WD 2010/ 140987PCT/ S&2010/ 000215 1 MUILTI - PHASE M CROPARTI CLES AND
METHOD OF MANUFACTURI NG MULTI - PHASE M CROPARTI CLES 5CROSS- REFERENCE
TO RELATEDYARPLYYIEMEY ONS [ 0001] This application clai neCct/Re2themmbist
of priority of US provisional application No. 61/184,559, filed June
05, 2009, the content of it being hereby incorporated by reference in
its entirety for all purposes. 10FI ELD OF THE | NVENTI ON [ 0002] The
present invention refers to the field of polynmer chemstry in
particular the field of polynmer chem stry for the manufacture of

parti cul at MULTHFRPRASEMICROPAREICLES AN METHOD OF MANUFACTURING
15BACKGROUND OF THE | NVENTI ntrolled delivery of substances
such as drugs, insectici S&sﬂf{égﬁgﬁ#ﬁ@“ﬁmﬁ'{‘w]@%nd ot her active
conpounds can be achieved by a variety of processes. In one type of

delivery system a polyneric particle is formed, in which a single
pol yngr | ayer i ncor fRQIEREFFRENCEVEO RERATED ABPDECAFIONSr ed. Wen

used for del v, I'S,: Li-very 20 stem.can achi eve
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the rel eab@8455% filed herdited009) thdhreorentat ittadyy hdrOBOMLsipvRIE by R8Etce in
si ngl e-1 a%%ered or @i)n | e-wal | ed) mcroparticles have limtations,
such as FHEBEFPLYr ¢ "B'g?ﬁ?ﬁ'de constant (zero order) .drug rel ease and a
| ack of time-delayed or pulsatile release of therapeutic agents.
Therefore, doubl e-1ayered (or double-walled) 25 m croparticles have
beenl®evel oped to provide gr F3ELP QEIIHE INVENTIOX ontrol | i ng drug

rel ease kj ic fi oSy ' | Fesent

i nventi oﬁm’?g} przl\lfiaﬁ‘gserahlE tﬂié/% Jrjltg:';[ni I\L/:%ngtgldll%/gé@ °§§%§@ﬁ§%ﬁ%’%@ l?:l}r?ﬁ célfaﬁgjeeoﬁ eld
for the dE&polymey chemlisvy fou tteamamfzctedecafSpartiéulata bhastontd efbr sBOHIIMIRYE s
THE | NVEI\%,IQ\IJSQOOG] In a first aspect, the present invention refers
to a met ABG0f “manuf act uri ng multi- phase mcroparticles. The nethod

conprises dissolving at |least three different polynmers in a

15 - BACKGROUND OF THE INVENTION

[0003] Controlled delivery of substances such as drugs, insecticides, fertilizers indicators

and other active compounds can be achieved by a variety of processes. In one type of

delivery system, a polymeric particle is formed, in which a single polymer layer incorporates

the active compound to be delivered. When used for drug delivery, this type of delivery
20  system can achieve controlled drug release by protecting drugs from degradation before the .

telease site is reached in the human body.

[0004] However, such single-layered (or single-walled) microparticles have limitations,

‘such as inability to provide constant (zero order) drug release and a lack of time-delayed or

pulsatile release of therapeutic agents. Therefore, double-layered (or double-walled)
25  microparticles have been developed to provide greater versatility in controlling drug release

kinetics and profile.

[0005] It is an object of the'present invention to provide alternative delivery systems

which can be used for the delivery and/or sustained release of substances.

30 SUMMARY OF THE INVENTION
[0006] In a first aspect, the present invention refers to a method of manufacturing multi-

phase microparticles. The method comprises dissolving at least three different polymers in a



WO 2010/ 140987PCT/ SG2010/ 000215 2 vol atil e organic solvent to obtain
a first solution. The first solution conprises at |east two cloud
poi nts, whgoebn/iider second cl oud point (CP2) is higher pbagciheudorisst
cloud point (CPl). Viscosity of the first solution, the first cloud
poi nt (CP1l) and the second cloud point {CP2) are sel ected such that
the at |least three different polyners becorre I mm scible with each

I on of, t.he olvent. The f

gf) |h3'[ | gn v Es)aﬂ] evgrﬁlgrgg vent to %tﬁalg c?uéfSL 1'(%% Ojrﬁ%gfﬁgt ?ﬂi‘é{?@ ngﬁes at Ileast two

conpri ses:lomdspanft@.@mfmn fte sedindi dloudpoRitYCB2 1}1@ highBethdR lﬂﬁ:tﬁrh@cl&icqaﬁﬁt%m
solvent i_.s evaporated fromthe enul sion. The total concentration of
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10c| ofid ppomtevafodsln] ofthe ﬁéddﬂcbrgzsmesd)lvcnthé‘hp rfirstesﬁlumomsnﬂaspmsadeih&f an

to a nmulti-phase mcroparticle obtained b dof th ent

i nvent i oﬁqueF)BﬁG%‘TthéS_ ﬁ?‘ﬁs? &'%éc SRSt sw%aé:ga@rﬁnf F‘EP eﬁ? Yolatije
phar mac e vtdaail sobeiPReVipRited GORT the en@lstonThé tct@l%%@eﬂﬁaﬁé&@ﬁi‘hﬁ g leﬁst three
obtained by a nefhod of the present invention. 15 BRI EF DESCRI PTI ON

OF THE 80 hEssoioetben inhsempisiopibefore evaperation iy brlew sheofiat elpudhpoint,
" ef er encr 0aode e iRt | R HeRfly RGN SloflE Bt lod. 1§96Hv9flﬁé 5Bnd
with the non-limting exanples and the acconpanyi ngf

whi ch¢ 2010[1699_@] Figure 1 shows scannl ng el ectron mcroscopy (SEM

f I
210?{1;)? ng@aﬁ | dc :E%E%ngpg f’;(gtblrt)ll?c ?n (t;lll% W?Iééﬁt;eﬁgl ?c?dﬂ‘élsl'phase microparticle
(PLLA/ PLGéﬂﬁi@ll})yamﬁmﬁidfehdptakenmﬁivhﬁdm( DW wmicroparticle. Figure IA

is amc ph, of extern hol ogy of .the m croparticle.
Fi gure | Bﬁ%é? I Ergﬁ‘? &E}‘?‘F"Bf P(E‘?SG %‘givoino"ﬁgffrs\?? nPharmagegtical composition

M cropar bipdsin aﬁﬂr@?}hage hﬁcr@pﬁﬁ%%gfaﬁﬂﬁ b9fa Iﬁetﬁé@éﬁhaﬁreﬁén%veﬁn&.he 25
i nternal norphol ogy of the mcroparticle.”Figure IDis a mcrograph

of alTross-sectional view of the mcroparticles enbedded in a

pol yacrylic resin. [OojfilﬂIE%' ]Erb(ii. Qﬁr of ternary
phase PLLA/ PLGA/ PCL conposi t%ﬁg Pw@dﬁ%ropar i]@?‘iegz after

di ssol ut {969 t Rhe Btverstfopdw il by bmte(' Tihddrftpod ﬁahtglre&r@xée kst detailed gesepiption
showi ng Cr0SS-S nal v1e r ticle. ure a )
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Fi gure 3daiaws, ﬁuﬂﬁc}ﬁonponent Raman spectra estimtes and their

assogi at gd _ scor es obtained via BTEM from a ternar hase
PLL A@]Cchfgolbé_ g,é S scanning electron microscopy (SEM) nn)éro%raphs of ternary -

phase poly(L-lactic acid)/poly(DL-lactic-co-glycolic acid/poly{caprolactone)

(PLLA/PLGA/PCL) composite dual-walled (DW) microparticle. Figure 1A is a micrograph

‘of an external morphology of the microparticle. Figiu_'e 1B is a micrograph of a cross-

sectional view of the microparticle. Figure 1C is a micrograph of a close-up view of the
25  internal morphology of the microparticle. Figure 1D is a micrograph of a cross-sectional

" view ofthe microparticles embedded in a polyacrylic resin.

[0011]  Figure 2 shows SEM micrographs of temary phase PLLA/PLGA/PCL composite

dual-walled microparticles after dissolution with tetrahydroﬁﬁan (THF). Figure 2A is a

micrograph showing cross-sectional view of a microparticle. Figure 2B is a micrograph
30 showing a close-up view of the porous shell

[0012)  Figure 3 shows pure component Raman spectra estimates and their asso;ciated

score images obtained via BTEM from a ternary phase PLLA/PLGA/PCL dual-walled



WD 2010/ 140987PCT/ S&010/ 000215 3 conposite mcroparticle. The axes
of score inmages are in pixels and can be directly correlated to

di stance byomloisgpigyi ng each pixel with 5 Am [0013] PFCosCR1do@®BEWS
SEM mi crographs of ternary phase PLLA/ PLGA dual -wal | ed mi crosphere.
Figure 4A is a mcrograph showi ng cr 0SSy sectional view of a

m croparticle. 5 Fi gure 413 is a mcrograph showi ng a cl ose- up Vi ew

f th hel | 0014 SEM ft
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concent r 3 HRAN& b e(rﬁhlt@%u(gf\éa\ehpn&eﬁ)mﬂ%’WV) () 6% (wv), and (D) 10%

ure shows SEM m crographs of ternary phase
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m cr opar tFligire 4Bnepamadgmphah®tmg mclmge-aﬁemdv @ﬂ‘th&ﬁﬁ:llr pm af L er

ohace. PG xRl 15 A B CrsSuos i o Shaf 1L AREARIL

of pol y( yrilaﬁbazﬁbleygfépheﬁ RV @ﬁu vt $610Goh éﬁncélﬁ}atéﬁ ofrgA? 94 gwa} gs)
(ol w): @3 i\é o/ W (O 250 InL (o/w 0.02), (D 400
mL (of w 48w 5&3)5%6’“/(!5)@@6@) }ﬁ_/o(‘@}/vw 0.0083). [0018] Figure 9 shows

Cornary HOISD pFfEeed &, 3RRYEL SEMY BRSNS PO e Oifagl SLUAGL B AR CL
3 : B0 mlcraﬁarﬁclgsjpeap%d wingandotd-starieg tsi?@dmfr(msﬁ()nﬂmng?’) 300 rpm, (C) 400

Cross- sectlong Xﬁ after dissolution with THF. [0019] Figure 10A
is a SEMEH®E éPB Ba triple- vvaIIed (TW mcrosphere of ternary

phase pofouiBl- | Eipluire 76 a8 BN GhicfogadphdifRendtyl piasé PLE AATLGA/PEL i @Birticle
vinyl acetate_ (PLGA/ PLLA/EVA), corresponding to the outernost shell,

nm ddl e IHSPB?reﬁﬁHaE‘B'F’@gP%B@gﬂ%Q/’é’F‘}/aﬁqudﬁﬁ‘Pléﬂqlﬂﬁl@ﬂ"&% pure conponent
Raman sp e tgs ﬁ&gi e !ﬁﬁfiﬂ
vi a E%’E rlg}r; tﬁfegtut%elr ggé)y ase PLGE}:E&% X t;ﬁ@fﬂi\%@iﬁ?e gg%p%& te
m cr bpar mighpartidiegprepar Cl}mg Va‘lmlvb afgrodyimingt a 2o)\egli¢oad solution
T T oS0 Gy L e Y 0 050 AP 6057 | By Gk BE5 0 o0
t hi ckness. Eﬁl gure B rog Oégh 13 vf‘ (W\‘/ve t D)
tﬁr ln?ry pfha(s&Rl.@WSPlaﬁé\/(E}mcrmb(@Yngﬁm%) in whi cg ggeEi)/ut er nost

shel |, ar.e n . .
espect UDLST FRigar o SBewE NGRS Hipariotpbruysia prespic: wipecwions s
and thei fai@S¥Q6in @@pLgAtm&@c@;b& Ayed: gi-a BT@W”?”‘I"%(PB@%YZ
phase PLLARLGA EVA tri gl e-wal | ed corrp03| te mcr opartl cle.

