
- FIG. 104 is a Raman spectra of raw material insylin, 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 isa bar graph of P/I ratios for Example §.

FIG. 13 is a scintigraphic image of a lung from Example 8.

FIG. 14a is a circular dichroism (CD) prot for alpha-1-antitrypsin (AAT).

FIG. 14b is a plot of activity against storage time at room temperature in_Example 17.

.FIG. 14¢ is a plot of activity against storage time at 4°C in Example 17. .

FIGS 15-25b are DSC plots. I

FIG. 26 is a plot of TSI Cotporation Aerosizer particle size data.




FIG 39 is a light mcrograph of SCD smal | spheri cal
particles.” FIG 40 is a chart of enzymatic data for

SOD snal | spherical particles. FIGS. 41A-B are
schematic illustrations of the continuous 18 January 2007

emul sification reactor, where FIG 41A is a schematic

illustration of the continuous enul sification reactor
FM is 3 M of humen geovab peners GEdBemall sphericad puiticlesus

e
FH&n2P nisoncharutahparigt baodyiedet gurfoM@hcd b¢ BEIfRGRing three

inhalati aﬁt i.ve conmpound is added after emulsification. FIG 42
inhaiation lgViessy at es the effect of PEG on the IVR profile of

I . I.Crl L - 1.Fl 3,
R B RSP B P B
Insulin stantinlimaeied stored at 294€t i cl es (Exanple 33). FIG 44

illustrates the effect of pH of coptinuous phase on
PGl GF PRt oF Sty danceBkwin sl mebrcal shaicies compared to

Insulinst&ﬂﬁ%"rﬂa@éﬁal@ﬁﬁéd{tlﬁsc.(ExanTJ' e 31)., -7- 18 January
~ 200 FIG 45 illustrates the VR Profile of PLGA
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. .34) FlG .46 illustirates the effect of the
Inswms%&@he%ﬁ?fegﬁtgﬁ ari abl es (pH of continuous phase
FIGNG3 Bt ¢ha bi | f btiEks cl
S| R 8 P et pple Ry bR chfhgared o

. encapsul ated | NSs “( Exanpl e
Insulin starfieg wptesiol stofedtah 379 .cr oencapsul ati on vari abl es (pH of

-S0RLI.NUOUS .and t Li X terial). an fornation of
P db b B 0GB elR of dhResieat] mluRricsartays Sppgsred to
Insulin stadéing mbteibl @bRE at P52 Vo rel ease of reconbi nant human
insulin from unencapsul ated and encapsul ated

FIgy 83 fisprohasi efcstabilityl datn efdisuliopimenl] sptieripalpariéles compared to
'stah?rl G oFIG 49 is an SEM of the particles
Insulin o) @ggn%@%diﬁ%%ﬁl LED DESCRI PTI ON OF THE | NVENTI ON:
FIGH36 fsradme gtaphof @il ie Redodysdisie S Bbilhy @ising aqT¥RISHAIRMIE. | n
Preferred enbodi nents of the

.different forns, [ ]
H%?flkﬁm grerogiaph od Ddlessmall sphericabrartislemdi ng t hat
; _ % 56 A= e consi dered as
FI%@JEF" il Cgl)lfleo S (%'T?'Sdﬁ@q}p(?fl]%ga%'es of the invention
FIGu1¢ iandighhaticrogtph 0880DasmhdlNdphetibd partend. aspect s of
FI r@.i nv%i gn to the enbodinents. illystrated. The
(%Jr 3 AChAth OE FRAYBiptic datadprp @ smealhenheden] particksoduct i on
FIGN 4 2 LLion. | herical
- IR GRS pnHEE AU BATRE Y Aaor] utiyRRfcr, i8tor,
where FIGadildots @fschqmaiituithisoationt dethecdonviuegeahulsiicaiios 962668 when
n a solve tadﬁgcpt ai ni ng a di ssol ved phase-separation

surface aclive compoun to the continuous phase or the dispersed phase before
emulsification, and FIG. 41B is a schematic illustration of the contimuous. emulsification
reacior 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), o o
© FIG. 43 illustrates the TVR profile of PLGA encapsulated LDS small spherical
particles (Example 33). _ '
FIG. 44 illustrates the effect of pH of continuous pha-s-e‘ on'IVR profile of PLGA
encapsulated insulin small spherical particles (Example 31). |




enhanci ng agent to forma solution That is a single
[iquid continuous phase. The solvent is preferably an
aqueous or aqueous-m sci bl7e solvent. The solution is
then subjected to a phas€ ‘ thange, for exanpl €8 Jgyuary 2007
| owering the tenperature of the solution to below the

P&ﬁasg ) f ransition tenperature of the active agent,
erabilushges dhg J¥Rapefile 95LGAr enmghswatbd hGH - sosail spherical

articles ﬁﬁg?_lggg iration to forma suspension of snall
P gﬁher cal flpart| cles constituting a discontinuous

Fiiad@ ilstlates tthe effba f-the ﬁﬁé@bﬁd&ﬁsxﬁgﬁiﬁﬁmlreﬁ 9BAL of continuous
ases: e

hase and S .NS in bhe cont | nuous  phase.
p EHOTh Mgt BroRderion aHING digersih engapewtatet INBme (Exomple 35).
Fo&. 7 aRAELRY éT@‘Jﬁ e ncles of an active .
agent begi ns tl\?\/l f é%?%}\?if %Pﬁ‘g‘l’%‘&gﬁ% %}Ognvqﬁg\l;feﬁ épaﬁffgycon“n“‘ms
phase and gnsitsie mageind) am formarita oL EBEWAIpRL IOt cRAPANSD INBER Y xample
35) dissolved in a first solvent in a single |liquid phase.
’ The solution can be an organic system conprising an
FIG. 93l Gstfdd Vi8R ivOfeldsdl] | R BhSuIor gani o
sol vents. The 8v‘- 18 %ﬁ%ﬁé@bggﬁ@&go u lflglnig%!gﬂmg?n‘gagsulated
and encapsplajad prenfeliesteddeadinsolalltspherioabpartities OraGrERSHBRES),
' 0 gueaus- n.sci bl .e_grgani c solvent or a
FIﬁm?g?EJrQén %F@%@%Eﬁﬁé%&%@‘ﬁ?&%i c solvents or
combi nati ons thereof. The aqueous nedi um can be water,
DETAILED DESCRIPTION OB THEMNePENPioN! ons, buffered saline,

T and the |ike. Suitable aqueous-m scible organic
heoprrashitsinvaRtionids susneptble woembbilimiched it anany different forms.
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disclosurel is 30 & rehiifitred ab RkeAFIdatlbROSEHE %gﬁlé@éﬁ%& 388k 984 are

. di pet hyl acet am de, acetic acid, c acld, acetone,
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Thé QP ford: - anol , ..benzyl cohol ,
e R PReh o LERATE) melioll 87 SRt AR imhed Yt and

__glycerol, tetrahydr
compositiqrRemaliRpBercal PREcRs oPhtaliveRiznt]l In aBiRiditbe WREGRRS Srethod of

. PEG 120, PEG 75, PEG 150, polyethyl ene glycol esters,
Producfzoupgg aﬁiaﬁé IagifE I él’ss hged 1 qgrﬂqeggg%:tt@ipﬁlgaﬁisgogﬁﬁqdme@rsmﬁon
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preferably pg aguesas ot aquaous-yidible solver! jIthelsohmionad High sEBjBGES 1o a phase

. i et hyl et her, PEG 4 dinethyl ether,
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transition tEldperhfine REURO SER! 1 Sl her. v . 1
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. . I | layrate,, and gl ycofurol .
discontinuds ke WA 30 RS esttipRormhaneing peontiteamis inrfbs aitingous
phase. propane, butane, pentane, hexane, heptane, octane,

nonane, decane, or-a conbination thereof. The single
_continuous phase can be prepared by first providing a
Phases: 5o ytion of the

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~sepa.ration
enbancing agent dissolved in a first solvent in a single liquid phase. The solution can be an

organic system compnsin.g an organic solvent or a mixture of miscible organic solvents. The -




phase-separati on enhanci ng agent, which is either
soluble in or mscible with the first solvent. This

is foll owed by adding the active agent to the

sol ution. The active agenB-may be added di r echJpnyagy 2007
the solution, or the active agent may first be

di ssolved in a second solvent and then together added

solution t4h kR BOlaH! AQRousbed eshiibnS BbMBAInE AR RQudohs lﬁédfﬁm or an
solvent as the first solvent, or it can be anot her
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mol ecul ar wei ghts, such as PEG 200, PEG 300, PEG 3350,
PEG 8000, PEG 10000, PEG 20000, etc. and pol oxaners
such as Pluronics F127 of Pluronics F68. Yet another
preferred polyner . is” %6I yvi nyl pyrrolidone (I8Jpyuary 2007
Yet another preferred polymer is hydroxyethylstarch.
O:her arrphl phl lic polynmers can al so be used al one or
ihse- separati on enhanci ng agent
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also e ture of
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Ligu1d~Sohd 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 I ionic strength of the solution, change in the cancentration of thc active agent,
change in the corlcentratlon of the phase-separation enhancmg agent, change in osmolahty of

. the solution, combinattons of these, and the hke




beconmes supersaturated. Spontaneous formation of the

sol i d phase does not occur until point B is reached..

The point B is a point on,the boundary of the

nmet ast abl e zone. The net éé able zone width calngjﬁ‘%m’u'ym07
expressed either by the maxi num attai nabl e
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The path A’-A-B represents a polythermal mettiod 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 agerit, for instance)
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The particles of the present invention. may include one or more’ exbipients. The

‘ excip‘ient 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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speci fied above as suitapl e for the continuous gqlg§§
and nmore preferably matqhyl ene chloride, chl orlof or rﬁ?yzom
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is methylene chloride or a 1:1 mixture of methylene chloride and acetone. It 'is-preferred that

the liquid medium has a low boiling point for easy removal by, for example, lYophilizétioi:,
evaporation, or drying.

The liquid medium can also be a supercritical fluid, such as liquid carbon dioxide ora
fluid near its superctitical point. Supercritical fluids can be suitable solvents for the phase-

separatmn enhancing agents, particularly some polymers, but are nonsolvents for protein

- particles. Supercritical fluids can be used by themselves or W1th a cosolvent. The following




I n another preferred enbodi ment, the fabrication
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. abpl.i c steroids, anorexiants, antaci . '
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The active agent of the present invention is preferably a pharmaceutically active

* agent, which can be a.therapeuﬁc' agent, a diagnostic agent, a cosmetic, a nutritional
supplement, or a pesticide. |
The therapeutic agent can be a ‘biologic, which inciizdes but is.not limited to proteins,

poiypepti&es, carbohydrates, polynucleotides, and nucleic acids. The protein can be an
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limted to

subiisin, o8l ARGR] o BRERA (ALY T seieidl Himmse. (SOD)
lysozyme, fib@eRade, 6 ﬁ%ﬂltﬁsé %PH%% g‘eg;; ray Ir#}g";gl L]gygt%%gﬁén,algsduhn-

contr ast madl a.

like 81'°Wtb| faetorsoy tWINaM%, (meﬂﬁgrbns glatiramer, granulocyte-macrophage colony-
5-di acet.am do- -trijodgbenzoate) also known as

,stlmulaungt fazfor, Frofulacyte rco ydqﬁéqqlgtggg dacier; antiedivsy PRGNai7p@teins,
glycosylated . 6r , hyiplr yl
7 3, -bl}gp(éacet am do) 2 4, 7 Jesmopresiy g‘g%H agonists such as:

- leuprolide, @opgrphm fedarslini B(lmeﬁmrﬁ.ﬁﬁﬁ 2Anthgiists, vasopress1|n, cyclosporine,

o zoyl ox (WN 16318) et hy
calcxtomn, g‘rnlg i@ogeép égr@aﬁp@ proneepepfided and, Bisulin.  Preferred

therapeutic proteins are insulin, alpha-1 antitrypsin, LHRH agonists and growth hormone.
Examples of low molecular weight therapéutic molécules include, but are not limited

to, steroids, beta-agonists, -anti-microbials, -antifungals, ~taxanes (antimitotic and




bi s(acet ami do) - 2, 4, 6-trii odobenzoyl oxy) propi onate (WN
16923); N-ethyl 2-(3,5- -
bi s(acetam do)-2,4,6-triipdobenzoyl 07,y acetamde (W
65312); isopropyl 2-(3, 5-%GI Tg%ﬂ"&’y%w
bi s(acetam do) -2, 4, 6-triiodobenzoyl oxy) acetam de (WN
antimi 0%\%@?5); di.et hyl 2-_&3, 5- .
1cr & AETUEH @ 2ads; aliphaticd enrapoungs oxpmmtic aoatpeuddsl Mnd urea
compoun@d,721) ; ethyl 2-(3, 5-bis(acetam do)
2,4,6-trii _odob_e_nzoyl oxy) phenyl acetate (WN 67585);
quq.t gppq-fm?ﬂ einbodini )etdt, tﬂ‘{B gc?vq a%enkt) isa th(lil']apeut}cbage?& for I%'eﬁtrflsant of
i s(acetylan no)- 2, -tri Qdobenzoyl ] oxy] bi's(1- net hy
_P‘ﬂm‘”’_‘f”fés‘ﬁ%%’&(fw %‘BR@SP? Sughpegels Jaglede dinfiate 1@t limited to, steroids, beta-
agonists, antifisdAGS akti 3 =t §d ado- 4. | - 3- et hoxy- 2- bu
tenoate). est erﬁ%}\ﬂ?ﬁo@g%ﬁ’ %g@rcg%r%éag OFSp ART ggt}%at%c agents,

non-steroidgb ant-inflashmatory hpess NSARDS), ealphep Bahetlypsn, anld agentsl to treat
si ol ogi ca

. Lsinteqgrate.rel ativel api dl .under

eystic ﬁb‘g’ SRR s of ﬁtﬁ’é?“ﬁﬁ ifpiuls b ﬁ%@ lirgted fochasiomelhaspae Gocluding
beclomettiasfiea b Be (Rich ' S ouddeOiid
em‘;’;i egzynﬁp‘?éﬂhy‘ﬁ?’é ThigenRRe Echidihe diichfie TFbplFaR, | mideStHide,

dggcogisophyﬂu@ineigﬁ@atriaplqincﬂmneo(iheludhgchﬁﬂmhcﬁimone'rhﬂétonide),
: ly | e todj nated carboxylic acids_such as
and funifdfide é‘%@%&i of Brtitonists el it are oe lgeited to selrgeterol

odi pam
xinafoate, ibrrotérpHifu@lacite Clatd-ylbuikh]l gam&ggll?p ala%usBRGlgs such as
WN 67721, WN 12901, W N 681-65,” ‘an 68209 or
Exgiples sof’ ranfi-ivagylr egents.cacludy  butl @rd amitadimi®@0?o itraconazole,’
f : r &9@] ations of active agents may be desired
ucona:;l%‘,nc L?gl#?}lg orﬂ'exarrpl e, a conbination of a steroid and
iggnbsticcageganinslude ehegx- inkﬂgh"ﬁ%"l% e
._sal met er ol budesoning{a and 1or m?gd}gleé@%?%%dgg%ﬁmeges of
x-1ay imaging agenfy, pRrinder BIN$ 83 ety Sasdianeinmidm? difi-triiodobenzoate) also
kn ¥ h S ' chopdroi tins,
ovn o (BN SLE S ruriohl 2 PRl IREEH e, £ CePonpasohent
3,5-bis(acetieidpl? dicetritadabenzdatee smal | spher bmgl-2q8I5tbistabstafdct Do 6-
" reseqt .inveation preferably have an average 77
triiodobendy R huyrate T NI 155 il idtrigmvanesats (WL | 28013 ety 2-(3,5-
bis(acetamid8$.212, 6-FRbEoHLES - m Q. t N.m gv nor.e
. ¢ pr%f émf abl 3&? r om)g%g}ﬁ#%&cfggm t gvg%\ght ?gé%l% aﬁ"oe%st 2-(3,5-
bis(acetamigp}-2 ditatiligddhenmylbout aGtimitet o(WDUt 653 17); aFoPRAFLT ©9(3,5-

. . i.c, i ght. tteri t hods (e.qg.,

st DTG | Sl RS Widbncont 205
b' - 'H i i p « g [ P
R LG T ! T a—

 24,6-triiodefisagenlaxy)on pherylivotite ( CIN ers7885Y; y ShopARidisg, 4o, f[3,5-

T e ple), or other _imet hods, . such as rheol ogy or =

- bis(acetylariS BB U blao B G BRI ) eStees W I 8 E6T)opad bonzoic acid,
3,5-bis(acetp Va4 6ABbAY L% .5/ & _fkackLodynam c ti § ,

. Size det'erm ned b% ?1. ngd%b?(y% ?gtﬁﬁ&[ asue%gﬁenggﬁ%e. .8,509)°

. Preferred cgqgmagtsagentse!nb)luclﬁ_ thasd ewljliqfinareﬁh§ﬁaéiﬂ b ﬂ%@f&?{fate relatively rapidly-

: sur,enent.s. sma) | spherical particles are

- under p hysgog‘g%]?%nf;?ni{iﬁ?}lss B i RRImIZYe, a0y s parbigler apspeiated inflammatory -

response, ‘Disintegratiorl may result from enzymatic hydrolysis, solubilization of carboxylic

| acids at physiblogical PH, or other mechanisms. Thus, peorly soluble iodinated carboxylic

- acids such as iqdjpamidc, diatrizoic acid, and metrizoic :,abid, along with hydrolytically labile

iodinated species such as WIN 67721, W]N 12901, WIN-68165, and WIN 68209 or others -

' 'may.be preferred.




"substantially spherical” is that the ratio of the
| engths of the |ongest to the shortest perpendicul ar
axes of the particle cross section is less th
equal to about 1.5. Substldntially spherical glgéej(sgﬁlhagzom
require a line of symmetry. Further, the particles may
have surface texturing, such as lines or indentations
Mm@t CoRbAaess bhadtiver frefifithhy b3 REREE g, for example, a
. conpared to the overall size of the particle and still
combinafign 43 stareidaandy ashstrepgest, embr Butigasertee paipionatet b salmeterol,
budesonid@land s between the | ongest and shortest axes
u esoné%atnﬁe pa{irt |glte{eb'i s less than or equal to about 1.33.

, Bytasiplesr efecabblyydritee #ret idextodns| engisiacetopBiBiettAfs, alginates,
. | ongest, an shortest axes of the particlé is |less
Ch“osanfﬁgg“ P‘“@&ﬂﬁl“’a‘fﬂéﬁ ?ﬂlf‘?-ZS. Surface contact is
mnimzed in mcrospheres that are substantially
megmﬂ%ﬁgzﬁlpmmsch m ni m zes the undesirable
aggloneration of the particles upon storage. Many :
Tibﬂ patiigles a?d thel ﬂikadhsﬂhariealfplaﬂiclesmﬁtm:mlsddﬂ aiventi@prefdrably have
arge surface contacl areas ere aggl oneration can
an a""‘a%"‘c%%%m%‘ﬁc"r”é‘ﬁﬁcl? e ﬁ’ﬁfﬁ‘-’ﬁﬂ(ﬂiﬂo}i‘ g\-lﬁhtvéli Ko bt 200 g, phie greferably
L e SAN t | er, area. The .
from 0.1388 T 15 R A5 O roefBlF BBl BbOE0 SHET 1 PP g most
preferablp afi-bih CAbRUS 02 punPad tabshes phaws HeAuled O dhaAfic light scattering
an

di stribution where there are both relatively big
methods o(eeg.y RhgEacPEPleton| speptramopy,1 daspandiffiactivn Aowtangld Heser light

. icles to fill.in the n .t .
scaterin EALES), BOHOFLERI! b i R B8R0 PERZED P cbscuration
methods §Dolee analysis biabed, oz exAhsik) bb Uy ioMer GAALSES Wlidh hdtheology or

spheres by creating many contact opportunities

. | ar ger
MICroscopy, ﬂ%’iﬁﬂi%ﬁaw amickes | fom pulmangcy delisiery will dvee ar gerodynamic
* parficl ' ti-cles q: W narrow si zg di si.ribution N
pricle OB ! S5 il AR R SHALY U Alre
Cascade lagpklomarcasirements\What i s nmeant by a "narrow size

distribution” is a preferred particle size .

Th Srallo GeegiialyaaTtisidsh ae sebsatialy ofpheriealy of Wihat is meant by
“substantidi] fodPF i 941 h r i he. i cal ..
substantBUFRHEACR, 18 Ut e L O g bE S hges® WL SRortet
perpendicplar canes i 0 ﬂ:wespsrticﬂmacrms Sﬂﬂlﬂb iah is0 le.fssl ﬂéia%emp leQhAlr ﬁ)b|aflz$out 1.5.

