METHODS FOR FABRI CATI ON, USES AND COWVPCSI TI ONS OF
SMALL SPHERI CAL PARTI CLES PREPARED BY CONTROLLED
PHASE SEPARATI ON BACKGRAUND OF THE | NVENTI ON:

. Technical Field The present invention rel ates
to.met hods of production, nethods of use, and
conpositions of small spherical particles of an
active agent In accordance with the nethod of
production, the active agent is dissolved in an
aqueous or aqueous-m sci bl e solvent containing a
di ssol ved phase-separation enhanci ng agent (PSEA) to

f IEBHODS HOR FABRKIATION, USES ANDSEONMPOSITIONS
sol uti qy ﬁ}gf@n mmtpmﬂmmsi ﬁeiames e

separatlo ﬁﬂ@ ? the
solid phas anc solven conprising t he
“liquid phase. The | iquid-solid phase separation can
be i nduced in nunerous ways, such as changing the
tenperature of the solution to bel ow the phase
transition tenperature of the system The nethod is
nmost suitable for formng small spherical particles
. of therapeutic agents which can be delivered to a
-subj ect in need of the therapeutic agent The nethod
is also nost suitable for formng solid, smal
spherical particles of nacronol ecul es; part|cularly
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nano- and microparticles. Conventional techniques
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into a nonolithic matrix for subsequent rel ease. A
nunber of different techniques are routinely used to
make these m crospheres from synthetic pol ymers,

natural polynmers, proteins and pol ysacchari des,

i ncl udi ng phase separation, solvent evaporation,
coascervation, emnulsificabi.on, and spray drying.
Generally the polyners formthe supporting structure

of 20 these m crospheres, and the drug of interest is
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fabrication, an essentially aqueous process, high
Kimi el d, and requiring no subsequent sieving. SUMVARY
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agueous m scible solvent The solution is then
subjected to a |liquid-solid phase separation having
the active agent conprising the solid phase and the
?SEA and sol vent conprising the |iquid phase. The
l'i qui d-solid phase separation can be induced in
nunmerous ways, such as changing the tenperature of-
the solution to belowthe: phase tranS|t|on
tenpérature of the solution. :



In a first aspect, there is provided a nethod for
preparing small spherical particles of an active
agent conprising: providing a solution in a single
liquid phase and conprising the active agent, a phase
separ ation enhanci ng agent and a first solvent; and

i nduci ng a phase change at._a controlled rate in the
solution to cause a liquid-solid phase separation of
t he actlve agent to forma solid phase and a |iquid
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preferred_ enbodi nent,- the solution is an aqueous
sol ution conprising an aqueous or aqueous-m scible -
~ sol vent The active agent of the present
~disclosure is preferably a pharmaceutically active
agent, which can be a therapeutic agent, a diagnosti.c
agent, a-cosmeti.c, a nutritional supplenent, or a
" pesti-cide. In a preferred enbodi nent of the present
di scl osure, the active agent is a macronol ecul e, such
as a piotein, a polypeptide, a carbohydrate, a
pol ynucl.eotide, or a nucleic acid. In yet another
preferred enbodi nent, the particles containing the
active agent are suitable for into delivery to a
- subject in need of the agent by a suitable route, -
5 - such as parenteral injection, topical, oral,
rectal, nasal, pulnonary, vaginal, buccal
subl i ngual , transdermal, transnucosal, ocul ar
i ntraocul ar or otic. BRI EF DESCRI PTI ON OF THE :
DRAW NGS: FIG 1 is a two-dinensional phase
diagram plotting active agent concentration agai nst 5
tenperature. P10.2 is a cooling tenperature profile.
FIG 3a is a scanning electron mcrograph (SEM of
the starting insulin material. FIG 3b is an SEMof a
smal | spherical particle of insulin (Exanple 4).



FIG 4 is an 1-1PLC anal ysis show ng overal
mai nt enance .of chem cal stability of 10 insulin when
prepared into small spherical particles. FIGS. b5a.
and 5b are schematics denonstrating batch-to-batch
- reproducibility. P10.6 is a schenmatic denobnstrating
bat ch-to-batch reproducibtglity. FIG 7 is a
schemati ¢ di agram of the continuous flow through
' process for maki ng inSuIin smal | spherical particles
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washing medium may contain an agent which reduces the solubility of the aciive agent in the
liqmid medium. The Liquid washing medium may also contain one or more excipients. The
axcqnen’t may act as a stabilizer for the small spherical particles or for the active agent or the
carrier agent. Th;: excipient may also nnbue the active agent or the particle with additional
characteristics such as controlled release of the aciive agent from the particles or modified
- pepmeation of the active agent through blological tissues.

In another preferred embodiment, while the small particles do mot include the PSEA,
they may be harvested in the presence of the PSEA phase for subsequent processing steps
prior 1o separation from the PSEA phase. '

In another preferred embodiment, the saluhon is an aqueous soluuon comprising an

—~D

agueouns or aqueous~msc1b1e solvent.

The active agent of the present dlsclosure is preferably a pharmaceutically active
agent, which can be a therapeutic agent, a dxagnnshc agent, a cosmetic, & nuiritional
supplement, or a pesticide. In a preferred embodiment of the present disclosure, the active
agent is a macromolecule, such zs a protein, 2 polypeptide, 2 carbahydra;e, a polynucleotide,
or & mucleic acid. In yet another preferred embodiment, the particles containing the active
agent are suitable for in vivo delivery to a subject in need of _the agent by a suitable route,
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FIG 27 is a SEM of human growth hornone (83H) snall
spherical particles. P10.28 is a chart show ng
insulin stability data in 13FA-134a. FIG 29 is
.a chart conparing aerodynam c performance of Insulin
~using three inhalation devices. 5FIG 30 is a chart
of stability data of Insuli.g.small spherical
particles conpared to Insulin .Starting naterial
stored at 25C. FIG 31 is a chart of stability
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BRIEY BIHSERPIONOF THEBHAWINGS: FIG 33 is a chart of
stability data of .Insulin small spherical particles
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3. illustration of the continuous enulsification reactor
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prefRidd by 1ihd dStiFHou LA Gy 5 BRGGRSY ated | BA
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FIG. 11 is an Andersen Cascade Tmpactor results for radiolabeled insulin of Example

10,

FIG. 12 is a bar graph of P/I ratios for Example 8.
FIG. 13 is a scintigraphic image of 2 ing from Example 8.
FIG. 14a is a circular dichroism (CD) plot for alpha—l-anﬁﬁypsin (AAT).
FIG. 14b is a plot of activity against storage time at room temperature in Exampie 17.
FIG. 14¢ is a plot of activity against storage time at 4°C in Example 17.
FIGS 15-25b are DSC piots. _
FIG.26isa plot of TSI Corporation Aeros.izer particle size data.
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- 7 - FIG 45 illustrates the I'VR profile of
PLGA encapsul ated hGll snall spherical particles
(Exanmpl e 34). FIG 46 illustrates the effect
of the mcroencapsul atien variabl es (pH of continuous

. phase and matrix material) on formation of INS diners

i n encapsul at ed | NSns (ExarrBI e 35). 5FIG 47
illustrates the effetei fie rai croencapsul ati on

.variables (pH of contiauous phase and matri x

ma for t| on of HWMW species in encapsul at ed
Nsﬁ%é ?B‘Pa"n%"?“é mpﬂf@“kéﬂ%ﬂ?@&@@@t%@ﬂ.snbwﬂgm cles.
r el Bl 28 bfa ct‘iﬁﬁ@ﬁﬂiﬁﬂﬁfﬁmﬂiﬂmﬁdmfw ih IFAL 0,

L at e and encapsul ated pre- fabr| cat ed
| nSUIGH 2% | Chal - eomHERRE BETPYREm S Dirfprieancs. il asing thres

mhaﬁmondeﬁ}ﬁéﬂ 49 is an SEM of the partiales of Exanple
- 27. AI LED, DES g; OF. _THE | NVENTI ON: The

pr €9hE0iih g St § g?‘ ot i spgll strbrsighirpaticdes cqmpared to

4

hsnmdngﬁ@eﬂﬂtm,ﬁgso&r eferred enmbodi ments of the

cl osed with the under st andi ng t hat

| nV ..on ar
{3200 ot of G Re dot 4 Jotsin sy sreriod peitles tompared fo

Insﬂﬁﬁaﬁrﬁ;hgﬁht@ﬁﬁjlsﬁf&i@@?@e principles of the invention

an re.15 n |ntended tolimt the broad aspects of
gmgn S%l’ﬁ f Sﬁaﬁ st Jamis smpil spherigalamriicles compared to

mﬂhﬁwﬁ@ﬁa&w@m@tgﬁd s related to nethods of

p ct] on and net hods of use and conposition of
rrgﬁ&‘ é% Pef chagt ohgpbility |daty of fingwiin small wphesigd rpartickes compared to .

_ Inszaﬁl@@iﬂgkﬁﬁeﬂmg{arédlggmt hod of production, the active

ggé is,dissolved in a solvent containing a
|

ot pRbrbok el eieref dnslin sinall sphyeicdl padicles pompared to

hsﬂﬁlsmrhﬁaﬁsﬂoﬁed@tggu@gl e |iquid continuous phase.

E:(gol vent is 20 preferably an aqueous or
eQud? 1i & chast o Sahilits etz ofilesulin small gpherigal triadtioles compared to

Insﬂﬁbtaﬁﬁig%tmgto&h%@nghange for exanple, by |owering

W

surfz%@ Sotive] béﬁﬁ&ifﬁdaddgd %o ftﬁer SntiBlnd

gée erature of the solution to bel ow the phase
1136 15 bgrantyof ingrlén astodynamia siebility vaipe atCyclehaerddBL

thﬂ@@ﬂlyslleﬁ%&ngﬁﬁﬁofﬂmugﬁaﬁsﬂ ?1%51 nﬁ?ﬁﬁéé d' phase

%(iriatl on to forma suspension Spheri cal
{4 Bdga ehytsaf |W@E@Vﬂy0fBNmontl nuous phase

V\,hpj;(e @h@aggﬂggm%gg @ltg(gj] ﬁﬁgyﬂ&&% [t remains in -

t he ontlnuous 25 ase nt i nuous

PhEEE 4P m&nwﬂﬂﬁéﬂ%ﬁ%§@ﬂsmaﬁmpﬂ@m1es

1 T 18T R LS ol {4 o,

agent b
?f &14gern schematic Whsiatos ob theatontimoso emnhﬁnmmgreactor when

in S|n | e
%&seor%]e fore
hase. The sol ution can e an organi C Sys gl :

> e 915 japdy FAG. 6&%%&@0@@%@ rillustraticn off tht wostimbus emulsification
 reackdt TR sBERE Hifre SOMYRDA B adddifafier emulsification.

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

- particles (Example 32).

FIG. 43 illustrates the IVR profile of PLGA encapsulated LDS small spherical

particles (Example 33).

FIG. 44 illustrates the effect of pH of contimuous phase on TVR profile of PLGA

encapsulated insulin small spherical particles (Example 31).
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- 8 - solution can al so be an aqueous-based solution =~
conprising an agqueous nedi um or an aqueous-mn sci bl e
organi c solvent or a m xture of aqueous-ni scible

organi c solvents or conbinations thereof. The aqueous
medi um can be water, normal saline, buffered

solutions, buffered saline_sand the |ike. Suitable
aqueous-m sci bl e organi ¢ solvents include, but are

not 5 limted to, N nethyl-2-pyrrolidinone

byt o onasdu e Rk o FLOR. st EGIchﬁmﬂil spherical

paieleeEgmela BAX udde, di met hyl acet ani de, acet i c acid,

l-a th et one,
acgl?r:lﬁtér |LF"tlr rreﬁ#oeg%%ﬁ Jﬁﬁ{%&ﬁ%\'f] a\{’ ofpRles (BH of continuous
hage p@rmmmatenalbmﬁmehqn df ENS: fimesd i eha@bsul G BBHE |(Examp1e: 35),

tet T et hyl en ycal, (P

Py ¥pURR G fedor B Bhod SRnfbatints (B st pomnuons
phapp apaGiE moREa!) K mptiby af HYIVE agecith fe &icaﬁta%SNSBEgﬁmple
ss)i l aurate, PEO-20 dilaurate, PEG 6 isostearate

pal m t ast earate, PEG 150 pal nitostearat e,

p ol Eiet 48 dllurimtay Ilgf-mylo relemsbbf lﬁﬂﬁnbn%ﬂhﬂﬁbjﬁﬁﬁﬁh%ﬂl unencapsalated

t hyl ene C.0 rmnoal kyl ethers,
and HOPRIALINE hfaligy lwﬁwx’nﬁﬁﬁigﬁ%ﬁ% PdAts (Example 36).

poI%r@pythart(cE@@)Exaa@hm opyI ene al gi nat e,
PPG 10 but anedi ol , PPG 10 nethyl gl ucose ether,

DEPE@E%W G- 15 stearyl 15 ether,
-+ propyl ene Co icaprﬁﬁ?%’gldol'caprate, propyl ene

gl @|pro;sgn:tu g:tvenhcmnida' giispeptbler ol embddirhen®d e mdnl NdiffiVt forms.

" Pre Ik I d
oLt 40 S8 6% 0 RS e e

discinspra deto bretmmlered) ps am@maﬁms cm’thé ﬁﬂcﬁﬂés ofmenﬁéﬂﬁgh @nd are

, first praviding a
s RANAY R ALGSE) SRR USRS e Ll Sl BE QL ELD

wh it presené mmorsxsl reloteé to me&bdepﬂobhcemwah&l ﬁeﬁﬁdsf bf Sde and

co §9.|ﬁ6%rbtf [ | b the active
agent to o8 il ?‘u“%‘% FiE Stk et Ipteortnge b ecmegbod of
production, the active agent is dissolved in a solvent containing a dissolved phase-separation
enbancing agent to form a solution that is a single Hquid continuous phase. The solvent is
preferably an aqueous or aqueous-miscible solvent. The solution is then subjected to a phase

. change, for example, by Iowering the temperature of the solution to below the phase

transjtion temperature of the active agent, Whér_eby the active agent goes through a liquid-
solid phase separation to form a suspension of small spherical particles constituting a
discontinuous phase while the phase-separation enhancing agent remains in the continnous
phase.

~ Phases:

30

The Continvnous Phase

The method of the present invention of i:n‘epating small spherical particles of an active
agent begins with providing a solution having the active agent and a phase-separation
enbancing agent dissolved in a first solvent in 2 single liquid phase. The solution can be an
organic system comprising an organic solvent or a mixture of miscible organic solvents. The



_m

15

directly to the solution, or the active agent may
first be dissolved in a second solvent and then

t oget her added to the solution. The second sol vent
can be the same solvent as the first solvent, or it
can be another solvent selected fromthe |list above
and which is mscible with %he solution. It is
preferred that the agent is added to the solution at
an ambi ent tenperature 25 or |ower, which is

ortan articul arl Iablle nol ecul es,
SOSHTh 4% c rtafth 28P% 8{1%%’?3‘? g?n FUBDFSING: 21}, aqueas, pagdipm or an
aqueonpmisalble ergams mlﬂeﬁﬂ@reﬁahibtﬁﬁc of aguicdtii@listiRNdrganic solvents or

t era ure of., about 20 out 40C. ver, the . .,
co £ T s T o i Pk S e P qsgtons,
hﬁﬁm&hﬁm@@h&ﬂeI&gemmmHMddubmHﬁﬁdM&a@mh@ﬁgwﬁﬁ1ﬁﬁﬁkﬁ&ﬂmenm

iR B yEIS T2 BriRldngie  avaR e Al el @

pydglizlohe), 1,3-dimdib@-PhddLobERae @mn dendiyil io6da gandthyiRetamide,
mz%} %? f, the present .inv nﬁlonlenhances or .J nduces the

FF tfiq- Bt Bhageéovgegs%eﬂa L Jretdune acpiqnittile Zapthapol. ethanol,
1sofm‘opmo:,h 8- f J eRrufedl, thezs omcsuop ng1 endl M&&é)ﬁéae (THP),

step O a ion_in

polylfvibie Bt BRGS rea R 0 s Rpbd, PG o PR s £2G16, PRG-120,
PEews;p CHS-150, phlyahiikde g ebtérd) PROY! dikklRfe, BEGR0 dilaurate, PEG-6

%rscog% g gpase e t he phase- separatro
(¥ gl o715 el Rl etuens entsorbiacs,
PEG!IASRrbithh Qsd@ié&&ﬁr Eﬁﬁﬁéﬂe%&ﬂ B:%HSAHE}@ Pﬂeedar&eayr ether,

p DFS&B Hﬁ y of t he_ active &Pnt when the sol uti on

P6h eofierppilenss alginate, PPG-10
bmambrmabaﬁahﬁea%a bi@g, ?Phaliﬁin@ﬂi yOGIEsS erﬂaplpﬂﬁs stearyl

but are not. limted to polyners or m xtures Of

etheg |RFoRNIeEe ¢ gligo! Jiganeylate/Bicaprefe. Biopyern @lyedl Vavgate, tand glycofirol

- (temwbﬁ@aryl BXAB Bslydthyleui diial @ihbY) MREBLES ﬂcﬂﬁh&dﬁo%ane butane,

20

I|n ar -or branched pol ymers. These pol yners can
x5+ heptane, astanss MR d eg@#mne%&aﬁm reafi bl e, or

l nSHieL%g% continuous Phafe BAEHE bephled Qgrﬁr&f pr&fi8ing 2, solution of the
i nventjon, the phase-se ra I on enhanci'ng agent Is

phaggsteppration hbpesing asgph whic selblp pesmigfblp pi s st sobvent.
Thik ibafbllmeﬂ Beadanpthl Bedve qgene # fpe Byt enﬁ%@&i a%@AtXE%fb% added

é%?phatlc al cohol s, "pol y(vinyl) ymers
d’“’ﬁ@? %’ SAlyHOR ey the actixe, tgarés@ ecdisgel ve@e aysextopd palyest and then
tog@lidr dBided & 8R! JF0R. ahd BloRd lsoaempahwz%é sdrfis Sblvent as the first

ol oxaners such as Pluronics F127 or

solvemh O B 65P% b F%theﬁ Splyent pelpcted Fre dhedist gbave nlsqz which is miscible with

the BOIhBIGHE 1B is PRSI IataRe agtHl i§ 36dcANS the sQﬂh?&?-&t&ﬁ gﬁybrent temperature

branched and cycl o- pol'ynmers, and pol
or Ipywer; whic WW‘%@W 19 iercheatigbilem eaé@ewhm ecriain proteins.
Whigfia rni@ﬁteb‘} FaRbieR A6th ra\’cﬁt% §04 ténkglﬁm‘hﬂé G gl%g?d %Llete&%eramre of

adm ni stration of t e active agent partic
ﬂmﬂﬁ%*@ﬁ?@@mbﬂrﬁnéﬁywaﬁeﬂ@@wﬁhamm&&@dmm@ami@1mnem@ﬂmbMdmkw

o R AR B BB e B8 s K6 e o n e

actipipofdss@entPEG 8000, PEG 1oooo PEG 20000 etc and
pol oxamers such as Pluronics F127 or Pluronics F68.
Yet another preferred polymer is polyvinylpyrrolidone
(PVP). Yet another preferred polyner is
“hydr oxyet hyl starch. O her anphipbilic polynmers can
al so be used alone or in conbinations. 25 The
phase- separ ati on enhanci ng agent can al so be a
non- pol ymer such as a m xture of propylene glyco

- and ethanol. Liquid-Solid Phase Separation

- liquid-solid phase separation of the active agent in-
the solution can be induced. by any nethod known in
the art, such as change in-tenperature, clunge in
pressure, change in 30 pH,- change in ionic strength
of the solution, change in the concentration of the
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-10. In a preferred enbodi nent of the present

i nvention, the phase change is a tenperature-induced
phase change by -l owering the tenperature bel ow the
phase transition tenperature of the active agent in
the sol uti.on. - ' FIG 11% a two-dinensiona
phase di agram 10 for the sglution containing solvent,
a 5 PSEA and an active agenf. The diagram plots the
active agent concentration against the tenperature of
tion of the PSEA is held

¢ Llippe-Sepatation A has a saturation curve 12
a Wﬁia@ﬁﬁdpﬁﬁﬁdrpﬁbhﬁmﬁﬂgeaézﬂt (PSEAB bEGE Q:bésartaﬁ@an&ﬁenhances or

t her ebet.) first are 8 belom1the saturatjon
indugeh b Weed Rt ;?EH‘%‘H'%"P o BotD AR o thessaijop when the
soluiztdnﬂid isahjeuRase the e fphhseGOPRRAIAS il Ghidk &wlaamte*@eﬁﬂ Hebbribs solid

d a second 10 O aboye the
or S*@Hﬁe%@t PP SUspRTEigR gbs rﬂﬁLﬁP@ %@@v&m fiscontimygys phase while
the;ﬂmtsepamleﬁman Qb drl BB AisRElvddB tRChhikR0AOEHAe. A phase-
ui phase of the PSEA and sol vent. The hase
Sepamhgﬁ P’g'?ﬁ“F’%g ReAh Fegircss fhe) selbihity pf oy patiae ta&fﬁ’b B {eesobtion is
brougtetoSHhs tpiie dafarkith: EdldRiohy © SeRIYIE phdsabdpariiol enhancm% agents

. ,CO onents in the pure liquid phase, the |iqujd-so
inck arg mgt e5her xRS ok ap e fat ave galpleios smisoible

withDlé \s6ietor. BN of BABSE- polhtss Hchel aned &e&ﬁﬁd‘ﬁad polymers.’
ﬁg aration of snml|l spherical particles O

SELPR WiSen sREbISa R WalRy solpdle vatssmiseiple, roas ms@ﬁble
megef prafehtd@iRm SFahs! Eﬂv@ﬁhdnpﬂierﬂhas%- arRRE Qh%cmg agent is water

saturation in point A where the solution is

soluble, or Peisr 1ispblG {HyPangt Robymess Blnra@ey qn%ﬁffd irxjpdp éarbpla@atﬁ-based
poly@rsf%dﬂa!libﬁﬁc GREAAIE) GolyRving Phdlyrhes, rp%ﬁﬁ?ﬁﬁcn ng) ?oi&&gamc acids,

ion contnins nore active ag ent
polyuginp asigs raraelymess ek bleglk P¢-p@wmerm(eg+ aplprauesys gachtashuronics

| F1270i € B6R)E RRIpBI R olGothd, Uiy Niks u&ng %@;&ﬁ@é pofyimides,

supersaturate S ont aneous formati o t he so

cAePplypersnandpolyaldehydetied. The
POpreferrBi b&yﬁe@%@&n&%% R ¥s [HarchddCurtlel aﬁﬁm& for the

zone. The netastable zone wi dth can be expressed

intended payte 19§ admmisigionefnthe eliveaisee pATERksc oBrefergpd polymers are
phanﬁ&iseuhcaﬁ; abbepBibleD¥ddifMes SHIBR T a3at pietiy R, Wﬁﬁc&k& various

hese two expreSS|ons are thernodynam

o moleae}%r VeiBERtsuclp s REG 208, BEQG3PP.IPEG AF50, FES R006; BEG 10AQ0, PEG

25

30

2000034id) ah -phloBarh &P LRGSR E’ﬁn@m&q} 1¢% B@PXMGS #E4. h?ﬁt a‘ﬁBther preferred

prep aring a netast abl solution. In an iIsot

WUIB?‘OC@S yréyipyaelidong p@’Vﬁ’ﬂ wou¥ell tseother, Byfeilﬁ@r @abm;; is
FIRAREN Ttk }ngﬁﬂ.lg OB hRRlcad BIPEE e bfdne SR Wodibindons.

mnll agai n be ac ved at point A An |sot er ma

The phpse-aepamtion cotgmeing @epnrtroan e@w Yoy nopipolymer eudipes atmiighyre of

mnmﬂ&mgﬁméﬁﬁgkﬁg&ﬁddltlOn of the active agent, for
I nst@nce

Liquid-Solid Phase Separation

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

change in the concentration of the phase-separation enhancing agent, change in osmolalrty of
the solution, combinations of these, and the like.
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to point Cwill cause the solution to nove into the
- nmetastable region until the nmetastability limt is

agai n reached.  When the netastable limt is exceeded

the sol ution becones unstable and a spontaneous
“formation of the solid phase i medi ately occurs.