201040 40biEnrasB, §® o hezorresIpOding crisgrgpasional xigves %ﬁesémcrhlteqm\gnlaﬁm

of a fou er I

acid)/ po (ildsltgyreﬁ%f ?.U’fe%ﬁ% Smy °r§%e?%¥ggfﬁ@%ém¢ff§ﬁ&&°ftem‘“y
m cr opar phast e. pﬁh@)ll lztcncw@ycobmf i apid/polyniact Glaci®ldiylereS, vimyA. acetate
Figure 1 onen spectra stl tes their

associ at éﬁ‘@%ﬁ%&f £3°R 'Bgvpaqg t§mf’°rs niitSte gf ﬁé‘/ SV
four - | ayaspetticelyp @sdre MOBT HoRst ﬁﬂeecomﬁ&%tl]Rdﬁhe&UI’sﬁecﬂraA@dtﬁla?essEM their
m cr%graph of atriple-walled PLGA/ PLLA/ EVA mi croparti cl

cor res potiPdig e soeieingee chisdedsHa | FTEM; aanetheavararﬁamasso?bGNPLLA/EVA
respecti Hﬁ)llélwaﬁéivbﬂ}%(ﬁlté 'nfi€ro &n@i@oﬁr%}é %ﬁ@ is fal Gie 15%%%1‘ 1080 B‘#{';Q > walled

conponent "Raman s ra esti tes a el r associ
obt ai nednmrasmeEMfthAmm L whickVide PLOA ghellls waihﬂgedthmknpnssl*‘igere

m cropar idﬁ sows a SEM micrograph of a layer-inverted temary phase PLLA/PLGA/EVA

microsphere, in which the outermost shell, middle Iayer, and core are PLLA, PLGA, and

30 EVA respectively. Figure 10E shows pure component Raman spectra estimates and their

associated score images obtained via BTEM from the ternary phase PLLAWLGAEVA
triple-walled composite microparticle. |



[0022] Figure 13A is a SEM m crograph of a ternary phase

PLLA/ PLGA/ PCL dual -wal | ed conposite mcroparticle. |buprofen

(hydr ophobive)zeissiabsaeal i zed in the PLLA shell, inpregnat edrschdomiekis
particul ates; Metocloprarnide HC1 (hydrophilic) is localized in the
PLGA core. Figure 138 shows pure conpongnt Rarman spectra estinates
and their associated 15 score |mages obtained via BTEM fromt he

m cropar ] Alis m ra ernary
phase PL&(?IQELA% %?)iétlrlr p \r%vaEIM e c § ‘!?\ﬁ 3 fﬁlfrolg%%gcrpf’@ @Ltlal“llllg ~co-glycolic
out er nostacidhpely(l-ladtdd| ecifyeystyrenéletaglege ardnyil Ghcetdit L APLGHIPEVA/PS/EVA)
abundant r.egi ons 1r:§ ectively. |buprofen (h drophobic)_is localized

in the EVACIPBRHCle to cprpeanfighration kLG4 ntS F\%\%nmﬁb‘é%ﬂ% shows pure
est i mat o fhehf!Rbina® SPQHaAEHR0 a5 Hck ésg@rgﬁéd oDt BTE
the mcroparticle. Figure 1 iIs a SEM m crograp ternary ase

PhGIA{ PL L,ﬁrbﬁlmhe PLG@I/BLDA!HSéEVACfnmbNred poopatanticropsticlhe out er rmst
PLGA, PLL A
Feqi ons. 215 e PlEBls , P28, BOG SN igotall (8% o dfmerTaie, BERMER LAY A

in the Phitéopdrtitie, coirgyosdidg b Ihovatepude helpaidé i?ﬁﬁﬂdsﬁﬁ@tré@ectwely,

esti mate and t hei r ssocr ate score i ges obt ai ned via BTEM 25 from
the micr ‘a?wérzeo [ﬂg gliigure &2 $§ AVHPHSHOTRBIGI Regengrediacatimates

profi esaﬁﬁ tﬁeerarr,@crarat&h@&ﬁe %ageswahﬁéa %@%MB% "B APRL. w!rﬁﬁgpm-

Wi th mass ratios of B) 3:2:1, and C) 3:2:2. The she
carel@r ewL@mw@gmremlgh PCL particul at es and PLGA abundant

R e A A

rel ease pmabéd cempdsite hmicopartparibumbées Gadrophotdonisr lokdlizdd tlhrttw@'m,LA shell

(0025  PrtpiFeate VER 2 2aiveukits; MERsiaprir dlol Ui fpfocaiied i the

ternary phasecod! @h%tmllbsckhs’wbﬁéxe Bdnt MafhR Bctrh eﬁtﬁnatéée&ﬁqhézp£s§6&£€d
HC1 and | bupr of en calized in the PLGA core and PLLA/ PCL shel

respbtt | $Or§imagesehteined yadhEM;fone e mieropadisle; hat t he rel ease of
| bupr of eppoyep aﬁ%h?é/ $4A1 8 & SeM hqic?ﬁ&%r%%r Gf‘ﬁr i &@@@L@’A/PLLA/EVA triple-

Met ocl epfam'de HCL, providing 5 mu ease I'n a sequenti
manner fweﬂtrdactgnmite miwrqpagicde. Tl{eooma']mdét ghelk nliildleslaaetg raagh rosh amei PIgGA,

0149 1 BEER BTl R T B A D25
m cr opar EVal @se. Klgi)reSi_‘lligilﬁﬂsqmsa’ enoént R anangpetrd bitnat3ed (hdir associated
trip, ered PLGA( out er %r/P LA .(m ddle | ayer /EVA](Eore)

i cr%‘ﬁar% £} Bageyp agﬁjﬁﬁru P R igerabes Kigure i‘tﬂ i SEM micrograph -
triple-|gygtpshriiphieaiGAFIE/AVA erf)edwauém&ﬁn;ro@ﬁé hﬁ&rsﬁémérel ?ﬁ@oﬁt&most
zer o- orderzj’frel ease rate. [0027 gure is a graph show ng drug

rel ease midde dryer,rand| eore GSPel’bGAPI?@%PL?{lNM M@b@&@@t gespectively.
2119 PRGBS B LBUPIER L7

pr of il esocmapmnbm R:amrtrr specied e‘stbnatesgmdcﬂnamgassnglztdﬁewpnd ym@es ﬁ’alsmed atd BTEM

hi ckness 15[ 0028] Figure 19 is a graph show ng drug
reI Sse % 7'@5’%‘%} Fpl e-1ayered of microparticles (A) PLGA (MCA in

shel I') / Pigo Evmg@f@is a8l gtBBh Rbivig( @Hﬁg rbl)eés@&%‘ﬁl&%f kdinary phase dual-walled

m'd-Iaye coreé The graph shows that drug rel ease profiles can
be contr G lqlwrﬂsmﬁﬁ ff{“@@?@]A)Ffl 4y B) 3@Al,jagd £) 3:2:2. The

22%2%: ?%{grlcs)dﬁgr n soI ution %@B&%ﬁ%%g%fcrﬁsa{&t%‘g%gtgé?nﬁ%gmﬁ%mm

pol yner mylﬁ:emly sMBtoiEi)p%mder HEld(hyéwehilicy isolodaliwet nih thé PLIGRA rwriey eym the
sys IS u A,sho t hat hr ee I ses of

b §Ptn e Seffaftit B e akarenap il o 8 cimeiiales A deccoppehed
st andr ngghr&{gh@h&@h@th@%mf naeeapt rati on in solution of 16 % w v,

-



25 3.75 % w v at which PLGA is phase-separated from PLLA/PCL in
sol ution. Second phase separation occurs at 7 %wv at which PLLA and

PCL phase weparat@sy Figure 20B is a photograph show ngper/sc2010/00021s
PLGA/ PLLA/ EVA solution with a concentration of 7.5 %wv. The first

cloud point of the polymer systemis 4 % w v and the second cl oud
poi nt of the polymer systemis 5 %wv. Figure 20B shows that the

three |iguid.phases qf .PLGA, ,PLLA. and EVA 30 separates out _and.form. ..
thr e i SURRRT BTRREdS i R pbahar e, trug reldt ROGHen A o PRSgdugigyayied
whi ch i s POL@APIEG ARG nidiepaticlendewbythnii@é HCI ahd Iﬂﬁﬁrdfiéﬂ JoRElized Yi$ HHRIPLTA
5 %wv. Figure 20C is S}Pghot ograph showi ng PLGA/ PLLA/ PS/ EVA sol ution

with a c&peedrBllARChs wgspgclivelyn Bromyghe graph, it can be seen that the release of
2010/ 140 ' i -
$e3h %%Qxicﬁie@&? %1151156%:%3 'i§tda§i 34th !{%l\g{g?i}%m%lew plrosw%mg

systemis % W v, e secon oud pornt o r system
% w v3 anddtiyde dhigrrdlegdecud sppiential ahannbrefigpn b singte mytidlem i s 12 %W/ v.

EVA. sepalGPBL o TIERA7Fo A R AER PR SpAsBeir of (ASABEHIEtereg g
13 % W v (shdRPBVAL a@did) g, miskipatticies, JMat &ubldlaferbdie PRGN (dhe /quiﬂ__l Tﬁf_:i%re)

poi nt of the palyner systemat 12 % w v. DETAILED DESCRI PTI
PRESENT PHEERaFiies, (C)oumleringesd d5\ehimicrpaniciesnands (IBh trigte-kwrened LGA (outer

finding tha /ﬂmkﬁa@@ﬁ%&) D’Evmfe@%s hﬁé@&ﬁ&@%& rtﬂ@gram i0bSS b hat

at least thiee different"types o oly In a volatiTe organic
sol véht , thegripletlycsedbminemeicle achiersl morsf conkisteptdfclpre to- zeonblen)irelgase rate.

sol vent agueous dium thereby.formng an enul sion. .The . at

| east thtdébe2§ [ f?l reht 1 ylpsesa cﬁrappm% X’P%adr%]u%erezﬁeécwé%iegugﬁ Prfﬂ? ltaﬁ%'ﬁd
becone i REGHCPILLA/BMA hliﬁapﬁ'tiolbkl Bﬁvi!(ajg)ﬁﬂsslaﬁﬁtg of @%}l m:b,f anid(8) \Ioﬂsgt Buprofen
organi c sgl vent ..in i t.he re dissol ved. The sol vent can

r enoved Zﬁw&%b&ﬁas%’fgﬁf 1 U EKG el ieomaplosntclbin S Toese ruefist imbe
concent r ahritRMed tirGughedithdin® theRIMER tmds € Y 3. c. 4B Bicknb@) pol yners 15

in
to separate in different, p%ases in a_sequential” manner when they
reach® t hEOOR8k pekignye ¥ osida periapl . shawdng dirvg)| splease ranefiles pifadwple-layered of

m cr opar L : rigd n LSCr eql o 7 diAf £ o] iy

W ehi n ¢ BLaRrEP . (R) [ RIAT GEAT TR O S PLRA TARRkeP L a6} YR
m cr opar {shel)@ELGAGMCAI istmitlHager) BV Afmbre)i The grapllsloorsaha -dregyretrase prbfilehean
differen ol t can be adapted for specific applications.

For exa ?g‘),m%ﬂg‘;%%%%iﬁ%%%ﬁ‘%oparticI e can be used for delivery
and 20 spmee] neBigufd 208eis0f phatogriph SHEWinaNe #3.GA/RLDAr IACIY kélhtiort BEa total
discrete regions of the mcroparticle can be used to contain

di f f €¥ enpolyBippeancenitbipn it sdutignal 1690 W Thedistdoydgradntod thepodymer system is
control | £45RAARENd JecARPLOEPHI LT tﬁ%&%&%‘s&ﬁte‘fﬂ i Flos BYPEE ,etzbﬁhshows that

present invention refers to a metho facturing nmul'ti- phase
m cr opar thedhuee liquil ghesss of Ph{AL PLpAcand P( ssepsrates lout aridnforme tlges distanch phases
ts g? Ene m nnﬁ]%/(%nfkgwggsngl, %t.‘aazt}p%% §? M}Lef gq&?‘lét%{%g’é u? g&gt%]ne@ ft l% %%9/99 {vﬂfcﬂgsl g{réattérr}%an
the second cloud point of the polymer system at 7 % w/v. First phase separation occurs at
25  3.75 wt% w/v at which PLGA is phase-separated from PLLA/PCL in solution. Second phase
separation occurs at 7 % w/v at which PLLA and PCL phase separates. Figure 20B is a
photograph showing a PLGA/PLLA/EVA solution with a concentration of 7.5 % w/v. The
first cloud pomt of the polymer system is 4 % w/v and the secoﬁd cloud point of the polymer
system is 5 % w/v. Figure 20B shows that the three liquid phases of PLGA, PLLA and EVA
50 separates out and form three distinct phases upon standing, at a concentration of 7.5 % wiv,

which is greater than the second cloud point of the polymer system at 5 % w/v. Figure 20C is
a photograph showing PLGA/PLLA/PS/EVA solution with a concentration of 13 % w/v. The



m cronmeter size particle formed fromat |east three polyner
conponent s, ‘whereby each pol ynmer type occupi es discrete regions

W thin thewpastyldess? The nul ti-phase mcroparticle can BCESGHRON@RIRRd
a ternary-phase mcroparticle when the nunber of polymer conponents
is three. The ternary-phase mcroparticge can have two | ayers or
three | ayers. Wien the nunber 30 of polynmer conponents is four, the

mul ti-ph ' ' r-meq,a._Qquat ernar.y- ase
m cropar '?IE %I %&ﬁ@%ﬁ%@é%ﬁ%ﬁ& E %ésrg 1%30430%@? ﬁllecﬁe%ongaﬂmﬁ&]aeoemE %t,hetpﬂ}ygéer
or four Ispstends 5BEachy lang dre thitd chad Potit o did polimercssteheisf1arne, Figire a0C

di f f t_ pol type. A pol i
20107 140 SHPPABL DI ToRo BRests G RIS Ao PEL I w4 Hand BV Ayiepiratgp opand form
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polymer type occupies discrete regions within the particle. The multi-phase microparticle can

also be termed a ternary-phase microparticle when the number of polymer components is
three. The ternary-phase microparticle can have two layers or three layers. When the number
30 of polymer components is four, the multi-phase microparticle can be termed a quaternary-
phase microparticle. The quaternary-phase microparticle can have two, three or four layers.