.the article size .distribytion wou ave ratio o ‘
S“"Smat‘ﬁespé;}%lf?ﬁéoaﬁ ahab@titest lipp, 8t SOPMER: dWRben departinles may have
urface teRfBink, SRR KR! L&l v ( i . of o .
surface tofiORn T 8S HReY oPRUGHEAES drprbbekot i U8 U5kl i Bhle when
comparedpfioether avsirgll sidecof it paitieles b stilsbe ishbitamialiwospheriduhy eMore
ratio..of fhe volune dianeter of the 90th percentile, -
‘preferablyy il 8 of iRt hel e 15Ot od ‘shertes doopt fhe paric is les
than or eqthPERAKIuL Af33t NPfo: 1Y . , o

o PP 5% IIORSTRRI ORI oL Sl 15k e
‘shortest axeg of i prstiele ishlessthan owegiat ¢o abibw tltd% Wireite cERA:t is minimized

i i B 0B LR HEAL) DidkSofingies te v
aggl ‘ %aaad % ‘ .
agglomerafi6h ®€ AR 1SS upch 38! nﬁénylc/%, %@’5‘ kg eaﬁw%% that

square root of "the ratio of t (Sé
can allow ﬂggfgg'fa@_s@ntﬂ% Arcas vdse dggloitiatiba sam onaurriyioniczer non-ionic
interactioﬂ%' %-tsrp'hgr%tﬂeir)nqitsv@fn K 096r<a nzlilc , Sr{lrgﬁa(%a?ga(.ef erably I. ess than

~ The pasticles also--prefs;ably have substantiall& the same particle ‘size. = Particles

having-a broad size distribution where there are both. relatively big and small particles allow




In a preferred formof the invention, the active agent
in the small spherical particles is sem-crystalline

or non-crystalline. Typigally, small spherical
particles made by the process in this inventidf &g 2007
substantially non-porous and have a density greater

an 0, g/c eferably greater than 0.75
for the Sm@‘? fpoll “b\q'gfgé‘ngF'?”eﬁPé‘%ﬁ I pariickaso therehy gicating new
fBhr
contact su&ﬁé‘e@s AAbgBtﬁg E Ocﬁ%infz)ﬁ’t'ﬂ&?g / cr?riérp FeshiliSn. la%@g ?glﬁéé?éagqr é&?ﬁé%qmany
contact oppmmtméh & biodiap agglomerBiong/ 'Ehls iavahtiou emeatey @hencal particles

it L R 5 TSR o Tcion.
What is mBAdbyCPHRRIw Se Hﬁﬁlﬁﬁ&hv% 298 FErred pddiBle&iZedistribution would

no. réqui renent for a si grl'l i Cant quantlty of “bul ki ng
have a ratig@éribs volunss dininater ek 616p‘4”€é npercedide of ﬂleesmdhspheﬂdal [pprticles fo

the volum{ Wdtt"SF AP} 0 foreleIR 188 nall e Wt 5 521 MOR prefiraly, the

particle siz@ Gishbidlont Woill hevEAtie bffﬂi@fblﬂé%cﬁﬁfnéﬁ' &fthe 9H" h&@entile of the
particles. "However, bul ki ng@age@lt S or excipients nma

small sphegeal Pﬂmﬂl%dédm nolume qgm@tﬁw e 107 gkroentileylesstthen o ® 3.
nt sent ab 1°/to ate t han 95%
Most prefefiBfi ind RarEE TR BMAPGBliadabeadh o S B of the

90™ percend@Yof ﬂlcadﬁmll spheROZogaptiols Bhthe voneHe Hﬁhﬁt@r(ﬁf tBé abT yercentile

from about 50% to about 100% by wei ght, yet .nore

less than orgqualdpadl y frorri about 75%to about 100% by wei ght
e .

Gecffic Siinghih PROGRGY (G505, cal Mo BE UL R Iicl e CharldhRize

distributiont 0GSDnellcidsticns Snvoivgedeterniigifp i the efastivef§ cutdth gmaeter (ECD) at
A further aspect of the present inventionis

th
the Cl'mulawfgl?gslt &‘éﬂ PREPPRIAgESHIAL rlﬁcgdg apch B¢14- eéspéﬁ geiwpl foythe square root of
the ratio ofkﬂF1 BeIes@tnak Buage4 {%QMG§J\§ oR118/0981 ¢l ha6l 4 YasRfww size

e active agent wth or wthout the "Inclusion o
- distributionexteingG8Dt2.5] mosd prefeBably less thanfl.8.he Particles The

T aBARAEE BT P GERRE At SEpi g (o LA poricles i

Semlﬁcrystagi,ll@o@%ni dpageb of the agent by a suitable route, such
as injectable, topical, oral, rectal, nasal,

TYPmllym sewall, sphegealapartibles cabde §1yb|thm gocdess tin athisd énveation are -

substantially JBHE0HGS g sclsnribh pioaleh all Q5 Ui i mictorably greater
 than 0.75 g/RM3 BRI AP pREerall9 Lilata kR &13%11@0 38! g/&nﬁ Oﬁ err@] fshgyﬁn» the.

as tablets, caplets, capsu es, etc. A préferred
density is frdml dboet .5 tocbow 2 ycmn jd maix prefadbly Hrdm abcml 875 to about-1.75

gom” and e}t 3SR RIStk RO AR U8 bt B R S .
The ipRticles6 Bl @bsent 'ilfwfeﬁnéﬂ it dkiibitMsh cBftehd BietheAJHﬁ‘vQ Qzent.

preferred route of delivery is pufmonary i nhal at'i on. -
There is no reguirkinent Hutaesigrifichat qumtgty of hulkiug agenisey similartxcipients that

osited to ede u the er re |ra or |
e required Y 3Ruhg o0l e BF Bronaifly Sucliy, o oF rlretnb il shnatt
' sphencal pdBEles CoRSisRY. e!%ﬁaldﬁi 'oi/ %@dﬂe@ﬁmﬁ 95% B?W@léhtb)éf %éj IpMrticles.
powder inhaler,” or they may bé -delivered
However, bulking agents or exclpl_c;nts may be included in the particles. Preferably, the B
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 - '




by a netered dose inhaler or a nebulizer. Drugs
~intended to function systemcally, such as insulin,
are desirably deposited jin the alveoli, V\,herg there 2007
is a very large surfacé drea available for ab érh%l
into the bloodstream \Wen targeting the drug
deposition to certain regions within the lung, the
most prcfeM)ogyaa@mthan 80%1’317 eveiglit. t Wihep stating| mogenhdreinad issiezht to
to an opti.nal e by ,.nmani pul ati ng fundanent al
include any 3086 or Onlqﬂ%ﬁi'é’&o ’éﬁ%&? T8f- t he particles such as
A FHIRR spedeostht YreseRtinPéitionGh had HeSmaACGBREad [particles retain the
resplrablefractlons of inhal ed drug artlcles are
biochemicad f intsgrityc #rde thed bigjogierd i asgvity of i the @ntlge mgenthmth or without the
: ion, either incorporated into the particle
mdusmnogg)ﬁdé%sﬁﬁ%‘i on or as a mxture wth the drug particles.
For exanple, inproved dispersion of mcronized drug
In vivo Delbent oftheBartickbout 5 gin) is effected by blending with

| arger (30-90 gm particles of inertcarrier particles
hes%gc %?scw%watgdb% aciivfRErdb iy thenpipsest axtentian age, gnitablefor in

ert whi c cor an’inp
oral, rectal,ph&sal;rthdq:mym vaghidl ebticeal, sublidguat, Itmnsderrﬂfal ,neamsniucodah eotic,
exc ents, are | corporat directly i

. (-
intraocular gy Betal TharRerates cpp by E%b‘fmdaé? s fse}lﬂ nsieEnsin or
formulated %5 Eolﬁﬁdd%%eef%haslukﬂ a€ DIRRRC ichGlets h&gﬁlﬁ% cid tX Hzg%feﬁ%@ B8y

rugs neral Iy, excipients ar sen 't ave
route is mjdeméﬂﬁ prhach mgkidys Eldavenpspintdmfusculam habcatineoys, mfmmnmeal

intrathecal, SEEHOL iy o T ARG 3 JBL TRESRUS Lo LS. L of

vivo deuveg%'aogu@#a m;éew he aggg,]& By s hhﬁ%lﬁ RARE esruchfa.l; s @octable, topical, |

delivery is ﬂﬂ%ﬁi@tlhﬁiﬂt&m" hﬁ&s%ﬁ@'dﬂdcﬁyéry(t@@ 10163 [Bsy be deposued to

eXCI |ents such as po y |aCtI C acld-c CO I C
the deep lungi er) thePuppRy Tespieeioryetadis et anpwhergiinetbe rﬁanrat@breﬁam t hhe

putice AP B O B0 RS SRS Bt

byametercdﬂ@idiﬂﬂlerc&)amebuﬁjﬁrs has been with asthma drugs having
I ar%e aerodynam c particle sizes that desirably

3 Qd tp dungiiensy siemicably ovich painsuligi a@ﬁdcsawblmﬂp@ﬁted!dn the

_ alveoll? Whe?(%ﬂ]a gﬁ % ?ﬂl@é 51?&52951? Hd'for %E Iae 0 \t/lle%eﬁ%l%ot%sgeam. _

erapeu

When targeting tﬁe ellmg dqgasﬁichﬁ tce cbrtail QBgIOhS mﬂﬁﬁltth@ s ihaepodynamic
m side effects, such as inflanmation and

) I -te
diameter of itg'? Pﬁrél@{eownc%ﬁwa@e&fsﬁi twaphmﬁ&yarta@ @o@mwmg fundamental

sy i MO0 S SRS RFIREH UGB 0

Accdpmbln respitabis fadtimsiodlintodddedrag pmlﬁla@’@oﬂéﬁ aﬂﬂaredfbwheﬁmg -

. ; i.nhal ed . therapeutics, it may be advantageous to -
excipients tg tg'ﬁ%?%ll@oﬁa?‘ﬁf’é F@@rm%?teii #Haithe pasticle kampgsigon Or as a mixture

 with the dng% kR af ycx %xﬁe%r{)%h H{sgé 151 nd{’# g:lel&g)p%d drug particles

Frvered.®

(about 5 pmp igxffeated byd)lerekn:g mthﬂazgela(ﬁd Q0gaty partibies of el darmslﬁ!mcles

se_.of artlgtss deposHed on alveol ar surfaces wth
8

| such as trchgg% Iaggg or 13

I es-

articles wth aerodynam

spheric

refinement, thmek@pieatsfm imbegritad girdelyointd thesnialiapherieal particles to effect
caerosol performance as well as pdtentiaﬁy enhancing the stability of protein drugs.
- Generally, excipients are chosen that have been.previously FDA .approved for inhalation, ‘

such as lactose, or organic molecules endogenous to the Iungs, such as albumin and DL-a-

gyl Re Frggregcipient particlss IaRFGsghe powder
" flow proper&y Which ?ﬁ?&lﬁfes Wi & ﬂﬁht%%& gga{rﬂﬁ%@ﬂég%ggﬁ&t In a further




~essentially conposed entirely of a therapeutic protein
or peptide may be particularly useful for isolated

studies on the effects ofy chronic therapeutic in
on the al veol ar manbrangjoof the lung. The ef flgg’srémg’fzow
systerric delivery of protein or peptide in the form of

spheri cal |cIe by i.nhal atign coul d then be
PhOSPhaﬂdgfgﬁ%‘ﬂ% dipajmey @gﬁ%ﬁ glerd Fig SXGipieBtss speh as drplidpotiy acid-co-

o S t

oot aS3PRIOA 68 S L0 ¢ EIETESOEPE Uy 600 4t o

chemical chamttbnsties. meeewﬁer,snmbh ofrieninhelatdy raparicnde aviti BDAodpproved
di stribution

10 nj,cr rs and. a. narrow size,
excipients his beF YUt 5GHI 16 JOHE RS PRSP P Ge eHES L desirably
deposit in th@%é&ﬁ&oﬁ%@ﬁ&ﬁ‘ﬁ%egﬁnpﬁid Mﬁcﬁsdo sy bﬂﬂeé’i‘éﬂl&? ﬁ@&ate to the deep

parti cle size. ranges. . process of resen

lung. For inhaledh pm@mn@lrlpopbdd ﬂherapeuﬂvﬁ |d@hw=tad: to thesieep [lugg hb&rc &sadoncern
. Jhere are

that undesi i of Roml i g SRt s G 324 GPiataPCen e which

may be duea8 ratﬁdh‘lﬁﬁiﬁofogl&ll EpbReor cﬁlﬁseﬁ b? dx@iptenid GheR thellHRe Héllvaled to
approach is to produce relatively | arge but very

ﬂleai"mlafrfémas (or perforated) microparticles. Since the

In GrR? b Rty NG SRR, OBt O (R o rgied

therapeutlcs i:’t Haebo dd’ﬁ@tﬂg@omﬁtoefﬁbﬁdatd @rﬁﬂ%@f&tmﬂiﬁaﬁﬂﬁ {haPhre %dbd%nany
re root of the density of the particles with
constituted éso élieygwus liyesed; tThis §!mtegmwould1mgnmﬁe daeolaxerpopure to
> whi -
~ excipients aﬁﬁqgluc@etfz@g Q‘?ﬁ]rﬁasg' yggﬁ z?rtn(d%s % ?Sétc% og?é?nﬁgr ?\Jéfa%eg with

possessing relativel geohery

each dose, pbsibllyaniaiajzing 2itatiés dﬂﬁﬁy&&y‘nﬁQﬁE of fhe iahdled fikdpéttic. Small
S to produce particles with relatively |ow

ar oacg
spherical Paﬁg 6% ith agrpdynanie alz:,fep e& stable Sardecprivagtdepasitiom ghat are

cenaly o 408 1 8 SR e R FARTR v

for isolated Fiudizs onhthe affecis pfi a}momcdhempm&rc dﬁsmmhtliamlv@ﬂimanbrane of
ticles.,i,s clo etothe| _
the lung. TGS Eime? delfefy oF Fratoin of BeRtidR TRl U@t shlispherical

particles byaiﬂﬁéﬂﬁhoxp lcBMiddgRn Y stRalelli Witkout’ & n?fﬁfch Wh B0 { troduced by
W t hout excipients. Fabrication protein sma X

associated exgipientscal particles from prot einitself with no
additive es _sype dvant a rouse in :

The RrsaRG wEnriisr paulotRy to i, Aeet e b alaleton et the
partlcles ha@@ﬂnﬂ@ﬁie@ﬁ%md‘yﬂﬁﬁ%ﬁﬂeﬁ@ﬁf bY%- ﬁf‘%&%ﬁi e?égﬁ ﬁgcfi YRS HSsize

of required inhalations. M croencapsul at
distribution. PFlee inybutiarealse c@reinplagy hmmrxgatbgahmt ofctaeoud betchendf particles

ing Gt RSk BN 5B B B G B v

fabrication ofbiBAN Bitierical Pi¥sicled @i@%@é ch @&Eb%f es, -
nanoparticles, etc.) can urther b ncapsulated

_ TherguneHive prucitat egproachm tf¢r-ﬁ)unmgr1:gamdb$mthlwrctdynﬁmmdlameters |
' croe p at ed croen usul ati.on

of 05 1o 3 Bk RMGR AbSact B Eatvel, At e RE Rorous (or

-perforated). hnficroparticles.  Since the relatlonsmp between the aerodynamic diameter

(Dserodynamicy and the ermetnc diameter (Dgeometric) is Da.m,d},,,.a,,,,c is equal to Dyeometio
multiplied by the square root of the density of the particles Wlth very low mass density
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m crospheres via diafiltration under conditions in
whi ch the snmall spherical particles do not dissolve.
The insulin snall_spherigﬁj particles were washed out
of the suspension using &~ aqueous sol ution fkﬁ%umyzmn
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adjusted to 3.65 nL with deionized water. 7.3 nL of
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- stirred, buffered polymer solution (pH 5.65 at 25C)
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Smal | Spherical Particles of Insulin The above
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ECD 3.3 m (ECD 2.0 pm) Mean 2.48 1.51 88.8 72.8 71.4

'SD 0.100 0.064 4.58 4.07 5.37 Table | shows the '
aerodynam c properties ofy,nsulin small spheri

particles. Results (nean3ﬁ/- SD) were calculat@%%?W%%%007
anal ysis of separate insulin small spherical particle
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to-the-stilrred pne-heated buffered pol ynmgr. solution,
ind %199 r dd #6%4 af add@Bonal |5 m MAZes. The @87 e
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. -solution dropped to 15-20°C. The resulting suspension was diafiltrated against five volumes

of 0.16% sodium acetate — 0.'02,6% 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 z-a‘érody'nam{c'

dlameter Of 1 433 ??i‘?fsomeiﬁiislb}’_ TSI Aerosizer time-of flight analysis. Andersen cascade - -




An inproved insulin small spherical particles
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In an experiment, sodium chloride was added to the buffered polymer reaction

mixture in an effort to reduce the formation of insulin dimers by chemical means. Although
the added sodium chloride did not mgmﬁcantly reduce the formation of desamido or dimer
msuhn degradation products, the addition of soditim chloride greatly reduced the formation
of oligomers (high molecular weight insulin products) (T able 2).




rate of solubility of the insulin and allowed a
reduction in the tenmperature used to initially
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that are lesstcheduebfs, to‘ﬂi@fo@mhﬁé‘rﬁ 6Pd concentration
' I results in a decrease %gg&ylﬁgﬁﬁwdf‘&fnal | spheri cal
n o1 ey fpldﬁeé@me if the sodium chloride has unique chemical properties that aflow

the reduction in temperature to dissolve insulin, equlmolar concentrations of ammonium
chloride and sodium sulfate, were compared to a control with sodium chloride. Both NH,Cl
and NaZSO4 stmilarly reduced the temperature required to dtssolve the zinc crysta_lhne insulin

‘raw material. The hlgher ionic strength appears to increase the solubility of thc msuhn in the




We do see a general trend that higher concentrations

of insulin yield |larger dianmeter small spherical
particles. In this experingnt, the higher

concentrations also resuléd in a mx of 18 January 2007
non- spherical particles wwth the small spheri cal

3 articles. Example 8: Insulin Small Spheri cal
nncrosptfeé? redusinesiermplationh vithgyt THecting thesability tohfosm small spherical
particles%is‘ﬂ%r%oﬂﬁlb%%mﬁ"é}éﬂeﬂ%%déc%fi_condu‘:t a quantification and

' vi sual't zati on*exper i nmen or aerosolized insulin -

powder deposition in the |lungs of beagle dogs. 99mlc

Example| Zbtudyl of PRG iGonpaitiatioh @® YRUE And [AS4R daRefiriidd Abd Size of
Insali Sm‘s1 s .di.scl psed herein. Pul nonary deposition © e
‘—5@1%@@@“ in was eval uated usi ng ganma _
£y =) . r d. in this, s
| TEE LSRG gypol Ba30) Bl Rusle da ks R gkleyink Iy PHG350
- also incrggesTtbe yiedd of athall spherrinal particlesa fidwdves vaRhAOPEGRBEcentration is
too hioh hdENLLHicat i an. nugber re i‘o , 102, 103, .104, and
gh fypartilpsjose fhedfespheriral shtren phichaenests outifbe slightdmprovement in
yield. anesthetized with propofol through an infusion |ine
for anesthesia and an endotracheal tube was placed in

Tasinsulimicoagentratiomdata sbows ddtdndenpposifeaoithe 0BG ashepd BeBAsing
s alin ol “.Spangket bqgx" chanber. for inhalation. of the
i co s RA0GHE o RARCe RRBTRREy L AL R o O ¢
Wealdl steabgdreeh] aRn0 304t Haghd Bbadendbiid ofd 18%51%.]3 iameter
conputer image was acquired for the anterior as

smail spherical partislps dnithis cxpesinagitcthe dighenconFentrationy hlso cesnitsd ok mix
one before the

-sphdRAFL A% . ' re. eval uat ed,
ofnon Sp?l rstf)%ﬁf;%ghh&(%%%?g%%%fﬁ Pé‘ﬁtfﬁq?f’r stration and al so
.~ following the last animal (105) exposure to establish
Example &Hﬂ‘gmhlwmﬁwl ed insulin -
Thipowoler. -38-..18 Januarél2007 The results are
C| PUDPFS Y i sxperivogntal tedye Aosathe congct t rquantification and
visualizatiof| dxpetif | i uni - nodal .
. di <PPOFilRRE " Aolly 6P B8t TRVNES afhlflon(BC e fuogs) ot beagle
dogs. “"TFealabeleddnmlingparticiss foade &l dccardaned with ThemBhbds diké0sed Kerein,
Pulmonar@ddBasire cof the ﬁro ortion of the 99nfc insulin,
ary dsRestioppl dhe petorofized tnsulin,was evalystes using gegima snitigsaphy.
Fivel®RabMNibes iwede - Blaf 2l L Q0 ictents
oo ki b v bgusééggﬁ‘ttg%.esg?djpgblg cath el Ficebiel gh Ghbenistation
of an ""T¢ mrghielabaled ingnlii partioles depaddi DagridemificaorpRurhbdis bke 1040902,

: red to central lung or Dbronchial region. The
103"104’2‘2@{@% graphi-c image in FIG 13 shows the insulin -

Prigie@0sdrédoP Ad@sEstdtidAS thit dnfl b : -
. . ..and is consist g%itﬂ%% %h\# @%ﬁgﬁﬁ%gtegﬁﬁbé%%%ﬁgﬁﬁmwgh

an infusionslgnerfor gnesdvisia andugenflofrachBxigubidas placedin esddriihVr érosol

delivery all 5 dogs in this study. The scintigraphic- imge for

_ " Dog 101 shows little tracheal or bronchial deposition

Eachiddg was placed ina “Spa‘ngiei~ box” chamber for inhalation of the raﬂiolabeled

- aerosol. I:nmediately following the radiolabeled aero'sol administration, a gamma camera

computer image was acqpi_red for the aptt_:'ridr as well as the posterior thoracic region.