The value (AC---C*2 obtaineg isothermally can be

dlfferent fromthe 5 correspondi ng val ue of

TiT,""rT3- T2 obt ai ned polythermally. As the boundary

of th Bdhs o S, approached, .the_ti .
necfelsga}i!E ¥ emsH('J tﬁ%‘?tﬁ%ﬁ“ﬁ%%‘tﬁ’ oﬁeoﬁfeeﬁgaé’g" 5 a
fmpﬂah#&m&eceﬂgﬂlwt chahge byi Mnngﬂteaﬁjibeﬁme below thephbdd Sransition

o ot SRR G PREPE L ho”si Jo ant! Shape of 1 he

parFIGc Idsa th}dﬂnﬂn&oim @hﬁse lafagenC 0ok #d REiaeBnthifing solvent, a
O#i ﬂ?‘généggﬁﬁ T o abqut SVC/ m nute, and npre
5P aptrrably f Oty Jhiexpriixe ARG goncertEation against the
tenw%rantmfglm sohutiotne Thd coﬁcﬂh&ﬁﬁdna:lﬁhe@SFJA | iDBAR chitt, A
i[jmat termtt or -apr.ogranmed rate
( haV| ng 31| embﬂé?g ’e% jupersaturationy pigrve, ks metastable area

16 (ﬂmmbb@owepalﬁadteﬂea‘ U8 Belobe HRShafurititnt fiftves Wheel (B @&@tn is in o

R S R R0 e e et s B o+
area:@!hehnb Itlzaat mpﬁsﬂﬁratlhe cmé Wwhere A Ristont B GROGEH %@&#ﬂhvmg a
soh?l_‘:hgs f the te ture, or aftéconblnatlo

ese to 3@8 agens é‘ Fh ghastyok e PPRA ed isolvenig e phase
diagyoe & Helpfahimddiérapiitly the &nefabir y&ﬁﬁ &ﬁﬁﬁ%ﬁ
ofchﬁ imatrs1 ol \%qj&n%o no:@eg}ﬂlggo?@ifb& phaceé%l!hangeﬁﬁ&:mdmg

_thetmmnph-lbettvmw@emoﬁms@ngth the osnolality and the

nce, ronnte control 20 or suppress the

|
plhgg eé's(c) Sﬁg SXefEy r%tai'}t’? Shsmall spherical perticles o6 2han gotive agent
pringipaliytinveives ebalinis\iRInY adWir@ersat@fatch RStufid:A@Einh A’ )C}Qécﬂﬁag sShuration in

se t,ranS| tion te erature
- et it HE sBAST s rauties s o Phasei s brgresat. On
' furtierg eodling S sihte S r@icBERY WERE 1 366Son cﬁﬁt&.&%ﬁﬁ G4 2808 than that
no

et hanol , net ha or agueous

gl vco cohol,
ORI E Y h’F ﬁ%ﬁwg gﬂa‘vﬂw Helhie cwmowmpgrahire the sobwien tims
becantes sdpesadirdie. (KiofltanSus FHRaSOASIF® shid ﬁl!:als@&bés%t &Q&’fﬁﬁm point

change.in t.he systemw thout freezing the 25 syste
Bis SJE penth W%éh“c%q"flﬁlﬂéﬂoﬂht mataenbie Hone. {The metestable

 zonel iGQRA bél6xPrisSed QRECIRAHD &g&{] 2B ARLE AT =T,-T, o

he system The process descrl b erein s

by e sprEiuEtiog ACha Bl .or Thest dwol dxpresdiats aecthbatiynamically

equiveldt:l € (e.g., proteins). Optional Exeipients The
particles of the present invention may include one or

-nore exci pients. The 30 exci p| ent may i nbue the

active agent paktigbe’s i onal
characterlstlgs“‘gu%ﬂ gg ﬁ Eﬁdeé ﬁ)lty of the
particles or of the active adents or  of"the carrier

~agents, controlled - 12 - reI ease of the act ive
agRiRtpath 0 B R £ on
the actjve agent thro% h b| o 09 |ca+ﬁ’?| 53 éﬁﬁalflgﬁ?lgﬁ‘m'

In ansaherpalrecesnibp shigtingmpint a‘f@drivtﬁ’f i By ﬁEthakmg the concentration at
cansfﬁﬁﬁ&iﬂfk)‘ﬁlhﬁtsﬁﬁm{tﬁngvﬂl K/'"B@L‘%%g csaﬁlﬂ)%{n?ie Lt2 pbrpase in

cat i ons (e , Zn2+, ani ons
conceniration (by solvent Evapomﬁon or by seeding/addition of the actwe agent, for instance)
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acids (e.g., glycine), l|ipids, phospholipids, fatty
acids, surfactants, triglycerides, bile acids or 5
their salts (e.g., cholate or its salts, such as

- sodi um chol ate; deoxycholic acid or its salts), fatty
acid esters, and polyners present at |evels bel ow
their functioning as PSEA si; Wen an excipient is
used, the excipient does not significantly affect the
phase di agram of the solution. Separating and Washi ng

to pbiet eamﬂucahsesne $olutdn b &ofs iedl g m&tﬁt’e
spherl ca p%lr{ll c@e[hﬂ Bpigstability

es are

lmﬁ.esent n@gn on, the srrall
kimd a8 $xcended fhe soluiion becomes unstable

mehmmﬁmrmmmd@ﬁ%meﬁgﬁ%ﬁég obddfs, SOl ution. In
odi ment e net hod of

yetgﬁ\notﬁggr preferred e

sep s; ng)btaﬁ@dsubthemﬂyoaantb& rairﬂ’ageﬁth@om the
I aLtd di

coRBRdnR Al O ARRETLE: BBl ol ! hayieny of he

whi ch the active a
mefpsiablg #Pmsraeprpme@ rﬁassmns eqassatyi forthe RbIANGdide ma:toﬂ dcreases

untﬁ%é’rﬁéﬁstéﬂihfhﬂ? Ld medium Sone net hods of  washi ng
il I'on or by centrifugation. The 15

qlgﬁ;he n@mal: amcdme, thmram:]mm:ﬂﬁngl‘rﬂ obdhtQl codolMdIRR4E controi
% .S W ow agueous
the Xﬁi"%ha?é:&rth%g&r_\ g UI Wﬂgﬁ‘??&?ﬁ@h@n 0.2°C/minute

sol ubi
o Fhawti J0RE m aad umupreﬁmhlwm @°ayhinte 18 9T Rinkt22 The rate of

chahgedlie et RS solubility of the active agent,
such as %I val enii%g ﬁge ‘¥1 @ﬂwqﬁm@%ﬁnmed
m"‘«‘dmmulﬁph@bmdercygles).such as many protel ns, an organic

o (HE BheiBs M MIERHE: B HE VSR Sion rixhprztid by washing

prote
mvgubréwewmwem used. Exanpl es of suitable

a2 FfeeBfl SRS, &Sl Te e i ovenision o i esve age,

t hose "organi c So v
the rqupeqﬁn@om ofrthe Bsm,sthpteagmuw& dﬂgrcmshet&r&%aée to canse a phase

I
08 L Gl ot o o o

h aceft a

salvpm nc@@lotﬂnwgmhmmmmatredaih% qﬁlg:ldg] 4 B Qtemplated

lend is

f d
chmﬁg%h % }trirte]ﬁ g ﬁt of |"\é§é}h’rm% i e tﬁjg Lige torﬂbwpdﬁemote conirol
o supptest fhe @ham d.hmget Bﬂesohitibns ﬁ vﬁ:ﬁﬁf 06 58&kidd Win tﬁi‘z%fah{réiyh@h, or

[ nt for eas renova
o PR e B b v g
zmwndmtcpgpmmgm sgh aﬁbﬁ@yl@@ g;:&d!,&%&&é te %rbr&tt Gieohols

d carbon .di oxi of a
e Sifeldo eL nlﬁ or a&u?ﬁus mga e:t? 1pnqn; MS@Q Agents to Iower the

superérlt
freezm Rgig] thha)bysmni © ﬂmw ﬂnb@ahﬁé&v%&nge%ﬁ&ﬁé HsteBDwhRAR HEb AL the

S gegrtlc alir g{c{] ynmers, but” are
nonso RrRATEHS % dhak ghe' temperntars; it lrfts‘lated below the
fmzfdguptdzst ufamebsysmed Thy prébeds&lsyi@ifed Merdbh i) n3r &’s o aﬁ%\g&&iﬂe for

[l ow 13 - supercritical flui
mde%;g% Iafeqw% /* or xenon. Potenti al
_cosolyents can be acet0ut|nile, di chl or onet bane,

t hanol , water, or 2-propanol. The
e _smal | spheri cal

|
'ﬂelﬁrﬁm Mgﬁﬁ%eéo‘ Gt gligr}asfﬁtg ude pRg fr mets) excimends. n The

parti‘cles from

excipignt mge fmbuetthe hotive dger or tHeasioled biith ddMitRhall G864 Esuch as

-mcreé&?%bﬂrﬂr &tqﬁe parttcles or of the active agents or of the carrier agenis, conirolled
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51liquid nmedium It is nost desirable that the
particles exhibit mniml solubility in the |iquid
mediumto maxim ze the yield of the particles. For
some proteins, such as insulin and human growt h

“ hornone, the decrease in solubility can be achieved
by the addi ng of divalent_gations, such as Zn2+ to
the protein. O her ions that can be used to form
conpl exes include but are not limted to, Cal+, Cu2,

mlegg%¥me ﬁ% ﬁilc' glglcleél odsngedfJ ?%Jﬁ?ets% of g ﬂgehacﬁve agent

nsulin
fhrosgh‘ lﬁlpbgleaittisguct o&mtablewxhlpmtd |mc11fd|eJ lmt atei rohlimfted togcarbohydrates

(25 PRERIEE shllo 50 S8 Lk AT A Gl R S

acidb fe.g. agiydined, I@@Bnﬁho@phohbﬂs [attyt dofdspsufastirits, mydenmabﬂe acids or

cterni stics.su i ncreased .sta |I|
theif O Rk <ol o1 B it L SO 5Pty Sopsyehdisorrid O s sae),
fattmrd astelsl &d poblneasgreseht 4t keela bblbweh@gthﬂduoﬁihg % PM’% SWhen an

part.i cl fie er [ f the active ent .
o R ORI P SRR A e sl P G soon.
In anot her for m of the invention, the small spherical

epatR sk Bartiglepar at ed fr om t he PSEA contai ning

o ol phef %%%ﬁ%{m?w@%%ﬁﬁ%ﬂgﬁ e B BBkricgt pages are
mﬁ@mm‘g@mm groof thaphfﬂetmoswﬂiaﬂmg asgehuﬂitmgsoamon. In

m.s | e. so] vent l. es, of
et BERE N Aa M RS S0 oo, &7 RPH R o . WARHE 4 olution
contriping thcrsral dpheupaltphmles itk aﬂiqfudeﬁiecha.bmitﬁv]ildt tht Betive agent is not

ol 4 ERARLAGR T 28 B LB ESeRin SRR EReces e e i e

llquild Meﬂem dSomednetbols of whehing reaschebyedisfiltritivator py oatitfiRgation. The
[ stabili7at.ion to rote 5.the.active

ool BRI e o Y0 PR AR Ul Renh i X el gt dow

aquegay mhénla:g,enhe liquifl thdibunp cas betin iagstend inediumSorineiogeds lnyedium

cons e At B ki oo 6ol Bl ol ke e o ot

cationsit Foit acﬁmhgeatsmaﬂehlgln&queous solybdlsy, snchﬂlm ma6yTeteins, an organic

solv%xgt %‘ﬁ‘sef’%ﬁ E# c?n be PR bi OlP?%%W‘V .whi ch in Ialsjdm%%mmum

: sulfatmmkxiieymtht es, poI ynucl eoti des, and nucl e| c aC| ds.

-|c|)-o y c o na f%g?a%?fb ﬁlgﬁﬁg ﬁ%llvm][#ﬁoé' ‘?SE té‘IF ; gﬁ?ﬂ‘%hn%mg‘%gg those

orgaiiowolvoilteguatificd wivglas sawblcil the dontimidds phaes),and eore preferabl)r

"methyp \rm?‘{ﬁom;el %hl%ga tpr}n? age%zr)]mt%‘fe %%Jy‘laa%g?gtg lfngt%anoi \{ﬁlanl Ie 24 Of

the like,
It is also contemplated to use mixtures of any of these solvents. One preferred blend

is methylene chloride or 2 1:1 mixiure of methylene chioride and acetone. It is preferred that
 the Hquid medinm has a Jow boiling point for easy removal by, for example, tyophilization,

evaporation, or drying,

The Hquid medmm can alsobe a supercntmal fiuid, such as liquid carbon dioxide or a
fiuid near s supercnhcal point. Supercritical flnids can be suitable solvents for the phase-
separation enhancing agents, particularly some polymers, but are nonsolvents for protein

particles. Supercritical fluids can be used by themselves or with a cosolvent. The following
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. phar maceutical s stch as, but are not linited to:

> "anal gesi cs, anesthetics, anal eptics, adrenergic

agents, adrenergic bl ocking agents, adrenolytics,
“aiirenocorticoids, adrenenmi'netics, 5 anticholinergic

agents, -auticholinesterases, anticonvul sants,

al kyl ati ng agents, alkaloigﬁ, allosteric inhibitors,

anabol i ¢ steroi ds, anorexiant's, antacids,

anti di anheal s, antidote; antifolics, antipyretics,

ant.i.rt tic agents, psychotherapeutic_agents,
sueeal S it g e Rl Che A LRk oPylomi sespivets can be
acefoRiitrik it IdkdrithandHHandl] mBKEIYII vt 22 Bintopagll | DI Ot CS,
anttéf ul ants, antidepressants, antidiabetic agents,
ant pﬁ‘ﬂ%ﬂeé@ﬂ U0 tp vRpES they gmall enbevicd prstiqles fiom the PSEA

deseiibad MtRBI, 1R Sbi¥ain 86 8FEnS whidh Lddmbes @R doRibBitPOERAL Sotive agent in the
antjimal arial; "antiseptics,

B aﬂtl co%apterlal,a ents . K )

PEH T IThsrpast desiyaile dhat @ﬁﬂ’?‘_ﬁﬁ?@% ! maeslsslubility in the liquid

me 0 DS HRI/ARS ROlIDT o PRARRS! FORLbRD E&tei%?édcﬁ*ayfn%hﬁ and human
agents, antiviral agents, aredolytk sedatives,

groyth hargemthe deprenss iivobiidlee prndie ashigvadibyghergidingef divalent cations,

sucB QOLAUSS PR En. Ol i6RThak oA BiPused RHEn SURBILATAMA,; but are
Jagnostqg(gggnth diagnostic-inaging agents,

not ™ £ @Hpdeni Fe nendjthe ke.nem ost at i cs,

he rak QbIaBtiE A tkInRSa Fnr Wﬂ&&%{zﬂ%ﬂéﬂg}% Sre sufficiently low

hor nones,, hypnotics, 1 mmiriol ogical age

- to allpiwidiaflietion Bf theeaneples i ap agrepus soitignr egul at i ng agent s,

W%qud%ed?]uﬂ‘ﬁﬁl dtsd %PJWBH&.SM @ %§%ﬁg%1?tg %@%ﬁﬂ fibue the

Jparat hyroi d hornone, calcitonin, pros

- actiye;pgegt orhe perticlot with additienslicharaptesistios suchhasrinamased stability of the

pari@sian@bl S8 £otRY gpéagra?rlsagéﬂﬂ" lo&Riotied Mé@?&ﬂ%ﬂ{’a&ﬁ% Ege% %'tan the

tOf’S, vaccl nes, Vi tam nsSj

thyroid agents, vas )
- particlgss ¢ rn%cgg edopprmgation @b Pieaastiveagent thumgh binlgal tayesstas discussed

]&@h@de but are not limted to paclitaxel and

~ derivative conpounds, and other antineoplastics:

s ellip aosher formpefithe inyewive. o swilk sihegeab partitlenire indssepatated from

ﬁmpgg@gﬁkﬁggégﬂﬁﬁmmenzyne i nhibitors, alkylating agents

and antibiotics. . A cosnetic agent is any active

 A i.ngredi.ent capable of having a cosmetic activity.
—ﬂq§é%ﬁ¥§iiﬁﬁﬁﬁhe56 acti've ingredients can be, inter

al IreanoBiEP blcf@itl 2mbOUAREL AR BbrichfiGCpbhadi 6fhe élgeréenl: system is of
i nhibitin _aqents, anti-inflammatories, vitamns,

‘grf@" udes 8 AHPAUP OF AR caapaYRiscible solvent. Examples of
suitbid dquedte miRablE SSlverttSinaldd, Wi £8 noSkhildd tggtg&féﬁﬁén‘ﬁﬁec? Kl Re for

. col.oring agents and sunscreen agents,
P

(rgEoRs phgse.| PRy pdjantage phusingen;agegous-based prsicess ag that the solution

' can BE BEIERRECaAad Bk exBiplehifsShat @%Ydé{ﬁ@&%ﬁaﬁgagﬂahgn to protect

agids, nicatinic ester; tocopherol nicotinate,
ﬁmﬁﬁﬂﬁﬂﬂﬂ#$¢§bﬁ@§mm“¢ice, soybean or shea, ceranides,
hydroxy acids such as glycolic acid, selenium
The detivevadenyes, 30 anti oxi dants, beta-car ot ene,

g - Qri zanal d stearyl glycerate. The cosnetics ]
2 bh<, BSHYR (8P 91 the pteepaifreention, i prefmiblp e phegpseetipally active

. agent,ewhioh (e ek s Qiaientié RGeS & -dingnodid 4 a oL £SwiMtional

o utrﬂtionaL_auppIenents contenpl ated for use in the
mﬂ%?ﬁ? PEPSEC e present invention include, but are

NOThd therbpeRtle hfent BinMe BiSlogit AR WERASR is not IiJ:nitfd to proteins,
lmadi%;sogggje V|t%ghn %e.g., vitam n_ C, B-conpl ex
POIYRAPHGTS;. faroohydgras, gol Wi“i“, d¢sqp end anclpie cecidst afmprofedn gan be an
vitamns A D, E K and the like), and herbal -
extracts. The nutritional- supplenents are 5
conmerci ally avail abl e and/ or can be prepared by
techni-ques known in the art. The term pestici de
i s understood to enconpass. herbicides, insecticides, -
acari ¢ides, nematicides, ectoparasiticides and =
o fungi.cides. Exanples of conpound classes to which the
pesticide in the present invention may bel ong include
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to, steroids, beta-agonists, anti-mcrobials,
antifungals, taxanes (antimtotic and - 16 -

antim crotubul e agents), am no acids, aliphatic
conmpounds, aromati c conmpounds, and urea conpounds.
In a preferred enbodi nent, the active agent is a

t herapeutic agent for treatldent of pul nonary

di sorders. Exanples of such agents include, but are
not limted to, steroids, beta- 5 agonists,

antibady, Shishgpah b palytlonatios mohbsXnal OTHROMEESoutid 616 % flw molecular

[ a ents, .non-steroi dal
gnt -&ﬁ\‘fa %?nyahg%’g \be selected from a variety of known
Phagngskraticals awhi asﬂ;qnmmot Hiniledagemkiy edid% Are@tBlticS Yomhlkftics, adrenergic
ag%bra?%gg cE)ﬁ\ |l es of ste S. i ncl.ude but” are not
TS bad ﬁetaﬁ%%n@‘irf %d.aﬁgwa@émééx r@s@nmeucs,
antighghinergicomgen’) anficholikarane, (ahﬁkﬁ)hvkﬂéaﬁﬁ faligldsng 4 alkaloids,

i de estradl ol ncort | sorie
allo%F'um non g% %“Pu%& r}ﬁ'if?}'fﬁ’n@m’?’?’?ﬂﬂmucﬁ“ﬁ@ldﬁar Pmﬁﬁqhm,omdotes

ni st |ncI ude buf .are not I|mted
ageltf) BRH0 e e b oS O ot

antipoaggargd, bu b:ﬂ:r(hiar,essbﬁﬁb u taﬁﬁ(ﬁihetl@ n 0 b %ﬁélfﬂ %tlcs afmﬁmgals,

S |nclude b re no

uﬁlé‘%ﬁj?%d T ey i}’ﬁa a?g‘%]}ﬁmoﬂmaﬁg;ﬂlymbwcm} agents,
‘anﬁmiammﬁsepm &atm&mﬂe i, @B Sadal Gerfl ihiiipdbind Rbsants,
i R PR s, wiri %ﬁmc(setieaiygleﬁgms bea-
adrefiocpi lonkizafegeias, Rodhofi inbdik ORBAFASHE %E%%%W G gnostic

hepet vl ester of d| atrazmc acid (
agentts dla,gn? H@Wi& dopaminergics, hemostatics, hematological

agen& 5 mgbmt aﬂ&{mﬂs’z Animbhidsi O at
[.- 2 3 bi_s( acet am do ?%Bm Emmuriological agents,
b@f‘ ¢ zed RE@@S 1:8yiscagmipsy | muscle relaxanis,

_parasyn@hﬂmmmeyias; et pdrethfdadN 1LeQRh; B?(Am;?? néf"gtﬁ%‘ d(u% radio-

hang é tam 2 4, 6- tr||odobenzo
P Ef‘? %af S=( 3,568% pi Rqmmemssnni @@)ﬂllel‘glc agents,  stimulants,
smpﬁthémﬁam I m@aﬂnwwxvasoaﬁwl ehndd, © vidhls 6 %38 S kanhines.

di d,
,A“"’E’"@E%ne I O ?ﬁng%l)agsﬂfa %clﬁqeut&ra@@mtbwqd;mabh@xammw

compestday aﬁd/\bﬂeﬁ laﬁ:ibg ﬁﬁ&é@'ﬁ‘o G gxio%? hcof51§un§t pE %yalﬂxds

‘ act mno) 4,6-triodo-4
. anmn?égé ”gﬁo %é W%%fs ﬂﬂﬂé’ﬁ‘@ﬂh@d cont r ast

age nbsmetio Gl 6s ?%@&%&Qdﬁ%ﬁ rg./a %Iﬁg oF %gﬂ}zgl a_gosmetic. activity.

di si rate relatively rapi ogfl
Em@%eﬁ ?{‘ﬁe%rﬁgﬁ"ﬁt RESdieriticat be. igeralin, gaolizms émsm aitoe tadical-
inhibiting | t @itiinfl2HRANG Sinat sult from

s a?rﬁmt‘?c hydr ol ysi E&‘s s‘rg 0|’I ?%ﬁ%ﬁégn % %’ﬁly?cﬁlff agents,
a eg@%%cﬁtke RHCS) Elgnmme aswfs ékln@plwng rzgmhamehmscr&hmgems
and poqﬁiﬁcuﬁpllgﬂyl@cl Gl h

I i odi de, di at%?dz’m c aC| andécllrét rg?‘:?%’ll% Efoa?ky
PolyuRy Wﬂrl&?@ﬂﬂ%%ﬁ% t9oapleiral m@!lﬁnata,t ettampERbRS of rice,
soybestioh T d.W

BZOSS)MZ)T ot herszgryad)r/ be %Mﬂ?r eoglﬂmgﬁ‘} 4, Slentum '\‘l’m"am"’%

am‘""ﬁﬁﬁ‘@ Bﬂ%“’%??ﬁ%nwn@mlamd visaral) @htcerateny The etemibticadare
commEseiallyi Vaighle n_of. a steroid ,
-and 3; bet a- glgg%lﬁgsétﬁgpe.wél Krt sgokﬁlé) pl’“%)g’l ttat e and
sahneterol, budesonide and forraeterol, etc. '
_-Exanpl es of car bohydrat es are de;dms, - het ast arch,
cycl odextrins, alginates, chitosans, chondr0| tins,
hepari ns and the Iike. '_I'he Smal | Spherl cal Particles
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The particles and the small spherical particles of
the present invention preferably have an average
geonetric particle size of fromabout 0.01 pmto
about 200 pm nore preferably from0.1 gmto 10 pm
even nore preferably fromabout 0.5 ILMto about 5
pm and nost 10 preferably i§0n1about 0.5 pmto about
3 gm as neasured by dynami ¢’ Tight scattering nethods
(e.g., photo correlation spectroscopy, |aser

dif I I ht tt

(AL 8t miilo R0 iR pqniplaed i g Jhe practice of tho
Présmugﬁén):[pn tigchideg bt aﬁSﬁdi riﬂﬁl’t@ I‘I%Ir water-soluble
w@ﬂﬁ;ﬁy ttho for | e) or b ot her otls .
suc _(a'g’r‘IIi v 50 UI%EB% and it fike)s fasiseloble oifimins (e.z.,
wtmmuﬁgll&sﬂfmmm&heumaym&ﬁ&rbm%&aml I*thq,b\(,&m;ggal sopplements are -

r article si ze det er m ned
w@ﬁe‘% y %@BI%@W@ prgpare %@@lquz%!ﬂyamnn tedsr sen
Casmmwmdmsma&%mn&ﬁo herbit
mpess herbikifes Sfclcides, goarioides

re._substanti al I
| %Il’?fe‘?%ne#%%w ngfofdgs.g Emﬂ%ﬁv ‘compopinbtlassdseo which the
- pestigitle i the ptdsaatlus.t&gﬁ bR hARGEREas!
the particle cr%gélggs‘séggg gasrbmtes‘

AR i 9, Al anihoes Bomholnes, sozblninis ot et sid

estaghﬁphmyle&ﬂﬁegndn IvEvREs iHLR
efunther, th gsgrtpfgl)gs nayg%gI\?g SSRI ace texldli)urJ xamples of
pecfibii 5 ehet (b arR Bt Posfickdor Mot e B diion, Bt Crop

Pro&b&)rsﬁahicﬂJ MTHe kil aR erall, size
rt |cIe and sti II be Sﬁ%%‘%ﬁl%l % PR o i b rrepared by

: f a
tec}%b ; the ratio of |engths between the

Ioﬂgestpréﬁﬂ'cﬁwoﬁﬂen@)ﬁsﬁlgfp{e'\%%% preF&IrL, gIcSa«Ia?%:agem is a

ma Uit S ROt ARSbmRde, 4 cvkbptiand
pﬂﬁmﬂmﬁ&ﬁshnmor

a nactds acif, tNh@:leﬁ@&&B@ Soik q bout
piih 25 uagﬁi\ge colnt %Iddﬁgh@rr%’n? I%Ia ée%Ild‘% Hn prlicleotides,
iThe Fpcrsphiseule sin bmm'al m S‘ynﬂmﬁce STHehRotein

can &Bdﬁ&hﬁlﬁ.ﬁb ewhigl Ic&irﬁé ﬁfoh&‘ihanT {%ﬁycﬁ stial, ?‘Im facrttcaésé) be any

I{m)sto age. .Man crystals or
ig)| dfefateds fipmapetbrowes ar pa:duwﬂe]ﬁye synthetic or

L oract pons. o bE edeld® bRt 1, B G gt fimicd to
protefs, 6f B bipe oloting; caeepde fore IF@ﬁOpmmabtes VI, Fadtdr IX) et al),

_subtmbﬁ, @eaBubR] \WRRR-1Lh G R0 SAA f]kNg %?gcie%nutase (SOD),

el eatt) ew contact surfaces.
YSOZFS, @%P»tmﬂ%w,@ﬂwﬁmmm Eryth€dp6eétin, Hulin-

hkegm@ﬂaﬁ&ais&ﬁtthdm yﬁff&ﬁm E“'PI” I omsr i on.
stirpyL S nvent| on crgat es sp e?$l Idﬂag'éls aI‘& e colony-
P z@rgiagye eplenyotimulatiog d‘b;tomlamtmdies nwaylated proteins,

Wh
@w@mtuﬂlﬁ@g&%ﬁ?ﬁﬁf@mg@%ﬂoﬂ@ St St as:
le“PIBnE‘? (EOPEeI, gty tobsueling L HRH wltsgenitts, avaseftshind fcy&l&%onne,

calcitofiny FRrathyRIE {HREmEHe, ;Igﬁﬂj?rg&&] gn%ntl OIé.?tI rml I eferred

spheri cal partlcl ed *t

ﬂm& i PPiipseane inpeliny, alpba-1 M@mdmagm anMg[-tﬁvth hormone

di st,r I d have
r at | ob%?b?ﬁg; %%eﬁﬁng%%?neﬂ%hﬁgm I Polee I"geﬁ ‘Eﬁ’fﬁ ’Ioévhmﬁed
to,  §fprofdse BeigrpgoniSin e pintaicopbirls, camugals) hﬁxaﬂﬁh U@mmltotjc and

“dianeter of the 10th percentile less than or equal to
3. 10 Most preferably, the particle size distribution
woul d have ratio of the volune dianeter of the 90th
percentile of the small spherical particles to the
vol une dianeter of the 10'h percentile |ess than or
equal to 2. Geonetric Standard Devi ation (GSD)
can al so be used to indicate the narrow size
distribution. (1ST) .calcul ations invol ved determi ning

- the effective cutoff dianeter (ECD) at 15 the :
“cunul ative Iess than percentages of 15. 9% and 84 1%




10

- 15

20

.25

30

30 active agent is present from about ‘0. 1% to greater
than 95% by wei ght of the particle, nore preferably
from about 30%to about 100% by wei ght, even nore
preferably from about 50%to about 100% by wei ght,
yet nore preferably from about 75%to about 100% by
wei ght, and - 19 - nost preferably greater than 90%
by wei ght Wen stating rah@ﬁ%’herein, it is meant. to
i ncl ude any range or conbination of ranges therein.