Each layer in the microparticle can be formed from a different polymer type. A polymer is a



nol ecul es. They can contain a backbone of repeating carbohydrate i.e.
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30 and gellan gum. Glycpsaminoglycans are polysaccharides containing amino sugars as a

component. Examples of glycosaminoglycans include, but are not limited to, hyaluronic acid,

chondroitin sulfate, dermatin sulfate, keratin sulfate, dextran sulfate, heparin sulfate, heparin,
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Exanpl es gbrcurgaioacigyidsonie pgi ctasel galietospmineaand glegostrhinet Rrgteins belong to
pol yi sopyaPy; ' p m.de. nmptes. of 1ac .

pol ymers i ncbﬁgél,ﬂsgﬁltp% g’?’é"ﬁﬁ%& %d%&fe%& ? Eg,aggi ngr(b?; ag#serglo%ﬁ%% é&sﬁka%ﬁg more
pol yet hy tlenenglayie acid Gelivh aickide REGR gnd minigtiae amirdt 25 monomers). Examples

met hacryl ates,. di hacryl ates, .ol i gonet hqacryl ates gnd PEG 10

ol i gogl y8g1’5? %?‘Hﬁ‘ﬁ“e‘éﬂi‘raé!’a i gl Wﬁ’o%@f%m{fﬁm IB§la8e i ncl ude,
but age pegs4l i NEkAAbIEDoL SAF DRty OfRd ki icle i

oxi di zed[((g:ﬁel ul osﬁgpp%o?m% -}{%ﬁg){)pol yrr%etrhgteé:ég;ﬂ be b?@?&ﬁ%ﬁ’%ﬁé&“ﬂ% %cé%c'lg,

herein, bheare@phlimipd ébmppalydstes’a pelyanhydride, & pelyasthoasten, lagrolyphosphpednb.ca

of inter gge%;b%é il QCIQ,IC? é?gr%ﬁl?de 2%}%{[}?&:&@ Qt?lglteng ks % Q&t{t?,t %ﬁ%ﬂ?&la‘g%etn AR:|

undesire n or nu aci d catron or activa

g ndesi r edolybrenfpolypacrelieon f&éhaﬁ:ﬁ.@?&]anﬁ@ﬂjﬁtmhaxﬂauabwm doyasdsulfbne
i oconpat.l bl.e po S inc ol yam des, pol ycar ponat es,

ol yal ky [eAs « it rrelSioRSrictintiie.a RobEAGDBERe 6T copolymers andlor
pol yad Ky b&isinkieing Phbrab At BtheP AtivibRY | in@hdd hﬁ:llfethﬂ&le}’\'ﬁd&%at%& helyethylene,

pol yvi nyl esters, polyvinyl halides, polyvinylpyrrolidone,
pol ygl ycelydedethilpeitens, ox appdyacrylomitrie.et haine Pobeniéopeidg.ner Bolybrazexszole,

20 al kyl g&lgl‘,d:ﬁ&ﬂ&?’ F@yéfaﬁéé%f?{jzﬁge??iﬁg%f}a&%ﬁnatgelplog)egﬁe,c %gﬁg{hﬁrethcrketone,

cel l ul os sters, ' n yners of “acr
met hacr ypolyetberigids, pelybthbrketont,ul pslstheritide, ¢ pblyethesketonhy d polystherspifiine,

|1 ul d - |, et hyl L1yl , d tyl t hyl - .
col 1l ooy BRPERKLL CONTRACY o [asdieB, sl SREEETE  PruPhediene caide
but yrsat epolggiienyilens sulfide; palyprapiylens | g otysulfidep o yyly ailphone Cedlitetr @R roethylene,

cel | ul ose t%{acet ate, cellul ose su] phate sodi um sal t.

pol y( et APPhEtestyd palylijazolsog QO%m(BEtPHWFWEﬂWa@Fw siliggne, urea-formaldehyde

pol y( but yi gaph stk &tureP6f hedd &y R ERAGIIY bak/Sihy] acetate copolymer such
pol y( hexhnet hacr§I ate), pol }G/JIASI sodecyl net hacryl ate),

pol y( | aursEthlena¥inyl Acetpte (B (phenyl t net hacryl ate),

| t | oy ' | ' |
ol 3 (ool 55, chsth biaReditie AR 388 HoicBiaidnte Ol e EOBN AR, BlBberadatie
gl yc2 ) , pgdpingisetrayhaturel ox i syedhetio golynetrh thatngratwallypi¢gradeatrevivo to produce
| y(vinyl alcohois), poly(vinyl acetate). th i nyl 30
Doe ot o PSApEa 3 ronigrY YD 6ves dinptiod PEES U5 8 R Saoetsmontts, o
aci ds, cosed)DisHrdgadtion may) bk @iktanbd byap bwdft)@ﬁtﬂsssis, R R CdaYdlysed 8¢ iafl enzyme

al gi nate, chitosan, any copal yners thereo and m xtures thereof.

2010/ 14098 ApEyTPeRspisted by tonsgo wWhiddbe migtapasticlenhere gkpased it the pelke

di fferen r i ty Qf}arﬁn m: ;inﬁ;e'r
accordi ng)olggj gn%{eatit%% 0(]escr F@ggﬁﬁkre I niscglﬁ JAé’ﬂlu;(rm sc?l!)l elt%\f/l\n%?’ﬁﬂt Sand
| eas25> oneligoimerhef giydedide, Jadtdagradyladtivencide polytdtenso a-hiplireky asids) smdiuding actic
refers to.substances that do not m i.e. the,substances.dq not form
ol ot i G R AROTR aidt sul® aF S Bebiahion) SisBhnan B ye e geil B
wat er , IX DIy Beee 8d-BBRaolicatid) (REGR)YRIRANaid aci@ (PSB! &id teFoBmMrI®EDL-

conpletely 1 mm sci ble and separate out as two | ayers upon_ m Xi ng.

M sci bi | jagiidepand glycalide; encaprelagiane and reegapraiagigiey trpodymesiizedavith polyesters;
i nfluenc ct , e p S of .
ol vent PO URAphaC BIC, pSUERRAbNER, Bl PhOSRAGDIEIoP ] TR O pdbie
t eniHr at eapeolactre),atpolyé@sbletoaotmelli drfderpolyt (gatnynatnsyralactone); npplyamhgdrides;
et hod 0f it oRGERE Binek MGy ORiE posuibiiong: Bl ool hidlSe SR aSihEibre

polymers that are non-toxic or are present as metabolites in the body. Examples of




25 the polyners in solution at which one pol ynmer becones inm scible
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present heRtdrerof diBlomer § WAl QotalbSRLRAT AR JOME aPfleatMred Gifferent
used as organic solvent. [0047] The at least three different polyners
can be apelzmersogachsere enrtatepenicantedtipniin theyyolyentele.g sondeatratisinvenange due to
Agitatio . b MAY i . rried. out
o, enhangzrbfliof SEIBNEnO o itch' il SRV o60h Wnbagh SEBHLETHRM o
Heat 2&nedifferepaphaspt Thertadn §phase 30 feapipla ledndgendusdigidiontien thet is pesansethat

the dissolve rate of .polyners in the solvent. [0048] .The choi ce ,of
ool yrer <R # il SuieRy Apohapriopitt SOMBTisE A PEREC pp s n dissolved
i nvent i ofprinScal SR IR lopHeaikNBst BRGish@UfoRRRihe Phheh. subihs BX A8 RaRed §y@! The

application in bionmedical ‘W 2010/ 140987PCT/.SG2010/ 000215
point at which phase formation takes place is called the cloud point.

{0041] The term “cloud point” of a polymer solution refers to the total concentration of
25  the polymers in solution at which one polymer becomes immiscible with the other polymers
in the system and forms a separate phase. It can be expressed as a percentage weight of
polymer present in the volatile organic solvent by volume of the volatile organic solvent (%
w/v). The number of cloud points in a polymer soltion is dependent on the number of
polymers present. A system making use of two polymers has one cloud point at which the
30 two polymers are immiscible with each other. A system making use of three polymers has
two clouds points. The term “first cloud point” of a solution of volatile organic solvent

comprising at least three different polymers refers to the lowest total concentration of the



13 area, polynmers such as PCL, PGA, PLA and PLGA are of interest
because of their bioconpatibility and bi odegradability properties. In
parti cul arwoRhfgh4pa$ been FDA approved for human ther apyerNB&A0000215
degrading, PLA and PLGA chains are cleaved in the body to nononeric
acids, i.e. lactic and glycolic acids tlgat are elimnated fromthe
organism5 through Kreb's cycle as CO2"and in urine as water. A
person skilled in the art is able to choose and determ ne the

appr opr | #ebymsss iprsstution sé whiehea firsh p@meareearams %é& ppliesealpyn itheagalusion. At

[0049] T r C:

conpri set@é §tt|'2: g)?ildg)% L ?Aer]&et%lgsaﬁ%%t%ég oer ef?sbsl e%éi@lte'lﬁ]h at least

first soloutiadrthe Dier tIIE)ll]fméI‘S dnghb¢ sguémt The eémr é&&oﬁd tchoud ponp) cofhal solution
or rel ease The ubst ance

which is intended to he d vere et

o e 3 GOBRISNE th et Aes Girktenl SolyPershEles Hhe skt bied Total gancprtiption of
subst &nC et olyRersPhesARonOk wnehsy@é@ﬁ@,powm&%b%ﬁg dmt£lanphztse from the
mul ti phase mcroparticle, Gne or nore different types of target

subst ancéelutiem Mcthisaweend clepd painhghe secone of he ahlraststbresrrgffﬁe@ifpolymers is
| nt er act 'nﬂﬂué%ﬁs%é’@ﬁg dlg%t }aﬁé gﬁa? 8&9?%@%&5%{‘%89&%! er St he target

subst ance can er en egions o on the
m cr opar (002g. Fblewtayrmée o¥hennthe n:aat toxeltetine el golendrainght sshitied arnoases,

d the 15,pol t
ebodi me At & kg TEfln el o e Scifte ot Bt Seitinmy Gl B SvBnratin o Syered
vi a physkédtioerbifter ihtotheXAHIIrea iy cROY pBie caf bd e Ao hihions 68&e at

hydrogen bondr ng, _Van der Waals iInteraction, electrostatic forces or

pol yner thres i ffergnteplimers; is dpaussile, “riqheatdersy 9RE Of g pikier polymens Hathe
the tar I
some enﬁg%r%*éﬁ?%@m%?gﬁﬁ‘;ﬁﬁi FERRE e L1 D AP L B 1P ers sBparates

pol yrer balyeir sﬁ)rm a djﬁ'etnntahasaoﬁmm rthe sﬁmtmnsxwhﬂe deaving twvaibenpolymers still

Cranar: disefiid R sienc BRI BGEAGH RF 3ok iein i polucigp s forhes

ITher fgj or mcreamal ?rsecmﬂ;acléuqo_p@nofs fea::hgﬁn Szﬂihfﬁltfﬁﬁaﬁn@ Blyheer Itomliikestbiaisd three
ocall ze n | eren regi S aQr ers o e mcropart] Cl e

choosi ng®t %BB{B’B‘SF% g %@earlﬂr ﬁﬁéﬁhﬁ% %%@%@ﬁgwés %"aﬁhﬁé?%ent The

subst ancgecafdl psRERr edn dparad ohte@%nﬁ Hr&ﬁeréhtf HIR5E RonPAkSORE BN, BverMihieh

can be used for controll'ed rel ease of the target substance in
appl i cat Polmef pose famantie egnesptratignyedithe pelymen dediemphase jugrfomesd is measured

encapsul },rurkp‘; : g, a protein such
as an aan“gg Y, gg%‘-“g*r"‘%&ﬁ%‘%?‘{z}%@‘h dé'j thte(r%tljoc %ng acid. The term
"druzfy rFd48F tAs angslibstatine exarsge wf u‘smg pdiﬁnerse)a]nmle ate oft miscibleewith each -
preventro of ahurran r an ni mal. .di s re n.of
P or OB PoLBHHEE PP R REO AT AL o0 YRR T PRSP a8t e
Exanpl es (L Al lp@ly(mmlwﬂﬁvco%ﬁco@lb%cmt(PLGFﬂ) tzﬁd ﬁo@y(c@iblb&bﬁé)m.?%re used.

e.g. di phenhydram ne and or pheni rm ne, and rugs affecting the

car di ovaddithige polygies are missakle withisach atherrndsye el £o disspdye iggn organic solvent

anti hype i t I i
oD BB NE, (OBt bLAR FondoRARbES BIELnl IRY 0 Rl o

as tHe cBLE@éhismnahiniseble wltg Pléré‘r aspPCl hepwndrosectaineiotd cemvientzatjonefgolymers

phenyl ephr | and AS.ea i ti-infe t| ve nts, includin
Pt bact Briolfiofh AGCHSP SRAR PR ebre ih Rkent SRR St hich e
am nogl yéepanid e6lved. i§ remdied Y0 medelym@‘%mahCPDGAklanmwmme w1th PLLA and
anti-arthritis drugs, such as narcotic pain relievers; ant

i nf | anmat'6h-yn Hyeht ion,cang sepaaShRYUIHER the sqlyignes ﬁé&%rreltar#ase at the first cloud
triantin élﬂm avﬁ%t bHHIP PLEGC BhE PCE; hi a:ﬁ drk UBTIOHERFd BMfe so vent. As more

met hot re at é; nqui 1 zers, such Iazepam water 1nsolu
f at -3l utﬂleemysjranprvad),r total rcogeentretian o%pcdymaﬁsnsmbmoass rfuxbijmsncaeasa@ and a

estrogeng, . ShotdlipBth SORLEASLRALYE PrIE s FrmSt I WinSSe 3hY s AMn, and

PLLA separates out to form a different phase (see also Example 9).