Two in-vitro cascade impactor coﬁgétibns were evaluated, one before the first animal
- {(101) aerosol administration and also fqllowing the last animal (105) exposure to..estabiish .
the stability of the **Tc radiolabeled insulin powder. '




an obvious increase in the deposition in peripheral ‘
l ung. Radioactivity outside the lung is due to rapid
absorption of the 99nTc _.fzgam t he deep | ung depgsjtion
of the aerosolized powder. The P/I ratios and ﬁ%%mumy2007

I mage data indicate the 99nifc radi ol abel ed i nsulin was
ited primril yoin t deep |ung. The quantity of
TR (R ISR it FIG 1, B GPadaitinetor colstons i both cases
showed a pe-mpldrddiribstigh. was i ndi cative of |ow | evel s of
%ggl oneration of the %arti.cl es. Exanple 9:
FIG 34 shawsihe sesulg fonrthe PA 1Bii6 cempGhtivas firal] aimals TThe P/I ratio

. P E sdadsul i n. Smal | Spherical Particles

s a.m"as@%{?%%er@%ﬁ’? Kl n dF ‘_@“’: RVl {halhdsnosity, e fhicc peripheral
portions of dretling, é2., it ddep NRBEAL SRYSAL FIDsatib twil MBS 16S iR DS U ratios
bo O7r.e ve al | of the PSEA fromthe suspension prior to

above 0.7, mdipHp siepiiceBhdepoyiiiondn the peripherdlritng compaied ualceEHAung or

bronchial &Qjpd act as a binder to formnon-friable aggl onerates
~-of the _small spherical particles. This aggloneration

‘Thewscintigrmphie imegey iraf IR A0 dhbevsale idselin @@ﬁ@siﬁﬂﬁlec&ﬁongp vlvlthm the

. aerodynami ¢ pr.aoperties of powder delivered from
Tespiratory g{?‘%{%@“ 1§ f10 g‘%ti"ﬂffht Frbdatps €16 18X Jdeucimtigmphic image for
Dog 101 iy epRa&RAivd 98 8R 5Xoos il AR GGy d rai se toxi col ogy

i ssues. Three t\ecl%nl ques ‘e considere d for
ThessinticraphiminuigetfeDogri01 stxpireliitieatacal bi Blofshiby ®iPoskids yith

ilization. Filtration could De use

. RPSEA pr.igr to l.yoph rati o |
an "b"“’“‘“’t‘%"f%“? |“é§'t" ‘f? ‘?{Ofg ¢rat lupe. Redioartivissoutsidoshedung is due

to rapid abdcapt@sy ofARSITPTE kS5 erdecal particles
a0 okl'y b ocked & b deg1a R ebo 180 P4 B¢ aemB e @osyder.
B Frgioneandi ]fly: imager dlatav erdicané thjergé‘;‘"rdw giala_f;}qw insulin was
i articles Lnpractical . ntriftugation
deposited et AR hp 1B (118 et Phof Ghatloipbaod evelin spostied into
the periphery ddngswistindibative B 1Sw I SERIEB R drik Ljgnt and
re-centrifugation, was used sgg%é&@u%@%)%%?régbve t he
I ioni zed water was used a
- L L Apinst ) Siffdr Cepfaining |[7inc3To REmdesn Palyme0 6Fom
" Insulin SmalBSH-AbA P& Not readily dissolved and the PSEA
‘ remarn ~sol ution. One disadvantage of _
Follggimgrfubrigtivh off thwinsiiaémAlD §piRhl %a?rﬁa_% uf e HXHA SGhSn, it
desirabi,’éere cogepqgtggwl nto a pellet by the high g-forces _
was dgdrret tlhoste P SFwiromne susnension priovtd tyophidization. Even a
fi t | ' ec inegreasingly difficult to
W percen ?ggg%%@%gggﬁgéﬁgﬁl Iéttfgs a ﬁl;ﬁ%ﬁ%iﬁ(}s nonsiiaple g@iqmeratcs qfthe
small sphericgjgbartielest This apldnh@ation $duld aP@diddlf hBScIVES oRfitEd dB%: and
' aerodvs iu_nvvant ed Stj_ de effect of the centrifugation process.:
- actodynamigypraneres Al pewdes delivensil) Gomf DBE rdevines.r i dgeklities Juag dissue
e t0 ADeRBd Bbde [ nrrifugation for washing the
- cxpostre of%%s uFﬁl %%ﬁgﬁgpg%ﬁecﬁ)?{:cgﬁ%msg?ﬁcgﬁg% 1558¢%- a conventi onal
| Thres techuiquest wetb eodsiadridl FomdehafitioR REMEHA saaﬂagcaﬁﬁafrﬁélsﬁ from
the PSEA RSE@M nsyl.in particle suspension was pldced inma
pEar o dyopbitzation Lilietion reuld dpamei do oslisctr enall rquahtitiedos
particles. Ho L, i .t h suf.ficient back-pressure to
partiles.  HoBe269 b arABEs ool Bl pbp Rieledivishivt bpeked the

- pores of the filgratioamedia] enkirg- wishing Bid RBovedy of Alfe HAGK RHASIHEBmS of
particles impractical. ' S '
Centrifugation to collect the particles, followed by several wash cycles involving re-

suspension in a wash solvent and re-centrifigation, was used sucbéssfuily to remove the

- PSEA._ _Deioqized watg:r was 'uscd as the _wash solvent since the insulin sﬁm’ll 'sp_h_erical o




were optimzed to prevent bl ockage (pol arization) of
the pores of the nenbrane. The volune of filtrate

removed fromthe suspensizgn was continuously
repl eni shed by si phoni ng Wash sol-vent into t hig January 2007

stirred sealed container. During the diafiltration
PSEA i n the suspension

. ess. the cqoncentrati of  PSEA ) €
particles PE TP Raqy iy cllcd Badiie bR mmatnedinpoiutie) Do phedveosige of
centrifugafidh twas|tRat (B!SHSM SpRACHBSrES ' PREA:fr.ee er ..

five to zic,e\./en O o Pt gsieﬁgllleaé\?o p&ﬁ%ﬁg}g Otaf‘r%ﬂn%E b the hign
g-forces xeguisech 9p owimatovax theapgeitloni t With ecach sfuceakeNivashy GE tacame
; : | £ an hour. or so. Al though the diafiltration
increasingfi BB o Myl e peffen e 38Rt pristosol daglpmaraion of the
insulin pantietes waaE1RA 2h @nivanted alde REk SRR i tities,
.the insulin small spheri_cg?%gg%i C es“gl;l(g{prgp%\% y
: Di Bpw usipg helew dibien prrlgesvwase nsak dsginrateryative esl cafrifagtion
f : - sal:vel [, ment eterm ned that insulin was.
or washing, ag b‘%ﬁ‘g g‘q’%ls!tsgﬁ érjlrﬁfa% garpﬂ%f.r gtl B comePniinealisri Pgthe_dlaﬁltfatlon
apparatus, iz tuffdres P SBASitsulBoraRic SlspeiciSRhyRaddd i8la s@?l'c@ @{nﬁgﬁer and
the suspen'iat &r eq_ulv{iléegt to twenty tinmes the original volune
PenYP WagIEEHey aicd through Sreaftfgaswithl suffiviegit batle piesaut tacause the
filtrate & 5 ti were found. to be sparingly
o o S B0ty G gh e e i B A bk e
were optimigzesffiblprevant binclpreeplarizationy b tia bbits be MRMAEMBALL T Re volume
of filtrate | nsul i gqr antﬂ probabl y zinc ions, fromthe suspension.
FREPEr Jiam the |suSRenSion wasi enmtipuouske rerlendshedbbye siphaning wash
solvent intS@leWihed | ' et 9Bk & i ven vaql une of .
oven -m dei oni z e'géhqv\)%dt (Iédrilté(jlﬁﬂc %lﬁ'%c%ggla%ﬁmﬂfﬁmgipé?ﬁsf?&g? fgrenization of
PSEA in the n;l@qunemt Wast gfeavaliy dedliced odndt ﬂmwhmﬁliﬁ Rnall §1?Héﬁi:é]- article
' . e.3.sho rious, sqlutions that were eval uated as
- suspension Wk GG MR ReR el Bt P vany s ot origiyal lumerot the
- suspension SViB kekclzpbed WRRhdFAH _ in. 1 nL of
each Zol gt ion and gesﬁgﬁtﬁgﬁﬁggggg&ﬂ%%g%gt r-oom

Althoggh dhey digfiliratipneprpesss eras agey efficiait wbrenbwisypolyrvdsand very
The inhsulin was found to .

4 and. 48 hours.
amenable 17 3BTMlE"H 8 o5uRAeL Toattifes g Jovwiinggmall spugricn! particles did
slowly disselyaiihithe idéfontRachess Bﬁ%iingﬁ? r’fg‘?g §§S tﬂez/%{a_ﬁ%!?@g%tggrﬁgp%qm

d . ight of insulin solubl

 determined %@Q‘#“h@‘@ﬁﬁmmvbﬁt ingthepfilbmatcousd ythe dhsalip parclbd glould
v 8hEdi6h y -diafiltrat.i gn continuously _ renpves the

completely Ssydifh RGP libich SR S1ou TS el e storigaal golume of

e 1 nsu

. suspension wey exchaggdevAlhand hb ensufis ldal sgglé%éeai pRRIMS @t found to be

_ inol ‘iﬁaﬁﬁl ¢les . would continue to dis erefore
Sparingly  sqinelg) i degmigsid) wafer; the Hugh ddiciencyasif thel diafidiativauptbeess
continnally fefdvel O ince.insulin is | east sol uble

| _?_y near J|it9 gupggéﬁ@%l %EJOB%I??}(P,M&% & fgrraeasign. dgrefore,
the equilibrinni betinebe insoheble Hnd sGRbISISUIRX 8RR atiocl 2% Vitohe of
deionized of t-ﬁe insulin was found to b(_e.dependoent 0 e

elonized water 4 B9t eaeur Withodjpfilietion redcanditiar that Eavionedidissoluidn of the
insulin. -~ low nolarities. Ethanol greatly reduced the solubility
. .of the insulin but only at near anhydrous

-~ Tablecdrshews vatibesisolufltiss thaSwbicrevaRiatil 4d é&eﬂﬁ%ﬁlv&sﬁ%&ﬁé ! Yren:
' millie tac‘:reasle whep et hanol mixed wth water solutions were
. milligrams o BsHiR ﬁ@g&gmqqqgmﬁles‘ eerd susphdeildall mdr of @dch solution
and genﬂy RSP R U b at H)%m temperature. The percentage of soluble insulin was
measured at 24 and 48 hours. The insulin was found to be sparingly soiuble-in deionized

water; with equilibrium reached at just under 1% of the total weight of insulin soluble in less




eafly stages of diafiltration. Table 3: Insulin small
spherical particle solubility in various wash

sol uti ons Wash Sol uti on 0/42 | ssolved insulin %
di ssolved insulin after 24 hours after 48 houlSlanuary 2007

Deooni zed water 0.91 0.80 0.1 M sodi um acetate, pH
5 48 2.92 0.001 M sqdiuym acetate, pH 5.65 0.54
than 24 Wfug FON Y o Bt oo iochigh Soheioney op a6 astom paniinuously
removes thekblubh Gy (243 ﬁﬁ@)ts%t@n Ybﬁu@ﬁ Fx \Sep 30%99@0%9@ insulin

0.06 50% et hanol | dei oni zed wat er
small sphexierpantiolegrvound cottinvelto diseslve. TheBit dnsulinl soliloi it Hecideal

wash soh#ti%ng% hg lbgl:ogvof;hég%{ \5%/ a$1'ﬁ{::en$7ﬁl 2 uqulpgsé Eg %1 Legguselé: Ptg wf@glrgcmc '
point, acesé llbhﬂﬁﬁsatVWoembl%ﬂh%ﬂ adll DA 5.88 WdrP e3BedS pﬁfer é(ﬁﬁ%lllty of the

particles and found to greatly reduce 1 nsulin

insulin W%';O‘I-OHW fQ b? depsmdentean the rualiityiofebie Waffer, and Aompaldbhgo teater at
1d have

low mOIaHﬁgsl IAE N 0%1% aBZI né“cteg é‘%\gslr‘? uql 'Q'UPE% ZP‘i‘ilE at near
_ auhydrous @msemmtxohﬁx'ﬁh@msﬁm%dbihfﬁ%ﬂd Btublly ﬁmcf‘t@lsé Wheﬂ & #aﬂc’:tﬁmxed

c.crystalline insulin preparations used as t

with watef;sql\¥jqns Warg e they PERA/insidim salbsphietical pagticle suspension in the
early stagRVrdiaHltEsion, Thi S corresponded to 0.36 to 0.46% zinc
per given weight of raw material zinc crystalline .
insulin. After formation of the insulin small
T@lp!h &r ilpsaillinzarai sphericah pﬁi'tﬂle&f)ldbﬂit?tm Qﬁkﬁl@mtsolutlons

ed—wat-er. :Q t.o 74% 0f the_zinc was | ost

UCI UIII l_\.u

dur i ngWesb Selstismg. "The | oss of "/'zi"ﬁﬁ?"‘leﬁé\?v'ﬂ‘h( % digsplye fpsulin

Deionized Wit T CHes—wottd—catuse—i-nereasedS8 (g&f‘ﬂﬂﬁ_)u $.48 80‘“9
Insulin and. |l oss during dlaflltratl Di Iterlﬁé

0.1 M sodiumyacetaies i 595s mal | spheri cal particl2esagai nst 0. 16%

Ll. 7

0001M50@@ﬁhggﬁtaq§{§g§ u 0279 ZnC-2;1pH ,,6) virtu*lly 08
in_lass |n tke filtrate. Sufprisingly

._ h
0.16% sodiyim, OﬂﬁéZQPnBHSﬁ ve .| M|d 5 -M1418 Japuary 2007
016%sod|wma¢emw-00ﬁ7%lza(;12nﬂm’on small Sphergg@l par i ctesgps
50% ethandi/dBid pear-Hy—2%—wel—rabove the 0. 460 neasured

0 or 4 E""F*F"(. ng zinc crystallline i%¥ulin rpw 9.86

100%3““}'%{9@'13&13'. Anot her unexpected|resulto.ad di af i Ttrap.oon

agal nst Zimccontarmi g buf-fer—was—a—drarat-i-e
~inmprovenent -in the emtted dose observed from a

Bu@;sbmuahs usddFin cbenh@sial B80cAistllind RE@h A8BERdns for injection
alsocon ei oni zeld water versus 84 to '90% after zinc buff
ta“bl?’HF i §Q FP%nTWQer thesa selutiorsewene tested withuinsulinf smaﬂss;ihcncal

particles aﬁﬂ%b@ ?n%gct or. eH%llﬂtrl}% %Bh%dg@t 8‘%{?&?& @nﬁﬁﬂﬂmd water.

According torihe diteratuid) eincdirggiallind hishiit ¥hfld bhee 2 @éulzmmﬁ%bhnd to each
uhnh her cal partjcle dry powder and reduced
ins exacp 1018 HAT g@(amer ranged from 1.93 to 2.46 for various zinc crystalline

insulin preparaﬁons used as the raw material for making the insulin small spherical particles.

: ThlS corresponded to 0.36 to 0.46% zinc per given weight of raw material zinc crystalline
-Insulm After formation of the 1nsulm small sphencal particles and diafiltcation dgainst
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 foss during diafiltration.

Diaﬁltermg the insulin small spherical partlcles against 0.16% sodium acetate—O 027%..
ZnClz, pH 7 0, virtually eliminated insulin loss in the ﬁltrate Sutpnsmcrly however, the zinc. =




the particles, resulting in |ower MVAD s and hi gher
deposition on | ower stages of the inpactor. This
suggested that the zinc b {fer diafiltration and

hi gher zinc content in th‘g “insulin small spheld fegpary 2007
particles could inprove the percent of the dose

Oge posited in the deep |ung. When suspended in the :
content of thsowsylimsmall spherigal-pagiclpoumcreastic nentiy BRIl dsve We0.46%

measured for #k s %@Dnlg%&:l | Ell'li}olgiuil ﬁgg?ewme 2l arq?rg‘tnewhagc;esult of

iTrever e agg

diafiltration aghinst gf@bbniaiher i wald &hBsc id gﬁm}eﬂﬁﬂi i ¢ emitted dose
did_fl occul ate out of suspension In

t
observed i 'ﬁy okales Db deviee afi%h 91aﬁétgnoﬁpgmudmmcswmrsus 84 to
90% afied 4158 bRRENiEfiSBon ﬁﬁp% dé@reE%l: it 2 SRR i) ipsiicles degosited

before use 1's no

in the thregrofithe rﬁgldarspn Nkcadt dﬁlipeétor The Eagtbuttd %helfﬂ&%n impro ed the
hat. settle dn the bottom of %

£l oc ate artic|es
dispersabjlity g@'ﬁt’%ﬁ P %r&ai;awtyleidshmwden andgedmedwagglomeratm of
th icBgg! [ticle in ddltlont
e partich@0 QMR irp'l'%vg%t MMALYS t o ﬁﬁr de gﬁ%‘g?ﬁg %5;)%3335 of the

the m ni mal
impactor, Sﬂh@esqgggstpérthatdh@mmtobufﬁar diefiltlaion AhQ hagite &R Yontent in the

l.ayer .on e, bottom of the MDI pressurized
msulin S“@@n §?ﬁ%°&’ pg%ﬁéeﬁé:PBﬂémpﬁ?Yfp@Ftﬂeg‘@ﬂ# piothetdoge dopasited inzthadleep
buffer diafiltration of the insulin small particles
may .i nprove the long termshelf life and :
Wléﬁ”si%?%ﬂllt;ttbedmopmnt PR paB4d wdthsutf zﬁirﬁied @Shiblielﬁts%ﬁ ulso.T in an
¢ bi ndi ng canmpoun, Since the insulin sma
- MDI app h% | ca B |a8P% BeLp an%E&le“?féﬁ%ﬁEF}Vsﬂﬁm buffrs waghed

insulin smMREiEherﬁﬁBﬂ)atﬁblés TREINSHIRE pf2iioEs AR ulid otﬁ%%%ﬁép%%ﬁgn in less

h with zinc ion coordi natlon of 1 nsuli n nonomer

than a mipye, bR readdy sesuppended ovlasn stiadiem gust tpdoief ise. bEhaking tef MDI
tial beneflts could extend to

coninr %130 4ot S RL B bR ok ey M ot

In fact, the lmjselﬂtﬁ:cﬁlhaﬂ phetidle thet Beltlg bAGhe BRHOM &¥ (M l\‘&f)?%(miaﬂﬂ? may

tuall woul d reduce solubility in the diafiltration
actually mfﬁ Joug tefry agsipmeration pﬁmeamswgnemwm(uemm;sm fheaninimal

" contact du@ ’E’@kﬂe Aﬁgﬁhbﬁ%ﬁaﬁ’? iﬂf% ggﬁsstf?ng St %%ge i{»gq] E‘yéﬁ:p;eg Ipaﬂ(ed

luro ane (

layer on th@ bottGmmgithd MDITressotiged @ﬁlltalﬁéra Wﬂetéﬁ’z!reofuroﬁ:»@ﬁle's %Ph‘t&i b
Zinc buﬁergwéﬁé?st o%fal?}ﬁ HF t he HFA 134a was asSesSed

HisHim sHall garisles magrmiprove e Baaggthmﬁhelﬂnfe and
dispersabilitpolRIMIArypatiiths s ilintRA 0 AR b E?;h{,‘g hdsh

m crospheres In ternms
Sincgi the rinsulinrsudll spheticaj paricies W fhintl REInARMstANE: by XRPD
%'r;?ndo i psulin. I1n the follow ng study, |nsul in

analys1s thg Emcq) % Was aot ﬁ;g?cpgtgﬁ @gthpmg(b Wncpordinalian ofgnswinthenomers
“to form hexARERO dlshe'réfo@( ﬁ-séeégﬁ{; ?g@ﬂ%@f xﬁ%az?nzit ﬁegq} h§ é%ee‘%%l benefits

per f ormance In

could extend $p K bhadm@ml‘epﬂsenthéiaﬂﬁﬂ céncl NPk g?? po@hat-ﬁaenot bind zinc

ahal devi commer ci al. wder i nhal er
- could bind ?ﬁw %ﬁ?ﬁ%‘fﬁ solebdliitinehe dligfilioliete praceswatust impart

_ mmﬂarben@mmgﬁ@ctsnetered dose inhaler (MDI) is a device in .
whi.ch the m crospheres are suspended in IIFA

The small spherical particles were suspended in Hydro Fluro Alkane (HFA) 134a
‘ propellant at-a concentration of 10 mg/mL. The chemlcal 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 .

hmg.




134a as described in this exanple and are propelled
through a 100 mcroliter or other sized netering
val ve. The results in FI 29 clearly show that the
smal | spherical particles™inpacting the. stagdsiapgary2007
t he Andersen Cascade | npactor device deposit on stages
. 3 and 4. This is_indicative of a very reproducible
the prescpfipn ofdhe insulintiyirasphberes ipteemis ol merzoniériz] msulin, insulin dimer,
el Less of .the . devi ce ysed.as an.inhaler. The only
insulin ol%ﬂﬁe?sq&;s %ﬁgfléaﬁ%ggaé‘e%/\dégﬁl#wo DS \D devices i s
Inf the Bligwidg smay, Msdiesian sphaiddl tpanaﬂessﬁ@hﬁre& RRESHAR! to the

particles deposited in the throat sectioh of Andersen
methods mExamaple 4pate enmppsechgs tthelrperforments ighthves diffetept imtation

dovices iy YR AR GRIOBE gk BBlod P e, E5HoRE) IS 5

commerciahdryhpaidsr ipliaaafDRIPQ thef Disphalér R diotep &ﬁh?&@éer inhaler and the

. cgggo Ited conpared to the DPI devices. It can be
metered arﬁ’@iﬁrmﬂdéé dediieq wywhich the microsphrases are vBpendediin #IFA
134 AL . L d i t oGi.ty. coul d be.

w55 o B SRUANE s O FRAULE S 161 RGO e e
metering palvei cThes remissint FI@ 29 cldaelyt shosatthat Atleli sia®ingpherical particles
. . asures ul e the us f spacer devices at the
mpacting a-sg‘ﬁe% Hg %MJ%HH%%R Eﬁs?ﬁﬁﬁlﬂpéﬁ% Aevigs depastt on &3gqs dand 4.
This is ilieRe HAL0392 ibi el f LRl i

s is UGG IR NG RN DEAGRe 16 B WAMbASH it
regardlessqddhe dé¢xickt usedtdsiag inhalep| Bhe @iy majendifftencabeivetaltid DPYand

.faor. the.insulin smgl| spherigcal particles was conpared
MDI deviggsiig the significanty erpder (yRGH ¢fsmealhshliergal parisicvalcpatiiesae the
throat sect@dbf3¥ i dersbACdsBatd| ThipastoRRlihd the M. %@M%ﬁ?@el@éﬁtg that the MDI
exam ning Total Related Insulin Conpounds, Insdlin

device prapelsethe small Gpheyisak pertistes aiainst dias dhroatoof Heulinderséit GSpactor
iod, ,the insulin

; - h t hat
et B0 113 Wl s SUE SR S, oot o
devices. Itlcaivbe assined By tHosé BisUEd h e R Shaf i MIDT GRARS Rith an attenuated

A21=desanmido Insulin and Total Related Insulin

or modified, b vslpsitirepubd bpawssd tooddorense ithe stumber o et sawaliakpherical

. . h onditions...This indi cates, .
particles dgo8ff i 6 foode o Rl Rtice iha e thusei o prvet vy
the end of tieMDEt abl e t o chemical changes than the starting

&at erial. -43- 18 January 2007 Insulin snall .
Insulph smiablasphssiesl pargislogellot irasnbes YROLHI2nderes &bricated from

e - GAsa . 1dy. .3 ti nd 1 nths after
tyopitzod8AR R B8y atnglo Bk ol TORLAS eBlbSte. O
year storagteswbilitpefortthe iasulirdwmalli sphetiodli barkivled WY cbRipareewith the
. .. storage. FIG 36 shows that the aerodynam c .
Iyophilized jayuligy starHng materal a2y crandiddtly The insulin stabilidy wes cappared by

- examinine "BINR . c i c Investd.gation Sy
¢ g'unger?‘g%e%r g-o el L?g%g?‘gﬂg’t rh%glﬁﬁ?@fm?ﬁ fq‘“gr @r\i%ggmrs and A21-
‘desamido Ihedineen - unpr ocessed i nsulin sanple and the insulin in
particles prepared in this

he_smal | spheri cal
~ FIGEx gﬂﬁ_ﬁeﬁhow Ve e WAkt paried. thestsulin pmall ispherival particles
-exhibited SRR 1RRY Ldnkdits BPSRGAH Dimers and Oligomers, A21-desamido
Insulin and -'I‘ptal 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 stablé to chemical changes than the starting material.