£ r. aspect . of the esent invention is that the
a“@“r%a f”tb%m%h"‘g?ﬁa@aﬁm&&ﬁ“}dgﬂ liphatic, cpmypoye, BPBaticcermnends, and wea
compriveds. i ty and the bi ol ogical activity of the active
agept mﬁ%@j&r pﬂ_hout the 5 inclusion of excipients.

Vi LB 7, uty fhe aeliye 2gepicis a therapeutiy agqnt fori fedatsent of

In

. puloonérpidisorders! BRarBlbd VuaRRbs mlﬁa%@&ewﬁér&ﬁs, beta-

are suitable for in vivo deljvery to a
el B PR spamicapinl codyponn Borebil élsera matisstiusatio agets,
nori-sigreidiledaticinfl 40068/ agenR(RSAIDSS Lifjha- -,@aﬁ?}ps- p Y,
cyggagiﬁgal , buccf‘al ?Iu?ﬁ in (ﬁgr, %?ans.dérrm P %%%'m treat
F 2t fremples of sterods pcfude piset g Hngd todwhlamethasoee (including

' becloatettiagine Hisiaplokie)d Blidkss R AR Rudink AlEalGe gjé&bﬁ%ngtﬁ?,sg dgsonide,

‘$“%§%f§@ i on _or fﬁrqulated.as_a sol | osa
A8 ABfRpUsqug, Hatiaonides yiamciplonst @nchylingr elamrineldne acetonide),
andCfthriisofidy, IExabldsSof BHEGERNE oAb Wt |08 hdf8Fhited to satmeterol
. i.ntravenous,. intranuscul ar, subcutaneous,
xingfogte, g‘B’é‘P\‘eng fmgrate, levo-albersh barelpitetols and tulobuterol,
I NBxampled F1 alti-fonbir t M@ NGt | \bt.her .
a E&gfer?ﬁd routg_o%hdg??ﬁePgﬂkg %ﬁl%gngsyh#ﬁﬁgfgtﬁﬁﬁmmmh’
He ?#ﬁ%? AgphgerinBel i very, t he particles may be
de pafghbstd abéhisMcfuble HSERy i 1 %é&ﬂ[jzglﬁ cliisl %F%i?.y Examples of

respi.ratory tract _or angmher e resplr
X-ray Hﬁgﬁmgrf‘@n%aw@}l@ BINAFSSS ethd 1.3-dieretuinids-2 4. cetrijodobangente) also
kol ahd eiby DRI ainhiBlRicid QEDAICHTTBYTEE 1.9?&6'-&%&%%5%@1-

tered dose inhaler or’a nebulizer. ™
35'?_‘?@%‘?&8 %6 trifedobspzogipst eni cal |y, wipda-(AS-tistaetanido)-2,4,6-
- : AT i h
A TR R g g i e LA RL A S B CES
bm(ﬁ“?ﬁ%ldf’h%%r‘a@%%b@é%wm t dVGRE | g92He NGyl  243,5-
bis(eRasb}- AB-HR ISRy CleARSiN fvgpﬁ‘e %E%Z}E”%a?rh@?e 265

aer odynam c di ameter of the part

. bist R b oriitodp R o) esarimaidat | ORI UridssEy oy 2(3,5-
R : LSt t IClLese .
DR sy il PO LB 2 i

hape,
2%@%@35@5@3&0% adireieccte | (WBY eb7689)y paipmacicls acid,  [[3,5-
ot oo opay ol Sl BB (PNl i peapote sl

formul ation, either”in

* 35 bisepE M. bi-trinso4-(ihyt-drebops2-hittimatdl e ebtarg (WIN  68209).

Prefei68 ot SageliQ nciR TRl i FP O LEALoh TP 90 Oty pity

m croni zed drug particles (
undey, physilagjeal; eonditiong etmy 30indGzipg) anyapariidt essoriatddn
re I gl .l agtase ..or .
P ekl FleR 2ol e R e FbRTESPRof et
acidsiaf, @hw pHoor phepoedhamsns, V\ﬁkl&hpm)yrs?lualeaﬁdiwédlcﬁﬁbxyﬁc
acidsls mmx . .ol urr.ner . .
o rgafhir%\eiﬁe%]atg?a%’he ex ccin%lmén cgggtr%%&f’ ﬁ%‘%@%ﬁ"bﬂhﬁfﬁmw labile
iodingtedf gpopife sushis (WEBY AEI2! c WINDIRD01, VBN 681055 24deWIN 38209 or others
_performance as well as potenti.ally enhancing '
the stability of protein drugs. Cenerally, excipients
are chosen that have been previously FDA approved for
i nhal ati on, such as |actose, or organic nolecul es
endogenous to the lungs, such as al bumn and DL-ct--
- 20 - phosphati dyl choline dipal mtoyl (DPPC). O her
~excipients, such as poly(lactic acid-coglycolic acid).
(PLGA) have been used to engi neer particles with
- desirabl e physical and chemical characteristics.
However, nuch of the inhalation experience with FDA
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10ln order to mnimze potential deleterious side
effects of deep lung inhaled therapeutics, it may be
advant ageous to fabricate particles for inhalation
that are substantially constituted by the drug to be
.delivered. This strategy would m nim ze al veol ar
exposure to exeipients and_{ﬁpuce the overall nass
dose of particles deposited on alveolar surfaces with

each dose, possibly mnimzing irritation during
chr qpj f. the iphal ed therapeutic. Small 15
spheri g%’#%"é’?‘i a&’f’gss °§F‘ia4¥“ &g?%sdegﬁ? fesiipd fratydings for example, a
combinetitty] & 4 steroitbep] bUsige-alpiss idd, Offutichiehe Jrcdionate and salmeterol,
bu&e%ﬁx?@édnﬁ%r& oo?p sed entirely of a therapéutic
protern or 5éﬁ’i e may be particularly useful for
i s oFxampdbss bfi diztdhpdiated care f featrin, Heta6licANi Kelod ““”'ﬂﬁ -
%a&(‘?ﬁéﬂiﬁﬁgsi ng o he al veol ar rrerrg’r adriirgoo? t ,ealgmates,
ung.  The @Fgg%?gg%%ﬁ%hic del i very of protein or
peptide in the formof small spherical particles by
49 pigz ieneni Bartitles t hen be studi ed -w t hout

| cd.m f 3 Lntroduced 20 associated
OB L 8 A RS B30 ey v
an paragk gbawetiopatiivte seepf froth gbdiy 0100 hal Blab&l 200 iwl, Rithe &aﬁmbly

ﬁuﬁqgfic%eﬁ have a smal |l pean aerodynpm c di aneter o
5t H1E 10 s e worsRreterably: fromyakiuk B.5dine i mhsve 5owmn, and most

refERdly fv8 Hbb&No. 8| ! R ether,. :
7 a i}‘ous bat ches %? tgg@%:@g?gf,%gﬁ@%ﬁ%ﬁ& gdg’g?’ﬁnc hg%{ scattering
.m"%‘ 5t (ete Phpigeorrelatign s spettescenyo clesss diffrattive, plogsagle laser light

. j | ‘Lhe. : > : | . .
scaltdt TLABIS e biife S Btk SRS OMALERD, by dight, ghscuration
me r{&oultes Wl%mﬁth@dsﬁ‘ar exgoppie) ax e stkomethodsyisagh as theology or
i v Qli ' f ' f Q to 3 S
michatipy RS oblecheddf” PHIAT r MATELS SR sl di? e arcynamic
ol gee Peterminsdybyp gmsuel flight persiorabie dd.giArapiizd) 6} ASdersen

di anet er (Dactodynhg) and the geonetric di aneter

(DIhe )small " spheriosdynatiches e edumbtiallp Phedual ct Wit 39 meant by

B! B, 5P PR Q0% Um0 YIS et

particlés with very ['ow nass
perpgpdicRiyr wiEn ofx e bbartideradrss asrtiely i ikse thnaBEtequa 00 about 1.5,

Smﬁ 21 ' ' rel ativel igh,
USRSl R U B e v
- CXfTE el adlingp pr buletalions bopiptubetumes fhat dre GhaB ikl when

comfels Mo sk UOBOESi Yo DGR SR

I nventi on,

preferpily. thih e of lnngths betvebemthecloggestemd |shotteshades o6 tHe! RERIL 1 Tess
than br Gh@l‘ o al%tif"f’.ﬁ?&.t R&s@?{e&%@ﬁ'ﬁg&xgﬁ%?ﬂﬁ%& s ucl‘hhe longest and

non- por ous dense par

- shorigel gpvest (it martinles doss 8% loe cquabloabbut TS h Geirfhe cofbi b Hifimized

i W]yl t,d O e r.oyi des.for, particle )
in I]fgig{tﬁg%eii‘egnﬂ%?t o% g\tlrla:?t?aglg't B%]:)P%EIF% e\‘ﬁ]tl('él s the undosirable
- agglymmptionaf itherpagiclqsrupon istoragan Mang phyeils 0 HaR& Hav s HSsub QT hat

1ol shles6! Lt addi tives provides superior
can Qo8 1400 s ol el B AshioPFBE PSR or nononi
miergsfigng desphep peroits chwrpctlorerpanudistgli@aihoads, i ncreased
safel Mar@ill AKC unbers of .reguired inhalations..
_ 1?% cr Qenc%%séfl%g%ﬁ’ g’ﬁ%% © Piogteptinllyte, sape gheicle size. Particles
havingsrlapadosise divinlyitioh eehersThere aretoth SRR Bl and Al PhSSle®ilow
©  the present invention or small particles prepared
~fromother nethods (including mcroparticles,
m crospheres, nanospheres, nanoparricles, -etc.) can
further be encapsulated within matrices of ~
wal | -form ng materials to frorm m croencapsul at ed
particles. The m croencapusul ati on can be
acconpl i shed by any process known in the-art. In 15 a
preferred enbodinent m croencapsul atjon of the smnal
spherical particles of the present invention or any
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20 produce -del ayed rel ease formul ati ons of the
pre-fabricated small spherical particles. fn a
preferred enbodi nent, the pre-fabri-¢ated snmall
spherical particles are particles of nacronol ecul es.

I n another preferred enbodi nent, the nacronolecule is
a protein or Pol YPePti de. {n t he

emul si fi cation/sol vent ext¥&cti on process,

enmul sification is obtained by mxing 25 two
'nni i bl e ases, jhe continu hase and the
%&%{pmg% f(&mﬁg pai OB HOHICh el creating now
contﬁBt %ﬂ@dc%ﬁdApﬁﬂﬁ&km ldetfbafisn adh R6AH & Bfer sfheRs %Q&@ﬁﬁge&any

- enbodi nent , e cont| uous, pha e s an aqueous R i
oontgs CPPHRMIRE et & TR Stratep RRS G garties
mth%a%%me%mﬁﬁﬁ mglagﬁﬁ&mﬁ@s foR cBAAR ag%omﬂranon.
ol |l -in-water %@ enuIS|on he dlscontlnuousvg ase
What s meant by, r‘n%xswf% SiFione 15 RRfemed Resticly sige disiibplgg would

havel RE6 0F RivoliRle BSmaed IR SUTSRERANIC B e sﬁﬂﬂ%gh@iczﬁ'pﬁﬁmles to
di,spersion formng a solid-in-oi

the vy flamsien ok thes1Gh; parespils| Igss afh%a?feﬁ’quﬂnzﬁﬁ gc Msire pesfergbly, the
parhﬁ’.l@ %ﬁaé aésirmuﬁﬁt RoulT e rhtlofoFROR NnSe BRhUEE thel g%ﬂ%ﬂt@e of the

hts of the organic phase tqg the aqueou hase

Jee tothoeplwme dinpeier afghe 10 rﬁfr@nﬂp&s&m pyequal to 3.
Mosf ﬁr@ﬁiabl“y, #e paméle%&etcﬁ&u‘?&ﬁéﬁ wﬂﬁd Bve AR RS 9019{519 fiaele! o the

from about bout 1:3, or any rang

90" pesnptivettbnontll ﬂélﬁrg@& pefidesiorthe pelume émexeéer obhe 10° percentile

kmsﬁgpaqhﬂﬁmgg the ratio of the organic phase to the
aqueous phase is about 1:3. The present invention

f uetaReitic Birndang Dyvietion (GI0) Aan glso deersed e indicgiedhes nasrow size
distribicH -GSD eukmsﬁaﬂs%&ﬁe%@%ﬁ%% %@ wéum%aﬁxﬁeet%@b) at

cont i nuous phase ase Banns

cam@e%ﬁ Pmm@e;m@acs of he9%aed &hi%} §33ENis ieqirel fothe #pre root of

 the tRY SIERPEED §sss \ildn! 3421'7?&0% REOHS 1508, NERIBED 1ol B Bak WD size

phases such as an oi n-water-in-oil enul’sion

-distrippiiopywhen SFSTh < e more preferably loss thee &8. enul sion (WO W.

| N LSS HRA LR ALARAL the blife Q?é}& Ch a%all hgrlw\e/xl e%afmcles is

m cnaencapsul ation using the enu tionfs
semiggystaieiopporperyetallise- st arts with preparlng

PR, Cahan sgﬁ%ﬂc ﬁzﬁﬁgr ang :‘32 %tig%num are

nethods ’descri nlc ase
subsiapially inpr-Heronh andykave ﬂf@%r@e@mﬂmm%ﬁf glciﬁ?memore preferably greater

S
n 73 BB AR R ROPIRS Rl Wk et g o e
densitpis diomeabortd-§ tsr shott Sefban dandnmm prefesibl) ﬁ‘phab@t 0.75 o about 1.75

d [
plemC AR A o BLbD R My e Pl S s SR F e
rﬁ@marm‘#ﬁ ,oftthre pr¢ienp dnveition dag eabibxbmghq sointegit bfythe active agent.
, [l I
Toor S HR HErEmBid (b€ bl Sy BBl e LR gt ha
are zvmedfhsrmmhethgbmeﬂn@m%pmm particlgshi Borcersmples freulin small
sphel?lﬁy k)él'tln 8 %Xﬁglﬁr%ff g) Qy gﬁ%* %ili y§§‘"/9 btyh%e Oof) Hlae particles,

aqueous p -imnor |
Howo;@g,mngmng @ne@ggmay be inchiied vim lthe pamdesn gPreferany, the

LG s TG e SRR [,

- prefeablyfrova sbawn 30%ito dbtglt 4009 by w@ht, <harmomgrefatbly ifairsabante50%

10 abGid 195 b5 Wit yEPREE olelabinl Bom! G5 Tk SpAR A WR, ana

7I|n1ted to the fanmly of poly-Ilactide/poly-glycolide
pol ynmers (PLGA s), -pol yethylene glycol conjugated
PLGA's (PLGA-PEG s), and triglycerides. In the

~enbodi ment in which PLGA-or PLGA-PEG is used, the

. PLGA preferably has a ratio of poly-lactide to :
pol ygl ycol i de of- from:100:0 to 0:100, nore preferably

.. from.about 90:10 to about 15:85, and nost 25 ,
preferably about 50:50. In general, the higher the
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| vivo ﬁgl;(v ogh in
-oral, ae&mgem ﬂdml@@@n a@&l Stlc nmhﬁga@j tdRsderial) REGnR0Eal, otic,

30 the wider the distribution of the size of the

rai croencapsul ated particl es. The organic

solvent in the organic phase (oil phase) of an
oil-in-water (01W or solidin-oil-in-water (5/01W
ermul si on can be aqueous inmm scible or partially
aqueous - 23 - immscibleigMWhat is neant by the term
“water immscible solvent"” are those sol vents which
forman interfacial neniscus when conbined with an

mosagfw@aﬁy sRbidl (AR 0% By ﬂveighz atyien (RENY ranstdl Hefddh, Gt Wokednt to
I1§,{;ﬂ130|b|e solvents inclu but are not limted to,
BRY Fangs popbinationatrangey %qulnear branched or
CY 8l fufined i RRGST 1 frikem iRRRRGTs MATDe mf sphefdal Edrﬂil&rretaﬁ the
substltuted or —sub ted, Ilnear branched or
biochepical ciutggrty cand, fhe Vﬁ'mi)wf (RS agiive et Wiy B prithout the
nchisithSFekdsigds or =substi t ut ed, Ilnear branched or
cyclic alkynes with a carbon nunber of 5 or higher;
ir bons conpletely or partially
Fyarocar bons, ethers, esters, ketones,

rmm,- parﬁttles éUiTtahﬁixg mb Yek a@eﬁ,m it prusentqwe&uoﬁh:@ afilbto for i

des, aC|ds nes |nea[ clic silicones,
O o fich S injpet@blogippical

I ted t ca on tetrachl orjde, . net h%bene chl ori de,
Brfe & BefiplBherh e dltliverad: at | blse i spwension or

fombﬁfehlae aQstd ¢oa£g@ fmlwﬂﬁ o fabiefs 0% : ?EQO&:Psul&hét@ r A BRIERA detivery

benzene (nnno tri), tric uor omret hane.

routes ARIPeRiG ajch ARG AR USFAT FpFAneRRs, intraperitoneal,
intrafBdA dpfkal C Tl b Nintral @i arfll 106 Nike.t anuﬁexe?reme@ Rute of

and et yl acet at e.  \Wat |s meant by " par

delivigg ig pulesey plwlation., by fhis rous e @%%%P%ﬂ@%m@wfc#pﬁmd to
th
& db8B lurkd n\meeﬁ 3 sg%?ﬂﬁrg?ﬁi, ANy GRNE ¢ thePtek R0 rg%qct The

t trat
s PR e’ EnPOBE R PV PP o gt

by a fetefddQidbPRBAMor 8RbluEz@N  fornli on. Exanpl es of
' p%[‘tiallry vvater m sci bl e solvents are tetrah dr of ur an
( 5

dnctipnsystspipally. spey s jasulin, avsilssirably figpesiipd in the
alveolC Shéarlehere is a very large surface area available for absorption into fhe bloodstream.

When targeting the drug deposition to cerfain regions within the lung, the aerodynamic
diameter of the particle can be adjusted to an optimal range by manipulating fimdamental
physical chargcterisﬁcs of the particles such as shape, density, and particle size.

Acceptable respirable fractions of inhaled drug particles are ofien achieved by adding
excipienis to the formulation, either incorporated fmto the partiéie composition or as a mixfure

_with the drug particles. For example, improved dispersion of micronized drug particles

(about 5 pum) is effected by blending with larger (30-90 um} patticles of inext catrier particles
such as frehalose, lactose or mattodextrin. The larger excipient particles improve the powder
flow properties, which correlates with an improved pharmacodynamic effect. In a further
refinement, the excipients are incorporated direetly into the small spherical particles to effect
aerosol performance as well as potentially enbancing the stability of protein drugs,

~Generally, exeipients are chosen that have been previously FDA approved for inhalation,
such as lactose, or organic molecules endogenous to the umgs, such as albomin and DL-a-
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A surface active conpound can be- added, for exanple,

to.increase the wetting 20 properties of the organic

phase. The surface active conpound can be added

before the enulsification process to the aqueous

phase, to the organic phase, to both the aqueous

medi um .and the organi ¢ solytion, or after the

ermul si fication process t6“U'he emul sion. The use of a

surface active conpound can reduce the nunber  of

—encapsulated or I encapsul at ed, smal |
shossimarmlne gimiorb orbCl, bR PR b opelypgtc acico-

glycélﬂs' fcic! (PﬂGA? ha®f bl Qused itd \Baidr dakitles itk dugirdtie physmal and
rel ease. The surface aCtB¥§@Q und can be ﬁfﬁﬁg ved

chemippd chﬁfﬁ%ﬁ‘ﬁlﬁ‘?ﬁsp Fieyesvero piuch appro

exmﬁ&ﬁbha% ﬂ&&ﬁﬁéﬁm@ﬁlﬁ a@ﬁﬂyﬁﬁﬂs p&lﬁaﬁz%mes that desrably

dependi ng on the solubl t f_ tile co nd What
depom@mﬂhe@spgxem ahigh doyast ERERATIESPpE o the Secp

TungC @‘Hpﬂkglédrﬂr&eii%? Beﬁﬁ PR idelivertdlte Glealbép Rng abdroficdncern

surfactant, a zw'tterionic suffactant a .nqQni oni c

that gaesipbledens-taim aids etfests PR 4 Anllampatiop god gyitaen can occur which

may B0 HECH af imad i@ 1opilal RSFonBEE 4Bse ?‘Eﬁ&;ﬁ%ﬂﬂéﬂ tHeydRe delivered fo

resent 1 n an anount” by wei ght of t'’he aqueous phase
the hh@g@%ganlc phase or the emnul sion, whatever the -
24y GBS 'm%_nlﬂge b1 QEI5ieHAAN 58P Ultoctd . &1 %O I@ROtbhaled
30/6 nore preferably from about 0.01%to aboﬁ? 10%
therapputism ¢ may geadwamtagopsite Sabwissie Brtirlas fgephaliqndhet are substantially

' consﬁéﬁ’teﬁ%g éﬁe{ cﬁ'ﬂé 9:[‘6&43&&&51%30%{&%&%@5‘3%5&3 riiniR @vé&ﬁ& exposute to

pot assi um | aurate, sodi um aur% sul fat e,
yeelar

excigionts e eduse @@Wsuﬂﬂmse dose| of partislss genegieadiap alypelar surfaces with
each%d% g& pR ,,ysm, &h&wﬁ&&mﬁhﬂh&%ybﬁﬁgﬁm therapentic. Small
osphat i

sucCirta chol i ne phosphatldyl
sphegjtal panticles vpthwmdanmiymr@ms rﬁsﬂab&w%m Juag|dspesitios. that are

&i&g S&ﬁ;% YELREY be patiBllSly usefol
esseso ?Q dsgtfLox ngt Egl cel ul%sﬁ% chgii |egjaa0| g:ya%d oth ery
for ifmldtel shwsticy sm(ﬂ@e @;‘.’Eects@ﬁ @homcéh@r@eu@@@;mm@f‘c alygqlag membrane of

ﬂml&%??%ggﬁ%hial?ﬁgn%ereo . b%ﬁﬁﬁ?ﬁ%%ﬂﬁ%ﬁ%ﬁg?ﬂkﬂmmmd

partigies by intubEon coBi dharabe dmﬁm@awc AGHE msaévce by

gg@ ted to, quaternary annonlun}conpounds
assoaﬁtg(}] llEglkslr}nzal koni um chl ori de,

ceTid temiirmichtpl tar dobiver pATidleoty the, deep lung by inhalation are that the
pam{%néyweq' STBh gy a@gpme%&w @5J1ﬁmaﬁ¥daxs%a RirkeB® size
es or

drochl ori pyridi ni um
mmﬁhﬂmmFHE$mMMMM&kﬂ%mmpnﬁﬁymnwﬁmﬁmﬂhﬁwfWﬁmwﬁﬁﬁhﬁCfpmﬂd%

hww%%dggﬁm?p%%?cho?% g%h?%%ﬁ%%%ﬁ?le?ﬁﬁ 0 an?ﬁgﬂmnlmkwm the

ﬁ&mphnmpﬁahﬂﬂy$@maﬂpuamk$BW§Hbe§HHPd@wwkmﬁ@§itoI

| Iysggaosgﬁ b%h%%?&ﬁ%gg oﬂgggé%%%ﬁﬁﬁﬁggp I| cdmﬂm&m
odednﬁinmnmnnTMhﬁﬁeQmNnﬁﬂE$ph@uphuiK%m@dﬂéygﬁ H%B#I@@Kmﬁﬁﬂ
perf@htofiCfitrbittiadly drgaen faeféxa%m&gr (opblbsy Y 4EREFARE Waumoter

, sem synthetic or

(Dm&uaﬁl@biné the rgeo:mm)c/sdmmgfct APesimetid) O Udk@ddynamic 15 equal 10 Deeometic
| t

e Jx;e.g%ﬁé p%geyet e BLERVGE of lpﬁtstes(mﬂf Obwaths density

I'tan aC|d ster

(arodtoD.y sgier® toaa)e;xh@di sroall) @bhogyramdic fdmtegcrszm ado @ emr@msé while

pomm$%§élﬁyfgﬁgﬁﬂfyc§$§Qﬁp&%%p&ﬁ% Pgﬁgﬁgfsgg{gtecetyl

al cohol , cetostearyl alcohol, stearyl alcohol, aryl
al kyl polyether al cohol s, .