30 dispersed, i.e. separated and distributed throughout the space, in
the other liquid. The small droplets of liquidis called the

di spersed Rp@agR 44| € the other liquid, wthin which tp@T@ﬁfﬂﬂ}moozla
droplets of liquid 1s dispersed, is call ed the continuous pha

2010/ 140987PCT/ SG2010/ 000215 15 [0054] Vpst emnul si ons consi st of water
and oil or fat as inm scible phases. endi ng on the conposition and-
rati o of the phases two distribution options exist. In case the
aqueous pPe, Euercther embasimeny aj polymer exstem rmwdasupphﬁé’@raﬁ&eltenétypﬂi; of

"O" is t e a he r "0/W

basi ¢ chpydle PELACRLIC T sk’ BR Yl blvRlle vRANIEA THOR) 2GRS, A1 of
t he cont lhwﬂlis.lrp;hﬂﬁﬁcranﬁlc ek elble Witk eid‘]ﬁoﬂtbﬁaﬁf ardatid 36 elissb e m%@Udt"gamc
is a"WO0 enul si.on" erein the basic cgaracter i s_determ ned

oi | . [00BYYFH sueltay BN 8t aitetal eomcenteption od papmersin wlytion helpy —ﬂi‘%ﬁ%tﬂ@lﬂi
(01/ 021V omfnyh S %eﬁﬁ@xt%ﬁlﬁﬁ ?%Je?sr tStHiCoRRENHRGH UF Bo E Q{ne?s ineodion RERREs

doubl e | ayered m crosphere.- hi s enbodi nment e polyners are
di ssol veand RVarsepirgten DBt %th\t(]@rﬂoluitonas @dm%"%’nmtmhﬁsemﬁ theefirgiecdoudl gointnds more

cl oud po | I st

up the f %@g‘f%s f O%datg a%él?%%t? wor sP 01%11 r%ﬁ%\%hg gu?lf’ %Tgﬁm%y Hgﬁ%‘s&’e and
pO: ymer Phamﬁeparammm Mh?khﬂtsoluaﬂld aﬂZhe p&w&d& clogldfpv’mitedx Iﬁgxd ¢oud p((j)mt is
pol yners i e, or i ¢ sol vent ei.n e |sperse
phase anEFagl?dp‘ﬁ]é"é’et Ef’ii"ﬁ‘b"e{“i’i@"&d?ﬁﬂ\%ﬂb‘?}é h ﬁmsp l%llg‘éfB@F |crrgsgdaand PS is
firstosobpdsk Qébairdﬂé@wﬁli‘PEﬁﬁ%Hﬁe tﬁﬁ’&‘%bﬁ&'ﬁb‘ﬁt RB&SSo ERAnALAGR1W enul si on
(second emul sion) is forned | ustrative exanple of an 01/021W

emul si onlG045hn Bensrtdngote th@mﬁ?@dﬁ Ihvgnw_rmqna the DERhodaDmprives Jissetudngoatileast
in DCM ( %I f anﬁ(ﬁim rmu\{\'g'v%ﬂtt#{-> Véfg@xﬁé sPﬁ%ﬂ tggﬂ% @‘ﬁr sglgflé\rlgf%fﬁgsolvmg

(W. [00 n oil-1n-oi
(01102/ 08Y We sulvingi te aiahasbethmae(ﬁﬂbmnf cpolym;:rs ca:plﬁa-—rri ayhxrmcgeneous solution.

m cr Opa”l"ineref%re a SUItL.BIESE sgl%)x% i Ofe Eﬂatt Al gxsscﬁ dath %tl?e at least three polymers. In

15  addition, a suitable solvent is one that is volatile and is immiscible in an aqueous solution.
The term “volatile” as used herein refers to a cgmpéund that can be readily vaporized at
ambient temperature. A measﬁre of the volatility of a substance is its boiling point at one
atmosphere. A volatile solvent cén have a boiling point at one atmosphere of less than about
100 °C, such as about 75 °C or about 50 °C or about 40 °C or about 30°C. One type or more

20  than one type of solvent can be used. |
[0046]  Suitable solvents that can be used in the present invention includes, but are not
limited to, ethyl acetate (EAc), acetone, methyl ethyl ketone (MEK), tetrahydrofuran (THF),

‘chloroform, pentane, benzene, benzyl alcohol, propylene carbonate (PC), carbon
tetrachloride, methylene chloride {dichloromethane or DCM) or acetonitrile. In one

25  embodiment of the present invention, methylene chloride (dichloromethane or DCM) is used

| as organic solvent.
[0047] The at least three different polymers can be added together or separately in any
order to the solvent. Agitation, for example, by stirring or soﬁication can be carried out to
enhance the rate at which the polymers dissolve in the solvent. Heat energy can optionally be

30  applied to the mixture to increase the dissolve rate of polymers in the solvent. _
[0048] The choice of polymers that can be used in a method according to the present

invention is dependent on the desired application. For example, for application in biomedical



20 di ssolved in an organic solvent at a total polynmer solution
concentration above the second cloud point. The resultant polyner

sol ution f\QHHH1ARede%/ 02/ 03 emul sion and is subsequent| ypéﬂgéﬂnfi/@oﬁ-
aqueous conti nuous phase and emulsified. An illustrative exanple o

an 01/02/031Wenulsion is an emul sion fornmed using PLGA, PLLA and EVA
in DCM (01/02/03) and water to which PYA has been added as a
surfactant (W. 25[0057] The principle of mcroparticle formation as
descri bedreaepelymers suels @8l R@enPGAdLFEIifhganéhabéAsexmpﬁtint@wst)bettah&e af their
| east th i en |, i Lved.in:th [ gani | yent du

to parti gﬁ%%rg?%tg)ﬁtgo%n%%%@a?% 2/1 n?’ rcl)p% £ gl’%gﬁ Vo aﬁrrreﬁbégaﬁasekfeélr EQA
wat er phaggoesiddioe\lmpanahéerapy. dvhémdeatadiag,i PleA sod VRIIGA ohainoraéd tlghved in the

concentratjion of the first, polymer of the at |east fhree polymers in
he el BPHOCEPRT s alibeke faeliend Bhedia ?@%Eﬁ@éﬁ?h%@ﬁ Ty thereppism
ot hers polysESKRb ¢ BRidhs CeRShdtilneRePRI WATEY A ?Qrs&rh@kiﬁ%‘lié'tlﬁnaﬁ & able fo

render the first pol'ymer immscible with the other polyners of the a

| east t hekaospanddasersing the ppprepuidte polymentype based ohthe ang of specific application.
2010/ 140 / . rtial  ext [ f the.

ol vent , CIRG) o TrE o &taint o S bl Bkl Gl AR Bhofise Affiop of
i Nt 0 t wotapget subs@ncetd e ervhpsuldtei fodhg fims sslution. The ferinteargea uBstaite” refers to

dropl ets. [0058] The.fornmatiqn of the nmulti-phase nicroparticle of the
i nventi of C%WPUJ%W B P{Fgﬁ?daf%éreifﬁhﬁwi oaefeﬁﬂﬁedgbﬁﬁégfﬁgt stgnce can be
Pol YI®r  &RbapdulA8] GOTRE InRINPhhd BEcrOPIHEIB! Se. Ofhe AubRakeAER Be plr&eltrl]thj)ﬁ the

enbodi ment, " when the volatile orﬁ_anl c solvent is renoved fromthe
emul si onsufaep| @ encifised avithin) theymulephage evgropatsicle: Omg, ore mere; ¢ffagent types of

e 11 r s QutasBt G eddRa, DEpSIAE e CRPiR! dreh P RERC bltween

whi ch cothedanget $ubstpadeyaver palyrér, thectatgotvadistasteocnh ipoloadedaindlifferent iefons or

organi ¢ sol vent, can phas rate..i,.e...coacervate form a first
coacor v oo oByfhe mRpbaere TR ye OF it RS W oo s it ad St
dr opi £t . pdi$mEDESR Ophiithl drScHei@Y @fintiR Tl KAnd ¥Bb&iMnehtd Starget substances are
concentration of the polyner solution increases, and size of the

coacer valoddesh #p|déirent, BoRume dayefh Vith PRYvCah H9peinga dota exasaple:t bprany one of
coal escepgfoptob: _foﬁr@e_@.%hyaogén bétRtY, ARInCA ) Wadil §ntSREGEH Adflobthtid Bhrces, or

polymers Temain mscible wthin the enul sion droplets. Upon reaching
t he secopelymeoehtinperitenglemgrnitcinduged i the polyoer padigsrsuchstpat thentargettshibstances

| | . . _ . g | ) H
second | P st AECAUAA S n Uik Gl ipdehes e Yl 4 aged
secardd cmadiffercat polgmepliayers(vis chaniealdbadipe foradampia $) comaliei bording, ionic

enul si on dr.opl et. The.second polyner can forma |layer on the fiyst .

coacer vant?c?éld pPet ?[?‘%YCI‘WFI&M {Z‘r"elg‘ slfﬁaflgfgeé:egtﬁér Q%erﬁ?tloflﬁe an‘%’%‘{y?an“gen
pol ymer in@fiond, hets.).| PHERERORE drRE€orOMRERkypes RAT tdped subishiics Yok 48 1040 and
third polynmer that I1s remaining in the emul sion droplet can then form

a separ aloealizgy & digirem segiensridaysas ghite migiopaticlechy eheopipg sherappeapriate type
P aye SO . e
Bhe ¢ hi'rof ierdihiEh BRGICR i bt Qubsfiiod biPLach U8 o 1B BEELMRA Kiihers

sepdiiat ewthich om bénesedifer aptilédiebessamfitbaiargeh gulistaacd inrapplianidnsecond

pol yners daj, n 0 ul d be ther nam cal | nf.avorabl e. The. .
process @82@ nﬁ%’?grfpi‘?si ‘}IH?Igﬁﬁ ngf’mcsef)ﬂ\%gﬁ@al?esﬂc@%\lfgﬂ m‘élf‘lfl% uWF@ﬂtelmmed
M croparfol &ldegg, arfotedl $iRH as 2R [28ABHy andlg SR ESBctHE AR B nucleic acid. The term
m croparticles fornmed froma solution consisting of three different

types of “§5e8’yielrs toaqubsianse asefil for dhe tigatment oft oriibe preventiosngfra Buma er an
core, mgddl apd: out.e : ch Layer e fir .

di fferent pgll bﬁéﬁm %qulgr ﬁfgt fegg%(,% toﬁ\é! %ﬂlg(ragp(gr [1C egfh?%éﬁgnglﬁglcgér?dg %o
have3(a dmetabelid stpter dikasiplascofidalg awhige] dungre noo lienited diop ahthistemytes,, .g.

WEh eac S ratndte T ciSTphehirmiing, and drugh AhETg the Csrdlavhtbular, renal, hepatic

and immune systems, such as antihypertensives, beta blockers, and cholesterol lowering




WO 2010/ 140987PCT/ SG2010/ 000215 17 [0060] Likew se, mcroparticles
formed froma solution consisting of four different types of polyners
can have ayhoh{il@gered structure, conprising a core, Péf@@ﬂﬁ(}/b(fwﬁr
athird | ayer ané an outer layer, with each |ayer fornmed

different polymer. Alternatively, the mcroparticles formed can al so
have a three-layered structure, conpri %‘I"ng a core, a mddle layer and-
an outer |layer, each layer forned froma different polyner, and with

i nter spelﬁsmﬂs,péméﬁhbmfé@lcofdmﬁ% fsuehr t s pﬁieyrmted?wlammes,t hegc ospagephrines;
m ddl e a I I al so ha

doubl o 1 BgaclssBilEined BE ot R BlaGoatBniits AR niBdnE bed i fufne
second pahtyyeteriblp ankivigl mdsmﬁmtai apeats, siehds et eniagelysillenald. | stiepdigcin,
of the third and %ourth mer. wi,ithin the first and/or second

pol yner . SFHEMIGHL ﬁ%“l‘ﬁi" e 8RR CiHest0stclo Rapareatic, PRIR e religyarsie inti-
St T UCE UT ehflairkdRodydb8kiS RES. SRInRALInCE AR anethe tﬁﬁﬁaﬁa@n& %ﬁtqmaf@gems
fourth polynmer wthin the first polymer. [0061] Accordingly, a

mul ti - ph&ge Srifuvoraysagik ans methgtrpxdt@ i tregqfilizers,esveh rag glianeparos walief finsolshle, fat-

pol ymer e rt b o] rred The confj gurati.o
Phe”ncr SHEAF, BABbRl Pl 4., 500 et oL Hpocalboris Pagho B ufhe
thfa di ffed;]mfhbemﬁ'bs/[ﬂﬁﬁl ds)eﬂ&ﬁyi(‘heﬁﬁ‘idSandb mnﬂfmge::iﬁrﬁld bt&éu‘ hhalvdy, aid thhefathsoluble
pol ynmer ases coal esce e control |l ed by paranmeters such as
concent rg’(t?"éﬁs’cﬂ‘g t"ﬁémInr"Ir”tﬁgs3 %‘gr}&rﬁ‘}ﬂ theg anplogh precipitation rate of
the pel yp®s1pySPRRiRY thd Wak "B uldsS gs fatdrget $udierde TiRudeOBELAL! Bhdifed to,
of the initial polymer solution refers to the concentration of the at

| east " t hPasmpesuyiralivs agtiygeingiedicnts sunk 28 hormeens, bshlinse cavapess antiwdies;Taed
concentr I I

e o WA iford. e #hnd ‘%&»}r{% 20K HiRlrs g&ﬁg@wmfﬁ%aﬂr%&%@?&@ oBEH s
(expr es;aﬂoﬂ&g%m/cebls, fibrotd asts, mﬁr&rabtellshatdodrehamup,oémuhelnzﬁ cells, ikbmntinocytes,

enul sified solution can p e to forma pulti-layered, . .

i er opar ERoERPeYiEy Tialbs RIF BenpRE defmettoy i Gels Bom e nioipis iyfposis. The

pol yIer tdhlinbélBicGRiCaviaaio a1y MRS h&id Y aajz pb&@ié chifigeatidhnf sRMERIsingle

pol yners can be | ower than the first cl OquﬁOI nt, or _can be above the
€

first cl dtandphidepblssiandsd ins aspmbinatio thsrepicNudleic geidadnclye fopipsgace DNA
above t hgfeqefd Re! P Udo Rk I&Ekéd‘%u%kyg@iﬁ %Ib'lééhlc@”g rIRPESiSIrﬁO&mlecmes,

exanple, to forma ternary phase double l.ayer m croparti¢le,
initial pulomes 0ﬁme@Ndmrowéawmtqdorsmgamucmnﬂomlommrmhlegfnuclsm acid
Choud POLflbiisR pARLReA R APERIELIES Lo ko Hidh sgfak.c! oud point of

the pol yner 'sofution orm a ernary phase 30 triple
| aye20 mi prosppr tOﬂieetargeheuhstmtesahcmdd, ﬁimampletmhem lphmcﬁmicalasﬁxbﬁmoeamuch -

? g ? (t;(r)\r/ne%{;[ %%@%%ﬁ%ﬂﬁ%ﬁﬁg%g (?r%faesﬁgkgé,he 1Xaﬁd1§at & u(tsuc?lnas a p(i-{ (cahcator) ora
2010/ 14085/ BfaTheoer&b MNP 3 Fhel hittoparaiBar Ak %emu&tmvb Rixhingle, BUNY 6ch as

sol ution_concentration is above the third cl OUC‘IA/EOI nt of the poly
sol ut i onlbuprofen can be loaded to a triple-layered PLGA/PLLA/EVA rmcroparhcle Durmg the

fabrication process, strong affinity between hydrophobic long ethylene chains of EVA and
25  hydrophobic Ibuprofen will drive the drug to be localized in the EVA core.