substantially higher (3-sheet content and subsequently

| ower (x-helix content than their parent unprocessed

i nsulin sanple. These findings are consistent with the
“WPcrofibril structurekd Japuary 2007

formati on of aggregated
smal | spherical” particles. However, when dissolved in

an_aqueqQus, nedium the spectra reveal essentially
Insylin simall spharioek partisles oeere tested imsthe Bindexsén Qaseids o) actor study

at 0 timeYl ri@ﬁﬁ&ﬁ?@aﬂ%r%%ﬁﬁ%@ rﬁYSP i’@lﬁﬁ E]'Pé glggllgg gatr% ngspci,to determine

any struc
the aerodyemmics stabiity péer dbss @érkﬂ |sfb?a 2e T VWRIBA8€ NESWAT b G 1] ynamic
o were tested using Raman ectroscopy A unprocessé
pe OﬂﬂaP?F‘sliﬁmaﬁls wesparkpblyeogsistentatterN 0480@hs Goragat # XDH

par t icl es@gﬁ%&% E&g “ﬁg Uggert gglﬁ‘la elu?ﬁ{l? %%F&@ffﬂfcﬂces

between lslam:neesadonsulmsmknpie afid el il PO Yhall 3p H&ﬁ«‘%} ghft‘icf%s g}ea)arcd

acked i nto standard gl ass capl ries

i this Bl Ve Sligns dhat e Fesiin it bl spBppead iktclemposses

t he portion of

stanii fill
‘substant aglﬁ':llﬁ’ﬂlﬁﬁ* %hb&%‘iu%@ﬁﬁn& lé&lgéeé élgltytl%\%Fratlg-@lequcpHthg]@p Sheir parent

e sa capl ary expos

unprocessgp énstlin sample. cRiwist Ethditos o dorBishRk With tha Tﬂﬁﬁ&ﬁ)ﬁﬁ c%fa%gltegated

erent Inn va_70-4 Argon |lon Laser, ere
mlcroﬁbrigcﬁ-vcgureanélsgla lsphereal pag%@psd é@pwmrea mdlsn@veﬂmblaﬁ aqueous
medium, ﬁ&eﬁie&ﬁﬁ%% (&m0 X e}ﬂacag e@'f%:f %g%h{és%glpggl tsrom either

wi t h phot on-coun e

unprocessgquspg]ages ir dothdise mchbhling thhledsy s%lhcﬁlr&l (Q{Eh%e%ﬁt Iﬁfc\‘%pﬁeres
s and a

with an integration tine of
mefhﬂyré%mﬁl?gporg@ﬁo Ut h of 8 cnl. Sanpl es vvere scanned
TWoeba&hetslyiekﬁé 1if Nbete tlisdgd ns, ver 'a ed and
exam ned pri or toeavgérsggi ﬁghﬁ%’ Pl c%ﬁ"f§’ finprocessed

Insulin U%Pc Hntergm, ¢ N 440116, Lot XDIH | 1860 EM) aHaeB) qaaginr B BieCdmall

d b t et hl d
ol S5 P oy BB 1, B o i
solutions (ai[snultlgS &l BCR0e - M) a@iqph efosétgﬂ ! asg(x@fs\g%l aries and

er no Galactlc Salem spec
thefmosmt%?trlé’c@ dor Raroan apalysish L'Itypmaﬂy,oaf 296l megﬁqddtfw@%):ﬁ@&g to il

roun solutio spectra were corrected
the pomon (?fcilﬁ rsa:g?gfj C?a@ﬁﬁﬂ’rﬁ(ﬂ edﬂg@pnanpae rﬁpe@gh were exmted at
514.5 nm widogh g0 9asap Qc&héreﬂw B.Ho@a 564 &glo{? { ?és?e&‘ﬁ&ﬁ g&nﬁg Santa

Gaussi an- Lor ent zi an. functi ons

Clara, CA) gad regersied @n[asscamung’doubllé s@cmqﬂﬁm&loo Wi, spat Ifdustries,
Pharm Sci.,

Edison, qu%lh Béé% égri@% g ectoyﬁ@dqcﬂj tﬂﬁﬁézom 'arta,t nididdlesexh ). |
Data at 1. 0 600k GRté collRBdORith Bﬁqﬁt@ﬁ%ﬁg@ Ma]l% dﬂ\f Lg LA Qfeg:tral slit

' wid fof both powderous insulin sa
-width of 8 %Spﬁmplﬁwe@cﬂcmmpﬂﬁh@ly, bondindividing s&ﬁiﬁcﬁéﬂé'&.@ﬂaﬁeﬂ @nd
o the previously:

examined pfle & OEARRE, SRIGG: SClbT2imu of @whisnwnla womampbecd. The

escri

spectrometey ey cairhted SithQnd R0 Rehsn, ti Y. Patro
T.M Pr zrybym enn J. Pdga?hi’onSm . %%@% Spggéa YigES Compesed by

+ - digital differgnce mathads tusing, Spqcmaﬁislq and GRAMSAI Wakoh: 7 soﬂ‘ware (Thermo

976, 9 075- 7080 The snal |
Galactic, Sa‘ﬂmﬁ% gan%(i@I \érere correc?ed fZ)I’ contnbutxc]ans of solvent (if any) and

background. The solutions’ spectra were correeted 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 Debenedem S.Y. Patro, TM. Przybyclen,.




sanpl e exhi bited a pronounced (about +10 to +15 cm )
~shift inthe amide | node, indicative of a .

significant perturbationjsn the secondary structure of

the protein. Notably, however, spectra of thel8January2007

' commer ci al powder and smal | spherlcal particles were
Vi rt t he sanpl es were dissol ved
- J. Pharm, ﬁ@sﬁq ﬁ&f&%@%ﬁ%é@ﬁ Piag PeHarmed i Greahi¥s1808 om!
region. the secondary structure upon processing were

con‘pl etely reversible. The secondary structural

W&Wéﬂm wemkéamsi fombbﬁxjmmiem@xst insultovaRiplésaid their respective
subtraction of the

t ha1 ed snoot hi ng,
solutions @JI %‘i The ek Shirorasesy rsaﬁwép G%%P(mdé to thei previpusly
-~ described bmda d&ﬁ@&fﬂn@kﬁzﬂ Pnsufifl 8aBFREVE g,te il 5% 7 asé! Jggclrlleggjgdem

fl uorescence was subtracte
S.Y. Patrog T MyReybygien, IDPhaton Sck, I994DGB£11@5191656 JB. Dippég D O yminski,

P Doyl 1RENOIER o BN N B

sample exhibitéda pﬁmm@b&lt4IOEa k18 oty ?c??nﬁ%a eraa!mlﬁ@g B3t Shdicative

es estimated f man spec

£ insulin_sa
of a SIgm%pguaelguqbéﬁw i gheasecpndasy @mxcm Bé ey pmt&m.mNdRalﬂg}phbwever
Unprocessed,

st 4y AN i SR Bt o LS Mot i

the samplésnwer dissalned iRl the h@rus%ledlihih Gihdikatir, r
owder smal | spherlsagal 44 30 11 15 Pagrtdi?% ﬁeigqlih%ﬁges m the

secondary Stgiciyre YROERGpISEEgIvere ppwpletely rewerdbleSnal | Spheri cal
TheP n. B l,sot hepmal Met hod .
ebhdcp S o Pl Y picle P8t G B P ngadgorichm

that includeh smmﬁn(gl,vwaﬁaﬁﬁon obnles floores dedb# aE&’ Qfé}ﬂz}tlcsﬁ’écﬂhidﬁﬁd and the

sulting.in |nsuI|n concentration of
amide 1 bﬁ@fn‘{ “‘1‘61 7 %P%S@lﬂlanéetgymmﬂwnes@nce was subtracted

tiall C@n i e t. tO 65
sty S 0 R I B, P, 1o

PrzybycwngJ dhaom. Seiat 199408301 65161656 M Naﬁ'bsﬁﬁiatﬂdl ghktord p@imeters are
pr otein solutions were

collect b]%s g to Ti=77C, clear
ce edmo ;l‘ﬁed resulting in the insulin concentration Cq.
Then the solutions were cooled at a predeterm ned

Table @tStricural gaeiBasR LBl 52 ﬁﬁé‘éu&é}sd E%{namaf Piflira.

precipitatiaon was_ observyed. € _preci.pi

3 renoveld BYfaLERi fly gbatal Grsheal3, [0B&eyers@ium, | Rand: T %
| Sample c%tztent % content, % g %9% om cof, %
| Unprocessed, 44 : 31 o
Powder "o B
Unprocessed isulin | a4 ] 8 BT 17
insolution L . '
| small spherical 11 ' 67 K 7
" | particles, powder : . , R
- { small spherical - 44 30 ' : 11 15
| pariicies in soluion : , S I ‘

Example 10: Prenaration Of Small Spherical Particles Of Human Insu!m BY An Isothermal

- Method .
_ ‘Human -insulin USP (Intergen) was dispersed in a NaCl and PEG (MW 3350,
Spéctrum Lot# RP(}741) solution resulting in final insulin concentrahon of 0.86 mg/mL, and

- .0 7 wt% NaCl and 8.3 wi% PEG conccniratlons The PH was-adjusted to 5. 65 by addition of |




mn), again at tenperature 37C, and the insulin
“concentration (C°) in the resulting supernatant was

deternmi ned by bicinchoninic protein assay to be 0.45

my/ mL. Thus prepared ins®@in solution that i sl8dapuary2007

37C i s designated Solution A Solution B was prepared :

by dissolution of human insulin in 0.7 wt % NaCU8.3 wt %

minute aBEGn(sp}ﬂ giﬂomlghtud acidhadtl = NaOW édﬁiltl(ﬂﬁdlAﬁ&fﬁeatmg to T=77°C,
resul F in 2 i nsylin concentration.

cloar o ol ABABH BN pe g e ICqungaﬂ@m Caach Then the
I f ot

olaton 0 SI08 L Tk ARIEREAS Bl LIRS Bl T i

precipitatiess wat |0h@rvem1 t Bheaprdcipstatdsrwereaementd by mﬂtriﬁ‘lgduoﬁ_p(/l Bj000xg, 3

o, o RS T T e oL o
supernataif M@B d&’t@ﬁﬁn@&ﬁ} bitidcRBRMRD éf&%&gﬁ id by Hygl% 51{'%‘& [fepared

menbrane filter (effective pore amet er,
insulin sofpfgon thatis kenigt é?"&l@ldnmgmt@d Splativh &l. es vver e then

SRP7 HRCPrblled o o Pt Runbitcimaiihin 07w aficvs.s woe

PEG (pH(bAédght meam QBISBﬁ HG1vER{onY Fesﬁﬁﬂlgqh A%iny %ﬁﬁhh%ncenuauon

epare snmal | gherlcal particles . of whi ch are
The Solu&m piag incabated gb BT %b Mathf siirripg I fon 7 dr gndi subisequently Boaivated for 2

min.. Alits S8 £ Hibtion B i GG @911&}0 RAERERG IR lotal insulin

concentrahuﬁfofrleﬂg/atL P Hhé résuinzhmibiniy SCHEaids stlrrmg at 37°C
cont ai ni ng 16% PEG. 3350 and 0. 02% PI uronrc F-68 wa

- ovemnight pegulpng, i HisHLPDFraRifatess tThigh wers gantbammw@d fromkthe laqvid by
using a RAEhe! B30 (ol RARC i ST @5Y | S 180 L0l protein

using a circ
mlcropartﬁxbésutrdreﬂleﬁfsni[ﬁﬁefdﬂ indiquidifrogérf ¥ Ivb@sliagred to this
solution while stirring and the p vvas adjusted to
. JAA concentratlon |n tlhe final solution was
..... aEcles O Ak BUBYRIIY (AQlhbl e at this

'IHe?nItP%hﬁfn%l?hdrﬂ a\t.uhé@o %f) luyéa o P&gmosﬁm nIQF 2Bl % oF AAT

nts o € vessel were nsf erre

which are peitigniarlywuitdtdafor gpulnwor2by d€i&ery. The ci r cul at| ng vvat er
bath for the colum was set to- ran‘p down to -5C. The

ag COI’]t n

" Example

300mgscaq%her| cal particles formsd dur| ng the cool [ ng st ep,
: The m crosphere suspension was .frozen in gl ass

A aqutsqmbwﬁ"qcmgt lesﬂn@smdanmM pinnionnaﬂ at:etateemmaningelé% PEG

nd.b ' SCC~~" A~ a fs+l +
3350 and BBef% PR 45 i wishR megpesi sbroardo Vo asierliated per and
" heated to Bmmn The bRAIRt tinthesatd wad Behit iR &t %g;g%ﬁl 3{1‘% SFatcr bath. A

ﬁ%o philization, the PEG proteln ca was
concentrat sﬁyu@:nef rehombinget ARFAEAAT) At dukded e dhis s@umani ivehile stirring

and the p}ﬁtg{aﬁ ﬁ ﬁtgé\??] p@e "@i lag%{ %Elggﬁ %eoggtg%h%nﬁna]l solutmn was ng/ml

The rAAT was completely soluble at this temperature in ﬁus squtmn oomposmon The

entire contents of the vessel were transferred fo 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.




washi ng procedure was repeated for a total of 3 tines

t hé“&fi gi nal vol une washes. The final pellet was . °~
resuspended in a snall volgrre of acetone or pentane.

and dried by either diretf®-exposure to nitrogklagaasy 2007
or by rotary evaporation. Exanple 12: Jacketed Vessel

Bat ch Preparation of AAT Small Spherical Particles
Il"(@ﬁ@l‘ to200R PG diom) tﬁH\IDIS)tﬁtlly pmakth fspbarmahpaitwlom aﬁaslydpinhzatlon,

AN T e T W —

utilized W8d YhERylehel chit¥ideRiceondi 1:aDlR MBthylche A 1otidh: pdiardeN 18,  The
- scal e, the formul ati on was m xed at 75 rpmV\/lth an

washing proeerse trap sensited doya totalj ofbtimes themragujwé@hbmwwaﬂsse The final
to 30
potlet walf $8pohabd B & Salf vorBd, QR CEfe St plintane AT 449 Wibsitger direc
exposurehﬂmltmg&egmdrgyytrb@)swapbrﬁmn the same vessel, the
wat er bath source was switched froma 30C bath to a 2C

contents vvere cool ed at
acketed, Vessel Batch Pre fofddr Sma erigat Parfigles (200-
2000mg skAM)l small  spheri cal partl cI es forrred durl ng the

COO0l i ng step. The tenperature was nonitored using a

Thih Qrp;oubppparﬁnan dvasllr*]rhmet indng dspenaé ;ﬁfmmhedé)éﬂlﬁmﬁdnl as the

o this tenperature for an addi'tiona
jacketed %Wre%'? DI ol ocoRn taresiergst vohnesARd WapHmers shifable for
scale-up. @ﬁrﬁk%ﬂesﬁ%ml%m nfiREF &4 ngfng Gith' 44 A-shape }g/ad%a style

diafiltration at around 4Cto re appr oxi
impeller @f at jmkgtotﬂ yW:sel,ansualLyo BOOE00TE medrdieniedgtosB8FC. The vessel

eric rticle.suspensi on frozen t.hinp
temperatufi 85 bGeolA yoing SR HHR PPy Dl P s sotion h the same
vessel, thd WRP bhihzRtrde OvdsNHM el lﬁ%n%ts@bc%% @ b9, Prild [ Rlssel and

The protein snall spherl cal particles were separate
contents wergpppaledar wmxmnnfgl}dl I@ohimpe ky atemppsirstheroftd?C. The rAAT smail

spherical %?H&Q E’&%}%&i 4 ﬁ%‘gﬁ?tﬂ? | 3%13%?1?18? &7 des%dmtored using a

thermocoupl, Eaﬁ@wmﬂ .thefm e'ﬁ%n&zsadmawemt walgqleﬂrdl@éé t096i8 Fté ri@fe for
transferred |nto a hi gh pressure extraction chanber,

an additiongl; 3¢ mjpues,r Aty Fhezb%ldt%epzsb@waﬂ(sahem@b warticle suspension was
concncub STRSH AN Iy 5P IS5 BESHLBRURY FEPLApd Byer

volume. Hier eamimiag amal):spherfdp pﬁtthﬂm @hspBhsion Wak Frozep @k aGhid lagad in a
| eavi ng the snall

Ig' di ssol ved the Hol
precooled BH@%%H n sy anddyephi @Hém@mmmat@vrﬁﬂdfremn@npﬁ biEgs,
§ B SO BT S, i

conpr essed

'polymcr elﬁlem d@s&n‘lﬁlﬁgahoﬁ/ﬁv(ﬂi ot g @le@ﬁtsf(éé\ﬁeécﬁbé’d i ®xbmple 10) or by

 sopeciteg SR CHsen T orescieps s el v aptored
into & high BrE00% | AGBEAE SHARNES GAMR G pRuRlBd (3 AL O room

suspensi on was rendve e

temperaturé) Rith SO, n(gﬁcefoﬁetatngtpi'eﬁsefmw& +AEBh&D kiS4 introduced to the
spherical particles. The absorbance of the filtrate,

inlet fluid sfjenrs gald: 34 E0p Alkmnolants. i g super stifioalifloid dissaived the polymef -
leavmg thé %gﬂrgpﬂgﬂcaqtpa?@c%yn Ut g (?onclusmn of the process the system was

Mlushed of ethanol and slowly decompressed.




UV spectrophotoneter. The r AAT concentration was then
calculated froma standard curve. The %convessuom "
was cal cul ated as: (Starting rAAT concentration -
filtrate r AAT concentratl‘gﬂ) * 100% _ % conver K Jgpuary 2007
Starting MAT concentration Scal e % conversion to small
spherl cal_particl es 100-200ng n=9, colum) 91.7+4.4
Example Vi) n&fIAST ifto(Sushl] SMesisal PHG:IEs1. 8

S@iﬁﬁr%ﬂ s Ferids ab"viwab' e Geseelrg b %%%Eﬁ?ﬁa%dtn Afer

the coolifig Ibbéﬁs%slcbﬁ%%i &Gt dnvAl Alqubh\sf s
14lj Particle ze Distri bqlljltl on 9&§Aﬁrm%g {: es c?ﬁltered
through of) ey ypinePdiee thsremoar dee sqhérsmuzaphem @aﬁackaanﬂte abﬁorbance

‘of the ﬁlﬁ*ﬂ@ &h@glwz@“%ﬂ_ %TQ%MOS : gi’igt?slo her : nﬁlggé nm usmg a

: andl In a er
Uv specﬂ‘q;ﬂmtunedtﬁ STheerAWT conRnehtid Wﬂlem&!aﬁéﬁ%rﬁ -a SRR curve.

ese neasurenents, different rati os of vol une

me%co&Yﬁﬁ‘@f‘%%F@t%cul ated to denonstrate the particle
size distribution of the AAT small spherical particles

(Star@iglrer Qomgaff%z'gﬁgfeggt@ SRLABT o e od DY
! A fversion
Scal e dSEHD ~44i FeBcamEtiar0 vol ume (d90- d901d50
(volunme) 5-10ni n=12, colum 1.88 + 0.20 1.49+0.10
Q. 67+0Stdle 100- 200m n=5 [col egdbniedibhlo Emallsphenichl gﬁwes
_0EBemoae=Bedumnk_ (n=3, |col umm 2. 05 4¢P7144L. 61F0. I1
5. 2P0mng (54, colim=4; vessdl 2.21 + 0. 30934 6Q%0. 11
_0_8629(nt8, vepgaller sen Data |A 5- 10mg sanpb@4 was wei ghed
into a gel capsule and adm nistered into the Andersen
AS@hewadEtHembacé tabla, 8 hiyh peeentage botial MTQ’rUteﬁ%OQseéonverted into.
| er .at, a flowrflte of 60 liters per mnute

small spherfy RAfclesgrespectiynaf the progsevscalel es were col lected from

al | inpactor stages, dissolved in 0.2M Trls HCI

_ mm' t he geomet ric st adard devi atl o (GSD) cal cuI at ed
R B AR ol PRI eE s i o
- Aerosizer 3225, which measures "particle size by time of flight measurements. From these

- measurements, differept ratios of volume diameters were calculated to demonstrate the
particle size distribution of the AAT small spherical particles and weze used to compare to
particles fabricated 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+020 |  149+0.10 ' - 0.67+0.14.
100-200mg {n=5, Golumn) | __ 1.83 + 0.05 1414005 | 066+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+0.30 160+ 041 , 0.86 + 0.19
AndersenData

A 5-'1'0mg sample was weighed into a gel capsule and administered into the Andéfsen
Cascade Impactor using the Cyclohaler Dry ?owder’ Inhaler at a flow rate of 60 titers per
‘mimite (LPM). Small spherical particles were collected from all impactor stages, dissolved
in 0.2M Tris-HCI buffer at pH 8.0, and quantitated usmg reverse phase HPLC. The data was -
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Scale GSD 100-200ng (n=5, columm) 1.74+0.22 300ny
(n=3, colum) 1.77+0.40 2g (n=5, vessel) 1.70+0.09
All of the distribution Qﬁga_\rret ers shown abovelSJanuary2007

denonstrated the excellent " particle 5 size
distribution that results fromthe fabrication nethod

of the present invention. Exanple 15: Retention of AAT
analyzedgynd {he gopmyirirosiendaed deviatioh¢GSipk calbuletedoas deistrjbedtinghe United

T I hey. i rti,cles.were dissolved .in 0.2M
States PHyfibopiR (5P ht iR BB EP L ThEo W ssClhrioh
solution was analyzed by an assay which neasures the

capaci tySeadle r AAT to_inhiblt the ability assmporci ne
j =50colimgt ase (PPE) to hydrol vizer sgp2 hetic

pepdl0mednthgelumnnt aj n_a plnitroanilide igf7oumad at t heir
C-t fafaTha¥essehe sane sol Utjion of r AAT isaeet 0.08pheri cal

Earti cles was then assayed for protein concentration
Allsifrihe dastriBirigom pklmﬂettim: sH\w:mJ ab@i%ﬁerﬁ&ﬁél;iwted%iélo@kélgﬁnt particle