pol yoxyet hyl ene- polyoxypropylene copolyners

(‘pol oxoners), polaxamrtes, polyvinyl alcoho

- pol yvi nyl pyrrol i done, and polysaccharldes (|nclud|ng
starch and starch derivatives such as _
“hydroxyet hyl starch 1.ES), nethylcell ul ose, : :
hydroxycellulose hydroxy 25 propyl cel | ul ose, hydroxy

-u
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- acodding fo

- 25 - Surface active biological nolecutes—— "

i ncl ude such nol ecul es as al bum n, casein, heparin,

hi rudi n, hetastarch or other appropriate
" bi oconpati bl e agents. In a preferred formof the

i nvention, the aqueous phase includes a protein as-

the surface active conpound, A preferred protein is

al bum n. The protein my atd function as 5 an

excipient. In enbodinents in which protein is not the

surface active conpound, other excipients may be

" no A dligrtve apercash Esstogprodugel pesticles with relbiivedy bovoporosity, in the
cagtfdf @i gréentGenfbh, thebdrfes ity ; LRLER!

i ncl ude, .but ar eﬁ’not I ism%ggfgésgg%ﬁ%g%?’é%wgﬁﬁm%,;md
mose eHERiE Matis slosa iyl slegar Thuse ¥ attedynamisy difrecteraf such non-porous
deﬁbgaﬁaeﬂgm@eduw&%ﬁm preferred sugar

[ [ 10In a

al cQhol is mannitol. 1C I'tion, use of channeling
agents Pregwt medtodp By yrertioly Enmatiog] st Sbri( P, powvites . for particle

ﬁﬂmﬁaﬁwﬁﬁmmn&dﬁgﬁﬁﬁﬁﬁgneation rate of the final
product, which results in nodification of the initia

r el kayugation of prosein small isphesival ipavicles Som Protein tidelf witit nd additives

om0 ) iy G i s e

encl . degr adati on- depen
drug-paryleads.iucreaned yafRly and dearensed oumibi ofgeqPiie! ambaktiens.
channel i ng agent during encapsul ati on can be
ok U Ofa1lnbhidaibRgdii1d parts of the
wa inggﬁr ceaﬁ.oUJlng abrrcatron ot the smal
sphefi® Ppitigles pf (ip prepenpingention gs sdalbpartities prepared from

. oth@ghficiRods ¢RAlGdhE AMcrBPRALE, Hﬂm@%ﬁ%sé hﬁlﬁjgéﬂb%sl %%PF%‘?%%E &) can

H.of the continuous phase t

Terther beiepcapsited, withiaraatdees of wallrming guatrrislsee Soremivencapsulated
artidés. i :  aani
pa [Thé HfikdReSithiRgs ARde B&Sm?lg%%fatlﬁjﬁgc%sst ; g)%%g%‘?hgfn I

results_ in significant reduct I ni

b

‘& pyfenef, smbatiment, mieraepcapseletioroof the smakk spheficalrpattivies it present

invétioh Beans @11t GhAPPABASUL %c@ﬁpﬁ@g& B}ﬁ%ﬂeﬁ%ﬂ%ﬁ?aé @g%ntt LS Siction . |

of the contihuous phase can al so

Progegsespt descpbed; dewasThegmpttis cam limpprrt sostajned diemsy moppaties to the

actied GRnAfesNBRY in Féledse ShEE 1A %gblgdn%(;)tﬁ)ﬁﬁ%ﬁe; be B8, days or weeks

ases¢%9£ter di spersing t spherica

firyd tthaanstie Aprticgivas e Theomnicropneapsilated perticles can also
roduOd) elapa Usle iR adan@ihtid O G ' raRas
i i s thgﬁﬁvigorously %f%gﬁ, forq%%ﬂgg%%%Féﬁg%%mﬂgﬁ%éah Ina

Dot GNP S on ths  Pisiprtgieropmali heriohls b ien patisles of
maciiaiRules. t1hCafHiR eﬁé@gig?&cﬁnén?,r@g %&%Jﬁ%ﬁenis a protein or

cont.ai ni ng enul sified dr ets of yoni ¢

Polypertdencapsul at ed particles. The continuous aqueous

PhBsSe eRMlsifRariaAlddlRke s nlid, 0 kC.Sol.vent. used . .
in the otganic phase priorH 0 nﬁ%%%gQ%%wFﬁgg%%ﬂﬂ%ﬁhyn“mmg

two sRaseibliphassre ther eratinecus tphese, anil ribeo didenmtitngousi phiasei Gwehich is also

—

, o . . f i | t - th:‘ .
ko k45 e 1 Y5 YUMIR! KL K,

(@

ermul si fied droplet’s.

-qmn@gﬂmg@wﬁéﬁm@mﬁ@gu%mmgm@mﬂswp@rgmuﬁemBNMMMM&hﬁﬁ&mmphmmisau

orgaiil hise on B o Btk PtolTol iy b BT chofic, SIE dispougpoons
phasgmay fathey gonjeisea disparsien obaelid particlespredent eithgon acfipisaspension or

asa jﬁ!he ldfpdeien RAHEQS sBERRS L @;’Oj f»hagc!] eTEemélll'gsatiﬁg I})hiisfe is i}re%e?‘ably a
‘waler immiscible or a partially water miscible organic solvent. The ratio by weights of the
~ organic phase to the agueous phase is from about 1:99 o about 99:1, more preferably from
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the surface active conpound is added to the emulsion ™
alter the emulsification process. This is one of the
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heated to about 85 to 90C. The insulin crystals :
di ssol ved conpletely in this tenperature range within
five mnutes. Insulin small spherical particles
started to format around 60C when the tenperature of
the solution was reduced at a controlled rate. The
yield increased as the concentration of PEG ' '
~increased. This process yields small spherical
particles 10-with various size distribution with a
mean of 1.4 um The insulin small spherica
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to about 4Cin the collection tube inice. FIG 7 is
a schematic diagramof this process. The total ran
time for the process was 35 nminutes for the 10.95
nil, volunme. After collecting the small spheri cal
partl cles, the collection tube was centrifuged at
3000 rpmfor 20 m nutes in 4 Beckman J6B centrifuge.
A second, water wash was conpleted and the snall
spherical 25 particle pellets were centrifuged at
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wer e’ not introduced into the solution.. After the.
cl ear sol ution was




10

15

2

25

orgagie ohpsH PRy

all owed four mnutes to equilibrate to 65C-in-the e e

heat exchanger, the heat exchange fluid was sw tched

froma-65C supply to a 15C supply. The insulin
formulation in the heat 30 exchanger was allowed to
equilibrate to 15C over a twenty-m nute period. The
insulin small - 30 - spherical particles fornmed as
the tenperature dropped t w2ugh 60 to 55C resul ting
in auniform stable, creamy white suspension.
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subst ances, the sanple was analyzed using a USP

gradi ent reverse-phase |1 PLC nethod. The - 31 -
insulin content is measured using UV detection at 214
nm Hi gh nol ecul ar wei ght protein, desam do insulin,
and other insulin related substances were assayed to
quantitate any chem cal qiﬁ[adation caused by the
process. The aerodynam c Characteristics of the
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30 of about 2 pm 2) a narrow size distribution;3)
and reproduci bl e aerodynam c properties frombatch to
bat ch; and 4) small spherical particles conposed of
over 95% active drug (human insulin) excluding
residual noisture. We determ ned that the solubility
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controlled by solution tenperature pH, pol ymner
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5 particles were relatively free flowing and easily
wei ghed and handl ed. The insulin small spheri cal
particles noisture content ranged from2.1 to 4.4 %
noi sture, conpared to 12% for the starting zinc
crystalline insulin raw material. Chem cal analysis

of the insulin snall spheriggl particles by FIPLC
i ndi cated very little cheni ¢4l degradation of insulin

due to the process (FIG 4), with no i ncrease in high
méﬁﬁb?& ound though there was 10 an
i nC eg‘!n tZlover 3%3 ﬁﬁtqbﬁg‘?ﬂ? phmce}pmgles ground 1
mr%omemm, dmm:t Coait mgmcmﬁn@ DeicidaibAdnBlySik u ihQ Gorficles showed
% F‘WF‘ C ounds, .the resulfs f
at ches 15%  §ize 0 Iﬂe‘“@'rﬁi‘@mﬁtﬁﬂ |9ﬁ%monﬁdence
lmp’@wéﬂ.@ayl W88 maBorBetérs, 228 aYtzhl¥rl BeviSRARAD 941 ﬁ]ﬁ:r&? th
raw, material . Re3| ua evAFs

th tarti
corktd o Sying o s SHE O pise soesped s gphiived i the same
magm;,csiio?vedv«ah& ﬂk&de@‘(h@pétﬁ&fbd)%ﬁ&nthg HERE sRilE fm Appearapes to that

cat: per is not a signi
typkﬁgﬁ%ore g"gq h]l" ‘mal | spherical particles.
I nt er- Bat ch Reprodum b| ity Of " Aerodynaimi ¢ Properties
cemaple Con@mehd FRwh @hiongh Piddedst fof Vkine Insulin $ASH Rpherical

paﬂﬁ@& excel | ent reprodum bility for aerodynamc
r operties anong the six s€parate batches of insulin

6;5 mphtinsdal waantipiedent MdaNaeE mma&mkeadwﬁ& 30

Cascade | npactor data

%F SI X B’q%%ﬂ%[shdmﬁﬁ kgﬁﬂ%mz@m d&eafinal yolumeanf thén atlu’uon was

adjuwstedito 985 Bilovith ddiehiarats 83 nﬁI?BfPE%/P?? g?)@:édf e "ERIFVe ol

f 3.4 th
5f6 4911 llﬁn?@ ﬁ?&z} Co eﬁwwwaﬁoﬂ#m@sw ntllj?ztsmunoxatormﬁnab Wwital volume
Ki%emlk.
o emL aiff geubid sdluflod, OTRes Soi$Bn(¥F: As%cl?%%§%gﬁ %gfgﬁe? L?rﬁ enous

i the d ndi s_that one can
. me?m?n%[mafdg@&ﬁgﬂ nsulin smal| spherical particles

baThhinsuliarsashetsich Wadnalctel 889 BioR8d speed
0 T MRV KX ML G Ak
b RORGR bR 6l ulilect Al £5ARDTEH Mot Lod-PS e seing

Aer.osi ze ata with the exception
ms"’{eff ‘8%%‘?0 tbs dmpetsed nrieay hmwmhﬁslﬁﬁnéabbahﬁésmsformed

whel R @leRiir afﬁlbﬁm%m%;mg AR AL b PRER pRmer e

t he apparatus (Fl
to abouidErin die MpmwbeﬁfMImy 18:& schhﬁauﬁ 8ffthis Process. The

h
total A For oIl bt £ GO EL F volmmes iepentioning the

However

small\gpherica] m(ﬂﬁothelchhcﬁymhlbh ﬁhﬁ al Qeo%%ﬂffmt ﬁﬁmmu’ieF ina

Becl&{gjt Gefl@6 . dEROS n ge 3 of t he 1 npactor
t he JTr6gsp| Fabt e ‘g %‘i’ﬁo o farmietert ppd, gheysmall spherical
partigle ppirie w@etc@nﬂuﬁ@mat 2600880 @R m ﬁaﬁmésﬂ The wash was

. tufi% 3 ron an average 60. 1% of the
oot al egléu ;jffjrnl; ﬁq&‘g"lwﬁfd’?@%q dar PPG‘W%@ZG analysis,

The sllisplaltical phrticlesierer ﬂobj&gaidmoc\ég& Yo d@qpif&??
s?@t em. c, absorption. Excellent repro y for
pile Size) wasdrimined tor Al @91 um/\hsemtumh,el 19l dyChurface

LT L AR e e

t he_si x separate
countet, (Thefearping elppiton hicrograph mca!;ﬁrmﬁbine sizéd gnditidnelomerated

insuliti s@N spheal 1LgFRhthng in batch to batch uniformty-
for agﬁodyn%rrnh% Sg?optes:)tl es. Table 1: Aerodynamic
Properties of Insulin Small Spherical Particles

Par anet er




10

15

20

25

30

MVAD (pm) GSD (pm % stage 2-F (ECD 3.3 pm) %stage -~

3-F (EGA 2.0 pm) Emtted dose (%9 Mean 2.48 1.51 88.8
72.8 71.4 SD 0.100 0.064 4.58 4.07 5.37

-0 .

The use of the continzous flow hrough process where the insulin solution was
exposed to 90°C for a short period of time allowed for the production of small spherical
patticles. This method yielded a final composition that was 95% protein as determined by
bigh performance liquid chromatography (HPLC) (FIG. 9). HPLC analysis also indicated
that the dissolved insulin small spherical particles had 2n elittion time of about 4.74 minutes,
not significantly different from that of an insulin standard or the native insulin starting
material, indicating that preservation of the biochemical integrity of the insulin after

fabrication into the small spherical particles.

Example 4: Heat Bxchanger Batch Process for making Insulin Small Spherical Particles

Human zinc crystalline insnlin was suspended in a minimal amount of deionized
water with sonication to ensure complete dispersion. The insulin suspension was added fo a
stirred, buffered polymer solution (pH 5.65 at 25°C) pre-heated to 77°C, so that the final
solute concentrations were 0.83% zinc crystalline insulin, 18.5% polyethylens glycol 3350,
0.7% sodinm chlotide, in a 0.1 M sodium acetate buffer. The initially cloudy mixture cleared
within thtee minutes as the crystalline insulin dissolved. Immediately aficr clearing, the
solution was transferred to a glass, water-jacketed chromatography column that was used as a
heat exchanger (column 1.d.: 25mm, length: 600mm; Ace Glass Incorporated, Vineland, NJ).
The glass column was positioned vertically, and the heat exchange fluid entered the water
jacket at the bottom of the colummn and exited at the top. In erder to document the heat-
exchange properties of the system, thermocouples (Type J, Cole Parmer) were positioned in
the center of the insulin formulation liquid at the top and bottom of the column and a cooling
temperature profile was obtained during 2 preliminary trial run. The thermocouples were
removed during the six batches conducted for this experiment so as not to introduce a foreign
surface variable, S

The heat exchanger was pre-heated to 65°C and the insubin — buffered polymer
solution was transferred in such a manner that the solution temperatere did not drop below
65°C and air bubbles were not introduced into the solution. After the clear solution was
allowed four minutes to equilibrate to 65°C in the heat exchanger, the heat exchange fluid
was switched from a 65°C supply to a 15°C supply. The insulin formulation in the heat
exchanger was allowed to equilibrate to 15°C over a twenty-minute period. The insulin small
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Table 1 shows the aerodynam c properties of Insulin’

smal | spherical particles. 10 Results (nmean +/- SD)

were cal cul ated from anal ysis of separate insulin

smal | spherical particle batches (11=6) on an
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Exanple 8: Insulin Small Spherical Particles Study
wi th Dogs 15The purpose of this experinental study
was to conduct a quantification and visualization
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an obvious increase in the deposition in peripheral
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oR, ng.tissue.exposure to, |epeated doses of a
PrBRE LR il 3P e RS OR B ik G Although thre was
an tnershaei (ose shovetaring. | medinde i lweahftérﬁn iﬁg@&ﬁﬁips éX/QMQfdeﬁa%dot lo tnsulin, %
eri article om A prior to |
g E R0 AT ot b, OIS B Ao bt oTeowiti USP
limisrelRdtentiom of mtul?ﬁoﬁcﬁ?ﬁd 284 ﬁ&?&ﬁ? ke @{)mpa%réf 2587 IE(mg for the
! s, of spherical particles quickly
st o el 5] otlsoSt or e Rt pratieigolyetiylne
glyow)siwire beland. 1366 avRizydoRltaBlR] BdikRHg it HRVYoNhdr 1IRA T ficant
éon#%{. it“-gf‘t?\es‘ [ racag}i C%‘%ﬁ'@ 30Centrifugation to collect
he™par |%Flg§‘,mf k3 Eh’ﬂ’j}“‘ veral wash cycles
i nvol ving re- suspension in a wash solvent and -
= gLl v fhilitg( Asedmsuie Pess ,,' hr mu]ﬁﬁgﬂmghgﬁcal
: PSEA. Dei oni zed water was used as the wash
solvent since the insulin small spherical -39 -

parfbtre| wes weselenioteprcgacibiliy firsanddyaenianstopdiBesPREAg the six
ined i 0N, One dj.sad t f
ool BUBRS of sl Mk Snetlf pih SR PR s ettt b pergsier

- and falersandPgsensie dutphatordata. pidr |all tsixthatchbie tHei AlRosizer data indicated that

over 99.5% of the particles fell within a size range of 0.63 to 3.4 pm, with a minimum of 60%

~of the small spherical particles falling within a narrow size range of 1.6 to 2.5 pm (FIG, 5).
~ Statistically, the data indicates that one can be 95% confident that af least 99% of the insulin

small spherical particles batches produced have at least 96.52% of the particles in the 0,63 to

34 pm size range (-655.5% to 70% of the target diameter of 2 pm).

The Andersen Cascade Impactor data corresponded well with the Aerosizer data, with -

~ the exception that an average of 17.6% of the dose delivered from the Cyclohaler was

deposited in the Mouth and Pre-separator/throat of the apparatus (FIG. 6). The data snggests
that the powder dispersion efficiency of the Aerosizer is greater than that of the Cyclohaler
device. However, the average emitted dose for the six batches was 7 1.4% from the

‘Cyclobaler, with 72.8% of the emitted dose deposited on Stage 3 of the impactor. If the
respirable fraction for deep hung delivery is estimated to be that fraction with ECD’s between
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- 40 - than 24 hours. However, as-previously noted;
the high efficiency of diafiltration continuously

renoves the soluble insulin (and zinc) so this
eqU|I|br|un1|s never achieved and the insulin smal
spherical particles would continue to dissolve.
Therefore, insulin squbiILP _in the ideal wash
solution would be below that”of water. Since insulin
is | east soluble near its isoelectric 5 point,

infph@b iy | o larities a H. 5.65 were

exani ne&}g r&e SO%E%’]A?‘%R%O?H’%%PWS%PPQEM Sagemd te dilier, an
MpEAIY ebeAdandt 2 GEDtdfd .Grall dndidatorobf malehuia‘rafynaﬁe%pems of the
powgparable to water at |ow nolarities.. Ethano

greatly reduced the solubility of the Inaba but only

at near anhydrous concentrations. The insulin

kﬂﬁsv- uﬁQSHﬂf ' 5&5“‘ é S d |q?th‘ PSE2Vi nsul i n
S e 10 early
st a&@glﬂbﬁfaﬂcﬁlwfbel digsalvedin, thél'aﬂm&m&t 1om£suﬁuameﬁmaialmes e.g., 75°C,

sol ubiJ,ity Jin varjou
soI uti ons %B# (go Ut C% 2gidic endronments *’Ws‘%l"‘fhﬁha’ﬁ“@#ﬂﬁamﬁm
a&ﬁ&@ﬂ@k%VG@@BabhébmMR&uMmamafter 48 hours Dei oni zed

-y at e, pH 565 2.48

2 92 B'% RI‘ odi umlv‘éé}é%rfcgt @m%ﬁlei[g ¥581iq3 BjRcess BEF trcqmplished
using, ghe amdt@&n@l@%&&nﬁtmﬁ&l shird of zinc crystalline insulin (at room
temperature) was added (while stirring) to a 16.7 % solution of polyethylene plycol in 0.1 M

sodium acetate, pH 5.65, pre-heated o approximately 85 to 90°C. The insulin crystals
dissolved completely in this temperature range within five mimmes. The insulin small
spherical particles formed as the temperature of the sohition was iowwed.

Significant formation of Ap¢ desamido insulin and insulin dimers due to chemical
reactions occurred at initial temperatures of 85-90°C by the elevated temperatures. However,
this required extended periods of time at 75°C. The extended time also resulted in significant
insulin degradation. Pre-dissolving the insulin in an acidic environment also caused
lmdesirabl'e conversion of a large percentage of the insulin to an Ay desamido insulin
degradation product.

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 significantly reduce the formation of desamido or dimer
insulin degradation products, the addition of sodium chloride greatly reduced the formation
of oligomers (high molecular weight insulin producis) (Table 2).
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sol utions used in comercial zinc crystalline insulin
suspensions for injection also contain zinc in
solution. Two of these solutjons were tested with
insulin small spherical 15 particles and found to
greatly reduce insulin solubility conpared to

dei oni zed wat er. Accordlng to the literature, zinc
i ; 2.1t0. 4 7n_jons _bound
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] resuleia ot%%@ rogtﬁlm W&hcgl(ﬂl,]gw thy dinsf drstailine
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C
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qn@\new thpastlcdmdoegmghefbmd amd;s;t %]oﬁqg E{Hd{tg, 5, f‘?&e&m%md
S e zinc opurrer
d| afa%ﬂ? ?%I cl%(% neng'%ﬁ %h‘l)tu%g ﬁéﬂfﬁ o‘t‘?f%lﬂfﬂqﬂrwﬂ%y dissolved higher

- concentrations of Zn crystaliine msulm_ It was therefore confirmed that the solubility of the

insulin at a given temperature conld be carefully controlled by adjusting the sodium chloride
Ievel of the initial continuous phase. This allows the process to be conducted at temperaturcs
that are less conducive to the formation of degradation products.

In order to determine if the sodium chloride has unique chenrical properiies that allow
the reduction in temperature 1o disgolve insulin, equimolar concentrations of ammoninm
chloride and sodium snifate, were compared fo a control with soditom chloride. Both NHCl
and Na;80, similarly reduced the temperature required to dissolve the zine crystailine insalin
raw material. The higher jonic strength appears to increase the solubility of the insulin in the
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10 insulin small spherical particles could inprove
the percent of the dose deposited in the deep | ung.
When suspended in the propell ant BFA-134a wit hout
added excipients for use in an MD application, there
~was -no apparent irreversible aggloneration of the
zi nc buffer washed insulirtiyha spherical particles.
The insulin particles did floccul ate out of
"suspension in |less 15 than a m nute, but readily
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103f @ls! AW pg study, insulin small spherical particles
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c oRfetrte @ergsol agminigiation dhe animmsis oere avesthotized wuthfpecrpefm through
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spherical particles regardl ess of the device used as
an inhaler. The only major difference between the DP
and MDDl devices is the significantly greater
quantity of small spherical particles deposited in
the throat section of Andersen Cascade: | npactor using
the MDI. The high velocity that the NMD 15 device
-propel.s the smal |- spherical particles againct the
~ throat .of the Andersen | npactor. explains the hi gher
- .proportion.of insulin nicrospheres deposited conpared
to the DPI devices. It can he assunmed by those
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Centrifugation to collect the patticles, followed by several wash eycles involving re-
suspension in a wash solvent and re-centrifugation, was used suocessﬁ:lly to remove the

PSEA. Deionized water was used as the wash solvent since the insulin small spherical
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, suspegsmy mam exchaped. POHBORSSTHE theW¥i SnAOHR %v‘%r? &.Ogmg o be

spm%e 1%%londar stryctural paramsters were es
| NQ F%‘L‘f "5"1‘3'0 rﬂiet hiteht effiiengyc iofi dbel diafibtetion ngocess

contimgaly mm:tvacb soluble in3@id,
the e and tﬁ@é’&‘g am de bandga%econvlgﬁnﬂ T ofperefore,
i E exp ?’1 msply yriHble ﬂ!’%ﬁ senreniasionds 2 given volume of

| delongadbmac tliebince seantvid &Hﬁlﬁﬁudﬁeﬁ%ﬁcﬁﬁ% %{“S‘%%E%y N leﬂ:lon 'pf the

eo, P.G Debenedetti, S.Y. Pato
hann. Sci., 1994, 83, 1651-1656]. The esti mated

~ stableBushaivs pAiRRELRILSNsARA were evaluated as potential wash media. Ten
milligrams of dry insulin smali spherical particles were suspended in 1 mL of each solution
and gently mixed for 48 hours at room temperature. The percentage of soluble insulin was
measured at 24 and 48 howurs. The insulin was found fo be sparingly soluble in dejonfzed
water, with equilibrium reached af just umder 1% of the total weight of insulin soluble in less
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collected in Table 4. Table 4. Structural paraneters
.of insulin sanples estinmated from Raman s Sanpl e
Total a-helot content, % Totall3-sheet content, %

13- Reverse turn, % - Random coil, 9% Unprocessed,
Powder 44 31 14 11 Unprocessed insulin in solution
44 28 11 17 -40 -

than 24 hours. However, as previously noted, the high efficiency of diafiltration continnously
removes the soluble insulin (and zine) so this equilibrium is never achieved and the insulin
small spherical particles would continue to dissolve. Therefore, insulin solubility in the ideal
wash solution would be below that of water. Since insulin is least soluble near its isoelectric
point, acetate buffers at two molarities and pH 5.65 were examined. The solubility of the
insulin was found to be dependent on the molarity of the buffer, and comparable to water at
Iow molarities. FEthanol greatly reduced the solubility of the nsulin but only st near
r:mhydrous concentrations, The insulin solubility would actually inorease when ethanol mixed
with water solutions were used in the PSEA/insulin small spherical particle suspension in th
early stages of diafittration. ' ‘

Table 3: Insulin small spherical particle solubility in various wash solutions

WesrSotion il
Deionized water : - 0.91 0.80
0.1 M sodium acetaie, pH 5.65 _ 2.48 292
0.001 M sodium acetate, pH 5.65 0.54 0.80
] 0.16% sodium acetate-0.016% Zn0, pH 5.3 0.14 0.1
0.16% sodium acetate-0.027% ZnCh, pH 7.0 0.09 0.06
50% ethanolidelonized water (v/v) 047 6.88
100% anhydrous ethanol 0.05 0.04

Buffer solutions used in commercial zinc ctystalline insulin suspensions for injection
also contain zinc in solution. Two of these solutions were tested with insulin small spherical
particles and found fo greatly reduce insulin solubility compared to deionized water,
According to the literature, zinc crystalline insulin should have 2 to 4 Zn ions bound fo each

. insulin hexamer. Zinc ions per hexamer ranged from 1.93 10 2.46 for various zinc erystalline
 insulin preparations used as the raw material for making the insulin small spherical particles.