’ [0053] The first solution is dispersed into an aqueous continuous phase which comprises a
surfactant to obtain an emulsion. The term “emulsion” as used herein refers to a disperse
system of two or more immiscible liquids. Therefore, emuisifyfng of one liquid in the other
can result in formation of two different phases, in which small droplets of one liI:guid can be

30  dispersed, i.e. separated and distributed throughout the space, in the other liquid. The small
droplets of liquid is called the dispersed phase, while the other liquid, within which the small

droplets of liquid is dispersed, is called the continuous phase.



[ 0064] The choice of initial polynmer concentration depends on the
viscosity of the polyner solution and the cloud point of polymer in
sol ution. JB8.fe@lfeg7 Vi scosity” as used 5 herein refers bprkR10/000215
internal friction ? a fluid. It is a nmeasure of the resistance of a
fluid under either shear stress or tensile stress deformation, and
can be nmeasured using a visconeter. 35<:a| ly, a polymer with a | ow
nol ecul ar wei ght has a | ow vi scosi ty as the polynmer chains are
shorter &{¥4hayMast ﬁrawelpn% m@h@i}wmr andraihen %t cw immigmele phesemdpepending on -
General | y, I

sol ut ; ontierespAtslBhL Bty U S ina R =GRt irlols BRETHTRL e squoous
W t hout yhashj sugh tag water T80 tlhwcdnhamws phiage aml thebil é@éds thealispatsed phase, the

hi gher pol r co ntr tIQ of the, pol o nov nd \
Coal escortL Fhan st pouBind Mhes hasisdhatiset S8t thSadients B Ifol
Vi scosi t yoofis the cBRtintdRs phfeUirdoWatef NV @R alsp&ied p he[&eatHE‘ REQPA bi el
structure with no disti nctl ve layers. Accordingly, in order to

achi eve amuigiony pﬂbﬁs@nﬁhﬁw@;}“&ﬁw@wdeé@mmethbwﬂ@mbl ymer system t hat
has a | ow viscosity and a | ow cl oud point 15 can be used. The .| ow

Vi scosi t Kre(ﬁfj the, R‘%Qﬁ@ﬁ& with Hlid @8cIG&He, raﬁsd‘ﬁ in- 1f‘mg\§/ﬁ@1t llﬁgwéﬁlﬂlsﬁfl can

the polylhers in solution. Likew se, the low cloud

pol ymer bolused ofor cthe mawaqturembhammhmt dmble)flayeh@l pmbly)mese i Im this
sol ut | on, a l gtw o1 al 1 Orsy st nt ! at} A shlvEnt at ¥ lhn rgr § éet
content F& fiires BY Aqr B ?ow I LG ARG 1 W 8? PSP
of the paircymclspﬂnuglmng hmr(elm @ﬁﬂ&bﬂr{fmmﬁulixdn)pfwhﬁdhenﬂbésyﬁp?ltt& firat
sol ution and t he ol%ner cha g'?n 20 _coal esce with their rfspectl ve
phases nﬁ?@‘%é‘ﬂ?&"y’ Pﬁ’ér@b? FsrisdaoTged biane POIYRISE & (e OF P ol vepe and O2-
conf | gur ghis2 kA0S |t®o%iﬂmé?§maﬂ%ro?§dn?é @Akt PR bR persed

systens conpri si :? different types of pol ymers can result in a .
di f f er enphagt sodsPE-phasacbemngothe potinouscrpers. &y ﬂ@peré@altégcféﬁc@hmont into an

t
Cont i gur el YRl RIS Eet* o) 0T WbblisRHZ PG SHARRD & Jyrmed. An
m crbpar tlhlstlrameaaxampboofcﬂmt @i /ARdWuanulgioa israh bmplse}npﬁ)hymansmg(m in DCM

' Soms. BANoRHHARE POL MIPEM Rl Rkt Ao UA T SuPioBE o0 b

using a gwhtiple-pol yner system conprising polymers wth high
Vi scosi tﬁp and a |l ow cloud point. [Q066]_ 1n one illustrative
embodi nelf0>6)p | 1 anothes embgdiprent, W&\thgl ‘&l'ﬁh%lé‘“}’ﬂﬂeb (S1/OZH0FW): emyglsign can

used. Wigh QM Sod Gltrfpie-Berel | HRISAHINE ROINE Qﬁib@tﬁﬂxeBPthe@'ﬂdl ners are

pol ymer solution concentration used’is 2 %wv (which is less t
t he 20 r sdissollrddingroi onganj¢ selvw aoanjotal ipeD@iv)solusion sahteatratigreatmde the seoond

D501 5 a08RI-Ea LB, k&R Bokhinsciptish 80s B Bt Embuidin 4l i fhscquifly

bot hht headdettoC ai eaqaetﬂlsfﬁinﬁnadnta: bhas\zn m?emFFgWr mm‘mﬁﬁ? iefampit fChn
t he e 1 ni

S0l ut T onOBRAIBREY et S 8 B PR cliog BLGat i Pt HYAch DRM

second c{@ye2R%)hd Wate% 1o/ whith WA Biheén Ya0Md\as laRuthdint (W) JSLLdoubl e

| ayered m croparticle conprising a PLGA core 5 and a A shell is
forrdd. FO67] s Bhepengipls af misrapegislatiersnatian bast Heschbedplherin ds ebagedd upon

h
Dhe | i Pipeith e QbR SPRRCHNERL e Altrdehs JoahdiE dBbiied B fire oMl
greater idi@smt ﬂhe tes partisicextactitth @itha tsoloént n % Mrfpe mmnEKM an a:Qexdalswt.rat?s{:hase
S (0]

| ayer fo tion i.s erved, This can he due to hi C

pol ymer ‘Efﬁm%?@ﬁ vplatlgy SPE"ePtn Acrrdimene Fﬁ?ﬁeﬂ?ﬁt%@ %tjﬁge “JP%V’E“? ¢
the pol Y£E'31’E:§st Q&e@%iy%%?@ml@mtéi‘nﬁlﬁéﬁ”cﬂk 8t 'aﬂ&ﬁte@%léﬁ%rto tBY 8rfoentration of the
[0067] The concentiation of the initial polymer solution can also

i nf 13fencethehpolymers of theiat legshthrie pelymsranisdtheGamdsian ity rendenthghBrst polymer
immiscible with the other polymers of the at least thiree polymers in the emulsion. As a result

| @)




[ 0068] The configuration of the mcroparticle can be affected by
controlling the 15 precipitation rate of the polynmer system The
preci pi t atyygRofeplbosiefers to the rate at which solvent psp5eiRY6R215
fromthe emulsion. Typically, a |lower precipitation rate, 1.e. slower
rate at which solvent is renoved, resul Es in a nulti-phase

m croparticle as there is a greater amdfint of time and mobility for
the polyners to coal esce to formdistinct polyner |ayers. [0069] The
preci pi t &fthsrpartial extractige péthgenlvednthe pblepsiithreabolymrersren caastetiatepfre. separate
concent I &b Mo of fhoR indehis(1fe IREADNaGR N fith B GhuiBbh JRIpRAE O aqueous
cont i nuous phase. neral Ty, "a 1ower’ initial polyner “solution

concent r $6058h r &belfoenationaof twemupi-piispiriatdpanicieat € tias irtvieatiamodilhtnoof be
sol vent f.]?r regnval iagr ater. W, hou.it Wi sffi ngl1to be. bound b){

theory, USFEReHdR MR 4ol Beqnside Palypes shutoty SPRArising) thfee gigtymers as an
concespt r dkidple PIH (hid ESmbdiRBEE FwHRR I the hoPdtild | iBar do BERALsCFen@Red ok fthe
mobility (as a result of a lower viscosity of the solution) for the
pol ymer s eiylsicscdinpletudienepssd tin dhes equpeus spdatinnd thegtotad corgentraiippnefrgadymers in
equi li bri t 1 i 0 ] I Is I O, E%: -1.h
corrponen'tt}éwk uri %g f%{éﬁgmgiste %gg? ?@‘%ﬁrﬁ‘o*&’gfi‘?éﬁ‘gr‘%i’?ﬁ‘g@ a%tgﬁv\g%mﬁt’ Small
st i rri ng dsypdats] whastuddngain rhegpollyonerrwiothy iewesp clead poinatndovolatie erganic solvent,
Stirring speged as used. herein can_.have a nge of be en, ahoyt 150
Co about IDBESF B e h a o PTINRE TS0 O S rORE00: ARt cogervate
bet ween phayd wififh e eBRItionS G plebMAs GERRr ivant i8QeovddMBOmS el dyisfafh, the
speed than 150 rpmcould. result in an insuffjcient shear force for
form ng FPREcBiFRIofiod shepUpPet solutienrngeases, 8pd size pfthereacereaihdioplsts incrpgses
a smal | ek o8P Ridoes ! Al [gg%d

result i Iilwl nsuffi ient#gqa%s%igﬁ%%&gﬁ&t?ﬁg' {r%fé 9) c??@g%g%ﬁ?%?he\g/%dm and
2010/ 140987ROIYISEe cnpeiQ 6iitEe 2ithipithe emulswnalropetal Ypwf readhangthe becond clond
precipitation.rate...ln one . enbodi ment tirring, speed o 000 r .
has - uscaBtBE R i FePLEu RIRneaTRtl et slobd O SRR et s
a snbf | ethedirgneitietheciedd lpwedt Skadglodm, dmdatip lvelalife) orgaidp asleehttfoms a second
triple-layered | tj -phase mcroparticle whijch has a_di aneter of

about 308°%5Fivate OBk {57 W@O@p&@&eﬁ'ﬁteﬁm@p‘ﬁﬁt@gége &r%lcr&aw‘fe_é hg secgnd
[0071] Thslymdt b Pim\eOokpdridn@he E&Q'&b&eﬁ}a{eV&Bfﬂei, WHRAB RS 1O Nrifdee ?H&g{ of

phase (oil-to-water ratio) refers to the .volunetric ratio of volatile

organi c 8! firefrmohmeer\pitesrthysdppyeang b oxerall engray pf thegpistera. Tlag third aplyehepthat
di vi di ng; i i

et er . CRealf e Rt itogfer BBk i KBRSy I8 (HOLABRY By, or
pol yB@r , cayist ascobas faetiandate modripedset ovithirf the tfirdt laed/or the se@qd ipolydhef.dhe third -
evaporation of the solv as.wel | . bi l.i.t.y of the polyper .10 .
Phases. | OB A0S SR o itTpRtfies BY dotih e, Stheraieh oPoiie groippasticte
m cropar téghigmgl ekt &ar séphd Istgyaex@,era@adom%)mas otRiUBE etheahd dSdamically
m cropartigcle, the oil-to-water ratio _can be-fromabout 0.1 to about
0. 005 v/ ynfawerehieasther rrcsto Fontdnues ¢ Butidbrsidugt Golxent  is oremovedn aBeutwhich
0.1 to ahpubndidf83e ¥rhedOr from about 0.08 to about 0.03 v/v or from
about 0.07 to about 0.04 v/v. For the triple-walled and

quad?upl E048] | eds Wesaribpd rhefedn, emicrapacticlest foomed oot at solhwionr gpmsisting of three
still/w iffgengﬁ aqu%ouzyng)r}ase LS ch%ﬁ@n suc thai) the volatile 4
organi ¢ SO Bt THR PaiPRy EBT (BT 82752 { e'éﬁ'l?é LETHEBRE W&%@"ﬁh%%e’ P dée
resul t ofaytmendno@lr Res vdiht &ich Ayt dbBnedt fi€mtd diffetentgblydttraAlernatively, the
quadrupl e-wal | ed structures are kinetically entrapped in,

non- equi F?%??%lﬁﬁoﬁt?f‘?’%?%& Hemhake 4 drublrolayered SEWHNTEs CHRPTAEIS hgare and outer
sufficie ' AN ' [ :

ace 1 at 1ot S AOFITR okntd B0RLe HARAR PRl oA il T peol pRACIES of
pol y3fer . theehiGepelymet withiniibe ficsk ymddor seharskpdlymemn Fhe nicroprticles foamed can also

N1 OMer RS SIgTB1sh D5 M e b B AL S ROLUERY R RRE p e

within the first polymer.