.. LAAT starti materi.al, solution was al so anal yzed in

s1ze d‘smﬁﬁﬁ?fi @é@%ﬁ’ﬁ%ﬁﬁgﬁs@&ﬁ% Ebrigaionmeipd ¢t theprosans vgatia. oped

to deternmine the activity. based on a concentration

Example 05: Raw@Htion sFAAEIBloRgkvisgampl e, the activity 15 val ue
was corrected based on the actual protein '
Todeteraripe the specific atbvidy nthe e AysR@splgiricahpartitlee were dissolved
: BRES i tiVvi val ye: activity value for sanple =
i 0.2M specFﬁ hjﬁ 804t I'IO%)%I PHIPCRLS téllhe %/‘Elgf’g SPBien yvas analyzed by an

c activ

assay whichnoesufat mnﬁ?bi idfi ;A Plto Hﬁﬁﬁ)iitnﬁlcpﬁﬁﬁ{yeglf ip%ﬁ;nﬁg pancreafic

(Pgéﬁa)st ase hy r cale | U ng smal | spheri‘ca
elastase ttp dydrelyeg sntketic moptideothateontain 2, p-ottaanilide4raip+a. thdir C-

_ terminus. 6’@14:2&?.?@ Sg)é"%:go(? gpl%{ig? gzgngg I%?ﬁécnc\ég f’:%l&lcte? \%‘%Lfgg’n ;ssgye%lgfor protein

concentratitenusing tirt Bitindhenini! 6id BT A ahapaal éottiol rAWTCEtarting material
uti fabrication of AAT into small spherical particles:
solubion was alsqy anajpzedmn both) assays. oBegaage She gotivityakssap twagr deavgloped to

| _ detennine(ﬁi@a&fvifyg%m% %r:ﬂ:oﬁjrje;l{rﬁoglﬂ&z %%gn% glgf)it?ritgizﬁﬁgfugw, the activity

15

20

-"_25‘

contr ol ase separa
value was coreedtod baseitam thé apant protefis conr@stiatiod £ diihéPBFBCA, giving

the SPeciﬁgaét}v'ié'v%e?queous syst ens

activity value for sample
actual protein concentration

= specific activity for sample

| Inhibition of porcine pancreatic elastase by rAAT |

Scale ‘ U/mg small spherical " {U/mg control

| : . particles o
¢ |....100-300.mg (n=12, column) . .6418+5M - 64.34+4.95
200-300mg (n=8, vessel). 62534579 _ 65.87 + 0.98

The specific aétivity thus demonstrated the retention of bioactivity after fabrication of
AAT into small spherical particles. | - |

- Example 16; Retenti. .: of AAT Strictural Integrity-

One of the cenfral differentiating points of controlied phase separation (CPS)

technology is the formation of -p_ar'ti-cl_es under ;n_ild conditions utilizing aqueous systefﬁs '
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-49- 18 January 2007 during particle formation and
avoi di ng ot her stress-inducing conditions such as

increased tenperature, ear, etc. In the parti ‘
engi neering field, ngj orﬁgoncerns are t'he st abllglJ?"P rgg007

prote| ns during the fabri cation and the storage
. b| i Th radati on pat hways such _as
during P%a %’%‘m arﬁva}iﬁﬁl %ﬁﬁéﬁéé‘;p’é‘é'ﬁ%ﬁg yordiiensgaichoss ereased
ternpm‘atu{%r Qh&ir NSc ALL el %ﬁc%ﬁﬁ%%ﬁ%? Ll BrsYre | Oétgblﬁty of
fornmulation si eef s in nmunogent Ci
proteins dmhm érbcfamcanmegld the Gto;agemmi:ehﬂys '[i‘he @i &e@ﬁﬂaﬁlﬁh mﬂm-ays such
of degradation products in fipal particle '
as ox;daqogr

e Eepeiallys pageetimnof AroteHs, ke Selisvedi & be
responsibl8 URR @btelD fanthikRhn WRIcCettlddd iig ﬁgdm %ﬁ%&rﬂt | gf?]y WhehOEfore,

protei n nodif.ication occurre uri
regulatory Gopegrns reqpire lan gixgrameleow kvelhet dugmdanmrpmdhyts s dighal particle

tomtaioflL ! S Ut Bt S LA SARIER? . e

to detem]mmhahémbwrﬁn@&ﬁaamﬁ&hﬂe&aﬁ%ﬂo&hﬁﬁ& to the parent
: protein. The CD nethod is assessing protein folding,

' C“ﬁ%" Dielgoismn (GB} g dhe ymest deanemonlyr ysed tmethodirfor evaluation of

_structural cﬁ%ﬁ%qﬁr Efu%hﬁﬁ%d&? QFHWaﬁélgg&npgégm C?élhe f%lrg g an

spe‘ttros opy
engineeredrpipteinito theqaeentayatb@n gThs CDE hetol'io ngh‘i’ﬁge tofeih H8lding, and
tlde bond when it is 15 located in a regul ar,
protemsec$ IHarhFRste. Al pha- heI i X, beta-sheet, and
ﬁ&g.? MG |se to " .
SP’sz)har ac%ﬂ]ﬂset(i%% Héh&gg%tﬁgn gnl %/p o[ i L O8] @15 g‘ifr‘d?{\ S%cgal
region (1 9(&@153 omi).mét ehesé mavtlengthgfthe SRbnRpEaEdaihe feplide botiwhMPR is
sent in anwrotel n can thus be determ ned

located in o 52 g B ogef bitishachgnd randomusoil structures
each give fidea@td Qﬁ‘eﬁbct&ﬁgﬁtc'dﬁ lgéa&i gﬁ%ﬁﬁu%gf)fe&ﬁngp%um Re Of‘ﬂe 2 5xlnmatc

each structural Spec of a

fraction of ¢a¢ht5h@ﬂdm’a?ﬂucnﬂe type diat i presyit ﬁr\axﬁr%ﬁﬂteﬁﬁ&nrthiﬁs mlbtammed
terti ary structure.

by analyziif BE (it 0B, GRRETras"S Rt o Rarteashrlthif ob oo fofience

_spectraforﬁ&h@ﬁu@tﬁta@@p@nd di sul fi de bonds, and the CD signals

t hey produce are sensitive to the overall tertiary

The (1 gpectum ofia pioteip imthsi 'hnea:gjgﬁ apectiahrdgiven (2561350 rfon)ocmn be

T LY M C X
the aromatié ymas 4vds a4 cﬂé’iﬂﬁ(‘ld"@&ﬁisf SR D ?%HJQ rt%aﬁﬁ duce are sensitive

attrlbutabletotryptophan Di su S give rise
to the overalhtegliasy gtrugipmkofsthg aptein. hﬁlgnglsoutthct negiore fom ®50-270 nm are

st SOREAARE e EOARETER P et T BGRNEI K

' and those ﬁoﬂn@@hﬁﬂ)&m{@ hkfefa@ti'lbﬁﬁbleﬁo‘hyp{o;%ﬁﬂ; DRufiRl BbnRo E%rﬂs@% bRAd

are shown in"FI'G 13. Each speCttrum .
Weakﬂg‘lal?@’ﬁ‘?‘&‘@ﬁft@eﬂ%'@fép%@umf 10 scans. 30 The far-UV CD

Far GROEPL IR 4ff USTART b3OE Suobofiel AAT ol fow small

spherical partﬁ:d)et“]s intphosphatesliffen t(pHet, £ € Sbﬂoﬁe@ﬁj cbﬁbeﬁtﬂ_tldﬁod) 85 WERL)
are shown i ink IG 13 Each spectrum represents the averaore 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 startmg AAT material.
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.Structure identical to that of the starting AAT
material. -50- 18 January 2007 RP-HPLC Smal |

spherical particles were_ghssolved in 0.2M Tri §; aEOO?
pH 8.0 and anal yzed by reverse-phase HPLC. Wheyr2miary

conpared to a control solution of starting rAAT
1 no apparent difference in the

RPLGPERN, there is
—appearance of the chromatograns. 5 HPLC system HPLC
Stall lSpii)ertcanﬁﬁHEﬁl ere) AR R in0 PLCTQEL Hé/ﬁa’t lpﬁpg O and analyzed by

6 V\aters Al li ance 2965 Punp/aut osanpler
reverse-pﬁwép‘[%rn aradrip @cqononl sdiitioreof stzfinglrA AlDprotein, there is

e Y A B

HBEEtsgstetmrile in water Run time - 60 nmin Flowrate -

: Hé ég’rl/m n_.15 DSC DSC di agranms were generated. See
He&olymn > Rheomengiplupitary 5 ngcmma 64, 306 25004 6ahmAAT

Wik AnERbe ﬂ ﬁg Rel ative To That of AAT
Starting %éesﬁmﬁ?@% prherl cal particles were
avﬂﬁ:q@ed%ﬁmm etention of bioactivity (using the assay

cri bed Exanpl e 15) after storage at room
mjt%g%’g?{"m ?a% Bl 4C for | week, I. month, 2 nonths, 3
Gﬁﬂgﬁmcoﬁcéﬁc&gh&; and 12 nont hs (FIGS. 14b and 14c.).
he bul k material is TrAAT starting solution which has

beeM@blblgha&dl :dhtbatTRnid watehi | | zed. For each time
there were duplicate

poi St ition
iR e ARG L 1R 9B o aecmmipiiesmnentes. Sl |
-Ruﬁmihﬁgugahnﬁartl cl es of Human Growt h Hornone (hGH) 25
The present i nvention can al so-be used to prepare
Flogrmafq — d9elimiml particles of hGH Exanple 18: Test

Tube Batch Preparation (20-50nmg scale) of Small
psepherical Particles of hGH A solution buffered at pH

5. 6 (50mMM ammoni um acet at e/ 50nM ampni um  bi car bonat e)

DS€atiagrams ngrd@éﬁeﬁ&ﬁ.%%@@ﬁl(}m {4108,fi nal concentration of
hGH in the solution of 30 1 ng/m. was mxed in a 50

- 1qconical tube and heated in a stationary water bath
Example 17,368 §tabﬁm of AAT Small Spherical Particles Relative To That of AAT
Starting Material

Small spherical pm’ttclcs ‘were analyzed for retention of bloactlwty (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 moriths, and 12 months. (FIGS. 14b and 14¢.) The bulk material is

TAAT 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. Smgll Spherical Partlcles of Human Growth Hormone (hGE :
The present mventmn can also be used to prepare small sphencal part;cles of hGH.

Example 18: Test Tube Batch. Prenaratlon (20-501112 scaie) of Small Sphencal Partlcles of

‘hGH ,

A solution buffered at pH 5.6 (50mM ammonium acetate/SOmM ammonium
bicarbonate) containing 18% PEG 3350, with a final concentration of hGH in the solution of
.1 mc/ml was mixed in a 50 ml conical tube and heated ina statlonary water bath to 58°C




------------- - 51 - 18 January 2007 The hCGH di ssol ved
in the solution under these conditions. The tube was -
then renoved from the \/\@ézr bat h and cool ed ilﬁi n ic§007
bath until the solution réached I10C. The cool ifg*P¥t%e

was mai ntained at 4-6C/ mn. hGH protein small
rtjcles are fornmed during the cooling

heri cal
The hG*i H@g&""%ﬁﬁi'fﬁg%@p daflerheseicondisions. a¥ be thibeovdsdhen mivered from
the watef BSth! SIRSoRUinCyPice Hafh ﬁrﬁllt{hée gcﬂl{g;fr)rg ?&% %qu_l ?Qﬂglt [I‘ﬁg cc::c')oling rate

After particle tormtion,
was mainipined iat 46°0min. chGE pretein smallaphdrivdl gmm& fe PiEwed Muring the
WO rretgods_, whi ch_are descri bed bel ow O ganic

. f
cooling Sg%fvg’i‘?flh \ﬁB]gffﬂCﬁ P?‘@ﬁlff? Stagted e, forgr when {hﬁetegmgrzqung o§_ olution
reached 4b0dt PFC. | £t6r pLLNR DX htion  HRE b ||lo.te¢lﬂ Q%rair% %ﬁir\eggcgiéa}échgs were

suspensi on-was flash frozen wt I qul
separated §eypithe PEGdyY ans of dwo weethals ewhieh drdodifsédbed Belower der t o

epar ate th tein small spherical particles f
OF Y Fatens yashunls feapire iz 205 e ol ep g0d iAriclaciprmation,
the smallvwpheridas gﬂﬁdﬁ%uisgerﬁﬁinrw&eﬂ@h G264 Wi 1%% %ng%gm%ﬁ%&pmuzed

soluble in MCl12 while the protein s rical

to remove,water andBuffere In gudsir thseparateTthe peotsinesamillspherical pintields om the
es. Since the, densjty of

o] at yr e 5 mnut ) .
PEG afdrOBBphEIRERE! HoCpilinell Bite s Chipendeplon meshanes clloride
(MeCly). NEEEI 25 §aluble lin IBECKG wilide, thé p€iRnch-HOpHEALal P\gg&ﬁstag% insoluble.

Th necessary tqQ lower the liquid density to
€ Suspeusion was fixer ghroom temnesatuatfpor i niputes.s Sinok ¢he ddnsity of the hGH

all i u t of Cl2.
sl sy o RIS U O B9 0 0 SL v
necessary de howerf the diquiakl dSiP e ficiliite Sedtiifipalsn A1 ERRE) whigh tis miscible

. enperature. Th super.nat ant was di scarded,” an he
with Me‘%e aseadded ik gevaene eRuaie et afMaClee dlbasmall Splrerisal particles
rocedu

suspension st fenadent @R hj shin =

P as repgateed fgz;ﬂ %%P a H%? O%E\N}a}ls '}é%’. at A?? rte{“ﬁ%rahrﬁalr[}}e

supernatanfowhs disherdpd| et theapeliet seappadied inNMVRCEBAd niRbd! ﬁgﬂiﬁffor 5
rqtary evaporation, leaving a final

. nd dried
minutes a%%%eﬁ%mapr% P progefurs, sas repeated fona totplef 5 washes.
After the frdifeashvarhbdldt WaQ YhduSsh - af L er 0@l 08 SLEep -
T and _particle ftorrra#s{)n,n?ﬁgtmgr?ga?l gégﬁl’é](réiogg&g%%raﬁgc ggby

~ Totary evapasatifan ddayingeafinad eowder ofg€iH amaldl 8l ricapdrtcles 0 m nut es.

T B A P et o ol s 0
| ’ _ Myl ne.
small sphetioat SRAIAE Sudpindoh WeB Lot HoBb ARy Y Sl 1 46 10
separate the esall splericehparticles fom PRG. The §19@0@ht e réﬁb‘kbﬁi, aridt ,tligl_ gél‘let

e

o t h GH revented di ssol ution during washing.
was m“sl’ﬁ}é%i‘#l ’BW?‘EE“W;‘SC%%@%Q il zing, acetaje pisres Veltimeeequaltth dhat of
the s sent HEvEsl | &, 2a&t. r or. 5. nut.es .

° Sllpﬂm4C. ' grﬂﬁgl‘kgggrgrnat ain?m\;/a%n rlfén:ir)n%gée;1 eg%é ts%%ﬁ%colfﬁﬁ?g@{ and

prevented digsohnticeysieaing dvdshinga Thetwakh biiffér wasTespt ofi el OMeRfispension was
r wash, the pellet was washed tinmes

. Lines, zi. uf f
- fhe“ %ﬂmﬁ%%%mgg é‘thﬁ’q wpadfortS guowes pn4°6r  The rduperbatentatvas
© removed aﬁmtlfa:g{ﬁozﬂtiﬁgﬁfggﬁ %%Fg@g&@ Gor £RhCY 4 gin%e-hs? lf‘"clyl.{]o%alring th%es zinc

buffer wash, the pellet was washed 2 times in water and centrifuged at 3000 rpm for 5

minutes dt 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




:resuspended in a small volune of water and flash

frozen using liquid nitrogen. The frozen -52- 18

January 2007 pellet was-ghen |yophilized tor

water, leaving a final powder of hGH small sph@chz¥y2007
partlcles Exanpl e 19: Jacketed Vessel Batch

scale X . Sma he I rticles .
pelet v/ ERR T Bel 17 b0Bo B PuBl AR inl R g0V oF i i sBferical
particlessi m [ ar formul ati on conposition as Exanple 18, but

can accommodate | arger volunes and is nore suitable
fr scale up. A sol ution buffered at pH 6.1 (80nmMV
Examle Jacketed, Vegsgh Bateh Preparation; (109mpissale Gh S 1] Spherical Particles .
OfKGH cont ai ni ng 18% PEG 3350 and 0.02% Pl uroni c F-68 was
m xed in a jacketed beaker by nmeans of an overhead
'Ihrspeyﬂeaof pacydrdiat eds tdond 8ESingl e simiki Ubamblative rodinposition as
controll ed ushng a |rcuI ting water. bath. A

Example, {8, buf o 2cchmmegais a5 golomss apdds maeseitable fpr ssale-up,
AS leﬂﬁ"oﬁn piMdTcg 2t b 1P (fé_w L_’iuﬂﬁ{?ﬁﬁﬂp h‘% _faEe?IOnQIOI c%}fn‘unomum

in the solutidon was
blC&beﬂQi@)"rmlmlleiqg 8% ARG 3350 tid 6. OQGE’JrBhIrGMU Fe68 wak miiked in a jacketed

beaker bfﬁ%%ﬁ%%g rgglE Si,t,i on%aI %Mss%btsggaoq_gont ents were © b was
* controlle@ B1h 4! diRLBig Wfer b:aﬂ1 ea Rhberiatd samah'o%brg b L3héfto this

formed during the cooling step. he snal erica

solution Wblrl@ stitring. sThe final copcdntmation ob b ADte mhmonheaqol agg/sd. The
After

t | ed furth
hGH was RIS g E PRS2 s fiEn Shmpbitema Threseel and
contents WeRahah 6okl Ak P@@ ofkﬁﬁc%ﬁnuﬁzf tol &) ?en%%?a tﬁgﬁa?:?romm?tely 10°C.

- described in Exanpl e 20a. Exanple on o
The hGH smalj raphytmd ﬂa@[ﬂleﬁhbnpecbtdanngltht egolingy sep. hThe |sma§n@|hbncal

e SEJEL 5 o B g0 LSS it S o v
cooledﬂnliﬁ@ eﬁ(ﬁér%ﬁé £&¥lin ﬁ\%&?) E?%ﬁﬁﬁ@gﬁ@r‘?&al %eré) )?Q&?éq ﬁom PEG

ryi ng. Measure em C e ri

by one OfH@Mmewoﬂ.‘adwsmmd 10Example?0anal | spherl caI particles

was determ ned usi ng BPLC assays (Size Exclusion
) T /. Reverse Phase (RP)) to
2 ron and degradation products,
meepwtélﬁ ﬁedgﬁeyswmeﬁ fahahatt hs%h@nws% 18 G| LERlted at the

accunu| ati on of aggl onmerates” or ot rel ated
following siapes afthe pravess: nest phdiclerfaithatiph potstd‘&]G etraction,end post solvent

cmovalof BTG BAS 5 P SHAERSE B 5 M o

into smalROGMRARAIRHAARIRY S¥asS HakihiAed “ﬁé n%' BPLCSLages gslﬁf Wfctsion -

% increase in %.increase in HWV speCi es afte

- Chromatography ¢SBC), Remgrsedthase (RP)) to quanntate agglomeration and degradatxon

- products: Results demonstrated that there was no significant accumulation of agglomerates"

or other related substances during the small sphericat particle formulation process.

a. Organic Solvent Wash

‘hGH Agglomeratlon by Size Excluswn Increase in agglomeratzon over startmcr material

. Stage of process % increase in ‘_ % increase in

: . dimer HMW species .
-} after particle formation ' 1.17 T ; 0
after PEG extraction and drying B 267 | 043




after PEG extraction and drying 2.67 0.43 -53- 18

January 2007 hGH Rel ated Substances by Reverse Phase:

Increase in degradation oyer starting material

of process %increase in éirly % increase in }gs}a diry 2007

increase in late elutin species desam do el uting,
article formation 0.22 0.66 0 after PEG

S af t
hGH Relgf)?g Skbstanges gﬁ eerse Phasgg I@r@&e 131 ddgradziioe oﬂrfsiﬁnng/ﬁah:nal

Inr-ra se Ln

SBFE FPRLLET At ‘%H{v}’c e‘%s ﬁw@ Iﬁingc%reas t"ége o iNsregeeia date

aggl oneration. o
after paridld PORRRER e 1T 771 nu 5 pegi-as cies
' afterPE@@ﬂchﬁ&neaﬂaQIWI‘g" o 0T §5g0—aftier '”m' ';Xt-'ai*"‘“ 2 O"‘ 0
' aiter (artitct g2 50— heH-Retat-ed—Subst-anc

b. Q%SB?)?F e, Phase: Increase in degradation over
Z ?éﬁéﬁgterl al Stage of process % increase in

desanmida elutin specjies afte Dar orma

 BGH Agghanéitiéh by SIRFHRUsbY HoAGAE S g'kﬂmlt 13 es{gé#stﬂ@% Senidl

1. 9agepfpecesst t er PEQ ext r%dtcremse . 19 ﬂ 34 0.%MmcreaddiRT
pakticle.drying 0 34 1.58 QdBRr Exanplie 21: HRAY tpazlee

:g::gg‘féﬁa QAMBfiN 1 but i on of | Smal | Odf8erical Rarticles of hGH
fter fort %f'erl zation of Jthe part3a¥ e_sizeldistributfon of
| ! l—spherical Iparticl @Ptwas detlerm ned bg

aerodynamc tine-of-flight nmeasurenents using a TSI
hGH RelafedSybstanpes 1 Kaverss Phased Indaase OOARIiOh&FL! iting material

F-G—27) .Exanple 22° [y ssolution k| netics

1 USCpr \
Stadéfo ‘fﬁr@? Srma s?ﬁ%f $3sgin ?)%{Wt ijcl singiesssoinut if orfélicrease pdate
after rti é reH—s e : Spﬁu- f:lg.\v \,quIﬁ del péjemmpd (0] tamng SpeCiES
er pa fortnation ,- bt v aee 838 0 ndiree \hglﬂp co d &7z
aﬂerPEG bﬁl l. CptToeT P > . ar e
after'partlc':'fé" -h DIJIICI Heal pa:’o;' c-es—w h Qrgani c sdd-2fent
: o) bbUgVCU Hreet-at ‘_’g,"‘“{" R s188dia &inilar®3n

When hGH smal | spheri cal
Suail ool Battickes, of SGIHIbI | i ty was

Charactenzatlon of the particle size dlstnbutlon of the small spherical particles was
determined by aerodynamic time-of: ﬂlght measurements using a TSI Aerosizer (FIG. 26) and

by scaining electron microscopy (FIG. 27).