This corresponded to 0.36 to 0.46% zinc per given weight of raw material zinc crystalline
insulin. After formation of the insulin small spherical particies and diafiltration against
deionized water, 58 o 74% of the zinc was lost during processing. The loss of zinc from the
insulin particles would cause increased solubility of the insulin and loss duaring diafiliration.
Diafiltering the insulin small spherical particles against 0.16% sodiurg acetate-0.027%

- ZnClz, pH 7.0, virtually eliminated insulin loss in the filirate. Surprisingly however, the zine
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smal | spherical particles, powder 11 67 15 7 small
spherical particles in solution 44 30 .11 15 Exanple
10: Preparation O Snall Spherical Particles OF Human
[ nsulin By An Isothermal Method Human insulin USP
(I'ntergen) was dispersed in a NaCl and PEG ( M\ 3350,
Spectrum Logi 1RP0741) soluygion resulting in final

i nsulin concentration of O. 816 ng/ m., and 25 03 wm %
NaCl and 8.3 wt % PEG concentrati ons. The pH was

' nut .
cmg%to Bﬁfhg %SP% %ﬂag?%%g%% ac| Laésﬁ%w%gﬁ'ﬁl’f\ég IFabove the 0.46%
measgradiipothe Stawlg ainc atelling insolid tas7 B@erial] danthpr mcﬁpented result of

I t the in
d‘aﬁ‘i’ﬁﬁé%t Aml B o Bt Bitnd Sl o) Al bS5 I et dosc
obsgrved @rarﬁiwédtalsnb%t degiica (&%ﬁaﬁhﬁm gai'ﬁﬁtdem%ﬁﬁl wiler tdiss 84 1o
fei er v The
074 ¥fier Ul ft BAeh éem)ve c ent %ﬂélfluifﬁhn particles deposited

] ecipitates were r
fgqglrw@i the Andersent Gytscaﬁg?'mpactat Iha‘qnm htfm ﬁzaﬁﬂﬁhomhﬁbmved the

R o f Gl B8 st bl R frdfhplraton o

the pgtiglest wswing) ind fowrg /I\NMADT B las.d frighee deabsitins whi lbwer stages of the

mpﬁﬂﬁlt THA ¢ gg?éﬁe& gc p“%%aﬁh%%lg%? gqngsbég(ﬁ?ol Ut"ISI%Qm the

mSLﬁmmwﬂmpbmﬂcﬂmmmle@ cquldiipriveaths. pBrc\bﬁt%fBEGoé@ﬂi:pbﬁ&ﬂ@hfhe deep
o about 2.1 by HO addition) resulting in 2 ng/nL
‘nsulin concentration.
When suspended in the propellant HFA-134a without added excipients for use in an

MDI application, there was no apparent irreversible agglomeration of the zine buffer washed

 insulin small spherical particles. The insulin particles did flocculate out of suspension in less

than a minute, but readily resuspended when shaken just before use. Shaking the MDI
container just before use is normally part of the instructions given for using any MDI product.
In fact, the loose floceulated particles that settle on the bottom of the MDI container may
actually inhibit long term agglomeration of the insulin pariicles (in addition to the minimal
contact due to their spherical shape) since the particles do not settle info a densely packed
layer on the botiom of the MDI pressurized container. Therefore, properties imparted by the

. zine buffer diafiltration of the insulin small particles may impro€e the long term shelf life and

dispersability of MDI preparations for insulin and other zinc binding compounds.

Since the insulin small spherical particles were found to be noncrystalline by XRPD
analysis, the zinc binding was not associated with zinc iop coordination of insulin ménomers
to form hexamers. Therefore, the non-specific binding of ions and resulting potential benefits

- could extend to the binding of jons other than zinc. Different profeins that do not bind zinc
could bind other ions that would reduce solubility in the diafiltration process and impart

similar beneficial effects.

The small spherical particles were suspended in Hydro Fluro Alkane (HFA) 134a
propellant at a concentration of 10 mg/mL. The chemical stability of the insulin after storage
in the HFA 134a was assessed at time 0 and at one month. The data shown in FIG 28 shows
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10 The solution was incubated at—37Cwth stirtring
for 7 h and subsequently sonicated for 2 mn.

Aliguots of the resulting Solution B were added to
Solution Aresulting in total insulin concentration
of 1 ng/rah The resulting m xture was kept under
vigorous stirring at 37C overnight resulting in
insulin precipitates, which™were gently renoved from
t he quuid by using a nenbrane filter (effective pore

2 Jhe.resultin rotein 15
1théjrr* cr opar 7 cﬁhesmﬁg%‘ %%@’1’%2&@@‘@%@5@% insulin dimer,
mmlmole@msanmunmahphakmdmﬁmtﬂmﬁmﬁm cal Particles

O - ANt | pSi Tb e present
i nven@p olloving %“9}6/’ ﬁ‘&‘ﬁ’&s cl%%m#epargcb aeserding to the

metwrs mE:empm Ao owhipaedd B tmrﬁeffsﬂﬁ@&é ¥ Ofﬁﬂ *ntflfﬂ{alanon
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cofitls SHEr s By escndr Ieprte g i Sarobaredovice i 2
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mefiss dbbe gl B T fviod s bt Fiogoaphovay recpaspended in HIFA

] Iﬁm ﬂambed&h ithib @karhile and a6 lpRipeNkd 2308 gﬂ&@ﬁt@fjog Sher sized

2R ey e thelqths otmall snlnﬂmal particles
impactingnthé ﬂ&‘l’h oAAlle @g[n&éﬁén
'I‘lu¥‘h' l. ed%ﬁg ng 25 and tﬁg&gﬁqﬁa%ﬂa’dfﬁ%ﬁ&ﬁ%u% %&csl'ﬁ and 4.
AR raat"F’é’nrqPFPd’t”ﬂ-@efRf’Ffaﬁm@éﬁ lSPlf ithh swall sphericald particles
g lessrokdE dowise Qs Ghibaleh 0'111% BRESRL 1 DT and
e entl re-‘con

%he g(glaker ten‘p ature was _control l ed usin
C|r Mg d

. tha‘;“%is ol.utjon orrp03|t| on lesripasited! in the
S afphfé'tcé]dl&:@@ [¢54 in
throaesatting
omna&séiﬂc‘ascﬂéqm gdg&m%tﬁ%tﬂég@ﬂﬁﬁ ﬁgr}l?el& t%x?%eMDI

t
dov8 R S, 7Bl BB R RS fecPoal Chtbednderten Tnpacor

!amapm atolite fSutin| sgﬁl.:z h ri ca -
::p itl cl % fgff%?gﬁgﬂéfl ng th%%é% s@gﬁéé ‘f%ﬁaged # h‘ DL
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Keepi ng the solution in the same vessel, the water

bath source was switched froma 30C bath.to a 2C

bat h. The vessel and 15 contents were cool ed at

approximately PC/minute to a tenperature of 4C. The

MAT smal | spherical particles forned during the

cooling step. The tenperature was nonitored using a

t.her ot ocoupl e, and when the suspension reached 4C, it

was held close to this tenperature for an additiona

30 mnutes. After the hold step, the snall spherical

partlcle suspen3|on was concentrated Vi a dlafdtratlon
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-47 - Exanple 13: Process Yield- % Conversion ofTAAT
into Smal |l Spherical Particles Smal | spherica
particles were fabricated as described in Exanples 10
and 11. After the cooling process was conplete, a
smal | aliquot of the suspension was renoved and

filtered through a O. ngsy4Pnge filter to renove the
solid smal |l spherical partic The absorbance 5 of

the filtrate, which was the rAAT remai ning |n

SOl UhdBR smift dat 280i.m_ using a
s ectrophot oﬁ%ter %‘ %Sgﬁ%dﬁmﬁ"?i‘?’ﬁg’ﬁﬁfl {rassadeJmpactor study
:gvadgmg o GStal |l A%‘?’m oncintrgﬁgoﬁ%e@%mmme '
fiTtrate n&%ﬁﬂgﬁ%’é"ﬁ# )9‘*‘%00 AP cHAve tht dhe acrodynamic
Pﬁﬁomllmchmgﬁé cgg%immmmﬁmlaﬁaqoo glongm%s( rsi Ion t;) .
s particles Omg (n=9,. col um
91 7am§§ g tekon t ejucgla ptupian] differences
bejeass anrog@sed insulin sample and ﬂxé\'msﬂhpj‘ﬂﬂhd SnAINBh RV Rrticles
prepared
[l hi ercentage, of e.AAT protein was
in 80 Bl |%P°5”’% t@%ﬁﬁ? F‘b"ﬁgn i e FcE'}aBsSPihPIﬂ@s pattivies, gossess

convert

sulggtantifily lipiee Gates eéﬂtﬁrt alRK sbBcRenty 1o
@10 tr| b .on O I Particles A Eﬁ?f&érent o?‘éagsthmrpm
nsulip Gropnle §n415\$€ a8 pnisistent WﬁhﬁleffpmmﬂAﬂaggregated

mmtpﬁbmimmiames ﬁﬂbﬂnals bt PortiRRE LHIGSer, zed in
m&% TSI Aero%?ze Whl ch neasur es W%g?tﬁlﬁg:}% S8 aqueous
Vo prptemmstmm resulting from either

| ‘mm“ﬂmmm@"of itﬁﬁ!ﬁﬂtimﬁ anet.ers
e caIF lated to dermnst%dleio {‘1‘1&' L prenges 18 microspheres
ot PrBuee SYOREOMAT sl | spherl cal part| cles and

mer@wmﬂﬁﬁkh&aooﬂﬁﬁﬂﬁ Qve}eote@é&t%&& resen %‘Sgrﬁ%’r gﬂé unprocessed

t s, ot her than that of t
tuslet R (Entorgen, Cat N450230, Lot XDE 1350110) and B) Insulin in the small
'spherical particles (JKPLO72502-2 NB 32: P.64). The powderous samples or insulin

solutions {zbowt 15 mg/ml, in 0.01 M HCI) were packed-intc standard glass capillaries and

thermostated at 12°C for Raman analysis. Typically, a 2-15 pL aliquot was sufficient o &1l
the portion of the sample capillary exposed to laser illumination. Spectra were excited at
>14.5 nm with an argon laser (Coherent Innova 70-4 Argon Jon Laser, Coherent Inc., Santa
Clara, CA) and recorded on a scanming double spectrometer (Ramalog V/VI, Spex Industries,

-Edison, NI} with photon-counting detector (Model R928P, Hamamatsu, Middlesex, ND.

Data at 1.0 cm™ mtervals were collected with an integration time of 1.5 s and a spectral slit
width of 8 cna™? - Samples were scanned repetitively, and individual scans were displayed and

~examined prior to averaging. Typically, at least 4 scans of each samaple were collected. The

sPecirometer was calibrated with indene and carbon tetrachloride. Spectra were compared by
digital difference methods using SpectraCale and GRAMS/AT Version 7 software (Thermo
Galactic, Salem, NH). The spectra were carrected for contributions of solvent @if any). and
backgronnd. The solutions® spectra were corrected by acquiring 0.01M HCl spectrum under
identical conditions and fit with a series of five overlapping Gaussian-Lorentzian fanctions
situated on a sloping background [S.-D. Yeo, P.G. Debenedetti, S.Y. Patro, T.M. Przybycien,
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Scal e ¢190k110 (vol une) d130/c120 (vol une)

(d90410)/d50 (volune) 5-10nmg (n=12, col um) 1.88
+ 0.20 1.40.10 0.67 0.14 100-200rag (re5, colum)
1.83 + 0.05 1.41 + 0.05 0.66+ 0.05 300 nmg (n, colum)

2.05 + 0.17 1.61 +0.11
-44 -

J. Pharm. Sci., 1994, 83, 1651-1656). The fitting was performed in the 1500-1800 ooyl
region.

Raman spectra were obtained for both powderous insulin samples and their respective
solutions (FIG. 10i). The spectrum of the un-processed sample cotresponds to the previously
described spectra of the commercial insulin samples very well [S.-D. Yeo, P.G. Debenedett,
S.Y. Patro, T.M. Przybycien, J. Pharm. Sci., 1994, 83, 1651-1656; J1. Lippert, D. Tyminski,

‘P Desmueles, J.Amer.Chem.Soc., 1976, 98, 7075-7080]. The small spherical particle
- sample exhibited & pronounced (about +19 to +15 em™) shift in the amide I mode, indicative

of a significant perturbation in the secondary structure of the protein. Notably, however,
spectra of the commercial powder and small spherical particles were virtually identical when
the samples were dissolved in the aqueous medinm, indicating that the changes in the

. secondary structure upon processing were completely reversible,

The secondary structxral parameters were estimated using the computing algorithm
that included smoothing, subtraction of the flaorescence and aromatic background, and the
amide I bands deconvolution. The cxponentially decaying fluorescence was subtracted

-essentially as described elsewhere [S.-D. Yeo, P.G. Debenedetti, S.Y. Patro, T.M.

Przybycien, I. Pharm. Sci., 1994, 83, 1651~ ~1656]. The estimated structural parameters are

-collected in Table 4.

Table 4. Structural parameters of insulin samples estimated from Raman specira.

Total a-helix Total B-sheet B-Reverse fumn, | Random coll, %

Sample contant, % content, % %

| Unprocessed, 44 31 14 1
Powder
Unprocessed insuliny 44 28 11 17
in solution
small spherical Y| 67 18 7
particles, powder
small spherical 44 30 11 15
particles in solution

Example 10: Preparation Of Small Spherical Particles Of Human Insulin By An Isothermal

Method

Human insulin USP (Intergen) was dispersed in a NaCl and PEG MW 3350,
Spectrum Lot# RP0741) solution resulting in final insulin concentraiion of 0.86 mg/ml, and

0.7 wi% NaCl and 8.3 wt% PEG concentrations. The pH was adjusted to 5.65 by addition of
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0.77 + 0.06 1-2g (n=4, vessel) 2.21 + 0.30 1.60 +
0.11 0.86 + 0.19 Andersen Data A 5-10ng sanpl e was
wei ghed into a gel capsule and adm nistered into the
Ander sen Cascade | npactor using the Cyclohaler Dry
Powder Inhaler at a flowrate of 60 liters per mnute
(LPM. Small spherical part%§les were collected from
all inpactor stages, dissolVed 25 in 0.2M Tri s- HCI
buffer at pH 8.0, and quantitated using reverse phase

bl o of e EBie ey AT by s A s o e,

cleah protdm scbaliofit skrsobtiaedpsainy i the/Shlin Idmeﬂehtﬁan Ceq. Then the
m@g@ : aota e?ﬁ‘ t h%é‘n&%?;}%jé\& 1$a|iezte? dtgmt ri bu%ﬁa ( Cr{gtgﬁe %Sprotem
prepigitation) was observed. The precipitates were removed by centrifugation {13,000zg, 3
min), again at temperature 37°C, and the insulin concentration (C*) in the resulting
supernatant was determined by bicinchoninic protein assay to be 0.45 mg/mL. Thus prepared
insulin solution that is kept at 37°C is desipnated Solution A.

Solution B was prepared by dissolution of human insulin in 0.7 wt% NaCl/8.3 wi%
PEG (pH brought to about 2.1 by HCl addition) resuliing in 2 mg/ml insulin concentration.
The solution was-incubated at 37°C with stirring for 7 b and sitbsequently sonicated for 2
min. Aliquots of the resulting Solufion B were added to Solution A resulting in total insulin
concentiration of 1 mg/ml.. The resulting mlxtme was kept under vigorous stirring at 37°C
ovemnight restiting in insulin precipitates, which were gently removed from the Iliquid by
using a membrane filter (effective pore diameter, 022 pm). The resulting protein
microparticles were then snap-frozen in liquid nifrogen and lyophilized.

B. _ Small Spherical Particles Of Alpha-1-Antitrypsin (AAT)
The present invention can also be used to prepare small spherical particles of AAT

“which are particularly suitable for pulmonary delivery.

Example 11: Jacketed Column Batch Preparation of AAT small spherical particles (10-

3(_)0mg scale}
A solution buffered at pH 6.0 with 10mM aminonium acetate contzining 16% PEG

+.3350 and 0.02% Pluronic F-68 was mixed with a magnetic stirbar in a jacketed beaker and

- heated 10 30°C. The beaker temperature was controlled wsing a circulating water bath. A

30

concentrated solution of recombinant AAT (rAAT) was added to this solution while stirring
and the pH was adfusied f0 6.0. The rAAT concentration in the fina} solution was 2mg/ml,
The rAAT was completely soluble at this temperature in this sohstion composiiion. The
eniire contents of the vessel were transferred io a jacketeci columm and heated to 25-30°C,

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

confents 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 microsphiere suspension was

'fro_zen in glass crystallizing dishes and Iyophilized o remove the water and buffer.
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1.77 + 0.40 2g (n=5, vessel) 1.70 + 0.09

Al of the distribution paraneters shown above
denonstrated the excellent particle 5 size
distribution that results fromthe fitbrication

met hod of the present invention. Exanple 15:
Retention of AAT Bloact|V|t4% TO determ ne the
specific activity, the rAAT smal | spherical particles
were dissolved in 0.2M Tris-HCl pH 8.0 at room

T | d
o BEG o Efimel % BEBULE bifhid Ghal oo B8t RS S fonttfization,
ther mﬁfmotem talse w5 Wishyd with mﬂxylene c}ﬂaﬂlbr(MkC!ﬁ. Al aailisEmedia

nltroar?ﬁ?fr gg Ogldgxce%(’ g’r ept tu‘[é?t cont ai nlfi\ The

wasbngmnocndumfwasmm fealal tommfémmal thepa{ginad: bﬁmmsﬂeﬁemm final

rteln atlon usm th
p%ém n%%oﬁ1 ni ¢ Clsalan a sf’é’?/ﬁ0 ’ﬂg&aﬂ jed by either-direct

exprisege ta migogentges ordly retatyletvapaatioas al so anal yzed in both
assays. Because the activi ty assay was devel oped to

g:#ﬁi@fﬁ‘ @%F%tt}fy%@ei ﬁhﬁ: PA3SE

-.@@ﬁﬁdﬁ]ed based on the act ual prote| n concentration

o) T8 BRE P yementh e b ol Gt o e

jackeggd el butaﬂapﬂm oi)mbmnodzdmg dmgerr aflums dnd Wialirhdre Buiedble for

soal it | AREN, IR R o B Yo SO o e ppgte s

imyeler] i acpbkmd) vessel, nsually 500-1000mi, and heated to 30°C. The vessel
temperature was controlled using a circulating water bath. Keeping the solution in the same
vessel, the water bath source was switched from a 30°C bath'to a 2°C bath. The vessel and
contents were cooled at approximately 1°C/minute to a temperature of 4°C. The rAAT small

- spherical particles formed during the cooling step. The temperature was monitored using a
‘thermocouple, and when the suspension reached 4°C, it was held close io this temperature for

an additional 30 minutes. Afier the hold step, the small spherical particle suspension was
cl;oncen:t{ated via diafiliration at around 4°C to remove approximately 75% of the polymer and
volume. The remaining small spherical particle suspension was frozen as a thin layer in a

_ precooled lyophilization tray and lyophilized to remove the watet and remaining buffer.

The protein small spherical - particles were separated from the remaining dried
polymer either by centrifagation with erganic solvents (as described in Example 10} or by.
supercritical fiuid (SCF) extraction. For SCF extraction, the dried material was transferred
into a high pressure extraction chamber, whick was i)rcssm'ized to 2500psi (at room
temperature) with CO,. Ones operating pressure was reached, ethanol was introduced to the
inlet fivid stream as a2 70:30 COyethanol mix. This super critical fluid dissolved the polymer,
leaving the small spherical particles. At the conclusion of the process, the system was

fiushed of ethanol and slowly decompressed,
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64.19 + 5.01 6434 + 4.96 200-300ny (n=8,

62.53 + 5.29 65 87 + 0.98
activity thus denonstrated the retention of
bi oactivity after fabrication of AAT into snal

spheri cal
St ruct ur al

Exbit}

- uri

particles.
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Exanpl e 16: Retention of AAT

_47- One of the central
di fferentiating points of conhtrolled phase separation

(CPS) 25 technology is the formation of particles
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parhc es fabricated by methods other than that of the present invention,

DR e e o Eompare o

Scale d90/d10 (volume) | dB0/d29 fvolume doo-d10)i
5-10mg (=12, column) 1.88 + 0.20 1.49 -!(- 0.10 ) ( O.G}?dfg.(‘:’: e}
100-200mg (n=5, column) | 1.8 + 0.05 141+ 0.05 0.66: 0.05
300 mg (n=3, column) . 2.05 +0.17 1.61+.0.11 0.77 + 0.08
1-2g (n=4, vessel) 2.21+0.30 1.60 + 0.11 0.86 + 0.19

Andersen Data

A 5-10mg samp.Ie was weighed into a gel capsule and administered into the Andersen

Cascade Impactor using the Cyclohaler Dry Powder Inhaler at a fiow rate of 60 liters per
minute (LPM). Small spherical particles were collected from all impactor stages, dissolved
in 0.2M Tris-HC buffer at pH 8.0, and quantitated using reverse phase HPLC, The data was
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acids and disul fide bonds, and the CD signals they
produce are sensitive to thg overal | tertiary
structure of the protein. Signals in the region from
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tﬂ?"é‘&rth?rﬁcw dasgd ooy ;y centent@tion Bf mg/mqmﬁé;b per sample, the activity
15 valoe was corrected based on the actual protein concentration as determined by BCA, giving

the specific activity value:

activity value for sample
actual protein concentration

= specific activity for sample

Inhibition of porcine pacreatic elastase by rAAT

Secale Uimg small spherical Ulmg control
_ . particles )
100-300 mg {n=12, column) 84.19+5.01 ) ' 64.34 +4.95
200-300mg (18, vesse)). 62,53 + 5.29 65.87 + 0.28

20 '
' The specific activity thos demonstrated the retention of bioactivity after fabrication of
AAT into small spherical pariicles.

Example 16: Retention of AAT Structural Integrity
One of the ceniral differentiating points of controlled phase separation (CPS)
25 te:_chnnlogy.is the formation of pariicles under mild conditions utilizing aqueous sysiems -




- 10

15

Exanpl e 17: Storage Stability of AAT Small Spheri cal
Particles Relative To That of AAT Starting Materi al
Smal | spherical particles were analyzed for Intention
of bioactivity (using the assay 20 described in
Exanpl e 15) after storage at roomtanperature and 4C
for 1 week, 1 nonth, 2 nonthg, 3 nonths, 6 nonths,

and 12 nmonths. (FIGS. 14b and 14c.) The bulk mat er i al
i's rAAT starting solution whicch has been dialyzed and
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smal | spherical particles suspension was centrifuged
at 4000 gnu for 10 mnutes at 4C to separate the
smal | spherical particles fromPEG The supernat ant
was renoved, and the pellet was resuspended in cold
buffer containing 50 mM zinc acetate, in a vol une
equal to that of 25 the supefnatant that was renoved.
The Zr? ion reduced the solubility of the hGH and
prevent ed di ssolution during washing. The wash buffer
was geefgbpen i ce. The suspension was then centrifuged
|nn§6F5F§Ty at 3000 mmfor 5 nminutes at 4C. The
supemedisy W&Eﬁmﬁmn#mﬁ&anﬂmdhﬁOZMMﬁmQMﬂE@?HWQ?QMdemmdby

Wr mggh%g%’%%? ?EWA Igéfl:‘f'otf’\ga‘a%ﬂg v nep?mem,themls

nwmmfd@mfnmwammome%mmggﬂms 30 m nutes at

-8

e

Efx&?t .excess zinc. Follow ng the final water
th el et was resuspended in a small vol une of

wat &E’L@r@bmmasmhémmmﬁgs iicGion, ¢4nsdom,7m4_ﬁmﬁ

fro S t enlyophlll ed to renhove
wat o aav, %egzﬁgkmﬁgjla of hGH smal| spheri cal

parWa@'blemﬂlEﬂ%rphe 19: Jacket ed Vessel Batch
Pr e-ﬂ:?é? 10 scale) O Smal | Spheri cal _
Part cﬁé’g?na(neﬁ%ﬁ‘lSThi s type of preparation was done
usi fgrdientefivoheentritipnimul at i on conposi tion as Exanpl e
18, but a Iarger volunes and is nore

1 abl SRR IEERTEON fra B

sui t abl WaeTs o). ut i on buffered at pH
6 1 (sommmmmmeanoamwm/;ﬂ@mé ;nég%%onat e)
ﬂhgg 8% PEG 3350 and 0. 02% PI uroni c
mxe in a’] atket ed beaker by neans of an overhead
i np8bw aate —dridnihamt ed to 58C. The mixture tenperature
was 10 controlled using a circulating water bath. A
co trated solution of hGl-1. was added to this
solutron while stilling. The final concentration of
hG-ESG]dJ@Q@mMgmﬂMSSéEIGgJ BlaspThe hGH was '
conpletely soluble at this tenperature in this
he sel nd coptents were
. eéjnwcﬁoe gﬁﬁﬁ BERFH AL Pareles Relative, To Thaf of AAT
I mately 1OC The hGH smal I spherl cal

Ea?‘é‘}“.g?%?“%% %%‘?%. cFe S i el %fﬁp%%%rwme assay

Y aiftemmtorages docas tenfjperafisé ReNFICORr V&éeek, 1 month, 2

mmﬂ%oﬁ %Jorftl&r b gnims LA g%#hg@go éljggg&i Mﬁdzgg(e; Sg%tllllk material is

spherical “particl és

TAAT starting solution ‘which has been dmlyzad and then lyophilized. For each time point

. and storage condition, there were duplicate samples which were each assayed in duplicate,

C. Small Spherical Particles of Human Growth Hormone (hGHD

The present invention can also be used o prepare small spherical particles of hGH.