WO 2010/ 140987PCT/ SG2010/ 000215 21 refers to the phenonenon in which
a polymer which originally forns the core of a particle reconstructs
itself togLMoAssdae! | over the original shell-formng <
whi ch now ?orms the core instead, i.e. there is an i nve?ﬁ%ﬁﬁg?m({az{g
core and shell material. [0074] For ex | e, core-shell inversion can
take pl ace through a change in the pol r 5 mss ratio if the '
pol ymer solution is prepared above the cloud point of the polyners
and at al(06gh plikewpes mtoenerticdeselormed fowta soluivinmygnsistingeo Hfounditlorent types
t heory, [} | i that [ | ut Lirsin

| east ¢ ne bR PR hEKER & BT 0ER skl obhor BB RO IR Bk taer
sol vent &rsl enidutexl layerpovitheghch rdyer sfvrradi dons a alifféremupslgmpr asleerndt ivelye the
is no preferential .distribution of I r in formng an interface
with t he SGPPAUFEH F?_éms% GRbASO B3R P SRRETRYSIE) SO ROBPHERE SOyt Biddle
Thi s pr efa9eeitid 2 oﬂbrslh{/érpéﬂch(?%(e?fforﬂf&d}’ﬁﬂ%ﬁ aCBfTere A IRhAC SndWathtifkerspersed
presence of hydrophilic or ‘hydrophobic groups on the polymer, whereby
pr esencep#ticulptes mfdthspiturihc pghyeep withinhghep epxenemiddlen an/any auikes  [ayéry ke

towar ds LF . 0, e ' resu [ .
pol yrer PhropiabBlmABLEHD Ao laiohd et W31 bk BolRr yrming
total comcertandtisenndbolyoiey ferminga sdeendialer amhintesspprsed pareidulatedof the keird
cl oud po;@tr of . the 15 pal. r and at a(rigg’ﬂ% ipitationraftge,dthe
pol y mer o2 Ut Aot gV he. st ARSToCarsPRY BPIVERT- Ut PiSERRAFSle Tyghed can
therg i Salsdbife 4 GinER! laydre® stantur@DRith iihtkrspelod pRtifiIabs 6PMeaRESRE ke afd
t he pol y%h;(;gﬁe%%g%mbggﬁgggwég;ul t i nhhl gh vi SFOEI ty of solution)
of the p ieve their equilibriumstate. ,
Ther ef or C LN Y&, [ Qi il i.gi-nal

mat eri al ﬁjgggyf o‘?gnqothﬁ}éélg’o?g?ﬂ g- gégtE he oF ?glﬁ%a(foq@cggggrfgfcé%{éé l@%n‘)f?&c}){rﬂr#em
t he shel polgder types Withindhkapptide cEx haptremed 3The {@digtiatios of flwanwnipadiie, he.

Surtact AP G SR e o B BB U Bagon e rfe

anphist er which Utheapblgmier hasanicedleste, atid f @at 88t confrolléd i 3N iparasibtdraCduait as
a noni oni c surfact gnt or. . rin xiures tih_ereof .. Dependi ng_on the pol yners
used, th¥nSERTaLeR ohfhe myitial pofymass selutive, Biesipitaion 1te of e iphmpsrcyygiem and
f or ned. 8046k ridi tion of an anionic surfactant can render the
surface of the mcroparticle negatively charged. Exanples of an

ani oni ¢ [$0¢3lactHretconeentiatien atithe witiel polemercrolutionirefers to dhe enticemtration of the

| f at ’ ' . f 3 i ' .
ol yoo | thachplr SRR RAARE oM AR v RCHRE, Fidfhianuprion gg e

al |l &d sinitfahpelysat saiuticochnibe dabuiatedbys dividitgetheabtaldunb efipelpmers used by the

sul fonate, soaps, fatty acid | t rom res thereof. 30.[0077]. .
Addi 1 or BFE8 OL S S5h PRI s VR ) I pob afToeh iieie” Bl OLRSTR I i gilsied
M cropardoh@iod ¢aaSiHabe/Sdpdratd1ay @fth a@ﬁﬂﬂ@éﬁﬁedoﬁﬁ@olﬁa@ﬁdianr& féed b afdlBphase
can include, but are not |limted to cetyl trinmethyl amonium brom de
(CTAB), ‘atsaraiticde ihe g1t (nojyesTusebiionfop@isatien coupprising at least three different
2010/ 14 / ) j ' :

or o de DURE) e ety Lo ) R as s Poe (5 S RBP LR S point and
tal 125w drelave theGRAaNd daxiageiot| o canebd pbavmtin secopl chud gregudf theapodymer
benzal kon'b%m chloride (BAC), benzethonium chloride (BZT) and m xtures
t her eof S[0 "?g] Exanpl es of a nonionic surfactant can include, but are
not i mieedit o Mwl &ampherts, fobmak kiginafo Euéset&mibeaweaye% ingiedopaficR{ ¢ @sidal
gl ycol nonohexyl ether, ol (PVA), copol yners of

Po[yvrn | alco
poi y( et BALERE |ltiga Fongss fﬁéﬂ%ﬁ%@ﬁ%’@ﬁ@b@(ﬁéﬁt, loweynedtigr can de Griyeen the

nonohexaffﬂ.gp &hiet i - Ok gl i
monodecy eﬁ?er , C O%lgﬁtlk’l F %ilgt %&%&3@% %?BEAF&C%C a%ﬁd é@% g? %{‘% ijﬁgée
al c@fol griple layertmicrepartinkey thefinitial polpmexsnigion, copcdnyratiory tandbecabivot tHeR¥A)nd

has beenckl)JuSde goigl{) of Ehaeb}gélﬁgr go Stion, (‘};O(I?SCQQI%{)I%,_ onygrgll 8 r&hat%%al’yoggagsle four layer



25 content). In one exanple, poloxanmer 407 (P407) (= Pluronic F127)
or F-188 or L-63 or m xtures thereof can be used. [0080] Exanpl es of
an anphot egj rf@actant can include, but are not limt d
bet ai ne, g\g %8%%58%9d| mer capt opr opanesul f onat e m)nohydrgt('ille‘),se%‘{)iQg@gr3
di met hyl am ne oxi de, cocam dopropyl betaine,

3-[N, N-di met hyl ( 3- pal mi t oyl am nopr opyl )1§rrrmni o] - 30 propanesul fonate,
coco anpho glycinate and m xtures thereof. [0081] Reverting to the

| ast st eprierbpartielentbe higtialgfolyhes sohwientcparentrativinsis faborad the thitds¢lowd paint of the
m xed at ! téirgoa}]lgl.oenterrper ature or under vacuumto allow evaporation

of the opg AIESL8Pent . WO 2010/ 140987PCT/ SG2010/ 000215 23 After
evapor at {@s4pf The choicw et initidl eporaéropaickhtedtivn Epandie of &thé INifcdgied o@inBe
washed before storage. [0082]1n a second aspect, the present | .

i nvent i oROWE¥E selutigft andyiherqloddaprinteet PRIKPERHEr oMW o8- dBE gﬁfﬁeanms@’ as used
met Nogl OfierbiG e RESHARS inkdY A Rt ofFGHnid I !atri'le'alsﬁ'\é%g%. B GERRF faiPunder
conprising a 5 target subst-ance, the nmulti-layered mcroparticle can
be degr adither shea stiessconfensile grededefosngion and chm bs andabered asiggta viscometer.

b - "d de" d h ' fers to b Ki d
of o ity Bt b0 o ARIeRROERATHE R0 iRah B X BR5p I Rhins

can t akeagel sioetetind@rhacerd &iwer cendbnty a0 SentBglehwath dNMRRtRdrURnerally a low
abrasion, pH,. ionic stren%'éh, el ectrical voltage, rrent effects,
0 sﬁjﬁiém

c L eCl,
radi at i offOHIahi HEY; REAYMFFekglls fha %‘nﬁ@ﬂ‘il%m%ﬁ’aﬂé’g?oé‘ﬁé’ﬁc%fyowheﬂ
the 19 MagHEN ilaoieb@IW iR WAL W Boufia by TRed?Rlit AbelidNA!RA of b ABir

0
few seconds to a few days or nonths. The tine period required for

m cr opar pelgmer cencaigmtisne ability dlethdmodrmrsnto owva andwoplasceneitie their fegpective
exanpl e, %I‘Eaggsa%és e R0 bR G dLEE gf%{sé]desﬁkﬁf tﬁgag) Sy s%?ﬁ&i?n.ofhi? 9%:)’ AT 1{1)1]_?

and targ ance used, size croparticle, tenperature,
and pr essiuinreparfi€le 8Glidtreaw it no distinpiivet layérh eAqoedingly, innudert tocthiceé @ msnlti-

to a pharjymaceutical. conposition 15 conprjsin multi-layered . .
i cr opar PHRGF BLGBPRTiHE By aleHatrBe SHer asdRLe Bt Vst alon O Foud peint
enbori megdnSse G428, TRIRASikRRy ©8 thefo 1R RMutRh dahire®iltad grddtedd rodIRlydf the
havi ng a desired shape, and_then hardened to-forma matrix_having

m cr opar PAlEWES i soptiesetikendeeths. lowhdowbpying of theaprlimgr safetion ean/feagt in
only the,gtar Bﬁ}ara?féﬁ%tf%ﬁ%lyﬁ%riﬂfsgﬁlﬁon & SW ?dtﬂg%lﬁﬁér%ﬁ& Mége. when

S i ti
target substance such as fertilizer or pestici can be ac |év
al ong wi thh solvgutadatteniois high. Therefote, pbh loveviscosity asbaivve dbodipoiene3he pdlgmer

conpositiQn.is ted to _be.deli.yverable to a site,. h_as a def.ect
o ror " oo oRe % Sah mRiRD SRR RMuelsipdoMeS R ¢ RBpily S con
di r et | ycdaldsee awith ttheir StiSPectise apltheéseahorsi teadily,n tikrgbdt ifemiing Whemeltitglase -
pol ymer can har.-qen into a matrix having mcroparticles dispersed
t her ei n. T™RPARGIG FIIZUIANORE 1 odegr adabl e. Therefore, a sustai ned

rel ease @esNe kalilOL aPHRSIANRat dHRGENGD1Id AFstein BofBridid 4IRS
W t h degfrmgda]{]i on éf tﬁgﬁgSgpol yners. [%%ggl]sThZSti nventlﬁ%%qé] } t §pe00E
2

i || ust rapqlysery cgegesuitia e difewnh visegsity @nd slsiugd nednteauted ot cogtescense of the

absence [y ' i b .
poci {1 carriyy BFRRE s & BHR Sl hichiRlord (kR Tndlbre, in
" cordir i ssonge' embadimentsli agplilti-plose tcmpargile cet also shadidedngingeadultiple-polymer
expansi vel y and V\,i.t.hout1 lim tathi on. Addi tj ona IE}/ . Lhﬁ terns and .

expr essi BE %ﬁ%@w polymers with a low viscosity an high cloud point, and in some

embodiments, a multi-phase microparticle can also be obtained using a multiple-polymer

system comprising polymers with high viscosity and a low clouél point. _

[0066] In one illustrative embodiment, PLLA, PLGA and PCL having a mass ratio of
30  3:2:1 are used. When DCM is used as an illustrative solvent and the initial polymer solution

concentration used is 2 % w/v (which is less than the first cloud point of 3.75 % w/v in

DCM), a double layered microparticle comprising a PLGA core and a PLLA shell is formed.



30 herein have been used as ternms of description and not of
limtation, and there is no intention in the use of such terns and
expreSS|on@0q%uﬁmﬁhydlng any equival ents of the featuresc$88¥M08009:5
described or portions therecA but it is recognized that various

nodi fications are possible WO 2010/14&287PCT/SG2010/000215 24 within
t he scope of the invention clained. Th it shoul d be understood
that al though the present invention has been specifically disclosed

by pref ePkédisedisnsiereas partiondatopin both the &Gk eore andiPLLAaslen withda higher -
variatio | | t e h [

resort edg?lgc,e B%Q o%\éﬁgki ﬁl eﬁﬂ&? hcggear‘?%n k Fﬁtaat? sﬁg i r%tl) % g(t,%gtaig%l@er

and var i séliidsused és Eowst adelr ®th W& (pdiohi eﬁ*ﬂbﬂ%&gtkﬁdﬁ;ﬂ&nﬁiﬁse&oh& gloud point of
i nventio 085] The i nvent has, been descr| be roadl y. and

generi caB{@?[’% ]a ‘E]E}E/ad’f{vcﬂ » ASPPYG Ay eEssRIcEpattifle campyisinerg RLGA core

gr oupé Nggnd ﬁ'P‘LID!Q sﬂent ial Brhde FIINR! digpetied %%ﬂmﬁéssa ﬂo@ﬁ MePRLEGAord B

i nvention. This includes the generl ¢ descri ptlon of the invention
with a pr&AsﬁéielkrwmgatghWeoqmmtt@on gﬁPEJbmmqﬂmw@ummthmmaépolymer

f th ter alo o
o L AgaPont ARG 858 2R R M A XELAE B TR B %
the foll GW Img)@M)J mesdistirgt Biger folmationiingbseradpTias carl e duddb highrviscokisrof the
f eat ures o1 cts 0 rpquitnvemiﬁn are des nter

[ f
o o B R S bl ¥ ot el Emiand R BT i 4 ol pcoslesce

i nveng i oy fobmAistifetiPBBRYayepscri bed in terms of any individual nenber.
or subgroup of menbers of the Marlcush group. 15 EXPERI MENTAL SECTI ON

[0087] ENARPIl e The spncentratios off thedwijiropglymer selutien gest alyo (uHivence the size of
: 22{ : gsl:xgl éé‘i)@ﬁ@?lla E&fg’lg%{ dG%beg%gj ??&E@;@Gﬁ?@&afo gk‘ Mlégﬂtl?l rP\?lymer solutlon results

pol y(capmcﬁ)anatme))fa(m@tr siZOmitiapaiticte) and pol y(vinyl al cohol ) (PVA, MV
30 - s used .t.hout furt r|f L on.
proper 1 KOOBE ¢ FEF SonyazpdcH e IhrAidie i, 8 Pt b, ooy the
Hi ghtPer pretiphati fatdof the@uipnat Seemp Mhe pridigdation aste raeedwioqnae ¥ete i Rhich
(DCM and Tetrahydrof ran. ( THF) Ted| a_Conpany Inc.) were used as

sol vent sSOlugat jsgemp TG@‘B@P‘T‘&‘BP el ypicaply,) & § p{?g@&aqlqp ke L e tSIRYer rate at

which solvent is removed results in a mu}tl-phase microparticle as there is a greater amount

of time and mobility for the polyrhers to coalesce to form distinct polymer layers.
[0069]  The. precipitation rate is dependent on the initial polymer solution concentration,
20  stirring speed, and ratio of oil phase to aqueous continuous phase. Generally, a lower initial
polymer solution concentration results in a lower précipitation rate as the amount of solvent
for removal is greater. Without wishing to be bound by theory, it is believed that a lower
initial polymer solution concentration provides a longer period of time and greater degree of
mobility (as a result of a lower viscosity of the solution) for the polymers to reconfigure
25 themselves according to thermodynamic equilibrium as determined by changes in interfacial
energies of the components during solvent extraction.
[0070]  Generally, a lower stirring speed results in a lower polymer precipitation rate.
Stirring speed as used herein can have a range of between about 150 to about 2000 rpm, such
as between about 150 to about 1500 rpm, or between about 150 to about 500 rpm. Generally,
30  a lower stirring speed than 150 rpm could result in an insufficient shear force for forming the
emulsion .droplets. A higher sturring speed can result in a smaller microparticle, A stirring

speed exceeding 2000 rpm could result in insufficient coalescence of the respective polymer



Pol ymerintrinsic viscosity (dig" )M (gnor )* PLLA2.381.64 x10

PLGAL. 185x104 PCL10.7 x104 25 *Nunber-average nol ecul ar wei ght as

det er m nedyby:ofdBligdger Meati on chromat ography (GPC). [ 009Q¢tEsATRLG2E
Pol ynmer cl oud point determnation W) 2010/140987PCT/ S&G2010/ 000215 25
[0091] To determ ne the cloud point of ? pol yner, i.e. polyner

sol ution concentration at which one po 9ner becanme i mm scible with
the other two polyners, a mass of 0.3 g of the three polyners were

wei ghed B8Basss & #ipsuly ofithedhgh precipsatipm ratep Im ogepgmbmdimentye strong spepd of 2000

0 i . 5
(0 gy il vl SIREPARRCHS R e AR boBiokt il fycibotiler Bttt
t er nar y- pbly per(sesallsotE:amplasS)tcompated &ns triple-tgeted naunlt2Phasefthicoppadicktvetdch
l'i nd d.all t | £ di sturbed i hoad at
Farpor at B e chasett Sl mBa pitie et arLRT entse AAme L uti on
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sol ution was added to a PVA aqueous solution of 0.5% (W v)
chains do not have sufficient time and mobility for reconfiguration.