Example 22 Dissolution kinetics of hGH small spherical particles

Dissolution kinetics of hGH small sphencal particles exposed to two different
extraction procedures were compared.

hGH small spherical particles washed with organic solvent dissolved immediately i in
aqueous media, similar to hGH starting material. |

When hGH small spherical partlcles were washed with zinc buffer, solubility was
reduced (FIG. 28). Dissolutlon of hGH small sphencal parhcles was carried out in 10 mM
Tris, 154 mM NaCl, 0.05% an 35, pH 7.5, at 37°C. More, complete release of the protein

has been achieved in other media in vitto. Dissolution kinetics demionstrated that

* approximately 30% of the total hGH was released in the first 15 minutes, and approxi:hately

50% was released in the first 24 hours. The protein release reached completion at 1 month.

'_The fact that small sphencal partlcie dlssolutlou proceeded in a two-phase manner may result

* in some delayed release in vivo,




reduced (FIG 28). Dissolution of hGH snmall spherical
particles was carried out in 10 MM Tris, 154 nM NaCl,
0.05%Brij 35 pH 7.5 ats37C. More conplete r aéa? 2007
of the protein has been achieved in other nediad Y
vitro. Dissolution kinetics denonstrated that
ARG t.el f the total hGH was rel eased in
D. LYSOL ”é:%)nlu]f@ hﬁﬁfﬁ@g& and approxi mately 50% was
Example 28| idfOF Bhallig; Enc?a‘frPﬁ@iHIe?‘.ofﬂ -So fein release
~ reached conpletion at act that small
Asphiéion o) 1.pamgimt lysozyimss éB-@t% dqub Bmescsaﬁw ammonium acetate pH
9.5, s3mitBROARE SIRBCHCYRM LS tolidk, S0MRy SLAT apprine >
TIRYEG aadbuffer wheh@sedss A0RC HIL8.55Pae %é@ﬂﬂlﬁgk‘ﬁ)eémlwas flash

Spherical Particles of Lysozyne A sol ution

frozen mlﬂmﬁé/mtrog% @29 ni¥ophiized og m@;mid awpumnsmnﬂ spherical
‘gﬁF 9);% gpH 9.5, 53mM anmoni um sul fate, 263nM sodi um :
particles 5 e, 26mM cal cium chloride. The PEG and buffer
was heated to 40C (pH 9.55. The resulting suspension

E. DNasevﬁnalifSahﬁmaal‘Pmnehsl n liquid nitrogen and |yophilized
spheri cal

€Smal | Spheri cal

arati 162 s oiiAR ._.
FOHﬁﬁﬁm&ll e%@é&éo at | giu!l exa ﬁ %lgﬂ)%?h?&%&lﬁl 11 8.2%

artlc es

PEG 3350(Iﬁ’mmjmid ?mmfmmnmketam@mw o2 $oclPEI) 3350
fromsiock 259 |umactate H5.15 (from
_ T‘ést W%W@%%%W cr ag fgtfe.frff)zeﬁewesslaéphlhzedon
a manifold llyﬁﬁﬁﬁﬁeraﬂﬁi subBEfichiP#athed %eﬁﬁ‘%%'uloh%ﬁﬂh%c Facetone.

mani fol d" | yophi | zer,” and subsequen

Initielgonicentepsions riried twer /9Dy od dIste andl 20% BEG 3350 But after
.M DNase and 20%

. d_ver
wving to SIKERAFEBUEC inalion BB 8 a6 T frgimago et SMOBALHD e ves

added to g@gethel didpva cPhe&itRitibAl. €ThRRBIEBh ¥ HMedln @m%@(!"?t%ezer and,
added to get the above concentrations. This sol ution

once frozepgwag dppnbilized elh éhe mmfeld dyophilizend, Washedeby comsfijgatiers with

MeCla/acelof QP HilibP Ehe Bkl VRN LOL | OBRINZE s d M30 BB PYas0. But

tgat |on vv|

after trymgttbmbehfrbmt 3Cstd ﬂq(ﬁzdld\m Settind ArBipitlie Sﬁmﬂ:{ég 23U P Nase
350. But- after trying to cool from 37C to 0C and not

was addedgt@t&eF iy abqyecomperiteptions. o kbissetutignovas casfledivn e -3036 freezer

wd,onco S0 SR FRGUEABADSSOBYIES By 3Lt o

with MeCl/yeepine] i(ZEIS.®7, 88) mani fol d | yophilizer. Washed by
centri fugati on vvi t h Mcd 2/ acetone. (FIGS. 37, 38).

CtIVI &(m DNase- | using DNA-Met hyl G een,
o; sg,l Qﬁaﬁg DNA-Methyl Green, purchase from Slgma)

Thc theoretlcai activity for the starting material is listed as 775Ku/mg protein. The

stock solution was determmed to be 0.145mg/ml protein. This concentration was diluted into -

5 ml for a final concentration of 0.0199mg/mi. The activity should be 775 Kwmg *
0.0199meg/ml = 15.46 Kw/ml. | |

Kunitz units [ ml of solution = 24640 per minaf unlqzown X 40X dilzltiOT? Jactor
: ' AA640 per min of known

 Kufml =—0.0004x40x 1/~ 0.0011=14.55 Ku/ml -




The theoretical activity. for the, starting material
is listed as 775Ku/ ng protein. The stock solution was
deternmined to be 0.145ny/ protein. This :
concentration was diluted®?ato 5 m for a fing anuary 2007
concentration of 0.0199ng/m . The activity should be
775 Ku/mg 0.0199ng/ M =15.46 Ku/m . Kunitzunits/n:l
of sol ution= AA640 per m nof unknown X40X dilution
Compare tedhemeticA640 per mn of known Ku/m = - 0.0004 x 40 x
1/- 0.0011=14.55 Ku/ nzl -55- 18 January 2007 Conpare
to theogghh ¢ Cé oreti cal
* 100% = %g%?l\?lty STk P04 CHERELREOT U C8
=94.1 %F. Supe Xi de D|s tase Smal | Spheri cal

Particles é)‘("é@pfr* .51 IH@E 7ty H0% = 94nksh | spherlca.l

partl cI es of SuperOX| de D| stt ase A solution of

Atwﬁm&mmﬁmeg D(ﬁ% Ji m@g{, t
from40C to 0%3 oveGr) 50 h{jnStgul?gs !3 24)[] m@@@bj@@ﬁom stock
31.25%),59 BN AP pstiat oo stk CFHE&@H@M, st with

e 68 M B G BF v
minutes EOBR°CYihiing aixld edipﬁideﬂt?dt&D atcne - 250€! GPhe %ﬁsﬁéﬂ%lsm was flash

'ﬁ . .Copled from4QC tg OC over 50 m nutes (-0.8C
0Ze in hgeJ%A nigggen @ad fyaphilized onrmepiteld adypphilizeserd: sbeequently washed
bycenmﬁlg ISt Mceg99 eﬁmgd*gi;mlg bl i ed on mani fol d

oplllzer centrifugation with
Cwezwbmc@mne 0°Cromtt S(Sﬁﬁmmw(alﬂ erhing] Staried éeeofilﬁfaﬁag around
250C. Fig{]:g 1 he. nﬁﬁorltq)rl of a g}one was retained.
fipzs @ progshnand biephitized op  manifold Ayapkilipsr. Washed by
trifugatleRt S
conrog R, 1 Pkine DA Pl B3 LGS 5L i O Wi

of acetongywasretaified he i ni ti aI system may contain a non-pol ymer .
phase- separation enhanci ng agent to induce phase

RGPS rotein during cooling. Subtilisin
_ & Submﬁ'- %"é&%&?tl cles can be formed according to
Example 05 Siibﬁﬁﬁﬁt SmAl COpheeall Paftild Whitih UNEn-Ph1ynRsOPHAsE e paration
gl ycol and ethanol "wthout Thé use of any polyners.

_Eﬂhinc—%gﬂgtﬁene gI ycol serves as a freezing point
ent nol, serves as.the
| TR RRE AR IR ARG i oy i peraglmer phase-
, separatlon%hh@tkdlﬁg]@g@t tbCKﬂHu@é Plfasé !séiﬁrdtﬁntd?% P8t P&y QJoliflg. Subtilisin

spherical shape of the snal
small sphertcal particles can be formed accordmg 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 dcpressmn agent and ethanol serves as the phase-separatlon enhancmg 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 glycoi — 10% Formate - 0.02%

* CaCly 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 — O°C for one hour, a suspension of particles formed. After centnﬁxgauon to

coilect the partlcles and washmg with 90% ethanol Coulter Partlcle SIZC analyms was




spherical particles. A 20 ng/nlL subtilisin solution

i n. 35% propyl ene gl ycol -10% Formate - 0.02% CaCl2

was prepared. The 35% pro | ene gl ycol - subti

sol uti on was then brought I%t)éo 67% et hanol Whl|]eé]$ anuary 2007

m xi ng. The solution remained clear at room
when copoled to 20C for one

Pe“f"ﬂn‘ﬁg n‘?% &"ur g*ﬁe??ﬁ?\ﬁ@hv %réfthﬁ avEpeasky flgideedhe Arartigles yielded Coulter
results c§1@'§tédtfvﬁﬁﬁ$hs&9tetp9mc‘f&l l{a‘%ﬁ{%&hﬁv&%& tgﬁlhgt%r ﬁg? Zl}ggpél\ng%nd 5%

wi th 90% et hanol”, Coul ter Partic

of the partgdes were hwtween)). A0@i 3. P nficrone.d Lighit iicrabep %helueﬁdilﬁmiﬁrmed
yi el ded Coul ter

suspensi on |UId The particl
these. o8, Pl SR SRS, st Febiclesar S] aaalysis | afg then partioles
conﬁrmea\taé@gﬁu&lrgg@tger of 2.2 mcrons and 95 % of the
particles were between 0.46 and 3.94 mcrons. Light
] roscopy eval uation confl rmed these resul ts shovm ng
Retention _0_, {:.: SipEBxymadn A (o nald

. dt Coulte.rr sul ts, Ret ntlon of
| SI A eégn%érﬁ? Véty FIPEVFIAPR & ? éﬁ{lﬁ’é’t R ‘H?’Oﬂsﬁ%éptl’hhsm
small spf@phdrpaﬂaﬁeﬁaist doafifiSed b arcﬁl&ﬁﬁétﬁe astaP'e'TE)! MRsofGidal tokaf units of

er cnverS|on of subtilisin in solution to

activity £ £ SN i8] er@ﬁlenqm@%‘e'mmﬂcqmd by beldragtisg tertbial mmb fimnd in
the superfatil GRLELLFieAST e ok PREIGSS Rbpl f 3ol Ml of bubttsn

activ
assayed ig e eﬂlaicddubtyhﬁrubtdpglkhb lydo 8ofuGiba prﬂéf‘ td SodI ?n drHeMactual total
nt (after separation he subtilisin

units fO“Bg @F c gr n%ﬁ%ﬂq% I sphegical, particles dmtﬁdu bysiba thegrstigal dunits
expressed s { &Rl 9' f BHBQ% | hb nre‘? n%f&(lt esugﬁ coI Ol gt ?%rr particle

r|or tO CO act-ua
formatxont Hy iﬂubtcallculshm shoaLd oﬁﬂi&ethemhcaﬂ bl Ksie actwlw ﬁi@@l ré®¥ined after
essed as a percentage

C [ ts
formation ‘%‘ e‘%u ﬁi‘é‘,mtsf?@hrsgﬂ Ssubt ilisin activity after

particle formation. Bythls cal cul ation, 107% of the

H. Carboh eSmA PEnleHPAl Fak§dléy activity was retained after
forrmtlgn 0 t ne su t| |S|n smal | spherical particles.

Example B pol s ¢ Sealdiphe abaIFRar{iulesl es Exanple 27:

articles

Thghé pr eglgx‘?g“ﬁ’ r bollw%dr a;’ﬁdbfga her I Cal carbohydrate small
spherical ‘partiples.atbhage éﬁpaﬁﬁbﬂ%ﬁﬂ%ﬁu@é@&m&fg%‘ﬁ@ﬂb e and a dextran

particles. Phase separation can be i nduced between a

phase dunp&@f‘p%f@gafdhea%@m r Rextrpsecfevagions npldchbr conglits gambe used,
€.g., 5K, 4bﬁf 1§¥[§ta§@50§RXt”@§ns f \6%5 gfug}g eC“kSkTweécﬂ?}ég?Z& was

equlhbratedf at BTG/ hend@ tnfigdrd Qva§ dod]ed0% B30 ized %arﬁclesb Jere
e

: equi librated at 35C, then the m xture S co0ol
‘harvested @h&’aﬁ%& Hie mme vath wetiybeneoblarideh acetarst @l Ymndvwaaiifogation.

o con e O 10 T LTS GOAE s
such as stﬂph,ehydrakydlﬁsﬂtst&blﬁstr&%!l&cf Lo, n@hﬂﬁ’&l %ﬁfb?tﬁi‘yﬂﬁ@éeeﬁextran

1E as starch, hydrox ethyl starch
sullate, etcy %t"é]tll?s@fmﬁléwmmfﬁlsma&sp ericall pamplm:usmgcﬂhxprmss




sul fate, etc. can be fornulated into small spheri cal
particles using this process. il-v -57- 18 January
2007 |. Mcroencansul ati of Pre-Fabricated | |
Spherical Particles Exanp"I%Q'ZS. Prepar ati on O‘mﬂuawzom
PLGA- Encapsul ated Pre Fabricated Insulin Small
Spherical  Particles a) A 20% (w v) polyner solution

HCY Hars Oy IENAORIGARG SMmadqayiinglipy] Ppgiitlesyy of a

Exampld®0BY PaGt:
C oril de 0]

Particlesi nsul in smal | spherical particles (I NSms), and
gorous m xi ng

onoge S spensi on . was,  obt ai ned ny vi g )
agf t %%9%&“%?A ﬁ@m&r plptiano(® m)vas Prepared byidisselving 1600 mg of
Polylaétiiiécol L i(PREUS AN 192 P HYE W Sion +
Pl TS (ROKC SR SR o v
added 1QGomgyofeinsulishbmeil dpheritak partioles (INSas) had & HeEoFnsas s@lpension

m-usi ng_t.he “hopypgeni,zer, and the descrj bed
was obiallel B0 WilFofS eliding At pueiibonine ¢ solRetsishammaeaizer at 11k

ipm. Theenstimions phaseBRsvLof 0 | of
.t he or anlbc ghage. Thi s gg‘ﬁ?@ﬁwgﬁg géabgﬁf%)%%%@gosgﬁm ml)
saturated i TeHaylone hdoride: aThorontasious phaseuess fdxedSatn] IKWpBBusing the
.. the .equl si o was i mredi ately transferred into_
sane hotniock 1Y bty PRI OPoYa Felsgbn e fegnedium to
generate {hBlembry@tie miciobhdaPsilived FRfic ¥ Fase aﬁfc‘éﬁa@é P08 efRBion has
n O/W The gr gani ¢ sol vent was extracted over adne hour under
an 1alle) 9¢ déP- p A be stulsifigation WasheantinGérbfdray demees. - Next, the emulsion
was immdli I rticles were collect b .. _
was i A AR T R B ek iR, oot ht deionized (on
water, white ¢homediapserhostirebdadd0 epas THRIRgadiy 9PN vRExkGcted over one
ve the excess water. The resultant

h re : ;
our under; r(%ﬁﬁ@ﬁ‘c@ﬁ%"a?% oP-pdagi ciheshardenednmicaomcagmilyted padtickes were

ll 3 1 i . i i fo t h t | | 2 . M
ol B S R0 L S, PSS Bt
Iyophilized \p \ipiiove the exceby wateB0 % Heweyit o |1M6E¥en§@sg%té5&8p&&cléﬂ had an
ng of a 50: '

pLep d by dissolving_ 1200 S ‘
average P%%%sé?&‘?afr -0%3% Fapcwith arajonty of thevpartisle) papulationtbeingriess than
90 i : X ension of 100.nmg INSns in the
_m’m‘gbﬁﬁ&iﬁg&g'%@@r%uti on was prepared using a

escri be S
b) honAga0tic {arv) piljifier SOURRANDH t -
50:50 pofZ o By -‘o.-o&?gﬁﬁg’ﬁ}éﬁﬁ%‘f b AREBRER! 2004 of
a50:50 polylaqtidecerglypolide BGAe EWI 356 in metiybmelchlorizis. (NAKO: suspension
0 A NIRRT . me procedures as  _Exanple 28 are. R
of 100 mg IRSA 17 By LA, RUSSINA 585, DAL £ 20 0, 1y,
Suspensionpans oéchso gdttato the IO/W CAREHOAR 420 100108 2uBSHRBIIRA of
n average_particle-size of 25 m ranging fﬁow1 . 0

.-meﬂwlceH@esepm desteibed gus Exempln 28 (W /6t ratioesel :8). c Thersmapsptbeddetes as
Eranpe 987 4 SRV L e ArhE Bl ) o

sol uti
microencapsutataepartigles Faatedhal kAGRESgE PRIcHd H5e S - i
%ﬁndi tions. described.. Thi £ process T esgﬁt%tl}’ ranging from 0.8 _
e insulin contc_:qt of these microencapsulated particles was 8.8% (w/w).

to 60 ],un
Altematively, 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 pm with most the

particles less than 50 pm, and an insulin loading of 21.1% (w/w).




m croencapsul ated particles with an average particle
size of about 12 mwth nost the particles |ess than
50 gm and an insulin loading of 21.1% (WW. -5+

. . 58 - 18 Jag’ﬁary 2007 Met hod Fol® fauary 2007
Vitro Release: The in vitro release (IVR) of insulin

0 h }.Cr capsul ated particles is achieved by
. Mﬁ%@%@%ﬂﬁ&% the rel ease buffer (10 mM Tri s,
TBe Mgrrb]leaégs(l'\fﬁ ¥4 Na S yvhals ..
cont ai ni ng % ()a ui Vaﬁéﬁrgg{'h]% "gi)ﬁf:"a%‘%%ﬁs 19}9 RAG]¢s 1§ achieved
by addltlpm@ﬁb@pglcpfghe @se Anffed ¢idi gvaTeid, 0.05% Brf B3, \00% NAL, H74

into glassp\fnglts Q%gk{\%g‘ég%g @ﬂ%ﬁra%ﬁ%n?f %{cgggﬂelltgctb ?ﬁsghgelgfr’é{ﬂltjgfmt% PC. At
desrgnateﬂﬁatni&*ﬁte?b'aﬁ@ BOOVRNE the Wﬁ%\ﬁgﬁn N2kl ﬁ‘) a Hu%oﬁg e g and

until analyzed. The taken vol une was rep ace
centrifuged fof 2toia of i 8% kpme Themp 300MICHE e SupsiBtatiQs E&ﬁ&%%ltah& g%o?ed at
80°C C apal | et al ong with the remaining supernat ant
- untj) §nalymed.  The fken ivohms wes zerdtcedr edh 380kl oftt]meﬁesh medium,
i fro.rel egse medi um Exanple 29.
which wa Qa8 ROQHd e BT InE it (g fopbiecs paRiaG8(00 1L). The

suspensioh Mﬂsﬂﬂﬁﬁﬂiabk aPhelchead mli_’ ﬁgtu'r Sltfreld ?séo ﬁ%él_ﬁl |a|o|y oy

Matrix System A 30% ( ['ution o
preared in, methyl ene chl orlde (4 m ). The alloy

CORSESEEEE sl smencaruaion K abriBytkd Fodulina®ihialt Spherical
Particles If L@} and poly L- PLA (PLLA, MN 180k) at
e LA ﬁ%ﬁxg—%S and 0.07g), respectively. -

A 0% (sdvpsqhnaedils 5.GPEAMTRY W zs%grg Wel8 15%%tﬁiﬁgerﬁﬂoﬁde 4

particle

are . the final m croencaps$ul at
ml). The @Lgf’ ngisteg of 80350 FLGtA BANE GFK), SYL gmiylactioomid LA MW 19Kk)
ot st LA 013 150 108 10 S g 80 e e

The same mocmnmeﬂmnpem&bedm@medwocﬁ@sﬁe ghatt ﬂurb?oe%aﬁ’ fated
sulin Smal | Spherical” Particles TR

br i cated |
‘particles. F?‘?(‘n%{% et E‘i‘e Disragcapsalated Butinlechad amanticle Am:l range of 0.8-

20 < SR SIS P o Bl i)

was prepared in nmet hyI ene chloride. Using a

ﬁm_z__mgommratm Mimrogeapstbition XOOPF EFﬂfﬂcaieﬁe[nkmmﬁﬁr@Dheﬁcal ‘

h| S rpm Ihe contl nuous
=i AR | & Bl i [ HMAﬂCbﬂ)lﬁhOﬁﬁﬁﬁOUS -

(vv/v) net hyI ceI | ul ose and 25% PEG (MW 8k) saturated
with methyl ene chloride. The continuous phase was

A splintion of ml kbf 1A% S5 gmme(mm b nJ ecteﬂgn @g{ﬁc&f@ﬁe |

Phases

descrlb suspensi an was a

MW 85 whEBRRRA i GRS CHloME: chting orotsrisia ieat 90 me of
f-t | h

the INSms 866 bisp@Rdcdlin' s QRGRA'A 1058, THK § %‘égﬁs'cﬁ ¢ fqpgsted of

aqueous soltition $1 2rimiuo£8. 02%’1@)WV) toathyREIIURSO And@S% PEG (MW 8k) saturated
- with methylene chloride. The continuous phase was mu:ed 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 organi¢ phase. This emulsion has an O/W
ratio of 1:3. The emulsification was continved for S minutes. Then, the emulsm:r 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




imredi ately transferred into the hardeni ng nmedi um
consisted of 150 ml DI-water, while the nedium was
stirred at 400 rpm The organi c sol vent was extdacted
over one hour under. redufg;gd pressure at -O0. 71%%@3”2007

The hardened m croencapsul ated particles were
filtration and

. ect.ed by -59- 18 January 2007
1‘iltrat10§N§é(#1 _‘évaSlW%t \HXW@ Jl}]ﬁéy%gdl aticoreraparated pattidesdwere Iyophilized
to remoRatheie&ERS WARIE ThY Qﬁ@fdeh%agut‘gté%{e% éia?qnc%%/sg%tt tgg e?cé&;?% @verage

wat er. The m croencapsu

particle sigeof3) pmeraagmg fran 0it6 106 15h 28HAHA QT L gt rem. 2

than 70 4.2 ?F%?m %\%_t h majority of.Ltﬁirl}e pop%ll aﬁ%fnﬁgg%lgggén%%% smaller
¥¥art 19 drsin pprientnfithése miorasphtreofvad hie% (wi/an.ospher es
was 16.0% (w'w). Exanple 31 Procedure For