Examiple 18: Test Tube Batch Preparation (20-30mg seale) of Small Spherical Pariicles of

hGH

A solution buffered at pH 5.6 (50mM ammoniun acetate/50mM ammonium

bicarbonate) containing 18% PEG 3350, with a final conceniration of hGH in the solution of

1 mg/mi was mixed in a 50 ml conical tube and heated in a stationary water bath to 58°C,
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by one of the two nethods described in Exanpl e 20a.
Exanpl e 20: Retention of Integrity of hGH The protein
integrity of hGH in small spherical particles was
eval uated at the 20 follow ng stages of the process:
post particle formation, post PEG extraction, and
post sol vent renoval or po_SIchy|ng Measur enent of
the chemical integrity of thée hGH after fabrication
into smal |l spherical partlcles was det erm ned using
ThPh@-I%&&ﬂ%ﬁ el rrat 0 (SEQ),

& ﬁe ‘356’9 il ﬁ“’ B"”éig Sﬁs ﬁ@ﬁaﬁs dhen agrepved from

everse Phase (R to quan

ﬂ’aé@t %ﬁimcmce Iﬂahuhitﬂsthd scrmm)atreal%h&ﬂ 16“{@“ Tl%egc%bﬁlg rate
a oner at es

E:}Pét her re at e su%éE ;HE = sﬂ‘ﬂﬁFﬁ’ﬁ“ﬁ%ga@ﬁ’éF pre formed during the

mallasphridab pérticles btartad a0 fRMOMRE The R A 6F the solution

“?ﬁ‘%??ﬁ?é“?ﬁhé%g%ﬁﬂra?@%ﬁ@ BF 5B 250 ol pplerin] patices were

Sepgraigd w%@&&@wmmmMﬁaes%zmeg%ée in

HMACR Raf Bfvel rti.cl tion after
ext I action g%d y%‘r?g %’%m{t"z lige step and pariicle formation,

the smal spherical particle suspension was flash frozen wﬁh liquid nitrogen, and lyophilized
to remove water and buffer. In order to separate the protein small spherical particles from the
PEG after lyophilizaiion, the PEG/protein cake was suspended in methylene chioride
(MeClo). PEG is soluble in MeCl, while the protein small spherical particles are insoluble,
The suspension was mixed at room temperature for 5 minutes. Since the density of the hGH

. small spherical particles is close to that of MeCl, (d = 1.335 g/ml), a second solvent' was

necessary to lower the liquid density fo facikitate centrifugation. Acetone, which is miscible
with MeCl;, was added in a volume equal to that of MeCl,. ‘The small spherical particles
suspension was then centrifuged at 33060rpm for 5 mimmes at room temperature. The
Supernatant was discarded, and the pellet resuspended in MeCl, and mixed again for 5

" minutes at room temperature. This Wwashing procedure was repeated for a total of 5 washes.

After the final wash, the pellet was resuspended in a small volume of MeCl, and dried by
rolary evaporation, leaving a final powder of hGH small spherical particles.
The zinc buffer washing required that after the cooling step and particle formation, the

~ small spherical particles suspension was centrifaged at 4000 rpm for 10 minutes at 4°C 1o

separaj:e the small spherical particles from PEG, The Supernatant was removed, and the pellet
was resuspended in cold buffer containing 50 mM zinc acetate, in a volume equal to that of

the supernatant that was removed. The Zn* jon reduced the solubility of the hGH and |
prevented dissolution during washing. The wash buffer was kept on ice. The suspension was
then centrifuged immediately at 3000 pm for 5 minutés at 4°C. The. supernatant was

- removed and the zinc buﬁ'er wash repeated for 2 total of 3 fimes. Foliowing 3 times zinc

buffer wash, the pellet was washed 2 times in water and centrifuged at 3000 pm for 5
minuies at 4°C o remove excess zinc. Following the fival water wash, the peliet was

-resuspended in 2 smail volume of water and flash frozen using liguid nitrogen. The frozen
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- 53 - 11Gl1 Rel ated Substances by Reverse Phase:
Increase in degradation over starting material Stage
of process %increage in early eluting species %
increase in desamdo %increase in late eluting
species after particle formation 0.22 0.66 o after
PEG extraction and drying 1529 2.93 o b.Zinc Buffer

Wash

pellet was then lyophilized to remove water, leaving a final powder of hGH small spherical
particles.

Example 19: Jacketed Vessel Baich Preparation (100mg scale) OFf Small Spherical Parficles .

OfhGH

This type of preparation was done using a similer formulation composition as
Example 1;3, but can accommodate larger volumes and is more suitable for scale-up.

A solution buffered at pH 6.1 (80mM ammoniom acetate/10mM ammonjum
bicarbonate) containing 18% PEG 3350 and 0.02% Pluronic F-68 was mixed in a jacketed
beaker by means of an overhead impellar, and heated to 58°C. The mixiure temperature was
controlled using a circulating water bath. A concentrated solution of hGEH was added to this
solution while stiring. The final concentration of hGH in the solution was 1 mg/mt, The
hGH was completely soluble at this temperature in this solution composition. The vessel and
contents were then coéled at a rate of 8°C/minute to a temperatare of approximately 10°C.

~ The hGH small spherical particles formed duting the cooling step. The small spherical

particles staried to form around 40°C, and the process continued as the suspension was
cooled further. Afier the cooling step, the smail spherical particles were separated from PEG
by one of the two methods described in Example 20a.

Example 20: Retention of Izitcgm‘ of hGH

The protein infegrity of hGH in small spherical particles was evalusted at fhe

Tollowing stages of the process: post particle formation, post PEG extraction, and post solvent

removal or post drying. Measurement of the chemical imtegrity of the hGH after fabrication
into small spherical particles was determined using HPLC assays (Size Exzclusion -
Chromatography (SEC), Reverse Phase (RP)) to quantitate agglomeration and degradation
products. Results demonstrated that there was no significant accumulation of agglomerates
or other related substances during the small spherical particle formulation process.

a. Organic Solvent Wash
hGH Agglomeration by Size Exclusion: Increase in agglomeration over starting material

Stage of process % increase in % increase in
s dimer HMW spedies
after particle formation 1.47 a
1 after PEG extraction and drying : 2.67 0.43




JI GH Aggl oneration by Size EXClusion’ Thncrease n
aggl oneration over starling material Stage of process
%increase in dinmer 'Aincrease in H VIWspecies
after particle formation after PEG extraction_ after
[article drying 0.88 0 2.25 o 2.51 0 hGH Rel ated
Subst ances by Reverse Phasgei; I ncrease in degradati on
over starting materi al Stage of process % increase in
early eluting species

bGH Related Substances by Reverse Phase: Increase in degradaj:mn over starting material

Stage of process % increase in early % increase in % increase in late
’ eluling species desamido eluting species
after particle formation 0,22 0.66 0

after PEG exiraction and drying 1.29 . 293 0

b. Zinc Buffer Wash
hGH Agglomeration by Size Exclusion: Increase in agglomeration over starting material

' Stage of process % increase in % increase in
' dimer HMW spesies
after particle formation 0.88 0
after PEG extraction_ 2.25 0
after [article drying 2.51 0
5
- hGH Related Substances by Reverse Phase: Increase in degradation over starting material
Stage of process % increase in early % Increase in % increase in late
: eluting species desamido eluting species
after particle formation (.38 1.91 0.26
_after PEG extraction 0.19 1.34 0.28
} after particle drying ' 0.34 1.58 0.37

Example 21 Particle Size Distribution of Small Spherical Particles of hGE
Characterization of the particle size distribution of the small spherical particles was
10 determined by asrodynamic time-of-flight measurements using a TSI Aerosizer (FIG. 26) and
" by soanning electron microscopy (FIG. 27). |

Example 22: Dissolution kinetics of hGH smal} spherical particles

Dissolution kinetics of hGH small spherical particles exposed to two different
extracﬁcn procedures were compared.
15 hGH small spherical particles washed with organic solvent dissolved immediately i in
agueous media, similar to hGH starting material.
When hGH small spherical particles were washed with zinc buffer, solubility was
reduced (FIG. 28). Dissolution of hGH small spherical particles was carried out in 10 mM
Tris, 154 mM NaCl, 0.05% Brij 35; pH 7.5, at 37°C. More, complete release of the protein
20  has been achieved in other media in vitro. Dissolution kinetics demiomstrated that
appmx:tmately 30% of the total hGH was released in the first 15 tnimites, and approximately
50% was released in the first 24 hows. The protem release reached completion at 1 month.
The fact that small spherical particle dissolution proceeded in a two-phase manner may result
in some delayed release in vivo, |
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% increase in desamdo 3/0 increase in late eluting
species after particle formation 0.38 1.91 0.26
after PEG extraction 0.19 1.34 0.26 after particle
drying a34 1.58 0. 37 Exanpl e 21: Particle Size
Distribution of Small Spherical Particles of hell
Characterization of the parjcle size distribution of
the small spherical particles was 10 determ ned by
aerodynam c tine-of-flight neasurenents using a TSI

DAEYRSH il S Heri 2P ParRRd Py scanning el ectron
m Cr0SCo

Example 23, Prgmy [ ion Of Smal? I Spherical Particles of Lysozyme

A solution of: 1.6mg/ml lysozyme, 13.2 % PEG 3350, 55mM ammonium acetate pH
9.5, 53mM ammonium sulfite, 263mM sodium chloride, 26mM caloium chloride.

The PEG and buffer was heated to 40°C (pH 9.55. The resulting suspension was flash
frozen in liquid nitrogen and lyophilized on the manifold lyophilizer. Small spherical
patticles were formed.

E. DNase Small Spherical Particles
Example 24. Preparation of small spherical particles of DNase
Formuiation example: A. solution of: 0.13mg/ml DNase (from stock tmg/ml), 18.2%

* PEG 3350 (from stock 25%}, 9raM ammonium acetats, pH 5.15 (from stock IM).

This suspension was cooled in the -80°C fieezer and, once frozen, was lyophilized on
a manifold Iyophilizer, and subsequently washed by cenirifugation with MeCly/acetone,

' Initial concentrations tried were 0.lmg/m! DNase and 20% PEG 3350. But after
irying to cool from 37°C to 0°C and not getting a precipitate, another amount of DNase was

. added to get the above concentrafions. This solution was cooled in the -80°C freezer and,

once frozen, was Iyophilized on the manifold Iyophilizer. Washed by centrifugation with
MeCly/acetone. Initial concentrations tried were 0.1mg/ml DNase and 20% PEG 3350. But
afiter trying to cool from 37°C to 0°C and not getting a precipitate, another amount of DNase

‘was added to get the above concenfrations. This sohition was cooled in the -80°C freezer
~and, once frozen, was lyophilized on the manifold Iyophilizer. Washed by centrifugation

with MeCl/acetone. (FIGS. 37, 38).

Aciivity (Assay for DNase-I using DNA-Methyl Green, purchased from Sigma).

The theoretical activity for the starting material is listed as 775Ku/mg protein. The
stock solution was detsrmined to be 0.145mg/ml protein. This concentration was difuted into
5 ml for a final concentration of 0. 0199mg/ml. The activity should be 775 Ku/mg *

0.0199mg/m1 ="15.46 Ku/nl.

' Kunitz units I ml of solution= 24640 perminof unknown X 40X ditution Jactor
AA4640 per min of known :

. Kufml = —0.0004 x 40x1/-0.0011= 14.55 Kufmi
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Exanpl e 22: Dissolution kinetics of hGi--smatt+———
spherical particles Di ssol ution kinetics of
hOH smal | spherical particles exposed to two

di fferent extraction procedures were conpared. 15hCH
smal | spherical particles washed with organic sol vent
di ssol ved imedi ately in aqueous nmedia, simlar to

- hGH starting material . S yen hoH smal | spheri cal
particles were washed wth zinc buffes, solubility
was reduced (FIG 28). Dissolution of WEI snall
spherical particles was carried out- in 10 MM Tri s,

CTEQPIW%?@'@E@O 05% Brij 35, pH 7.5, at 37C. More,
conplete rel ease of the protein 20 has been achieved
i n ot her SBRHSpherigalPadiclegitheorstical ¥ % Hettivity
denonstrated that approximately 30% of the total hCGH
was rel eased i¥#.35%u/ bl 1/ 35.48 Kufi108% — B
approxi.mately 50% was released in the first 24 hours.

E. Tuperpride Bismut-et Smakk Spiesicdl @gticlegpl eti on at 1 ront h.
Exlﬁlef:z? i A | er cal partl cle di ssol ut| on

deI Aysobhtion beamngmxsom (from stoék Smé!ﬂﬁ)o 2¥, Iifs%%mj kaso 0 (from stock |

Particles Exanple 23, Preparation O
3128057 9-FM Bl docie (e vl INLS chvend B, .99, adjusted. with
amhoﬁmgl, Byitoxidesodyatetic &2 Vhofatids $s casiMaapnt: Wb"c over 50

mid et ammni.um sul fate, 263nM sodi um
il o OAal id. BruPiAton RRGHY émmy*r%"qu@eﬁmwmems fash

'from aidtriicb #d!
g, Ayl Sbmarkfifd & Bl o SRR A washed

i d_ nit d
by‘ée’an%-.ﬁ %W‘Fgﬁ?ﬁﬂl S q&’;@ %ﬁ%ﬂo?egpﬁgrl cal parti cI es

wer@od‘l@tﬂmﬂ:w"@ to%Sﬁcx%m;hm&Uﬁh@ b @E@.Ttdeﬁ
25,](:# l.e repar.ati on of sma %%werlca grt cle around
a%%&s%%o% | iPEsR, 2 drepbilizedror Blantiold riyqphﬂlzer Washed by
cerfirifhghtigh Mich MBS/ atdibre M SihaACHher{¥Bl
f%f{%%r(n st oc%S%a ImM amrgég}lum a%%%?sg;ée e%gn%&é%n?mty :

I S suspension was cooled in the -80C
freezer and, once frozen, was |yophilized on

G. Subtilisin Small Spherical Particles

Example 26: Subtilisin Small Spherical Particles using Non-Polymer Phase-Separation

Ephancing Agents . '
The contimuouns phase of the initial system may coniain a non-polymer phase-

separation enhancing agent to induce phase separation of 2 protein during cooling, Subtilisin

small spherical particles can be formed aecording 1o the present invention using a mixture of

propylene glycol and ethanol without the use of any polymers. Propylene glycol serves as a

freezing point depression agent and ethanol serves as the phase-separation enhancing agent in

| this system. Propylene glycol also aids in the formation of a spherical shape of the small
spherical particies.

A 20 mgfml, subilisin solution in 35% propylene glycol — 10% Formate - 0.02%
CaCl was prepared. The 35% propylene glycol - subtilisin solution was fhen brought to 67%

ethanol while mixing. The solution remained clear at room temperature. However, when
cooled to —20°C for one hour, a suspension of particles formed. After centrifngation to

collect the particles and washing with 96% ethamol, Coulter Particle Size analysis was
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a mani fold | yophilize; and subsequently washed by
centrifugation with MeCl2/acetone. Initia
concentrations tried were ling/int DNase and 20% PEG
3350. But after 15 trying to cool from 37C to OC and
not getting a precipitate, another anmount of DNase

- was added to get the above &gncentrations. Thi s
solution was cooled in the =80C freezer and, once
frozen, was |yophilized on the mani fol d -1 yophi li zer.

trifugatio 2/ acetone, Init.ial
conéghwq%ﬁ% b B toPe SOl S ithe Pl il Coulter
m@ﬁﬁ&nsﬂaht mﬂi ﬁﬁcr&té pirtiglod Ioving@h aveip@\dibtfetd: Of D& nBBEnd 1R 95 %

B SRS i S0P R s i

thmmm!shdwing SobGantBOF spERACEartiadd, SPRE Qnkif a7 O ihd\hrticles
l%OpEﬂe' ed on the manifold |Iyophilizer. Washed by
Lfé) ‘th Med 2/ acetone. (FIGS. 37, 38).
RAct|V|ty (Assay for Dl\lase | using DNA-Methyl Green,
th t terlal isted as rofeln.
B BT et A8 o oMLY, B
sml] a;msmga particley wisaionfirmed b§ 2ol RIBiit atsep NTNAEeddb a6l units of

%Fn%[ra{“fpga flpga{? concen{ratl gn 8 O 0199 hnl found in

the IsGpetfiatiti hjfcex S@anggil og ﬂiletst&btﬂﬁmqu't?ﬁsyihrb?g%% %&ﬂ Qmﬁéi‘éf subtxhsm
. u n I 1,utl or e m n of
ass °H\A?C:Eh§c?%5’f‘§‘r SI-popYiene X‘Ee{ﬂ) utign @MIIWQE% Fagian@al total

. uniis fofind tﬁbmasmlmtm:lr@mﬁﬁl parasieR dlvidahey 'tli‘ca{heoret#ial Tmits

Par t. cles/the retical *100% = % activity_ 14.55
CREfE “?a@foﬁ%emm ofetentian, of 5 pelvity: afies particle

fonﬁamjnl ESpﬂﬁrdatb&’[ahE’@rmﬁw EFhe thiRHRhEsBRlisiLARRY ok RS after
2\ gﬁhe L.cal rﬁiﬂe s of Superoxide D snutase A
ﬂi’trf M‘%‘?@ febm st ock 5my/ml), 24.15%
PEG 3350 (from stock

H. Carbohvdrate Small Spherical Particles

Example 27: Formation of Carbohydrate Small Spherical Particles

The present invention can be applicd to the preparation of carbohydrate small
spherical particles. Phase separation can be induced between a PEG phase and a dextran
phase during the cooling of the system. Dextrans of various molecular weights can be used,
€.8 5K, 40K, 144K, and 500K. The mixture of 5 mg/m} dexiran 40 X in 30% PEG 300 was
equilibrated at 35°C, then the mixiure was cooled to 0°C and tyophilized. Particles were

 harvested by washing the mixture with methylene chloride: acetone (1:1) and centrifagation,

As can be seen from FIG. 49, small spherical particles were formed. Other catbohydrates
such as starch, bydroxyethyl starch, trehalose, lactose, manniiol, sorbitol, hylose, dexiran
sulfate, etc. can be formmulated into small spherical particles wsing this process.
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4.4)

10 3125%, 9. 1nM anmmoni um acet ate (fronrst-ock—114)
Final pH = 4.99, adjusted w th amoni um hydroxi de and
acetic acid. The solution was cooled from40C to 0C
over 50 mnutes (-0.8C mn) and precipitation
initiated around 25C. The suspension was flash froze
in liquid nitrogen, and |yophilized on manifold a

| yophilizer, and subsequent&? “washed by
centrifugation with Med 2/ acetone. (FIGS. 39, 40).

LI Rh e il RM £ > qver. 50 minutes (-0.8Chnin).
_Sfart ed pt aitamal sphescaldlagiclest  gze i n
Examanie 38l

: MMMWPMM%% S
pigRNi | i zer. Washed by centrifugation wth mall Spherical
/ acetone. Smal | spheri cal partl cI es were forned

and @ he chm (W) pﬂyraﬁ%bﬁﬂ&xm gﬁ&n El;?% solving 1600 mg of

g&g{&#l &y %lygﬁﬁ‘iel @8@& W@ dH”:W%l}Yiéﬂ ghlprids. "Fo tois solution was

g amlmhIgmﬁllnsElMSﬁalﬁep}ﬁﬁadll icked (RS Qnd\g%%{n%wous suspension

eﬁtl nuous phase of the | nitial System
cont arn & non Bg s staeditap ping p optowstttembomegenizer at 11k

tporg ke wmmmﬁmephm@@m % hBoR soRkb @zﬁé!ﬂylgwu'l R 24 my)

es” can

smal | spherical partic
“@%%r?e‘%a‘&“%% ilﬁ%iet ﬁ@eﬁp@@éﬁﬁ ph@vem zo:lnce@srt iﬂj: Pm using the
same ho Er, 20d fHeQRydribBE
P e opy! s ﬁ@@n?ﬁ %ea%’ecgum to

serves

se of any ool yners. Pr
reegll % WW@Q@X%@MW&MS&M@Mnm

antOfW mﬁa@éise D%&Edu%ﬁﬁﬁﬁ&?@ﬁé Mhﬁ&ﬁ?ﬁrr ]ngss éﬁgttﬁe emulsion

|on 0]

col_ al so alds int
S Bﬁg‘gﬁ‘@g‘P’ ‘:%‘Héﬁ?ddp toy the hardening mpdiam icomsistedanf 1156 Il sleiofized (DI)

e e 0 1 80 3 BELSALR  Bs oo
bo %‘5’?99%98 B ERe 2O/t der. - T@mbardm mncreﬂicalisulatedvyﬂmcles were -

colldod b g it oth GAEE) THI ShoBtkopdilEed pvicles wer
u

ut.ion remnj ned cl ear at roomtenpera
‘iy"a}ﬁ%%?d grRele e exqges waler- oRbe resultant micseenppadiied paticles had an

| v DR Sick OF BB 3\ch P RUERL SORLLO,T O call el e

articles and washihg wt

%“ﬂ&?@a@dz%?%r(wvxbmhnas - 56 - perfor med, with
I ut nsi on fluid, The
(ggfb?l cl gsﬁ%{;]@Pﬁe%ﬁ% E‘@Eﬁt"gﬂsm%ﬁissm 1200 mg of
@dp-a@-glycd’lsb (hla@Anmaasxg\ﬁemaeﬁﬁmsa oRIRIIE! Nkt a%suspension

'fl‘fﬂ) art ¢l es were hetween 0. 46

? gg ggé m crons Eﬁ%ﬁ’fﬂ? %Wmdulﬁpg@rhomogemzer This

'S“SRPEﬂf*Ik e Usedhie sgenerets Lthé s)f%&mllﬁg:xwl?ﬁtuﬁm??% ous solution of
par e

QB Bkt f ool 2, (W2 It 4l v gaame procedmes as
EX&B@bt i2Bi gien fiflompdutd Qudatd \thd Vird t,g{cmg%{;&gw r@}t}cles

-mwx%@cl |c | Part,.cl es The retentio

enzyne ac | A Torped had ap gsrage artisle siagtof 26 v, maniging from 0.8
to 6@pmuﬂ1homsmm csmm dtRdsSiFBiokarS BN b AlNALIE 6 Rmos
e

ol ori met ric assay. theoret

d
Bi{[ oy FIngiRely aoﬁ()“%(: WAY? tsphufien of ke Mmerspdseusedato perform the
mlclpaichpsclaﬁﬁn pﬁb@s Qﬂ&ﬁ' Lth@ts&ge %d&i&m H%&% o Sgﬁpﬁ%s? 6?1(;131'{3(1 in

. units foynd in 10 the supernatant
micrggn gRarticles; With ap taverngss parficlo mize lof abodtal2 pimi tih @fost the

partishdd ﬂ?%??e

ok eth?ﬁ%hﬁgﬁﬁgﬁﬁ?g?% pggé mﬁ?ﬁé%@”@%lutlon prior to

- cooling. The actual total units found for the :
sutrtilisin small spherical particles divided by the
theoretical units expressed as a percentage
represents the retention of subtilisin activity after
particle formation. By this calculation, 107% of the
theoretical subtilisin activity was retained after 15
formation’ of the subtilisin snmall spherical

particles.
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H. Carbohydrate Small Spherical Particles Exanple™
27: Formation of Carbohydrate Small Spheri cal
Particles The present invention can be applied
to the preparation of carbohydrate small spherica
particles. Phase separation can be induced between a
PEG phase and a dextran 20 ase. during the cooling
of the system Dextrans of~vdarious nol ecul ar wei ghts
can be used, e.g., 5K 40K, 144K, and 500K. The

m X%#rﬁﬁd?f ﬁvnagﬁgié cleat= 40 K in 30% PEG 300 was
.equ % hen the mixture was cooled to
ile ﬁhmﬁnlv;tmp’alehsez(ad{) cﬂaﬁiuhﬁlﬁ%ﬁi W hRrdALeR %;@&' Q’Hcies is achieved

oy SRERLTS 15" oFin Plifen b %ﬂsﬁ@%@%%&% WaCl, g 7.4

intd@lﬂsﬂ'iﬁ* borsdiiag B Gid SBerMifs@att® flIRSD, ; d at 37°C. At
des 2l g hydr, at e%%%S such as st arch,” hydr oxyet hyl ch,
CREBa il ofhed VR ap edl@ms qudhl)db@wpmﬁlge tube and

: celﬁ@ﬁkédqﬁr%fﬁtlﬂcrpﬂ%ﬁﬁ% ) S pr OC ésrgaq A Sr%landsmmdat

ﬁﬁhe“ cal particles us
pesful Bhei ’@hemfolﬁle-vﬁabﬂsplacﬁ with 300/ |1L &)ihe HeQRbnedium,

Wfﬁgﬁk% ncapsu % 3 Pr%?gc gpewgm@g‘ﬁumm(mom)m

~ susBpkien isqahsferRartiaticioate a)rﬁmg\}ﬁ%&@gaygﬁgdﬁgl ution

(8 rr1) was prepared by di ssol VI ng 1600 ng of 5 a
i je- ¢ W P.L in msthyl ene
Small Sp

arli ik % and a
of @f%@“ MP aisg) gé’ELﬁ%?PMt égt”%‘i m”%mgaw e s
ml)y Jhe alltyeopsisitd mﬁmiﬁsS(pFBlsa (gm;ag@t -Bdly] tﬁﬁ;&fﬁ‘%@m‘sﬁw 19k)
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ot RO PER LT a5Bral B i 0.0 4 D e ety

’I’he]_satl:tk provedusis g Eixlieplt 85 avze RUGREERI #&fare B $nkiNRicroencapsulated

' I 1 h
e T B B e e San IR Pl et oo e it B of 0.5
120 pay, bverdghny a040 pzhamﬁf ﬂaﬁlofﬁﬁmeles Mu%ﬂep&ag% ﬁ‘ﬂn

01Wrat|o of :3. The enuIS|f|c_ i'on was continue

*=Bver one 15 hour under reduced pressure at -0.7 bar.
Thé. sehdioe nf éﬂalmfet}%emzﬁpsm}m@q 4584 §§y¥"ﬁ§l€ne _ﬁ%ycol (PEG,
e

.chigéhg%tedb filtrati d _was ed W th wa
sfiige. hlorids Using atopisiaior ﬂlympzﬁnﬁzelz 60 mg of

e wmwﬁmﬁﬂ?mmfﬁ VB0, B dchfihmons phase consisted of
aquefCEREDS LIARH o5 B Gk mahy ssiigre gnd 2¥4€ Pﬁé‘rﬂ\ﬂﬁﬂ ) satursiod