[0072] The polymer mass ratio refers to the mass ratio between different types of polymer.

20  Generally, the polymer phase in solution which has a higher mass forms the outer shell that

engulfs the polymer phase that has a lower mass. Inthe event that the mass of the polymers

used is the same for the polymers, the polymer which forms the higher volume can form the

shell. Therefore, for a core-shell microparticle, mass ratio of the shell polymer to core

polymer can be made large enough to ensure that the shell polymer covers the core polymer.

25  Thickness of each polymer layer of the microparticle can be controlled by varying the

| polymer mass ratio. Typically, a higher mass of polymer results in a thicker layer of the

polymer in the microparticle. Accordingly, the polymer mass ratio can be of any suitable

value, which is dependent on the desired configuration of the microparticie. In one illustrative
embodiment, a polymer mass ratio for PLLA:PLGA:PCL of 1-3:2-3:1-2 is used.

30 [0073] Different configuration of microparticles such as core-shell inversion can be

achieved by varying the polymer mass ratio, which can in turn be dependent on the cloud

point and precipitation rate of the polymers. The term “core-shell inversion” as used herein
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Sti rri nghighauecipiasion rate Wﬂ@‘“&\h‘ﬁ@hmgév ibg bpand, e theas 4t is delievedithat When the
PLGA /Pl TOhBH YoRpRSHg 411648 MaBe Biff BRAFAhEs (Rsolved in a volatile organic
solvent is initially poured into an aqueous continuous phase, there is no preferential
distribution of a polymer in forming an interface with the surrounding aqueous environment
10 or with other polymers. This preferential distribution of polymer can take place due to
presence of hydrophilic or hydrophobic groups on the polymer, whereby presence of the
hydrophilic group on the polymer can draw the polymer towards the external aqueous phase,
and which can result in the polymer forming the shell of the microparticle. Therefore, when
the total concentration of polymer in the solution is prepare& about the cloud point of the
15 polymers, and at a high precipitation rate, the polymers are entrapped in their non-
equilibrium configuration as there is insufficient time and mobility (due to high concentration
of the polymer solution which.can result in high viscosity of solution) of the polymers in
solution to achieve their equilibrfum state. Therefore, by controlling the polymer mass ratio,
the original shell material can form the core, and the original core material can form the shell
20 (see for example, Example 13). -
[0075] A surfactant can be added to stabilize the microparticle containing emulsion. The
surfactant thus acts as stabilizer and can include any one of amphoteric surfactant, an anionic
“surfactant, a cationic surfactant, a nonionic surfactant or mixtures thereof, Depending on the
polymers used, the surfactant can influence the size of the microparticle formed.
25 [0076} Addition of an anionic surfactant can render the surface of the microparticle
‘ negatively charged. Examples of an anionic surfactant can include, but are not limited to
sodium dodecyl sulfate (SD_S), sodium pentane sulfonate, dehydrocholic acid,
glycolithocholic acid ethyl ester, ammonium lauryl sulfate and other alkyl sulfate salts,
sodium laureth sulfate, alkyl benzene sulfonate, soaps, fatty acid salts or mixtures thereof.
30 [0077] Addition of a cationic surfactant can render the surface of the microparticle
positively charged. Examples of a cationic surfactant can include, but are not limited to- cetyl

trimethylammonium bromide (CTAB), dodecylethyldimethylammonium  bromide
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(D12EDMAB), didodecyl ammonium bromide (DMAB), cetylpyridinium chloride (CPC), '
polyethoxylated tallow amine (POEA), hexadecyltrimethylammonium p-toluenesulfonate,
benz.a]konium chloride (BAC), benzethonium chloride (BZT) and mixtures thereof

{0078]  Examples of a nonionic surfactant can include, but are not limited to poloaxamers,
alkyl poly(ethylene oxide), diethylene glycol monohexy! ether, polyvinyl alcohol (PVA),
copolymers of poly(ethyléne oxide) and poly(propylene oxide), hexaethylene glycol
monohexadecyl ether, alkyl polyglucosides, digitonin, ethylene glycol monodecyl ether,
cocamide MEA, cocamide DEA, cocamide TEA, fat‘fy alcohols or mixtures thereof In one
example, polyvinyl alcohol (PVA) has been used to stabilize the microsphere emulsion.

[0079]  Poloaxamers, such as F127, are difunctional block copolymer surfactants
terminating in primary hydroxyl groups. They are composed of a central hydrophobic chain
of polyoxypropylene (poly(propylene oxide)) flanked by two hydrophilic chaiﬁs of
polyoxyethylene (poly(ethylene oxide)). Because the Iengths‘of the polymer blocks can be
customized, many different poloxamers exist having slightly different properties. For the
generic term "poloxamer”, these copolymers are commonly named with the letter "P* (for
poloxamer) followed by three digits, the first two digits x 100 give the approximate
molecular mass of the polyox&propylené core, af:d the last digit x 10 gives the percentage
polyoxyethylene content (e.g., P407 = Poloxamer with a polyoxypropylene molecular mass
of 4,000 g/mol and a 70% polyoxyethylene content). For the Pluronic tradename, coding of
these copolymers starts with a letter to define it's .physical form at room temperature (L = -
liquid, P = paste, F = flake (solid}) followed by two or three digits, the first digit(s) refer to
the molecular mass of the polyoxypropylene core (determined from BASF's Pluronic grid)
and the last digit x 10 gives the percentage polyoxyethylene content (e.g., F127 = Pluronic
with a polyoxypropylene molecular mass of 4,000 g/mol and a 70% polyoxyethylene
content). In one example, poloxamer 407 (P407) (= Phluronic F127) or F-188 or L-63 or
mixtures thereof can be used.

[0080]  Examples of an amphoteric surfactant can include, but are not limited to dodecyl
betaine, sodium 2,3-dimercaptopropanesulfonate monohydréte, dodecyl dimethylamine
oxide, cocamidopropyl betaine, 3-[N,N-dimethyl(3-palmitoylaminopropyl)ammonio}-
propanesulfonate, coco ampho glycinate and mixtures thereof. _
[0081]  Reverting to the last step of the method of the invention, this final emulsion is

mixed at a suitable temperature or under vacuum to allow evaporation of the organic solvent.
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After evaporation of the solvent, the microparticles can be centrifuged and washed before °
storage.

[0082] In a second aspect, the present invention refers to a multi-layered microparticle
obtained by a method of the present invention. For a multi-layered microparticle comprising a
target substance, the multi-layered microparticle can be degraded at a site of intended usage
to release the target substanée. The term “degrade™ as used herein refers to breaking down of
the multi-layered microparticle to smaller molecules. Degradation can take place under
certain conditions, such as temperature, abrasion, pH, ionic strength, electrical voltage,
current effects, radiation and biological means. In some embodiments, degradation of the
microparticle can take place over a time period ranging from a few seconds to a few days or
months. The time period required for the microparticle to degrade can be dependent on a few
parameters, for example, constituent of the microparticle, such as type of polymer and target
substance used, size of the microparticle, temperature, pH and pressure.

[0083] In a third aspect, the present invention refers to a pharmaceutical composition
comprising a multi-layered microparticle obtained by a method of the present invention. In
some embodiments, the composition can be poured or injected into a mold having a desired
shape, and then hardened to form a matrix having microparticles dispersed therein. The
polymers can degrade, leaving only the target substance. Therefore, a sustained release of the
target substance such as fertilizer or pesticide can be achieved along with degradation of the
polymers. In some embodiments, the composition is adapted to be deliverable to a site, such
as a defect site, in an animal or a human body. The composition can be injected directly into a

site, such as a defect site, in a patient, where the polymer can harden into a matrix having

‘microparticles dispersed therein. The polymer can be biodegradable. Therefore, a sustained

release of the target substance, such as drugs, can be achieved along with degradation of the
polymers. _

[0084] The invention illustratively described herein may suitably be practiced in the
absence of any element or elements, limitation or limitations, not specifically disclosed
herein. Thus, for example, the terms "comprising”, "including"', "containing”, etc. shall be
read expansively and without limitation. Additionally, the terms and expressior-ls employed
herein have been used as terms of description and not of limitation, and there is no intention
in the use of such terms and expressions of excluding any equivalents of the features shown

and described or portions thereof, but it is recognized that various modifications are possible
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within the scope of the invention claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred embodiments and optional
featufes, modification and variation of the inventions embodied therein herein disclosed may
be resorted to by those skilled in the art, and that such modifications and variations are
considered to be within the scope of this invention.

[0085] The invention has been described broadly and generically herein. Each of the
narrower species and subgeneric groupings falling within the generic disclosure also form
part of the invention. This includes the generic description of the invention with a Proviso or
negative limitation removing any subject matter from the genus, regardless of whether or not
the excised material is specifically recited herein. '

[0086]  Other embodiments are within the following claims and non- limitirig examples. In
addition, where features or aspects of the invention are described in terms of Markush groups,
those skilled in the art will recognize that the invention is also thereby described in terms of

any individual member or subgroup of members of the Markush group.

_ EXPERIMENTAL SECTION
[0087)  Example 1: Materials
[0088]  Poly(L-lactic acid) (PLLA, intrinsic viscosity/IV: 2.38, Bio Invigor), poly(DL-
lactic-co-glycolic aqid 50:50) (PLGA, 1V: 1.18, Bio Invigor), poly(caprolactone) (PCL,
Aldrich) and poly(vinyl alcohol) (PVA, MW 30 - 70 kDa, Sigma-Aldrich) were used without
further purification. Properties of the polymers used in this study are listed in Table 1. High-
Performance Liquid Chromatography‘ (HPLC) grade Dichloromethane (DCM) and

“Tetrahydrofuran (THF) (Tedia Company Inc.) were used as solvents, as received.

[0089] Table 1: Polymers used in the study

Polymer Intrinsic viscosity (dlg™) - M, (gmol ™ )*
PLLA 2.38 1.64 x 10°
PLGA _ 1.18 . 5x10°

" PCL ; 10.7 x10°

*Number-average molecular weight as determined by gel permeation chromatography
(GPC).

{0090]  Example 2: Polymer cloud point determination
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{0091] To determine the cloud point of a polymer, i.e. polymer solution concentration at '
which one polymer became immiscible with the other two polymers, a mass of 0.3 g of the
three polymers were weighed according to a mass ratic of 3:2:1 (PLLA: PLGA: PCL). To
prepare a 2 % (w/v) homogenous polymer solution, PLLA (0.15 g), PLGA (0.1 g) and PCL
(0.05 g) were dissolved in 15 mL of DCM. The temary-polymer solution was then transferred
to a 20 mL graduated cyliﬁder and allowed to sit undisturbed in a fume hood at room
temperature. When two distinct phases became apparent in the solution due to polymer phase

separation as shown in Figure 20A, the volume of the solution was recorded by reading off

the scale on the graduated cylinder. Phase separation of PLGA was detected when a distinct

yellowish liquid phase was formed. To determine the polymer i.e. PLGA, PLLA or PCL in
each phase, the polymer phase that is extracted using a syringe can be analyzed by Fourier
Transform Infrared Spectroscopy (FTIR).