Examplel £ RACRAS A MiOeapBligiba i SRR L nsy i n SRl o
Particles G i BusterRhAB ¥ akis i PhPOO $RAAL !?0 " Usid

Buffer, SOl ution of 4 nil of 20% 50: 0.
* prepared in nethylene chloride. Using a rotor/stator

AhsulRgeNbE 8 'mi t I e, suspended i.n

.. this soluti o%pg?%gsfgg ¢ gﬁ}ﬁn@@&@oﬁﬁ SUSRS HFRBaed in methylene
chloride. ¢ blsuigsa satoritatay bemogeriaryi1 00 bt Sl Were suspended in thi
solution ge“kyhjgﬁl I]glleose .and 50 mM phosphate buffer at ?JSIQ ﬂeéi s
.4 and 7. 8 SAeUpBXCBlrse | cansisied vaf sequpenst srluseh of 004 (wiv)

methylceliulosecmatS0nRLsh ﬁ?% he tinuous phase

" s. m xed at I I%ﬂ%%‘fg‘lﬁ%P edi h%'%aPﬂZQM%??QCW%WHW

perlomed: Hing die eantingousi setup. (FROed tAXD Ehe eenBiRBS paS Wil fibldh 11k

e er at 2. n to generate the

fp:n alfd %@r&’?‘;’/g‘% %”q%%%é%’c%lh%% i Bilfmine he dispereed phasd veadnjected
1nto the cleambes iabD. WaBmie (D Y& r_and transfer.red

produced i n}ﬂg. t he harlglleni n% batt%q?néﬁgyggﬁ%ﬂ%eﬁgmsﬁ cﬁ“@‘ﬁ*ﬁ% The

HAF GO WY Treayehiiomdhe chamlpet aatl t4SFerpdntd B8 RASARHE bath in

.over one- hour under reduced

a continuct8 Y &fn. )Q?éh%&%fhﬁétf‘? YR YWes SiEiee it 490 apme nthg srganicenblvent

pressure
was  exfragtedt ogére vneeheurc @hliactethchy § ti0nygn shed wi t
micmencawag r. The washed m crognca%fseﬁ‘gge%fopg'rqt i%c 'esbﬁ(}?r gﬂdgned
PN "’8?# PIrieles pre eaklssted bidilontessndvatsied Wike wiatks UHTRS washed
microencaSsuilb i m cr oencapsul ated particles
I'II(‘:ZS' pl;!?r}gaar}tel%&a%g%&%%eﬁ%ﬁe%ﬂw tgpgx &2t i mated to
foEsulin entents &f the testBar® micReRe&s) foo.
i on anal’n;lsi S 0 t%gdyrﬁagg%gsnég%ghﬁtegtaggﬂ 23,

[ dj.stri but
5.4 and 7 .-%I‘g‘% Fcﬁsﬁéaéhet%sllﬁn%ﬁi 3¢ rid 1819 aepectiiadly.e Bhe HisaBs of size

a
distributiondirflysis IO Ren RSt oaded- PLGA nj croencapsul at ed

par tyi%cl es fh‘%r%nc%%g%&égtﬁa\fgq%ﬂg Sprmarizeg g Lable Snuous
Particle PH of Continuous Phase Range Average

hase. Particl
Tab&5@0 Sizec dighriteitioB 06 indiin 103d&d-1PAGA MicRRnSapbdtafed Paificles
fabricated abvatidiR p%l?’oieiﬁé gOI%tE-IiugUS phase. - |

‘ . _ Paricle sa'zé {um)
pH of Continuous Phase Rgnge Average 95% Under 5% Under
Z5 . 1456 |24 1359
) X 13.8
5.4 0.9-46 123 338 1.8
7.8 T0835 11 16.0 157

Method for in vitro release:

_ The in vijtrq release .of Insulin from the microencapsulated particléé was achieved by
addition of 10 ml of the release buffer (10 mM Tris, 0.05% Brij 35, 0.9% NaCl, pH 7;4j' inté




8 0.8-25 11 16.0 5.7 Method for in vitro rel ease: The
invitro release of insulin fromthe m croencapsul at ed
particles was achi eved by addition of 10 mM o he

rel ease buffer (10 mM Tri sc,;gao. 05% Brij 35, O. gi/%#ﬁg'&r?zom
pH 7:4) into -60- 18 January 2007 glass vials

o S T R Sl
demgnat@cﬂ tﬂbﬁn{e\‘&lﬁfﬁ% gieﬂﬁfn? gvtak %%.Esf@rrgb %Itﬁ ul%&)caofuge tube

tube and centri uge m n

and centgififged] fof 2trhim #t USRI DAL a'Dhe WRS3 006D e dleaemﬁenﬁtaei Qfds ?i‘émoved and

-80C untj | anal zed The taken vol une was repl aced

stored at,;§0RCaauil 1qnplyzed.t Hgleftabghvoln@m was repliced witls 308 @l oHthe fresh
modin{ BRSSP AR BBt Sl S Sppgant 10

su perna
uL). Thbawssehsion Ras ﬁaﬁﬁeﬁ&pﬂébms thecotics dﬁ? 836 PRI Rhedli§.

invitro release (IVR) results o
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thvl nmn Sﬁ%ri) ri cal artlcles HSAns) usi ng
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yl ene ¢C
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transferred éﬂfﬁeﬁ&t il Dlawaiter heixigr afad0(c I]mnl valittheaiesaitied gabediures were
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in FIG

from e for tions is sho
The wash%mli_g :%tgc? F.ﬁ.l Spwere :Eéo to remove e excess water. The
channeling effect of PEG on IVR of HSA fiom the abo\_re 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. Ol% Tweon-SO 0.1
‘M NaCl, 1 mM CaCl,, pH 7.4) into IS-mI polypropylene centrifuge tubes contaimng 23mg




The in vitro release (IVR) of HSA fromthe

encapsul ated m croencapsul ated particles is achieved

by addition of 15 m of t rel ease buffer (20

HEPES, 0.01% Tween- 80, O ?F“M NaCl, 1 mM CaCl2 %ﬂyzom

7.4) into 15-nl pol ypropyl ene centrifuge tubes

containing 2.5 ng -61- 18 January 2007 equi val ence of
eqmvalemmam@ded—ﬁﬂf\ incubited etBEC. 33@nplSanplotedure s delitkibed in
Example/fS described in Exanple 31. Exanple 33. Preparation

"PLGA- Encapsul ated Pre-Fabricated Leuprolide/ Dextran
Sul fate Snall Spherical Particles A 30% (wv) polyner
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was used to enerat e the O Wenul sion
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suspensicohwas bses] torrgmawﬂn dh@ﬂd%bmdlsixﬁi in ¢2afl 0028 aqueous solution of
particle

mettyloelfiGi° 5P SERAR it hiele 51 TN faarar diddoot pamsemhrosedures as
Example R85 WeieFoRdbwed/ B Sbpdre Ui fal ﬂﬂcrgé&QP%lp ?Parth Ies. b

m croencapsul at ed particles
lmnhmmam,‘d pmmies had aebkeasg: paiield $ize/of 2O phe B SRost of

them bel ?)/ of ;[lheupr (%e fromthe m croencapsul ate

them be iH8}-e d e Jesulls 1t dYBaofhlpupralide fiom die mBregncapsuldted particles

arcl}lusuﬁt@dﬁﬁsl@ byf fer (10 mM Na- phosphate buffer, 0.01%
Tween-80, 0.9% NaCl, 0.04% NaN3 pH 7. 4) into 15-nL

poI propylene centrlfuge tubes containing 2.5 ny

pHiteo leagncapsul at ed | euprolide, incubated at
le 28

Sar ure sdescrlbedlnEx :
n’é&&nﬁ%n%ﬁ“% @@%ﬁ’ o qﬁ‘f?f@k pligm @F‘c%&%@@é particles is
hieved bybadiian oF 1Re ! 9
achieve Eﬁherll cal Parﬁ?ﬁ%ﬁ%&%ﬁv) péﬁﬂner u |o . 0.01%
Twceﬂ°30np)9%vé‘§ﬂcﬁr % NaNs pHSE4) witogl Brd ;@lﬁfropyl&h@éentﬁ&@el fbes
| e | ori Nex of prefabricated
containin e%ohlxﬁg | aﬁ] (ﬂ. W ]dhgf‘ es Fﬁﬂ“[’a%‘éi?érﬂcg{ Sampling

proccdureﬂ&ﬁﬁbééhﬁéd(ﬁﬁ;{[ﬂﬁ); ogas suspended in the described
pol ynmer solution, wusing a honogenizer. The continuous

50 50 PO

hase COI’]SI st ed of aueous soI ut| on of 0. 1%(vv/v)
[ Ak ._! Yy of » r-l N4 ¥ v
erthH I S perforned using the cont| nuous
. @A&%EQQ F %ll'wa&al gﬂeéscrl bed in Exanple 31. The :

A m%(agg ppgnﬁmcdomtﬁmzm ml) was prepared by dissolving 0.4 g of a PLGA-

"PEG in methylenc chloride. Next 100 mg of prefabricated recombinant human growth'

hormone small sphencal particles (hGHms) was suspended in the described polymer solution, -
- using a homogenizer. The continuous phase consisted of . aqueous solution of 0.1% (w/v)

methylcelluiose and 50 mM phosphate buffer at pH 7.0. Mlcroencapsulauon was perfonned,
‘using the continuous setup (FIG. 41A) as described in. Exarnple 31. The average particle size - |
of these mlcroencapsuiated particles was 25 pm, ranging from 1 to 60 um. The IVR profile
- of hGH from the polymeric matrix is shown in FIG, 45.




of these m croencapsul ated particles was 25 m ranging
froml to 60 gm The IVR profile of hGH fromthe
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B 1 ] croencapsul ati on process on integrity
Xamp apsul ated pre-fabricated insulin small spherical
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. . emulsion. Then, ases
containing the gue fabnizssed RS mse weree defangula i ngiizes) biyfhiakic tdvabRagBraction
rocess was repeated. The

method. 20bMieh 88 oReiof e Gicanaited ESine pere mppdeg i isericns, chloride

and gentl$ ifiRe@ KEHHSIRNHE ROVFRRORRNY F PRt Elg‘p%%algg{ﬁ N1 N HCI was

4 I dentifies extend of nmononer; dinmer an
added andghe ¢wp mhasesiwire neiikilto spete as enfuldidis Thehtheeior plgdses were

st RIS SR B b St ot o
~ extraction pioeedsi s fbfﬁeéﬂé@- THeCintepitH b &é&%ﬁd{}ﬁs@l{g% \d€R&Rhined by

. effect of this process on’INS integrity.
size exclugiopehsqmajperaph ke oftis metwddderBifies @8tefd &f monomer, slimér and

: ' endi n the condi.tigons and contents
high moldoffar Bl Ny f G RIS B InsceaGBct i i APl GoRirols

were used@h i3ttifyome ratfecc oNtiRdefoiniliorP piodkfddn ISR grity of INS. The
unencapsul ated). Content of the dinmer species in the

results sh signifisante trthisqueress omdNS fatogrity. 1. 99% i n
i i . 0] i, Q4 | INShs. T BMWV .
THE OERSpkaaRa 'dInd. Eonitihdy 975 298U iR ehgr, 6 gBs pigtein,

dependingOorD 8% comditions Gnd 28mientst dTethe hiiGioBAbapkMdidn prbesss] 85 bharison
e sunmmari zed .in Tahle 6. The effect of polyneric

with 99. l%tn}qggn}eg coRipatdn dhe prigipaldSms(umprcapsulated) | GorBentRifthe dimer

e i e b LORGRPRYLI O NSRS, 8 LG R osin

. encapsul ate
the origing) dNSnad. eShe MMBresntatldNbe deiPiatdd BISAP %&@H%ﬂl % to
 0.06% 99.&% 0.85,0.02 Encapsulated I NSnms 97.5 - 98.94
(0067 verqusyl.03%m theppigina] I¥$ms. The results are summarized in Table 6. The

effect of polymeric matrix is depicted in FIGS. 46 and 47.

Table 6. Effect of the microencapsulation process on integrity of encapsulated pre-‘

fabricated insulin small spherical particles:

_ o Monomer (%) . Dimer (% ' HMW (%)
Unencapsulated INSms 99.13 ' , 0;85( . : | .O.OZLA )

| Encapsulated INSms. ' 97.5-98.94 | 1.04-199 - 0.02-0.06




-63- 18 January 2007 Exanple 36. In Vivo Rel ease

I nsulin From M croencapsnl ated Pre-Fabricated Insulin
Smal |  Spherical Particlegldn vivo rel ease of ulin
fromthe mcroencapsul ated particles of pre- faggﬁﬁﬁ?eamn
insulin small spherical particles was |nvest|gated in

ed ﬁlsulm Small

spmxwaunﬁﬁggpsulated or encapsulated pre- fabricated insulin
smal'l spherical particles. ELISA was used to deternine
In yevor eelenshi ofaimsulim fiaan thfh wmqsn'@pﬁlﬂmsyl mcdm loé \ne¢-Sabirigated

insulin sz&Flg ﬁ%lc%cléggg% |c e g%#ekzlﬁ?\ ﬁL L@t gt eﬂ'xe' dhimals

received Bh |ub,i&t1l Aibestandihs dose of bEI/kgrofivhé Qnénca P@i‘t@d 6atnoapsulated pre-
to m nd wi_t hout departlng fromt spirit of the

fabricateq rpalin Setpllaphon pagislse  HSArweeuterdn determing,therpgauehinant

e 5 RIS R | GBS T S M

FIG. 48. spherical particles of an active agent conprising:
providing a solution in a single |iquid phase and

FoBoiGe e enis bt e olbuReiod el | SerctiPdly gumerous
modlﬁcatﬁﬁﬁ%%m&ﬁ@%d%ﬂﬁﬁ M 68 th@%}[ﬁ]nt Bf EH%E}?\%H&HB laff tﬁé)scope

cause a liquid-solid-“phase separation to forma solid

of protectisheis @nhﬁdnmed quﬂiedcwtazfehe adeempanying ghmse conpri si ng
solid small spherical particles of the active agent
and the liquid phase conprising the phase separation
enhanci ng agent and the solvent, the small spherica
particles being substantially spherical. 2. The nethod
of claim1l, wherein said inducing includes a step
sel ected fromthe group consisting of. adjusting the
tenperature of the solution, adjusting the
concentration of the active agent, adjusting the
concentration of the phase separati on enhanci ng agent,
adjusting the ionic strength of the solution,
adj usting the pH, and adjusting the osnoblality of the
solution. 3. The nethod of claim1 wherein the phase
change is induced by a change of the concentration of
the active agent. 4. The nethod of claim| wherein the
phase change is induced by a change of the _
concentration-of the phase separati on enhanci ng agent.
5..The nethod of claim1, wherein the solution has a
phase transition tenperature, a first tenperature and
a second tenperature and the step of subjecting the
solution to a phase




change is by cooling the solution fromthe first
tenperature to the second tenperature wherein the
first tenperature is above the phase transiti Of% January 2007
tenmperature of the solutiorf4and the second Y
tenperature is bel ow the phase transition tenperature
CI@“FIR&WE sol ution. 6. The nmethod of claim5, wherein the
second tenperature is above the freezing point of the
solution. 7. The nethod of claim5, wherein the second
1. t & mpdrodtfor prepaingahail spireichlipaaitl el poattive@kent cb@prising:
so&.uti on, 8. .The.mit lgod. of claim5, wherein the step
Proyfding, 815PigoR 4o 4 single SAvH dbpesgendagamipring i arliye egfnb@ phase
sepatatio chhaidi@y Qbéht BarORtAred bQGriAh&d GRS & ohhsel Bhange at a
about 0.2 C/ mnute to about 5_0Cf/r_n nute. I0. "The nethod
congrolled satenim thghiolejon torreuseohtigwiliselid phase separpsians ée frmogrsolid
. i t.er : i -r - .
phﬁ@ U a ﬂq\%d_p%é@z fh&é_s_gh%gha%g 8%%%55%&9&@%5}1%11 fgl.ienfﬁl epaﬁtéctiﬁoog the

actiyt agemti amd ithe Wheid gihaset dvenpsisiag thé phase \sephiratipnt dubarsoddgligennand
conpr.i ses: ..di,.ssol.ving, the. phase-separati.on enhancing
theﬁ’aférig?t’ spral S?}_felng?l P&t L%Féll?f’mgﬁu s&?_"ltl‘f‘ ﬂﬁ')?fl e; and
2. Hitdhetod bfclaigt i Wehar€if Bhid iRiuche ifdIdedratstdpsel Rfe o the group
sol.ution. 12. The nethod of claiml 1 further .
consisting ¢ls pdiystingehe tegpersfure p5ths solution tadmstieg the soncgaimtion ef the
B cbht SIRAhY & eRr GO LYERt sal60, ! i
ac_lm' _sc:ngf_e W t hé/tﬁ%c?fwr L0 ggr%l?@ é?%r gélgaa}c?g'?%g&hﬁcéng agent,
adjusting the ianje strength ofthe solutior, edjustipgrthe pH, drdeadjuistingithe osrlality
The et hod of claim®6, wherein the solution further
of the solution, , . .
conprises a freezing point depression agent to | ower
3. Tikemkthed Z0Mgaippil Nihéintthe pisleUdhaie islthduddaCbyrt dhafecObs the
claim 13, wherein the freezing point depression agent
conpentrapionsek (e 2¢tsRgeRthe group of polyethyl ene glycol and
4. THOR¥NBAOTANGLY - wHepein THE Hgs%h&%géef isC1rdlBale %%E@e”of the
t he phase-separation en ahc ng a nt® %S an a?crqueou

- congamitrgivreofthe phpse seraratios eilizheingggat.. 16. The met hod of
a

|.ai , erein,the phase.separation enhancin ent
5. Th Mot o Hng , Bhire e IR & i R BB atgpe, & firs
temperaenad Pcyid fetnpefadird QY ek SRRBfEcRRY WEBbRition to a phase
pol yal i phatic al cohol s, (vinyl) polyners,

) ) ! |
chaigs| & dyrpeling e wiutopdrae E’%a%sst tegestegniure tdhe sapprd temperature
whet?éih R firSiQeBPLAITR! 5 JBRE dd fEkKe ﬁ%sﬁfﬂr%igﬁg%%ﬁgel %fgthe solution and

ert-polyners, polyethers, natura
the ssodndtemperapiod isibeiosiethe phase franditint tsmppathyesf the solution.

T R G e R BBt A e PLELE e o
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 about50°C/minute.

10. The method of claim 8 wherein the controlled rate comprises from about 0.2°

C/mimute to about 30°C/minute.




pol yvi nyl pyrrolidone, pol oxaners, ethanol, acetone,

and i sopropanol. 17. The nethod of claim1, wherein

the phase separation enhancing agent is polyet ene

al ycol (PEG . 18. The net ho® of claim 1, Wherel|q>>/njlafl}l1ary2007

heri cal part| cles further conprises an
lleg@ﬁpm%‘g? d 1o deimapcahersin Seapiep |qupr971dtn§ethg rpglytion comprises:

dlégﬁﬁfg' thé |ph95%rsteb£rlltﬁ§1 erthncf?ﬁ%) X%éi’l? 11? BIY £:94 %ﬁf\.dent (ErRRSE nlifhure;

he smal | spherical particle to en
aﬂéeﬁlmthe@nh@fagemo ﬁwambmsptmeﬁonn she sopmioni cl es t hrough

Th .
L2 BEAG og aR  E Rue” o S E  p g o B v ogent

thecfisssobtannor a ﬁcon&@ll‘kmhwﬂichﬁﬁmzscib@é Wil the fRtis0veat RAdr8adding
[ fatty acids, surfactants,

aci.ds, |I€ig8
the 4cfiye agent jof %ml’ﬁF’Ieeag&’é‘] tgdheypiHei r salts, fatty acid

13 5h& mfethNGF BRI e vhereif the INGHGE AR Q.Bmﬁh@srﬁ ﬁ%ezm point
wherein the cation is sel ected from group consistin

deggpssioprapentyp bowaa the f@sring podbofi®e Selntien-y 2007 21. The
14"BlGned ?ifélﬁbgbl%l]le t{hﬁ If%eztnfqg 81? i mp?e%mg IF%eﬁlg Psosleﬁagteed from

or 1ts sa
thecgmpqu:ongthytmegheol anfl phapyleastelyegl. t he smal | spheri cal

rticles. .23. The nethod of claim 22, wherein the
b Qf}@ 'f#‘ Faf o ln‘&hqfﬂ% h}éﬂﬂtaﬁe STRENIPR SPhapaIE AgFRSds paqueous
sol{wew@dﬂﬂe&g lﬁfg@bmggﬂtcl es wth a liquid nmediumat a
tenperature at which the active agent is not soluble

16.i e methpdl fiicdpimeli whereim dhe hlasp sepasatinapenhanding agent is selected
frm%r}ﬂél %@hﬁ Qgﬁ&iﬁ%loﬁmg@g é’y B%&%cllxé?l ol?%ers, %H)oglg@}g e-baﬁed n%ozi}/mers

poibghpdiam‘ idldohalsj golygvinyly e;rdlyméru,g th@a‘yha&mdﬁh epolipirgentt Gikids,
polgéi,t)silgg: %é?idsz\g@g-?ﬂr eléfmln ﬁ@tt he @]plclg %{E gé ggexl's‘sn ht@& E"‘Tteﬁ% polyethers,
nathraliy iodcdFRG! polyrhsrs ap@l Hé‘sr Ishiiffdned, | goifbstRfs, %ranghéﬂt Hr[ae cyclo-

of a supercritical uid and a supercritical
polymesi bpelyaldeludas, szarchermeswl@tlm oftarshes, mp@hfeﬂlb#ﬁ@pel glycol,

polM%dﬁr?ﬁRl‘oﬁe Ioﬁ};t%ﬂﬂ eeg;léalﬁgk F%?‘?‘?FL; o ﬁ?lg?}éq%g the group
17. Zbe nmthotircébl-alm dy hyérmehap}ase &dpasiioh enlaincing agm & solyclidlene

I TE&@ hod of claim 23, wherein the |iquid nmedium
gy conpri ses an agent which reduces the

18, TRk Wiithdd ¥f Sthint ITewﬁ&%invﬂ-ie Qﬁﬁﬂtsph&éah?aﬂublgy 'ﬁH'tHEF dbipRises an
29. The method of claim28, wherein ent to
excipiegt e cntigaces e stability pf dfe whall srbeiicad pagv&qs 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®"




inthe Ii qui d medi um conpri ses a conpl exi ng ion. 30.
The nethod of claim 29, whggein the conpl exi ng agent
is a cation selected from the group consisti nlgl3 %uaryzom