. with pogibyladel chlforide] rrglel essinhhApH: IR F%E% A egsu%aae/osame

1 on

I Ob A 30% (W
homéﬁef% QIFS# i ) %’%%@JWGMMM@m generate
th pxblr}whaoﬁ ﬁeﬂoﬁpmﬂy&e\az &Fﬁ,@ﬁga% |
°° I % suspeﬂsn on of "10 )’Hggeﬁf&fﬁﬂ%ﬁhﬁy&o;w

-satio g 3. S@a 36’6‘%??2110% Bfes P BUGE Sorp? épwt@d iﬁhm gheemulsion was

mmdwﬁmig ethstRfed ilib e ﬁéﬂé&ﬂ{gs;h R SnskR {
1Werr%$= ql[on in 12 0.02% aqueous soI |on ‘?ﬁ wgﬁethe

mediy, ¥e5 it 4 &@eémyacdsqlwnnm exteantoll @v@tSOI(eVHcﬁ' under.

reduced tr@ste 2)-0.7THE, W&&E@ﬁfx@&c@?@enc gk at eda 8 eSied by

followed to prepare the fina

" particles. The mcroencapsul ated particles formed
had an average particle size of 25 pm ranging from
0.8 to 60 pm The insulin content of these
m cr oeneapsul ated particles was 8.8% (w w).
Alternatively, a 10% (w v) solution of the polyner
was used to performthe m croeneapsul ati on process
under the sane conditions described. This process
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- 58 - Method For In Vitro Rel ease: The in
vitro release (1YR) of insulin fromthe

m croencapsul ated particles is achieved by addition
of 10 mM of the release buffer (10 MM Tris, 0.05910
Brij 35, 0.9% Neel, pH 7.4) into glass vials
containing 3 ng equival ence gf encapsul ated i nsulin,
i ncubated at 37C. At 5 desighated tine intervals 400
gL of the IVR mediumis transferred into a m crofuge

ﬁ&g@&ﬁﬂd‘?[&ﬁ ' ed for 2 mn _at 13k rpm The top

300 gL o tﬂ%&%%ﬁé? éﬁﬁﬁF“P RSy eApsuiFied parinlesoveas Iyophilized

to.rgoeyethe edcessrvedterz @tle midh@ntapli@ited BirHEE: JAs Efaﬂg%clﬁg an average
us

; .30 of the fresh nmediu whi ch. was
P%‘%%r’%&%%k"‘e“’ﬁ?émﬁﬁ" 070 gy with majorifseof e populiting being smaller
thanfdgema The s hQ : [ i St f d

B RS 0 1 Be H M o - 10

back to the corresponding in

o

teatilt

iV did)
LA all oy was preparéd in

B ; . [ TE— O :i‘
#?%Pm). The al l oy consisted of a 50:50 PLGA ( MV 35k),

D, LA aifidcmbef 90% R/ L-PLA,
e 00 S 4 G i
. QSJ &JIEREFRiOR homogenizer, 100 mgeofithe BiStuy wereaaspended in this
_solt | B2, WELie cdnily i fi o
e s, el BN 01 o
%c r o’e?ﬁ?ﬁgi H ahqsahﬂﬁ buffrat pER. 3 Splandi7d. Mistogscapsalgion was
; &l Bsing heQo i 4 Mt h t of .t
P Rrt oL oo opt oo iR 1) 4Ry 0P Bl e e o 11k
mﬂﬁfocs%&ﬁ%ﬂﬁ&% bt 12 il Fte-Fiplasidibiechues injosted
intd the chantbebaEd. 7 ' ' A0 .PLGA X .
: em . Usin Ii-l’g;(gblﬁ Ed %%%rﬁg %%@h@gﬁs : "r’}raenﬁa%'\é.é%{?lfl )ll(’ﬁ"ﬁfﬁlﬁ% The
p Fulsion V%s 3qyed Bem die chamberahd to8iaRd 500 BleGhrdening bath in
dofindony fashth MRhY | MWV 8k <
4 n? e i ﬁgﬁgﬁ "gi'esy&%se‘li %g@ P oﬁ%ﬂrétg%r sotvent

wasP LS a%ﬁd i n nethyl ene
h§ i 28, OB GoRY ugflert redudeNT Sressunerat Ouis pendetihd Mardened

lnmnhmapﬁﬂmbﬂﬁﬁmhwﬁwﬁéKﬂkﬁﬂ&hJEﬁm§§§&%$§%%ﬁa%%%Eg%%ﬁ%@fmmMﬁ

. consi st ed, of _ eous sol ut’on
m“%?“ﬁi}ﬁ"i%ﬂm@s- A eplets Io(mme saesyredt@d 25 Wit h
meThy ingtleh ¢oateafsi cont | us, phase was m xed at
s e e e AR L ol 2
¥ st‘gn??IBrFW% fabedP Sy 11.5jaad {160, respdiwelye diteedulis of size
distribatied i XD i ' capsul at ed .part.icles
o e ol bR R R S Bt S T Bt o

of the organi c phase. I'sTemul’s
of r. 43 3. e ﬁpu sification was continued for 5
m Ntes: g%Tf’e stribor of) sk londed BREAI ati@boncapsulated particles

Mile t 0 nediumwas stirred at

_ fabﬁcataimfveﬁqu;ﬂdﬂt&gogﬁmgagﬁggg ng medi um consi sted of
: F—B—wat-er e. 3

150 :

400 TANHCoEhER Blag A eSO y-eat egretmact ed over_dne
‘ ast M Ringe Average 7 |
hour reduced prespure at. 0. bar | i
har derred ..5'4,."03.“.0.1"“ __gag_ges WET ¢ 1801 I ectled
i 11,
by B9 s 0.6:25 L1 16.0 5.178
Method for in vitro release:

The in vitro release of insulin from the microencapsulated particles was achieved by -

- addition of 10 ml of the release buffer (10 mM Tris, 0.05% Brij 35, 0.9% NaCl, pH 7.4) into
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filtration and washed with water. The washed -
m cr oencapsul ated particles were |yophilized to
renove the excess water. The m cnencapsul at ed
particles of this exanple had an average particle
size of 30 pm ranging from2 to 90 pmwith majority
of the population being snmaller than 70 pm The
insulin content of these nt&9ospheres was 16. 0%
(vv/vv) 5 Exanpl e 31. Procedure For M croencapsul ation

"’f‘.ﬂie Fabr.i cat ed Insulin Small Spherical Particles
elasy, nfRing, 3 Spg tegvalency of| apcrpsWbtedfingbmt incubated at 37°C. At

el S B ek iy i, iR i S otz e

ﬁmnﬁ;ﬂlmdefocnmlawkm IEhe dopr 300041/ 6f b ehﬁ;mgﬁmﬁﬁbvedanﬁ
m}%o N n‘sm\gere su ndedlnthls 10
sol Ut on mt Hekeg yRims Warsreplaerdevitlo 3a) uh of the fresh

- medfung Gizh weas a@édwxaﬁnﬂfmt@ﬂé%ﬁéeIMg mfiﬂé z%%hinﬂiggéﬁnﬁ% (100

OWPM hgsphat e buffer
KLY P shspension vas trassterpd bagk Ffffgwﬁé@sm@ﬂwgmmmmmmum
t i Fast Q?};Hé M‘i
leekmlﬁﬂa??d %ég(%)l nt'o theefeir??u P&Eﬁ% on ¢c mﬁnﬁg%@} 44, and
rFH) effeetpdiribaf fhnsortinigus phape ot ededsn kineidsasf insnlin

ﬁ-omhadﬁbﬁﬁummg, 7 mM/mn to generate the enbryonic
m croencapsul ated particles. The 15 produced enul sion

mpved fromthe chanber and transferred into the
althal '_U_A‘.’.L‘."_....h _nl?‘.:!‘ Of] '_LcL-' _.'f._e!a ated LY 1k e

dimaih Sphericat Paricles BEPIEAOIMMAPES ?\?pn_?olvent

e {lactﬁg ove one our under reduce essure at
102 SRS oF 8 R S v D aned HRSH (e Bk sine gropared. in
methglese crdeC B PRG fsbllisrbd @&1%@%&&@&[& ‘11:1%{19 wiBL&8 10 form a

The. ﬁhzlg‘ ral er gencapsul at ed trcles were
§ Pregta IR SqEyg am;fﬂl SPE@I'Eh@armka I(HSAms),
usutgwfmls&tdifhoiﬂbgeﬁ:%‘i% mipmwgﬁ@ g&lspaga § dm?%fa 4%

PLIZ% PgPz‘B ﬁ%a%mﬁﬂ'a mfﬁlyb‘m ?@%@e @md/‘élle ymedilthewmehmagsmwd at 11-

| 27k&pﬁtetocbr6d1{cbtth€ RN RhS | el u’g#%ug‘pﬁi&%ec%ﬁﬁ.&% fag’fml 0.02%

articles are sunmmari zed i n

U5 Solpiion of methylse{llgse seusgter iwithouetbylenenthiaide. Emulsification was
initinied bP GIRGAMS WiZhe Gf&é%ﬁwﬁh&% ! ra|4 gﬁé i, %%ﬂo%%%%}apmjecuon

£ f the c&gntl nuous&hase
Ol Tos) PREAME Bf1esephbigem wgéwaam‘&g@edgﬁa%sm5%mm@mm® was

trandferfetlings 18P md DI-water mixing at 400 mpm. All the described procedures were
performed at 4°C. The hardening medium was then transferred to room temperaiure and the
organic solvent was extracted over one hour under reduced presswre at -0.7 bar. The
hardened microencapsulated particles were collected by filication and washed with water.
The washed microencapsulated pafticles were lyophilized to remove the excess water. The
,channe}ing effect of PEG on IVR of HSA from the above formulations is shown in FIG. 47

Method for in viiro release:
The in vitro release (EVR) of HSA from the enmpsulated microencapsulated particles

 is achieved by addition of 15 m} of the release buffer (20 mM HEPES, 0.01% Tween-80, 0.1
M NaCl, 1 mM CaCl,, pH 7.4) into 15-ml polypropylene centrifuge tubes containing 2.5 mg
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Met hod for in vitro rel ease: The in vitro

rel ease of insulin fromthe m croencapsul at ed
particles was achieved by addition of 10 nil of the
rel ease buffer (10 MM Tris, 0.05%Brij 35, 0.9% Nad,
pH 7.4) into - 60 - glass V|als containing 3 ny
equi val ence of encapsul at ed % nsulin, incubated at.
37C. At designated tine intervals 400 p.1, of the IVR

oA BT oy oL s s
Eiafiplesuiper nat ant was renmoved and stored at -80C until
anal yzed. The taken vol une was replaced with 300 pla

55, fies B e e o S
Small Sghencal Pariicles o

A 30% (w/v) polymer solution (4 ml) was prepared by dissolving 1200 mg of a 50:50
polylactide-co-glycolide (PLGA, MW 35k) in methylene chloride. Next 65.9 mg of pre-
fabricated leuprilide/dextran sulfate small spherical parficles (LDS) containing 50 mg of
leuprolide was suspended in the described polymer solution, using a homogenizer. This
suspension was used to generate the O/W emulsion in 12 ml 0.02% aqueous solution of
methylceliulose as described in Example 28 (W/O ratic = 1: 3). . The same procedures as
Exampie 28b were followed to prepare the final microencapsulated particles.

The microencapsulated particles had an average particle size of 20 pm with most of
them below 50 pm. The results of IVR of Ieuprohde from. the microencapsulated particles
are illustrated in FIG. 43,

Method for in viiro release:

The in vitro release (IVR) of leuprolide from the microencapsulated pasticles is

" achioved by addition of 15 ml of the release buffer (10 mM Na-phosphate buffer, 0.01%

20

25

- 30

Tween-30, 0.9% NaCl, 0.04% . NaN; pH 7.4) fnfo 15-ml polypropylene cenfrifuge tubes
containing 2.5 mg equivalence of encapsulated leuprolide, incubated at 37°C. Sampling
procedure was described in Example 28.

Example 34. Preparation Of PI.GA-Encapsulated Pre-Fa]mcated Recombmant Human

Growth Hormone Small Spherical Particles

A 10% (w/v) polymer solution (4 mi) was prepared by dissolving 0.4 g of a PLGA-
PEG in methylene chloride. Next 100 mg of prefubricated recombinant human growth
bommone small spherical particles (hGHms) was suspended in the described polymer solution,
using a homogenizer. The continuous phase consisted of agqueous solution of 0.1% (w/v)
methyleeltulose and 50 miM phosphaie buffer at pH 7.0, Mcmencapsulatmn was performed
using the continuous setup (FIG. 41A) as described in Example 31. The average particle size

of these microencapsulated particles was 25 pum, ranging from 1 to 60 po. The IVR profile

of hGH from the polymeric matrix is shown in FIG. 45.
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pl.). The suspension was transferred back to the
corresponding in vitro rel ease nedi um The in
vitro release (1YR) results of the above preparations
are shown in FIG 44, and indicate the significant
effect of pH of the continuous phase on rel ease
kinetics of insulin fromthe formul ations. 10 Exanple
32. Procedure For hfict een‘eg?p'sul ation O

Pre-Fabri cated Human Serum Al bumin (HSA) Smal |

Sph@ilﬁcal Rarticles In PLEA O PLLA/ PEG Matrix System
25%f 25% (NQY, 500 ng) PEG (MW 3k or
8Kk) THESVIR o€ BEEEBot theTRidiMrRaRuIERA ?Bﬂugﬁs lsTéLﬁm%’éC%s described in
soI '[ZI on or 2 nil of methylene chloride was used
g suspensi on of 50 ng pre-fabricated human ser um
' aI bum n smal | spherl cal particles (Il1SAms), 15 using
i et subbad PHOFAtHcated Insulin Small
gnﬁus Sl on was added 2 mM of a 4% PLLA (80 ng, MW -
t hyl ene chloride, and the nedi um was

h 0 ma'g emksate affect bf thé AkicfdeitabSul4ioR @b&esstdiem&gs@m d

: The..cont s phase consisted, of 12 ni /
P’%ﬁ%&t@ upi sl pherict é iy Pl natio micarepeRpRplite] pacticles
- contﬁhiﬂglﬂﬁﬂﬂe—ﬁﬂrﬁitbd ﬁ\lSlEtmﬂeﬁ:' (idf&ﬁ‘iﬂa&ﬂ WAS al WpHasR B ELIL ¥oxtraction

FW‘%@%F%@SP ﬁhtﬁhe cont i %ogg phase a IIk rpm chloride
andrgeaﬂyraﬂxadm, WiSorRI N Slfihit hafix STHLRMEES: p;&)tbﬁﬂ 208 N HCL was

adc%?u% ion wag transferred into 150 nl, D -water m xi ng

{5 Phages wegg miried dp ickrate By selden: e Shepe the two phases were

| segmfefdpmmquaﬁm Phese KR BALARNINAGHESEd RiaEe tR& solution and the

transferred to roomtenperature and the organic
XS PIPOHE o JPP e o b WiAebie e g¥tragied ansulin gise defercined by

mamasmemaﬁmo hPREC). TR %Qhﬁ.@s%t@ﬁi@ﬂﬂ&%
; qul ‘cﬁ&?s gﬁr grago ected Hﬁ’%‘h?l&t rati on and was h:gxtﬁﬂnerand
Wﬁ% the cutrpsted snedame Appropriate controls

wefeaistd 6 HentifP iR dFRRANST thé aefanmat{oﬁ;ﬂéag%sgn 1YR¥.&§‘§§;{ of INS. The

The_channel i ng effect of
ms&%&ﬁ?‘t’%’@éﬁé‘%@ﬂ*&ﬁﬁﬂl@éﬁl&ﬁ@ﬁﬂﬁ% orsIiptegtify-FI G 42.
Vet ied edc@psulafedv 9iRs cBhERSE 97 sTheod suoy | honldRl © B e Oprotem,

of LI SA fromthe encapsul ated m croencapsu
"EP%% 1} g cpaditinns jzad, a&b migpenetpsulstion progess, lie comparison.
with 89, mm&%&%n{e&% ﬂ%ﬁﬁﬁmﬁ&,&&;@n@eﬁﬁgﬁe 0, Ftheim
NaCl, 1 mM CaCI 'ﬁ\é'd I nt ni rcd)ggleﬁiene &
SPEEWW?E@%’S@@B@ %ﬁquuﬂf@ 12043%@1 1999 B comparison with 0.85% in

the @8 e g
eSagniS%?jrﬁ;‘% o%%gﬁgga \?\.gﬂsdé I%tgggnre:%;éa | n arrpfllléagg?ffig31 0.02% to

0.06% yrss1e ipitheperigingl ANSEP. FhetesEbrap sunmpxzbd in Table 6. The
eff: pERAY: t Sul fate Small
eg%cﬁ;“ Cae?@%%ﬁ%%?%ﬂ%@%@/@%&‘%m ymer solution (4
p@ %par ed by dissolving 1200 of a 50:50
poﬁ? & iEdiEct o thy ylispengapsplatiompropsas 9B tegriy o6 ebrppeinded pro-
fabidateislin sKph&RaPpaBLIQ! DY ef abr i cat ed
| euprilide/ dext ran suI fat e smal |l spherical particles

——=-DS)—cent-ailnin euprolide was suspended in
PN desctibed n-g.l \:MQF&FW'I(V ioh Ll honi HQHHM(%)

Lin d INSIHE DY T X PN e

Enc SO gphet fgit o e
N IZ m 0.02% dqueuu5 sotutton U?M Trethy bel? f :‘ﬁe@

as described in Exanple 28 (WO ratio = 1:3). The
sane procedures as Exanple 28b were follomed to
prepare the final nal croencapsul ated particles. -
The m croencapsul ated particles had an average
particle size of 20 gin with nost of them bel ow 50
gm The results of IVR of |leuprolide fromthe

m croencapsul ated particles are illustrated in FIG
43. 15Method for in vitro rel ease:
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The in vitro release (IVR) of leuprolide fromthe
m cro encapsul ated particles is achieved by addition
of 15 mM of the release buffer (10 m vl Na-phosphate
buffer, 0.01% Tween-80, 0.9% NaCl, 0.04% NaN3 pH
7.4) into 15-m pol ypropyl ene centrifuge tubes
containing 2.5 ng equival ence of encapsul at ed

| euprolide, incubated at 378 - Sanpl i ng 20 .procedure
was described in Exanple 28. Exanple 34. Preparation
Cf PLGA Encaosulated Pre Fabrlcated Reconblnant Hunan

mg%ﬂ}mﬂﬁkgner solutlon (4 n1) was prepared by
—QHTEEBTVTH“ 0.4 g of a PLGAPEG i n net hyl ene chlori de.
Nexf vige fof prfiaHF %a@%@lﬁl@@&ﬁ&ﬂlﬁéﬁtmrﬁ@r@ﬁbﬁmd

ﬁmgﬁgﬁgﬁded in hefgggg?P%§% ngrgsg?utﬁoﬁ u5|ﬁgma
recl g Rb bR oL b I kg1l wempsbeiokl ofencaporated pre-

fbﬁﬁﬁ%%?%@e %br?%l e&dc%g( Vﬂmkg% %ﬁé'de%ﬁﬁ? ﬂ?e'}gco'i&m_

M croencapsul ation
@S serarh deyeistie ﬂ@mﬂkm srnpdest (b (cesalts ang HlAysirated in
FIcgggdescribed in Exanple 31. The avenge particle size
' of these mcroencapsul ated particles was 25 gra,

ng framl to 60 gm The |IVR profile 30 of hGH
fro ?mﬁ%%ﬁ?ﬂ%ﬂﬂ@m#ﬁgr@?ms;%moﬂﬁﬁﬁﬁdFW@ dgseribed, gpmerous
moéﬁé&foﬁ@%mﬁ@fo thind WithbR de ﬁxﬁ%ﬁom the spirit of fie iG] and the scope

fromthe m croencapsul at ed partlcles 'S
OfPaf@Pﬁﬁ@v dyoniy liggitect by thessopgofithepgspwpanying claims anpl e 35.
~Determination O Integrity O M croencapsul at hd
Pre-Fabricated Insulin Snall 5Spherical Particles
To assess the effect of the-m croencapsul ation
process on integrity of encapsul ated pre-fabricated
insulin small spherical particles, the polyneric
m croencapsul ated particles containing the
pre-fabricated | NSms were defornul ated using a :
bi phasi ¢ doubl e extracti on nethod. A wei ghed sanpl e
of the encapsul ated Thl Sms were suspended in netyl ene
chloride 10 and gently m xed to dissolve the
polynmeric matrix. To extract the protein, a 0.01 N
NCI was added and the two phases were mixed to create
an emul sion. Then, the two phases were separated, the
aqueous phase was renoved and refreshed with the sane
solution and the extraction process was repeated. The
integrity of the extracted insulin was determ ned by
si ze exclusion chromat ography (SEC). This net hod
identifies extend of nononer, dinmer and 15 high
. nmol ecul ar wei ght - (BMN species of INS in the
extracted nedium Appropriate controls were used to
identify the effect of the defonnulation process on-
the integrity of INS. The results showed no
significant -effect of this process on INS integrity.
"The encapsul ated | NSms contai ned 97.5 - 98.94%
nononers of the protein, depending on the conditions
and contents of the mcroencapsul ati on process, in
conparison 20 with 9913% nononer content in the
original INSnms (unenc.apsul ated). Content of the
di mer species in the encapsul ated 1NSns ranged from
+1.04%to 1.99% in conparison with 0.85%in the
original INSms. The BMW content of the encapsul ated
I NSns ranged from 0.02%to 0.06% venus 0.02% in the
original thiSnms. The results are summarized in Table
6. The effect of polyneric matrix is depicted in
FIGS. 46 and 47 25Table 6. Rfract of the
m croencapsul ati on process on integrity of
encapsul ated pre- fabricated |nsuI|n smal | spherica
particles. Mnoner (%



- 7. The method of claim 2, wherein the second temperature is below the freezmg point of the

Dimer (%9 HWV (% Unencapsul ated I NSnms 9913 0.85 0. 02

Encapsul ated I NSnms 97.5- 98.94 1.04 - 1.99 0.02 -
0.06 - 63 - Exanple 36. In Vivo Release Insulin From

Nfi croencapsitlated Pre- gbrlcated I nsulin Smal
Spherical Particles I n Vivo release of insulin

fromthe m croencapsul ated particles of
CLAjMsPre-fabricated insulin small spherical particles was
i nvestigated in Sprague Daw ey (SD) rats. The aninals
5 received an initial subcutaneous dose of 1 RI/kg of
ated prefabrica, ed

L melnlS e ?JHQL&SW@AS”” : “hwweaaeswwsm to
providing ?g‘%g‘?@ 1?%1 s[n%% lfcqoﬁopec & com m@m 1ve qsg%{]{) gD Ng%sg separatlon

enhancing agant; and g fissysol yenf pel inqlgcing ap ase etm]ge gt aggg@oﬂpctrate in the
solution toeaiedi it ol akse béiﬁf’atiohblﬂﬂiefa@ﬁﬂiﬁhg@ﬁdo daacs s&i%q)hase and a

» liquid phasgutﬂg E(?Hl‘ﬁph%.ga OB '{1%15& %ﬁcpsr}ﬁalpﬁnn?%ca??agﬁ\}@ﬁ% (Y# c{‘h %cﬁlae ggeat and the |
liquid phasg 6815@“%31’18 @b’é‘é SFRSFALDY ephangingiagent ertl 1y frsfsolyentpde shall

spherical phﬂmeleabaﬁgfpaﬂbﬂhﬂwly(iﬁhd}@al , ShefdiraSnliucidy FOMPIREs Eding the

solution. Preparing snall erical particles of an active
' - agent conpri sing:

2. The method of claim 1, wherein the solution has a phase transition temperature, a first

~ temperature and a second -temperatufe, and the solution is cooled from the first temperature to the
- second temperature, wherein the first temperature is above the phase transition temperature of

,the solution and the second temperature is below the phase transition temperature of the solution.

3. The method of cialm 1 or 2, further comprlsmg a step selected from the group con51st1ng of:
_ adjustmg the concentration of the active agent, ad_]ustmg the concentration of the phase
separation enhancing agent, ad}ustmg the ionic strength of the solutlon adjustlng the pH, and

‘ adjustlng the osmolahty of the solution.

4. The method of claim 1 or 2, further comprlsmg changmg the concentratlon of the active
dgent _ ' ' o

5. The method of claim 1 or 2 further comprising ehangmg the concentration of the phase
separation enhancing agént. ‘ ' '

6. The method of claim 2 wherein the second temperaturé is above the freezing point of the

solutlon

solution.