Znn+, CW, Fee+, MyZ+, M2+, I\Ia+ and NH4+.
s s the step of

21. tﬁ?ﬁ%oq{ fCCllai W&le#.ﬁ%flﬁ ile g aﬁ@fﬁééabf cl ai m

- removi ng 1

22. :ﬂue mmmcbd)ﬁbmfnetsﬁmepémﬁﬁtm& a8 st Cof g%
lyophilization, drying or eva ratlliag‘?:éﬂg #ﬁgﬂ Spherical
pamcl%t hod of claim23, wherein the | | qU| d medi um further

25, TREPICHRAT B 22, ML e 3o of Minidle Prell sShemrlartices i

erern e ex0|p|en
by washlnglﬂhe pafitles withl a liquitl ingddesm at @ tehprhide: Qtoﬂﬁfcﬁ%éeé’ctwe agent is
e to the smll spherlcal particles, to enhance

not 801‘1?3? illghidonedive ankihe Pipiescpeatioparhancingsigentisisglble in the

liquid nfidfinP0i cal tissues. 35. The nethod of claim 34,
wherein the excipient is selected fromthe group

24.  Tensathadef dbim 28, behyeinatins ,ste?abf QREhirgN P, dRfERion or
centrifud ids, |ipids, fatty acids, surfactants, _
ﬂ1yeer|des bile acids or their salts, fatty acid
25. ERiRHod ¢da A 00 of The
net hod of cllgpirr%lgﬁ{e&\ﬂltt&hq#ﬁ%%g 5t'¥8ﬂuff°§ls§,’és
26.  Theonsthedwf cdains 23f whereif thenRduid dMtlitm B4 sﬁi%rdntltﬁf fluid or a

misre S o bl s o 1
| .
27. ThOInYeRsd bs cﬁ%yg hyh& S5 tg 36?% n%?‘fil’ggdﬁa}% gsgg é%c&%d gpm the

claim1, wherein’the sol

group coggjsingues: methyders ehleridey ehloroféfin, ﬁmmma%thﬁﬁc&étaldmﬁal and
wherein the aqueous-mi scible solvent is selected from
pentane,
the group consisting of: N nethyl-2-pyrrolidinone

28.  Thé\neBbhWVF clAiR B! %&I‘éﬁﬂﬁ%‘ hfl Hlﬂérﬁ:llggl Zf((i!)r]'ﬂ;ihg- #sm zjgent which

yrrolldone) di met
feducesﬂaﬂwbmyw@ﬂ Qﬁqhdeﬁgciltmetﬂayiqaﬂhh&!iuﬂe, acetic acid,
nol , et hanol, isopropanogl

29. qﬁéﬂlﬁ ﬁg?laiu?] gg,( WherA the pgany {0 reduce p splubyity o6 ths active agent

~’péen
in the liquidiiyfulyé m@b%@in (e‘iﬁ@l PEG 4, PEG 8, PEG 9,
PEG 12, PE BLG 120, PEG 75, PEG 150,
30. The msdhodeaf wiﬂnér?@ gthyi@m thesompbmeE@nt isla lcatioredefectedHanz 0

the group g%ﬁ%g%ga lrEtEt%ogt 'epgfg %@; é{EG ?‘Ejntgﬁ“g]l ; 22} earate,
31, The ateltiddatelails3, ARG boinbAks ROSLEGH B E"E’Vrﬂﬁ% gﬁﬂpﬁ:ﬁ@%ﬂ

gl ycol nonoal kyl ers,

32.  The I’Jﬁﬁéhft@/ bf eldimr 31,pwthermmel sge o@lw:@ehng%@)h uid medium is by
| ene al.ginate, PPG 10 but anedi ol, PPG 1

lyophthzat!% @rﬁygg@a@ l’rer PPG 20 net hyl gl ucose et her
33. theDB@thbé £8 ”umgj,,iﬁi

: di eapr )(/)I a&ﬁ?? cgg e, %ﬁlgip)yﬂl e&lcopgmsgst%ue)g%ent
34. Thgymethoduwiotlaim 33, wherein the excipient enhances the stablhty 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, wheréin the excipient is selected from the gmup consisting

of: carbohydrates cations, anions, amino acids, lipids, fatty aczds surfactants, tnglycendes '
bile acids or their salts, fatty acid esters, and polymers. '




(tetrahydrofiirfiuyl alcohol polyethylene glycol

ether), or a conbination _b%ereof. 41. The net hod of

claim1, wherein the acti agent is a

phar maceut i cal |y active agent. 42. The met hod ofmuary 2007

claim4l, wherein the pharmaceutically active conpound
36, The wethed pédlaim 36, whereinahe catign is seledted 1o @bup consisting of Zn*,
Mg2+ arH‘ ;apeuti c agents, diagnostic agents, cosnetics,

>“nutfritional supplenents, and pesticides. 43. The

37. Teihadodbf dhidi 85, Ivhepbif e8éiPich e\ iRAERL 1S a

macr oro| ecul e, 44. The né?lﬁogi%g?&%ﬁeé}?rln@%gﬁ wherein the
38, Thednethed elakim 3% wherein thecbdlyroen s helyeihglene gheoEi Sti ng

rbohydr at es,

i I i.d

-pol ynucl eot i

miscibleselvemid of cl ai m 44, wherein the protein is sel ected
a protein of the bl ood

40 'lﬂaomqt)h groyp consi sting of I
- ol ?Fgé elatndé, whataim thevaqueotseruisoible/sdlventfsctlected ¥om the
group cofdiBidg dfsNDmgii_hglr’?%-lt;}g%@i i o@% @-ﬁﬁdﬂy}-@%{&éﬁi Elpyglslﬁcsﬁibne (2-

superoxi de

pyrroliddng k|1, i-dinietd €-intidholigaioas DM, QinBthh RUTERE., dimettl'ﬁlacetamide,
elr

. eryfhropoetin, insulin-like growh factors ‘or

acetic acé‘iraiaﬁ & acj tlgptﬁ]ég@n,eﬂ@pghi weprepanol, 3-pentanol, n-propanol, benzyl
- i i f

aleobol, BIYBEKL SR DR, AOROPRREG) G FRGR. Wit DIRREL, PRO-14

PEG-16, HBfiok0o REG-26)tRBGA60spolpahylehdsidbol <afrs, PR GLaniiahnt2 $RG-20

ragnents, single-chain antibodies,

dilaurate, %?3?%%%?@%@ paimifewaymias BRGS0 Ipsogtyaiospolyethylene
oyl soA ek P ARG 55k S AGRAL U Ao e i

uprolide, goserelin,

. e
dimethyl ethera §E3- dimethab ethers polypropyise GIRO! (PRG), GalirbHYlde alginate,

rat hyroi d hornone peptides an

PPG-10 hﬁ%;?gﬁllﬁ fﬁ;g_w';ﬁgﬂgf;gm&%&ma RPR-20 materlcgincasaesther, PPG-15
stearyl ethes gl V&L %liHaPﬁﬁit@/dfcﬁgagég gﬁ&lpﬂ%ng gbrlﬁ\f/f faﬁ%tg, -Fﬁg glycofurol

subj ect in need of ‘the t

(tetrahydr alsphell polyetisdenagipeatiethe)her A@inilsigdatidn tetdorery i s
i nj ect abl e,

t com t . i St i f
41 Tof et oY, iherst e et waemt isouadmmeasstienlly setisapgent
42, TheulomvydesHcladdi Iy herenpﬂiegghma%%daﬂgf@pv% %é;%%é&%’ Belected

transnucosal, otic, ocul I ntraoc

i
from the grgpp isansisting a8 theTapsutie tagents, o fiaghaation agénts WoSsRdtits,| Airitional
49. The

..delivery is by pul nonary delivery.
supplemen%{"ﬂpolg%g;ld%ﬁ‘ai m 48, wherein the particles are suitable
43.  Thd methd@pPelatoh 9Nwhéteid e G&RL" i | area of

the | ung of _the sﬁbj e?:t. Oa%lmltﬁggnrr{ét%ﬁdgg&g%ﬁ%ﬂ ai m 48,
44.  The,pmethsidnof pleim 43, iwhersinahe matronicleadle By sRldded £6m the group
onsi sting of dry powder

ot lected from the grou
consisting Bf ite 5, B"ﬁ@t’%‘i%& Hbehydiais eholyniiedeosidas byarwsee rand spucleic
acids. The net hod of claim 46, wherein the particles are

delivered as a stable |liquid :
45.  The method of claim 44, wherein the protein is selected from the group consisting of:

a protein of the biood clotting cascade, Factor VII, Factor VII, Factor IX, subtilisin,
ovalbumin, alpha-1-antitrypsin, DNAse, superoxide dismutase, lysozyme, ribonuclease,
hyaluronidase, collagenase, growth hormone, erythropoetin, insuliﬁ-like growth factors or
_their analogs, interferons,‘ glatiramer, granulocyte-macrophage colony-stimulating factor,

granulocyte  colony-stimulating factor, antibodies, monoclonal antibodies, polyclonal -




suspensi on. 52. The nmethod of claim 1, wherein the
particles have substantially the sane particle size.

53. The nmethod of clai m I,68xherein the parti Clﬁslaﬁl?a\f§2007
an average particle size of from about 0.01 mto

about 200 pm 54. The nmethod of claim1l, wherein the

antibodjeay Fabl gyniavs suplevhaiaomtdodics CPEGHRR Blotdihd blyekiQuited
to about 10 m 55. ' The net ﬁ%d of 9{:OI Al r’nn%y o

0.5
hypergima’g}?ﬁ’ PREIRS tdoyaopigetie, LHREF agonibis (uclp agodenprodidou goserelin,
OB, Y510, AEREL, Pl B i

claim1,
hormonefyautthrolFhdemons\géptides afd fhdimarticle. 57. The net hod
f clai wherein the active agent is equal to or,
46. Elaeegaeﬁapﬁl#aﬂmgn% BherciethgRaraeles pre pitable dorin 8o defiwery to 2
subject #8icB@6r 8F LT rein the small spherical
. articles t%é%‘ﬁgéﬁ%grh?ow size distribution. 59. The

47. Hstmothodof clame; hetedn dienmethed nardelivers iig selected from the group
rises the ratio of a _volune di ameter

consto LA SBOE, RSB b el AL Sl
buccal, Blikdal, BansdR rh e B sl &{Eebg.]ha.i, gfugggg?ﬂ agﬁ'opggl%ip.

ﬁgrcentlle is less than or equ
48. mgihad ofedaim 450 whEten the iatilobéf ddliarery id bywbalnsinant dedivery.
l, S i.C rticles are sem -crystalling or
A9 Tﬁ‘gﬁi‘%‘?‘iﬂg‘ﬁﬁ% e&%i%‘e%l‘w?ﬁ@ie%? Staraéféafm drposiigr in the central
or periphefil efca OB thellang bth€ Suctan active agent, the method ‘
) conprising the steps of dissolving the active agent :

50.  ThemethodrmisheimetSamheicimthe pacivdisraye delévered by adevdc@ased from
0 e -m sci bl e solvent to forma solution of a

the grouwonsREHE G Ry Bob it pfalée « tret! datrcihyon sphaseiitahge

51. Théenahyd ORQIA6 U6 WHBRMH m&%&@&%s LAkt §91al gtgb% liquid

.phase separation to forma“solid phase conprisin
Suspensiallg| i d, snml| spherical particle of the active agent

52, Tl ARG DB RSB ROAE S i

53.  Tisomethodroffokamal PRR&SInt thd Baitidl & hdve Reitdde le §izBYf from
t enperature and a second tenperature, an he step of

about 0.0 ypj teabpwi?00nsol ution to a phase: change is by

oQl in he.so] ution fromthe first tenperature to the
54.  THgaf agtogﬁf?éﬁﬂaiw%m ¢ ersticlasdhavg on average partiplesige of from
about 0.5 Qgpeégbbﬁlqdqhﬁ_se transition tenperature and the second

535. ° The method of claim 1, wherein the activé 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.




tenperature i s below the phase transition tenperature.
63. The nethod of claim (rsr% wherein the controll ed
rate is fromabout 0.2C iPhute to about 50C/ i U, 2007
64. Small particles of a therapeutic agent for in-vivo
del ivery conprising: solid, spherical particles of the
60.  Theap of elazg dnwhereimthe sutdlt sphtiiad] | partipdsedrt Gaini-8Rdtalline or
[.,ng a narrow size distribution, and a density of
non-cys r‘gdr% about 0.5 to about 2 g/cnB. 65. The particles of
61.  AhitivdSforwheping sHl Sphirtbal SARIclesSHNE] | | Glee
have a de\rlgk??y of frorﬁn abou? 0.65e to %E)gg@elggé%’/ éﬂr‘?ﬁﬁmﬂmd

ComPﬁSi%?he?Fﬁ-‘@Sﬁﬁ‘rti cles of claim®64 wherein the solid, snall
reater than 0.75

j ticles ‘have a densit
BRIk T, B B tlesR i i lias apontian aueous or
aqueous-gidcitde sclvaltho spher é&lﬁionﬂﬁfatsihfé%@éoﬂﬁﬁguﬁrﬁé] %i}nay _
.gqreater than 0.85 g/cnB. 68. The particles of claim®64
@Pgenphase changegwheby |the peibre agent padergedses liguid-solid phase
i I ks - DO . B9 The.particles of claim .
separatiof 5 Tl b R bl oBEGHE o Ol S BPhcich] Pl of e Reive

agent andfa liquickphase wf theghaseaseparation btRincing agaftance t he
particles, to

stabi | it f. the solid, small spherical ti
62.  Ti cthod of el O iprein thadatutien harca pbasecransitionl temperature, a

first tempSRhes | i c rogat ,an of . t he
_psol i dhﬁdig rsréa)cli)",li-1 ng erl?tgiz:fi’ %g%rﬁ{ér&g{be?%egﬁﬁ%hﬁ S&?“Eﬁ’r" 9@ phase
change ist bg soeléng tht0 sdl8tidm iean the GRSt tekiperatit® Bathei $hc88d Wmperature
wherein Igj 4 wherein the excipient is selected fromthe
o ) CHMErAe i atgve the ibars drnutien temperatis andi thpsseoond
t@ei ds, surfactants,

temperatuf¥ih BeloWGhé phask itfahgl
P [ erigezic,s, bilﬁgngeghﬁgaor'their salts, fatty acid

triglyc
63. Théﬁ%‘ii(si, oRplding 62y whewin . contrell@hrdié ¢ B6mofboit BiITChidinute to

odyﬁgr In the cation is selected from group consi sting
. about 50 0 '%?th Mye+, and Cat+. 72. The particles of claim

64. Skl pahRIRIoF 2lthe | t wo
trgnsversea axaeliﬁggc éﬁ%\%{dﬁg a"ﬁ@‘g{n"tﬁt’ﬁ‘l"g’ﬁﬁﬁ?‘ﬁ rati o of

solidn sphezieat barticles tafghe wWherapentic iagehiebaing IsabstaitialigUghetial and
n the

. . 1.5. .73, Th jcl f clajm 64 wherei
having a o0 iag it an, 98 R bCofliuR ahpuc Siocbents 6  om
65.  ThepetidleDof0laii §0wRBRIH the Q§ﬁ£ aﬁﬁsplééaﬂfb%}) gﬁﬁkieg ggé%g g%ns;atx of

cl aim 64 wherein the small “spher rtic

from about ) Sfoaheuts}.5 @/cni’y om about from about 0.1 mto about 10
66.  The'Barticles of claim 64 wherein the solid, small spherical particles have a density

greater than 0.75 g/om’.

67.  The particles of claim 64 wherein the solid, small spherical particles have a density
greater than 0.85 g/cm’.

68.  The particles of claim 64 wherein the solid, small spherical patticles are substantially
NOD-POTouS. |

69.  The particles of claim 64 wherein the solid, small spherical particles further comprise
an excipient to enhance the stability of the s,olid,. small spherical particles, to provide
controlied release of the solid, small spherical particle, or to enhance permeation of the solid,

‘small spherical particles through biological tissues.




75. The particles of claim®64 wherein the small
spherical particles have _ap average size of from
about 0.1 pmto about 5 m"76. The particles ofgﬁh%ghom
76 wherein the narrow size distribution conprises
atio _of a volune dianmeter of the 90th percentile of _
70. attieles oelaian od syhepan dheexcipient is pelestod fiom thegrewreonsisting
. - P tjle is:i .sequal 1o, _abo .
of: carbhydiife, 1Sl SRR dovfie'aBich el il oS Ylctef toerides,
bile acidspuh dreircsalts, (faity acild estes) sndyplymasyst al | i ne or
on-crystalljne. 18 January 2007, 71 78, The method of
71 Phepatidcs,pbplam 6hiwharsin by atien ippelecied &om eraypteaasisting of
Zn”,M%T’,'éh‘iii(@a“’* at a controlled rate. 79. The nethod of

alm 1 wherein said inducing conprises cooling the

72.  'Bolpatides of claim cdnwhaktinettie satall sphercdl @aptiviat hive @ooyasverse
80. The. nethod of

e freezi int of i d solutiqn. -
axes eac?ﬂ Vige ?n&%ﬂég& ?&P&% P@E gfithedmo axes i leay tan ppggpal to
about 1.25. 6C/ m nute. 81. The nmethod of claim1, wherein the ‘
ﬁgase separ ati on enhanci ng agent conprises a mxture

73. partistsisfaotaim 6h ovheodiy thehsrhalhspigrigalopartifes hdlecametenapd size
. 2.0 aimil in the first solvent is water. 83.
ﬁomabu].\gg.ﬁmnb&bﬁﬂg(?(&% 1, wherein a percentage conversion
74.  Thé phitieled OF ic¥AmeGe Whefeil? e i) - ﬁﬁrt‘f oI i
thg parti clces is at eI easte 90%%@&# e n@%ﬂ%%ﬁg?d %\{eg%g%sm

from abogt frgshebeiitd). 1 hm tacbouel bgant rel eased fromthe
ivity of fhe active agent

arti.cl es, retains the bioact
75, Thepyrtigleg phgleim g Sherin e smgll spBeragakPadiles pave g ayerage size of
from abo@€0.1 ki %%-ab8at 5 ihe et hod of claim 1, wherein the

active agent released fromthe particles retains the ,
76.  The partitles of claind 86 mitieyeiw thethagrotcdize/disaibatibn compHees the ratio of a

tarti? solgition, as__determ ned by circul ar .
volume & gli*ﬁ § eBtIEetile pl thegmall spheninal hardiclss te thei yalume diameter
of the 10MB&ESITe SHR i Jarticles have a geonetric

S ancardfs egi atl%rn gg@ttggan 2.5. 87. The nethod of

77.  Thd peirticl&6of alhier 64 whehsin gecsmeill iphefitd paaticlesti@ iséhi-orysialline or
s than 18 January 2007 72 1.8, and a ratio of a

G
non-ctystyliing, ne di aneter of the 90a" percentile of the
particles to a vol une




di anmeter of the 10th percentile of the particles is

. less than 3. 88. A nethod for preparing solid, snal
spherical particles of active agent conprising arv 2007

provi ding an aqueous solution in a single Iqu|deHI¥

and conprising the active gent and a phase

separ ati on enhanci ng agent; ool i ng the aqueous

solution; thereby form ng a suspension conpri sing

solid, small spheriCaI particles of active agent

S)SR&N in ui.d isin t he ase
sepgf?‘a Rohodhiii pil e ﬁ%ﬁtlg i pmpises ol @atteoﬁoluﬂon ata
&nﬂmﬁueapherlcal particles belng substantlally

spherical. 89. The nethod of claim88, wherein the
cool i ng the aqueous solution is carried out at a

GONTha et JfcRRAN ve?h%fe?n sefid Hl‘aﬂ%lr% g&ﬁ#m{eg&%&ﬁg 't]hﬁ]solution ata

intermttent rate, or a progra
pertradléd afte &1 atempedurelEveitire frévzing@olrit ofjsdihisolaipneous
solution is carried out at a rate greater than

0.2C mnute. 91. The nethod of claim 88 wherein the

80.0Thaimethod oficlu@O TS wiRkdif sHM coitioed B is@aRtdr Bgint he
ég ion to a tenperature bel ow the phase transition
ﬁ%&?&? Y-e of the active agent. 92. The method of
cIa|n188 wherei n the aqueous sol ution further
rises a freezing point depressing agent. 93. The
ethod pE¢lameB, whetedn die rphameparmhom@htﬂemmwompnses
0 lution to a
§ﬁhﬂ%¥a i %ﬁm§%§§mgﬁgﬁg eﬁ CB int of the solution.
94. The nethod of claim 92, wherein the freezing point

essi agent conprises ol yet hyl ene gl ycol .
gze.p{"he metﬂgd otgc?alm 1, Wrﬂgrem the ﬁrse solvent ig/ walter, a9y

83. The method of claim 1, wherein a percentage conversion of the active agent from

‘the starting solution into the particles is at least 90%.

84. The method of claim 1, wherein the active agent released from the particles
retains the bioactivity of the active agent in the starting solution, as determined by

specific activity.
85. The method of claim 1, wherein the active agent released from the particles
retains the structural integrity of the active agent in the starting solution, as

determined by circular dichroism spectroscopy.

86. The method of claim 1, wherein the small spherical particles have a geometric

" standard deviation of less than 2.5,

87. The method of claim 86, wherein the geemetr_ic standard deviation is less than
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1.8, and a ratio of a volume diameter of the 90™ percentile of the particles to a volume

diameter of the 10" percentile of the particles is less than 3.

88. A method for preparing solid, small spherical particles of active agent

comprising: providing an aqueous solution in a single liquid phase and comprising the
active agent and a phase separation enhancing agent; cooling the aqueous solution;
thereby forming a suspension comprising solid, small spherical particles of active
agent suspended in a liquid phase comprising the phase separation enhancing agent

and water, the solid, small spherical particles being substantially spherical.

89. The method of claim 88, wherein the cooling the aqueous solution is carried out

at a constant or linear rate, a non-linear rate, an intermittent rate, or a programmed

rate.

90. The method of claim 88, wherein the cooling the aqueous solution is carried out

at a rate greater than 0.2°C/minute.

91. The method of claim 88 wherein the cooling the aqueous solution involves

cooling the solution to a temperature below the phase transition temperature of the

active agent.

92. The method of claim 88, wherein the aqueous solution further comprises a

freezing point depressing agent.

93. The method of claim 88, wherein the cooling the aqueous solution includes

cooling the solution to a temperature above the freezing point of the solution.

94. The method of claim 92, wherein the freezing point depressing agent comprises

polyethylene glycol.