8.  The method of claim 1 or 2, wherein the step of cooling is at a controlled rate comprlsmg
from 0.2°C/minute to 50°C/minute. ' -

9. -The method of ¢laim § wherein the controlled rate eomprises from 0.2°C/minute to

30°C/minute,



providing a solution in a single Iiquid phase and
conprising the active agent, a phase separation
enhanci ng agent and a first solvent; and inducing a
phase change at a controll®d rate in the solution to
cause a |iquid-solid phase separation of the active
10 Thgwsthod of ¢laim ar 8ovhateiptiaseereofipravifing thetsophias eomphees:
hase conpn55|ng solid small spherica

dlsso*‘”ﬂ%h’? ESTRFFARE @%Wgsf&éﬁ thefiet splyenttp darmep pidye; and
h t and
adding BRTRHCII b1fc ROAE QTR Al QA oo part Pl es
11 Tbemegos ubahiant( Aldhyr SRRRTsifahe b ST &idd1 Ca'g@& in the
first sol&e?f]ﬁr a! s%g&ld%gﬂgntnwg?%lg & g%]lg%} L! Oﬂﬂg% ]?uéet iﬂq ﬁ%ﬂﬁ&gﬁg&pg&e aciive

agm““¥%ﬁﬁ%ﬁ@ﬁure a first tenperature and a second

I t he,sol ULi s cooled fromthe.
2 THEMREEELNIS @ heldI g RalibioR By GRS A - Anggine dppression
agent totlﬁéfeﬂ‘ﬁhﬁ ﬁﬁe?tl@&p@maoﬁﬂle spRitighove t he phase transition

(gjﬂﬁe of. the solution and the second
eéﬁ%ﬁ? P ls- BarsH hhEcmmaromtdspsiianogenidmpectad fran the
group ofyfolydieylewd glycainnd popylde gigadohod of claim 1 or 2,
furéﬂg{ rising a step selected fromthe group
(i’frﬁ:ga”@f1 Of el PiSteIge phrse sepreion cabdnging obent liran aqueous
Soluble acique@sagitible adhtsti ng the concentration of the
15 phase iﬁparatlon enhanci ng agent, adjusting the ionic

imtle 2s whereingthe phest esparatign ehfenpibHg agantis selected from
the gmupebmsnmm Itk @ bimlcabd ﬁdlyrﬁérstd?sﬂaoﬁ%fdie%%ged o‘ﬂ}ﬁn tyaliphatic
i

aleohols{iﬁflﬁ@&x@% %xge{r%ély%ryﬁ% aéulf% PP rgrgéggpﬁ? ,gar(]) go-

polymeri,qm obymersigrtipebmess pplyeticrsgnairaly pm};mng polymers,
polymudes,rsuﬁfmtmm, polyeaérs} hrenghad agl S}Qﬂlﬁp@yin@ﬁ S1haaEHya8k, starehes

substltut{@cgé?t51{‘;:11;&&5t IS)lye ]:i’ﬁeﬂég%g @"’?A%(ﬁgo}é% D9 olxglpt 1{5]1(: eﬂ%mo? acetone,

and is égﬁﬂlon 7. The nethod of claim?2, wherein the

16 @%ﬁﬁt‘b@on@f@ﬁ 190" SunBine et SPakbSTEvHeRE ety § nebghstene

~ glycol( b of cooling is at a controlled rate conprising

t The ne d of
17 Tifl ﬁ%@%gﬁ‘myﬁybﬁ%,r@%onp} osflfaildap{af&}cél BT erfCPH‘rPPSCS an
eXCIPlemGO E@EHF stabiljty3efcthersmall eherig partigles, Thprowselhouradled release
of the acigvezdgemtifromn th2, smatiespbérival fti b pr &f crBEEIpRHAGELR B the active

agmﬁﬂmé IP&bR%uﬁPHB%b§eS di ssol ving the phase-separation
anci ng agent in the first solvent to forma

18. Thmn)eﬂmd ef claing 1 Addichgn H&eaxaletdnm salgaed frbﬂa tﬁ@goﬂ@ &ﬂéfssng of:

carbohycﬂzﬁest, Be{ﬂ&g %0‘?19'3%&18 ?% pds Elﬁy g§ gW?cﬁadl% ?Fé»T%F&PF‘% bile
acids or thew sglts, F?ﬂf)/r?éKK‘%T%ﬁa %’QIW@H{I@TM a second sol vent whi ch

the fir sol t before addln
o Thgeﬁeéggge 4 5 Phrtf i debn SIS R0 Gin e phg: -
g mﬁ', wherein the solutlon further conprises a freezing
poi nt depression agent to |lower the freezing point of
the solution. 13. The nethod of claim 12, wherein
the freezing point depression agent is selected from
the group of pol yethyl ene glycol and propyl ene
glycol. 14. The nethod of claim1 or 2, wherein the
phase- separati on enhanci ng agent is an aqueous
sol ubl e or aqueous m scible agent. 15. The nethod of
claiml or 2, wherein the phase separation enhancing
agent is selected fromthe group consisting of |inear
or branched pol yners, carbohydrate-based pol yners,
pol yal i phati c al cohols, poly(vinyl) polynmners,
pol yacrylic acids, polyorganic acids, polyam no
aci ds, copolyners and bl ock co-pol yners,
tert-polynmers, polyethers, naturally occuring
pol ymers, polyimdes, surfactants, polyesters,
branched and cycl o- pol yners, pol yal dehydes, starches,



18. The nmethod of claim17, wherein the excipient is
sel ected fromthe group consisting of: carbohydrates,

cations, anions, amno acids, lipids, fatty acids,
surfactants trlgl yeeri des, b|Ie aci ds or their
salts, fatty acid esters, and pol yners. 19. The

nmet hod of claim 18, wherein the cation is sel ected
fromgroup consisting of 2, nme- and ca24. 66 20.
The nethod of claim 18, wherein the bile acid is
20. chelmehatoftblgim 18 svhssit the b2k acilliecimichoid opfts edlai m 1
or 2, further conprising the step of harvesting the
21, she meth%@ﬁql@lm 1 prag. thinghes sompriging Wieestapent ety csingghasmall spherical
particRd, wherein the step of harvesting the small
spherical particles is by washing the particles with
22. afHeimgethet ofbdaiond latvhareiretip steptofhervattingtthacdmalbhapherddal paticles is by

washi ﬁl@tpaf&kﬁ Q\'f']ths‘splllcﬂﬂth fellfdnt 1% teinPtta@rd BN BB DodRSigent is not
soiublF n?q@]le ﬁ:f,\x:t t&%}%céen”%pﬁ% O%Fﬂ%pég%%ﬁ 15\/%@)% i the liquid
mediufthe step of vvashl ng i s by diaflltration or

23, g Eﬁ’f?‘&é %w%g g‘%tgrg) gvagt{@é#%@rglgfﬁgat%%ggmfugatmn
24, nﬁ"}et}x?&h ({ofcclzfqtnrqg %;ge%’&h%g lhglu{dt}geclturﬁ lﬁ 9%15'@&' olt”&

supercritil ca or a mxture upercrl |caI

25. ftﬂéhﬁemﬁ:lam GhbdclCb 1ﬂ‘qh1al rﬂedﬁ‘nﬁ(ié{ :ﬁ&t@)e&@ih&ﬁ Mhuid or a mixture of
e organic

o supeficHITE R e her el Mg s siulyl he organie
26. Otfhe rﬁ@EJWéfe&ﬁmCﬁﬂ Xhbh the B!rgzﬁatlf 1R meGeiay 'sélédt(l:d?’ﬁ'ro the group

conssGhE i SR e o BRI e prhSiol S pentane,
27. ﬁﬂfeﬁﬁﬁ%f 298 %hémh(ﬂt[ﬁ %ﬂ&' &%ﬁuﬁcﬁ' %gdﬂr %]sy anoggent which

tl \/e ent
reduc @?g?erﬁcﬁ'?e agﬂ%lﬂet IHWQ “to reduce the
28. ?Ré Ht*%thloldto?t ct%f Eg,ﬁwe@e%ﬁl\fﬁe %%‘EP@QH gh.lc% t&?e zjwo LEM JSJO Fﬁ'%laldme agent in

theth@ m%@FéPWPFFF‘é Reviiiy E‘é“)k‘i’%ﬂ@’nagent is a catl on sel ected

29. eZI_PeEhﬂg C amg 2%1\51‘%:_{;5' % éi@egmﬁ%plexm% ﬁ%e& 1szc1 da}ign geT%cﬁéEgéorh the group
consistig oh & e@ﬁer%l i-Rdet ndns’s Bls .omdNhovi ng the i qui d

d hod of | 30, . wh h
. SR dfogiongeimaZ; PRttt L o SBSHPE Mt neliom.
31. @‘ﬁé/ idfhoB f @I‘c’tﬁﬁ’ 8) agﬁér?réelg lﬂll,lergn&?% g{lﬁgﬁ%g?f%rl?iué@nggl%gé by

lyophlﬁgaéto& Erpﬂng or etlva oration.

32.  The method of claim 22, wherein the liguid medium further comprises an excipient. .

33. The method of claim 32, wherein the excipient enhances the stability of the small spherical
particles, provides controlled release of the active agent from the small spherical particles, or
enhances permeation of the active agent through biological tissues.

34. The method of claim 33, wherein the excipient is selected from the group consisting of:
carbohydrates, cations, anions, amino acids, [ipids, fatty acids, surfactants, triglycerides, bile
acids or their salts, fatty acid esters, and polymers.



33. The nethod of claim 32, wherein the excipient
enhances the stability of the small spherica
particles, provides controlled rel ease of the active
agent fromthe small spherical particles, or enhances
perneation of the active agent through biol ogica
tissues. 34. The nmethod of claim 33, wherein the
excipient is selected from7the group consisting of:

car bohydrates, cations, anions, amno acids, |ipids,
35. fratmetad delaig enfeﬁére;ettﬁe cattzroh@d el tdddRm gﬂiub QoBBItIS of Zn?",
h42+%éd eir salts, fatty acid esters, and pol yners. 7
g hé net hod of cl ai m 34, mhereln the cation is

36. 98k eftRA JficRith G Wﬂer@@%h?ﬁe’nf‘ﬁ cﬁf)hczﬁl:?d"er M4, and
Ca2+. 36. The net hod aim 34, wherein excipient

37. [The aedladofakird 36y whdrsinslad ghase Separafibe emimme agént ¢d sidoed from

S i's
e B O R PR Bl ERACA: LM aRE e B
38. bt yetiodloFoRiE e Q| Sheraimndhdrsol ﬁﬂiﬂrﬁ@rﬁﬁﬂﬁéeﬁ@f aqued@f.or Tpeous-
]nmcﬁmg&ngglof claim1l or 2, wherein the solution
onprises an agueous or agueous-m sci bl e sol vent.

39. ”ﬁ& mdth&d Bﬁélﬁﬁmipfwh%fei&i fﬁb%&uedﬂ@@ﬁﬁdﬁle%ﬂ%m‘[ is selected from the group
consisfl %%SP ul%-nrxgtﬁﬁ Zb pyr@%n{oﬁg @:’f‘; }9¥1'8n?c11d8H —pyrreﬁ(rimm% (2-
pyrrol(dﬂn%uﬁfdmptlmlﬂwd%h inone VIR dincghyiilfexide- dimethylacetamide,

acetic PyEY @bt C@E nctilanoB cthand] Bypdrogarol 3geh@inbl in@Beano Divklzyl alcohol,

glycerﬁf g@&@%gl%i{é Q@’é&l‘%ﬁmg BIR M)@éeé %E@%’PE%? %) 'ﬁE@‘%thEG-lé PEG-
120, Png@tPg,%;lsd ,gggp@p;g:ﬁg glycglé‘rﬁey:f ‘quq:zg, ﬁgqturat@ %]%(é—lzgﬁllaurate PEG-6
isostegpaik YIS B8l peieiteptopcaad, (EREG)( pdPiGodicarbleGpByctiEG Ozl yeol sorbitans,

PEG- 2'3'-:8.§Fb1i %%E@él%ﬁ&* %81 }l@ne &1kashoa %tﬁer}s B1R%3160eth lether PEG-

4 dlm%wl &ﬁ]f’&tpé’?ypﬁﬁ& e

PEG 4
§f @’3’ t oy pspylgn slﬁwo}%l%giﬁ)&v@nedwl PPG-
10 mefpEQzlue@se piieni P65 2@ metityé glupadeyethcny RS hé 5 glegrybéther, propylene glycol
dlcapr§@feh:h&a’i‘ﬁa?te p?(%@'l&ﬁ gf@jblahﬁ&b 'aﬁ&’%t @iﬁlﬁﬁ%hetrﬂﬁlcﬂm Ql?iohol

TN e

40. PRI YRHLBAYE 8Rfn 208 Nah&einfRG AR e Qg&ﬁ‘ Ml&hﬂﬁ@ﬁ%&& active agent.
met hyl gl ucose ether, PPG 20 nethRyl glucose ethe
41. mﬁn&ﬂmﬂtoéa]ﬁyh 49,t\ﬁﬁaire1n mmmhaﬂx&:ugé@m@ktwe compound is selected from
r
the grd %§H %trx%tcﬁ’gfti’éé-i&feg I@ggen% s%e%g&{t% %Pémét ge i Oen%gglpp}ements
andp%ﬁ% Gt ether) or a conblnatlon t her eof . 40. The

a2, TRIDAE 4, F&agxlh ?n)?lZO\R/h&em%]eeéc:@iva g!;}ﬁ ﬁaﬁ&h&%mﬁ%ﬁﬂl‘e 's a

phar macedut i'c activé agent

43, @m@mmhea of VARk ez rwéaan ﬂ&aﬁﬁaeeekb@ahd ¥Rk M the group consisting
p.cons

of pro RErsdtipli @esaaﬂéﬁ%y%ma?saaﬂ"&ﬁ%&ﬁa% RirEE 3 e 8Lis.
44. e hktho@ BR8N RPHERAEL $he Iﬁ’%zrpﬁ%lf:lb&bcgﬁém tf2 grotP Bonsisting of : a

protei o pip e i Cotes g Gt Vo Sios B St oumin,

alpha-t-etitngsme PN e usupeioxsidealisnitest, fysoryntehsbgmolgsse, hyaluronidase,

conag&egbs p8dvitA GoRholR! SBirBSoetiR! thlﬁﬁﬁﬁked;ﬁ§mh0ﬁ&9&mf Qﬁe"ﬁt ﬁﬁlo gs,
V] ruses

etk AT o sl RGP e s SRR Boiop LS coony-

stimulftingrfa¢thie agmla@pﬁsmﬂm@nahglt&odle& miystasiah of the bl ood
clotting cascade, Factor VII, Factor VIII, Factor |X,
subtilisin, oval bum n, alpha-l-antitrypsin, DNAse,
super oxi de di snut ase, |ysozyne, ribonucl ease,
hyal ur oni dase, col | agenase, growth hornone,
erytlu-opoetin, insulin-like growh factors or their
anal ogs, interferons, glatiraner,
gr anul ocyt e- macr ophage col ony-stinul ating factor,
granul ocyte col ony-stinulating factor, antibodies,
nonocl onal anti bodi es, polyclonal 68 antibodies, Fab
fragnments, single-chain antibodies, PEGy| ated
proteins, glycosylated or hyperglycosyl ated proteins,



"48. The nmethod of claim47, wherein the particles are
sui table for deposition in the central or periphera
area of the lung of the subject. 49. The nethod of
claim47, wherein the particles are delivered by a
devi ce selected fromthe group consisting of dry
powder inhaler, a netered dose inhaler, and a
nebul i zer. 50. The net hodsgof cl ai m 45, wherein the
particles are delivered as a stable liquid

antibo@i¢5 8B Fta@hents kngld RBaiARh I Rf PEG ALY brAking, gl WWasy @kdor
hpe 05 B T4 BURG) AT b AT BEGAA] Bt
nafarefjprhuserelin IAERA aaticanisls agecpemtt excdosppuRe, Grlciemmparagyroid
hormd@B) f=eatBE0idBrmohsSpephiies amdtinadinof claim 1 or 2,

wherein the particles have an average particle size
45.  dhe methed 0f Slapanl top 20wh&ain tiihpartidehard seifabld i in divedelpery to a
subjecMiedeell Bf B acetdgépt. agent is from 0.1%to 100% by

wei ght of the particle. 55. The nethod of claim1 or
46.  Zhe miethod iofi clnlme 4 acvhareindlgpanethpd of dediverg59selectaDfomithe group

consis\ﬂﬁé Qﬂgjregtifagfe{hﬁlelﬁ’lgﬁk% @é@ngergét@opiiiﬁngrﬂgljtea?g nQ;ffalﬁJrughdtiﬁa%y, Qhginal,
bucealy fbfings By ST i SHeH pties e el GRk Ripic

Lai , . : e
e
48. Thaindihdd ofiaine i N, wigeih alid gariddleary litabR: foi ddpokieibn Of the central or

pmﬁm%%F?§%55%Fﬁ%?ﬂﬁ%éé@i?ﬁthe smal | spherical particles

rof the 10th percentile is |ess

49.  ThemeBod 0fibiaIm 49, Whereifi fhe RPticldBe BBNAA 1fa ddvadeielbeted from the
orou 2or}Nh Ml elog L h%wﬁin}ai :halsghereltgral $ %rit }Ila(ielzre%tsia { Sebulizer
group SofHSTRE GEPROPRET Bbalkh Sty 4pycitpiater A @ ol Hod
50. TRE mRhERAF LAt 5B M herSRAG pet@dlcPRE BEIBRY Rfa sBIPIARIY fispension.
agent, the nmethod conprising the steps of :
51. Hhemothwi nficlhine | ac 2] wheraigein patideshayh asiestaagipty tieisame particle size.
enhanci ng agent in an aqueous or aqueous-m scible .
52. Slos methed pbelpigt inoa2swhereindhe pattigleshayg e avesags PaTetle size of from
0.01 pphagey pand i nduci ng a phase change whereby the
active agent undergoes a |iquid-solid phase S
53.  ‘Sepaetpd ohclaion 1 o & wihareinithe partidles kayapn iasérage pardelp pige of from
0.5 pStd®d Lumspheri cal particle of the active agent and a
liquid phase of the phase-separation enhanci ng agent,
54.  Wemethnd ohéldin hoo2i wherciortes ictive agad Isi fngm OHE% tol W4 bnweight of
the parfitled controlled rate. 61. The method of claim 60,
wherein the solution has a phase transition
55. Tlenpethad uf dainal oi 2 swhéreinpler attive egean ds feors &6%td 100% by weight of
ﬂmpagﬁgperature, and the step of subjecting the solution
to a phase change is by cooling the solution fromthe
56. The @bthb@opahiat Ube2 [ whdrbia tseating ajanpaiatiut or vhetkethan 90% by

.ot he f] tenperature i s above the phase transition
ngmfﬁﬁ%%?%@%?e and the second tenperature is bel ow the

57.  PRASEhbA 8Ndhi PRr b WRRNRENstall sPléoricdNRrtiid@ESWse @harrow size
dEUmCLaIﬁ161, wherein the controlled rate is fromO0.?2

W nute to 50 O ninute.
58. The method of claim 57 wherein 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 5.



70 63. The nmethod of claiml or 2, wherein said
i nduci ng conprises cooling the solution at a
controlled rate to a tenperature above the freezing
poi nt of said solution. 64. The nethod of claim62,
wherein said controlled rate is greater than
25.6C/ mnute. 65. The nethod of claim1 or 2,
wherei n the phase separati68n enhanci ng agent
conprises a mixture of a poloxaner and pol yethyl ene
59. Thymethod o68ainTher Aethecdn e swlaBispheticarpaiticlastaes sami-arysealline or
nmrm%ﬁﬁ%% solvent is water. 67. The nmethod of claim1l or
erein a percentage conversion of the active
60. Agasthod fod Prephen Sérall sphgricad bartticlen of ot :wtivb eggnathé meehod comprising
ﬂws&%ﬁofﬂ | east 90% 68. The nmethod of claim1 or 2,
erein the active agent released fromthe particles

r Qilé%b%g&ﬁ@ a&iv@%@&ﬁt\éhﬂﬁ pBdsetfaparaidn éhﬂat&gqﬁoehfhntah%queous or
aqueous- 1smbpe%of'\%8§ttolf$ﬁn a%ﬁltuﬂgﬁ &t 15'@9 c?ﬁf alsé:i\ﬁer sin

alm

t hﬁd&?ﬁg a\/]tﬁlaéeg&[bh gé Wh@l%§? QIefa'bﬁV@ ﬁé&ﬁt lﬁiﬂéigo@é @fqﬁlﬂ-tsalhmﬁhase
ruc en

separaé?%‘pt ffoH-& aggh (ﬁPl?agﬁ corggrx%ég %quﬂ 8183. g§ph8r1 @%Ia%lcie S the Stive agent
and a kgiuiplusiss of $p ebasecsepwpijon eﬂh@ﬁcf%@eﬁw&éwrbﬁalfbmé}lma CJRprises
cooling theMaR#iBH Bt 4 Bhusmed katepherical particles have a

geonetric standard deviation of |less than 2.5. 71.
61. Thematibhoficleiin 60,avirargio theshbition has hphage tawsitignctemperature, 2 first

tempeﬁthﬁ‘@gxﬁfgséé@f{d RhpRhitirs, einﬁgtﬁe dt suB ibctinks Be scﬂﬁﬂoxﬁtora%maﬂa change

by QUi P S She Pl 8P e SRl Ml e v

tempexafure setbpeg the phass tragsities semmsaﬁms and the, Sewnﬁéftm%atﬂ@rls below the
Iﬁﬁggﬁ&%ﬁﬁhﬂ&ﬁp@@ﬁwﬁ smal | spherical particles of active
agent conprising: providing an aqueous solution in a
62.  $hewgkthol ptjcaich phasterein thecontypiled maty is fremdb2 T ieningfe e S0
oC/miff}dd @ phase separation enhancing agent; cooling the
aqueous solution at a controlled rate to a
tenperature bel ow a phase transition tenperature of
the active agent in the solution; thereby forning a
suspensi on conprising solid, small spherica
particles of active agent suspended in a liquid phase
conprising the phase separati on enhanci ng agent and
water, the solid, snmall spherical particles being
substantially spherical. 73. The nethod of claim72,
wherein the cooling the agueous solution is carried
out at a constant or linear rate, a non-linear rate,
an intermttent rate, or a programed rate



74. The nethod of claim 72, wherein the cooling the
aqueous solution is carried out at a rate greater
than 0.2 C/mnute. 75. The nmethod of claim 72
wherein the cooling the agueous solution involves
cooling the solution to a tenperature bel ow t he phase
transition tenperature of the active agent. 76. The
met hod of claim 72, wherei A0t he aqueous soluti-on , _
furth .l Se o L1 PAL: IYalg b & €8 lution ata |
3. HCmhoC QTR IR 2 peREe 500 RALL CORRARS S AGE Rlution s
controliggiatsuie a SBNRAFHBIE ADAYY @aé@e%i&gwpwwf YW on to a
64. ;’fglgpn?% (gﬁﬁiréfte%%lglo ?w%xpr%inf sralefg’één\?\%ll&ﬁ)ﬁ% isc?!@ea#e!??hai(ﬂS%c’mﬁinute.

arm erein the freezing
' ' rd A&t SkeNes Gent ddmpri

65_' %eﬂ#ﬁ%&f’%ﬁ%féﬁ%ﬁ@ I%glltefﬁqglmg Ijlr%,%ssve\:ﬁ erein the 12% g%) of e
mixturg ghf PRigr4Eersa PSBﬁ%@eﬁ?g C8[)ntro||ed rate conpri sing

f i : gi nute. 80.
R N R R R S A S el
67. CORPHIeHBE of Bl il Br 2, WHereihihepaiinhigd cofveedia ofithe astive,agent from
the stax\é\@%auggé E‘rgo %%)%ts fichs eggtg\g%sg PO‘%D hancing agent

e o oxarner and pol yethyl ene
68.  OMYGRbthod 8ctaibNEofME iRk theCdclivdmdonOrelcdsediiben ehdpdrtietes retains

f t | t ter.. 83. T t | n: .
the biogpigly Gl B e P8t BT Vel o e ey b gty

69. YRE rmHRR o?fclla‘ﬁﬁ ql d-RIwhSreRftht ALFRagaht rBlebRAFIN IR PartRle retains
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dichrols\peSrosbé¥S OF SVMALL SPHERI CAL PARTI CLES PREPARED BY
CONTROLLED PHASE SEPARATI%#@Ab tract The.present .
70 {Tho arethasholiclaiing) e R s TR AP RS agites e & ggppetric
standafpditdtioalof pas thag2&ss of an active agent by providing a
solution in a single |iquid phase. The single lLiquid
71.  Phesestewhyiidaes Oawherstn the sagasific sapdud ée%‘g"d‘r 151953 ﬂ‘aﬂ
enhanci ng agent, and a first solvent A phase change
is induced at a controlled rate in the solution to
cause a liquid-solid phase separation of the active
agent and to forma solid phase and a |iquid phase.
The solid phase conprises solid small spherica
particles of the active agent. The liquid phase
conpri ses the phase separation enhanci ng agent and
the solvent. The small spherical particles are
substantially spherical ancthaving a size from about
0.01 pmto about 200m FIG 3b
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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.

' 72. A method for preparing solid, small spherical particles of active agent comprising:
‘providing an aqueous solution in a single liguid phase and comprising the active agent and a
phase separation enhancing agent; cooling the aqueous solution at a controlled rate to a
temperature below a phase transition temperature of the active agent in the 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, smalt
spherical particles being substantially spherical.

73.  The method of claim 72, 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 rafe.

74.  The method of claim 72, wherein the cooling the aqueous solution is carried out at a rate
greater than 0.2 °C/minute.

75.  The method of claim 72 wherein the cooling the aqueous solution involves cooling the
solution to a temperature below the phase transition temperature of the active agent. _
76.  The method of claim 72, wherein the aqueous solution further comprises a freezing point
depressing agent. - ' .
77.  The method of claim 72, wherein the cooling the aqueous solution includes cooling the
solution to a temperature above the freezing point of the solution. :
78. The method of claim 76, wherein the freezing point depressing agent comprises
polyethylene glycol. * ,

79.  The method of claim 1 or 2, wherein the step of cooling is performed at a

controlled rate comprising from about 8.6° C/minute to about 26.5° C/minute.

80.  The method of claim 79, wherein the active agent comprises insulin.

81.  The method of claim 1 or 2, wherein the phase separation enhancing

agent comprises a mixture of a poloxamer and polyethylene glycol.
82, The method of claim 1 or 2, wherein the first solvent is water.

83. The method of claim 60 or 61 wherein the active agent comprises insulin and the step
of cooling is performed at a controlled rate comprising from about 8.6°C/minute to about
26.5° C/mmute.
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. METHODS FOR FABRICATION, USES AND COMPOSITIONS OF SMALL
SPHERICAL PARTICLES PREP ARED BY CONTROLLED PHASE
| SEPARATION

Abstract

The present invention is related fo a method for preparing smali spherical
particles of an active agent by providing a sojution in & singie fiquid phase. The
single liquid phase comprises an active agent, a phase separation enhancing
agent, and & first solvent. A phase change is inducad at a controiled rate in the
solufion to cause a fiquid-solid phase separation of the active agent and 1o form &
solid phase and a fiquid phase. Ihe solid phase comprises solid small sphsrical
particles of the active agent. The liquid phase comprises the phase separation
enhancing agent and the solvent. The small spherical particles are substaniiatly -

spherical and having a size from about 0.01um fo about 200pm. -

CFIG. 3b