{00921 To further conﬁrrn if the polymer solution is prepared above the cloud point of all
the polymers, the solution is centrifuged at 3500 rpm for 10 minutes. If three distinct layers
are observed, this implies that all three polymers in the solution become immiscible above the
cloud point. This is shown in Figure 20B, which is a pﬁotograph showing PLGA/PLLA/EVA
solution at 7.5 % w/v. The clﬁud point of the polymer system is 5 % w/v. Similarly, four
distinct layers can be observed for a four polymef system as shown in Figure 20C, whichisa
photograph showing PLGA/PLLA/PS/EVA solution at 13 %w/v. The cloud point of the
pelymer system is 12 %w/v. |

[0093] Example 3: Fabrication of microparticles -
[0094] The PLLA/PLGA/PCL composite microparticles were prepared using an (O/W)

‘emulsion solvent evaporation method. The three polymers were first dissolved in DCM. The

resultant polymer solution was added to a PVA aqueous solution of 0.5% (w/v) and
ermulsified using an overhead stirrer (Calframo BDC1850-220). Evaporation of DCM will
give rise to phase separation of PLLA, PLGA and PCL, to yield ternary-phase composite
microparticles. Finally, the microparticles were filtered, rinsed with de-ionized water,
lyophilized and stored in a desiccator for further tests, | _

[0095]  Microparticles with different configurations were prepared in the same manner by
altering the starting ternary-polymer solution concentration, stirring speed, oil-to-water ratio .
and polymer mass ratio. Table 2 summarizes the process parameters used in the solvent

evaporation method to fabricate different configurations of ternary-phase microparticles. A
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reference ternary-phase microparticle (Particle R) was fabricated for subsequent comparison
with other microparticles.
[0096] Table 2: Parameters used to fabricate the PLLA/PLGA/PCL composite
microparticles _
Polymer o
. Stirring Polymer mass ratio
, solution Qil-to-water
Description . speed )
concentration ratio
. (rpm) . PLLA /PLGA/PCL
(% wiv)
Ternary-phase reference 0.15g | 0.1g | 0.05
] P . 6 300 - 0.02 5 s 8
microparticle (R) 3 0 2 1
7
B ¢ , 7 0.15¢ | 0.1g | 0.05¢
ect of starting polymer
. EP ym 300 0.02
solution concentration 6 _
3 2 1
10
130 0.15g | 0.1g | 0.05
15g 1 0. )
' 300 & 8
Effect of stirring speed 6 0.02
400
3 2 1
500
o1 0.15g | 0.1g | 0.05
Aog 1 Vg Uog |-
0.03
. Effect of oil-to-water
) 6 300 0.02
ratio
0.0125 3 2 1
0.0083
0.1g | 0.15g§ 0.05g
2 3 1
Effect of polymer mass 0.05g | 0.15g ] 0.05
? ym -6 300 0.02 & & 8
ratio 1 3 i
0.15g | 0.1g | C.1g
3 . 2 2
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[0097] Example 4: Characterization using Scanning Electron Microscope (SEM}

[0098]  Surface and intemal morphologies of microparticles were analysed using scanning
electfon microscope (SEM). The SEM used was JEOL JEM-6360A, which was operated at a
voltage of 5 kV. Before analysis, the samples were first mounted onto metal stubs and cross-
sectioned approximately at the centreline with a razor blade. Samples were then coated with
gold using a sputter coater' model SPI-Module. The formation efficiency of the complete
engulfing structure was quantified by calculating the percentage of microparticles, embedded
in a polyacylic resin, which were double-walled compared to the total number of
microparticles in a field of view under SEM,

[0099] Example 5: Microparticle configuration or polymer distribution study using
dissolution method a ‘

{00100] The dissolution method based on the solubility differences of the polymers in THF
(PLGA and PCL are soluble in THF, but not PLLA), was used to determine the final

configuration or polymer distribution within the ternary-polymer microparticles.

[00101] The cross-sectioned composite particles were first immersed in THF, without
agitation, for 2 days to dissolve the PLGA and PCL contents. The cross-sectioned particles
were then collected for SEM aﬁalysis.

[00102] Example 6: Micropartiéle configuration or polymer distribution study using Raman
mappin _

[00103] Raman mapping was used as veriﬁcaﬁon of the final particle configuration -
obtained from the dissolution method illustrated in Example 5. Composite microparticles that

have been pre-sectioned were placed under the microscope objective with laser power up to

‘circa 20 mW. Raman point-by-point mapping measurements were then performed on the area

of 300 um x 200 pm with a step size of 5 pm in both the x and y directions using a Raman
microscope (InVia Reflex, Renishaw) equipped with near infrared enhanced deep-depleted
thermoelectrically Peltier cooled CCD array detector (576 x 384 pixels) and a high grade
Leica microscope. The sample was irradiated with a 785 nm near infrared diode laser and a
50 x objecﬁvé lens was used to collect the backscattered liéht. Measurement scans were
collected using a static 1800 groove per mm dispersive grating in a spectral window from 300
to 1900 cm™ and acquisition time for each spectrum was around 35 seconds. Spectral pre-
processing that included spike removal due to cosmic rays were then carried out first before

the Raman mapping data was further analyzed using the band-target entropy minimization
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(BTEM) algorithm. BTEM algorithm was developed in order to reconstruct the pure
component. When all normalized pure component spectra of all underlying constituents were
reconstructed, the relative contributions of each measured point of these signals were
calculated by projecting them back onto the baseline-corrected and normalized data set. The
spatial distribution or polymer distribution of each underlying constituents (ie. PLLA, PLGA
and PCL) was then generateé.

[00104] Example 7: Microparticle configuration or polymer distribution study using
Differential Scanning Calorimetry (DSC) '

[00105] Thermal analysis of the microparticles was performed using a differential scanning
colorimeter (DSC) (DSC-Q10, TA Instruments). To avoid oxidative degradation, the sample
and reference pans were purged with nitrogen at a constant flow rate of 48 mL/min.
Approximately 5 mg of each sample was heated from -50 °C to 200 °C at a scan ratel of 5
°C/min,

[00106] Example 8: Fabrication of ternary-phase reference microparticles (Particle R)

[00107] A reference set of ternary-phase microparticles (R) was fabricated for comparison

with the microparticles obtained using the process parameters as listed in Table 2. Figure 1

~ shows the SEM micrographé for R. Figure 1A is a micrograph showing the external

morphology of a R particle. Figure 1B is a micrograph showing a cross-section of a R
particle. Figure 1C is a micrograph which shows a close-up view of the internal morphology
of a R particle. Figure 1D is a micrograph showing a cross-section of R particles embedded in
a polyacrylic resin. '

[00108] Microparticle configuration or polymer distribution can be categorized in the

‘following ways, i.e. a) size of microparticle, b) relative size and position of shell, core and

particulate, and ¢) distribution of particulate in shell and/or core.

[00109] Using the micrographs, the R particle was found to have a size range of about 300-

400 pm. As shown in Figure 1A, the R particle is spherical with a smooth exterior surface. A

complete engulfing structure was observed as shown in Figure 1B. It was found that the shell
of the microparticle was less dense as compared to the core as shown in Figure 1C. Figure 1D
shows a cross-section of the microparticles embedded within a polyacrylic résin, which
confirms the observation that the microparticles have a complete engulfing structure.

Formation efficiency of this complete engulfing structure was estimated to be about 100%.
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20 respectively. Thermal properties of the pure poiyrhers and Particle R obtained from DSC

thermograms are shown in Table 3.

[00114] Table 3: Thermal properties of pure polymers and composite microparticle
obtained from DSC thermograms

Glass transition temperature, Melting temperature,
Polymers
Tg (°C) . Tm(°C)
PLGA 43 -
PLLA , 74 . 180
PCL - 60
PLLA/PLGA/PCL PLLA: 63 PLGA: 45 PLLA: 176 PCL: 52

25 [00115] The existence of two glass transition temperatures and two meliting temperatures

from the DSC thermograms, which are representative of the original polymers, implies that
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[00114] Table 3: Thermal properties of pure polyners and conposite
m croparticle obtained from DSC t her nogr ans Pol ymers 4 ass

transitiongyhegpefadsyre. Tg (C) Melting tenperature, Ex/schh I5
PLLA74180 PCL60 PLLA/ PLGA/ PCLPLLA: 63PLGA: 45PLLA: 176P%L gg @\ﬁ/\@; >

2010/ 140987PCT/ SG2010/ 000215 30 the polﬁrrers wer e phase-separated and
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second cI oud p0| nt), and 10 10 /Oggcf’lﬁ (above both ¢l oud poi nt’s)
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in the PL core for 2 % (wv). Wen the initial ymer sol ution

concent r aetiHatEadn thedildefs dayer, svhichygaulg by 2 %Hlf@f%e(wlv‘)’“ﬁsF@ﬁmtﬁmnxmg
Fi gure SBrapd with i %?dgetr'f“i A ’cogcﬁma'tegwoﬁierso&u?é bg‘d%gﬁ)@ratnhcéu?e?l its limited

remai ned doubl e-wal | whi ¢
mobility in' a dispersing PLLA phase, PCL also migrate to the outer region of the emulsion

droplet together with PLLA. Secondly, the faster solldificatlon of PLLA also means that the
15  time provided for PCL to further coalesce and migrate is reduced. Thirdly, the high molecular
weight (high viscosity) of PLLA and PCL, and lower PCL content in the system (i.e. mass
ratio of 3 PLLA: 1 PCL) may. élso hinder the coé.lescence and migration of PCL, leading to
smaller PCL particulates embedded in the PLLA phase. Further removal of solvent finally
caused PLLA to precipitate, forming a shell and trapping the PCL particulates inside, with
20 PLGA forming the inner core. '
[00123] Therefore, it is believed that one of the main factors in determining the polymer
configuration is chain mobility of the polymers in solution.
'[00124] Applying this concept on the polymer solution having an initial polymer
concentration of 2% (w/v), the polymers inside the emulsion droplets remained miscible until
25  phase separation of PLGA ensued at the ﬁrst cloud point of 3.75% (w/v). The high molecular
. weight, which leads to a high viscosity, of PLLA and PCL makes phase separation of PLGA
from PCL/PLLA phase more difficult. The surface tensions of PLGA, PLLA and PCL are
37.7 mY/m’, 36.1 ml/m® and 37.5 ml/m’ respectively, while the surface tensions of the
polymer solutions can be predicted from a volume-weighted average of the ﬁolymer and
30 solvent. The effective interfacial energies and thus the predicted thermodynamic
configuration will change as the solvent is evaporated. As calculated using the Good and
Girifalco equation (see for example, Girifalco, L.A.; Good, R.J. J. Phys. Chem. 1957, 61
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Grifalco equation (see for exanple, Grifalco, L.A; Good, RJ. J.
Phys. Chem 1957, 61 WD 2010/ 140987PCT/ SG2010/ 000215 32 904), the

surface tewg,lz@{hlgtws?LGA and PCL are nore simlar conpar ggT,tS@nPM,ﬂQ,zp@d
PCL. Therefore there is lower interfacial energy between PLGA and
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10 effect on the double-walled configuration of mcroparticles.
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250 nth ccht;tdi@oﬁ&VA aqueous sol ut| on, was considered to be a critical
poi nt . T& (‘3 tical S er' ved based on the anount of DCM used,
whi ch i s (PY39], Exampleltd: Effect of palymer mass ratio gn partigle cppfigurations i on and

t ot al spoliygme) 2@%@@} aréhpmﬁlc?tfgr%ldf{ﬁﬁc?gsp P&P%H% apdr ASPLGA:

different for dif ent solvent used. At oil rati o greater
t han t hi $Cr irasscratio wdi(Ad 2: Bhé, (KAt br3:denn@gE) 1:s3: rleIFagurvélBy 9Doand ke the
results g

o} f o f t
causing a g?noi\?v)epc\rgg%%%l |éc%?1§%o Qg%%i g%el%r?gﬁ:slg&% fgsg({ra 3%&?‘? S‘F?%hmon
PCL coacevithakIF.dr opl ets, which were observed to be | arger in SI ze
when a | ol.unme .of . PVA aguepus so ut| was used, si nce t have
more timds7h Eﬁ’éﬁlé‘?c%g“r‘fseéﬁ%& Serycighttin g ighe gress ffers in the
renoyel plaAaRSHlutioRereSiIRlth LEMMPE 1P the! REBaNI Hide Qﬂﬂé’&nﬂ)éﬁﬁg@gaﬁﬁ%tes and

PLGA coacervate dropl ets. nore hydr.ophobic than PLLA
PLGA expdaaensiens pEthicarreand shelt spieture.dor gxamplervgreatcomparingbeteeen Figure 1B,

22T (RIS O, O T, BORE 400 S ERhEHOL e

not | ocaFepiraPAs Whichenes PbEAt REGpaP(Lcinessbratio vh2: s ercosoft larger @am‘e&r

away from centr ondthe riti.c ter

he” amouftd relEgArler SRARER WG pftehusn” Bttt tov Al Ay PR EooR HLAA
fi nals copbre@iflapéraliarétePaid d PLEA. shell of Smpl0s $hiblkRss wae observed Ratio of inner
2010/ 140987PCJ/ SG2010/ 000215 34 that, when the aqueous _volune is too

| arge, DeMEYPlRsteoutshell Kelumgberams eveahichshyher Phl-A: PREAs P&Lemagsratio
sol vent xdnaRgdditoN: Baf §s Wisheeed fEE

beyond a critical e£0| nt. [00135] Exg&‘ildgyfgl@g%ﬂerélf&g%@%%@&% t%ac 5SS
rati o onrgsiaris clanged tni: |3g@fna!‘ ¢ Bk agd PBOowBEH UFﬂSgILHIéJQE RIr@ASERL mass ratio of 1:

h t
of () 22 5B T A ROBRESPUERRR YFPER Pk 5 Y e @ L
are 2he patipdetes HHheBLLAthemdi ng cross-sectional views of Figure 9A :
obcervod RGH 1k ABEMEOT  blod e, RS R e it SBuni il

st arti ngcsfposice Qxﬂcﬂb@&%bi@ aftér disHNARE SVt THIEN P DBNODSnd DFOthel SASI and
enbedded particul ates and. di nensi ons of the core and shell “structure.

For exanffT&, comnosition nyerei idgntifiadnae A LEAgard H@Avmsnsannmsma! thel ghell was
PLGA: P f
i gur o SPERRtG PR ghricitett. iftnfyior Bl A iRl WSt offebit for

of |&F gethedilﬁ"ﬂentepolamdr ghasd tatio$ usedalThés xstslu'rpﬁsngs&s #vhas bbserepered WY biher

a |l ower PLLA 15, cor er dianeter and a
AL e eEious: W iepr sl ks B citobes OB i vermi (e Glon LR e, for
vol une t@xamﬁl@rmbm evql melalesﬁmcﬁ; Ekkl&hﬁ'f 19@96%%53%7 PresfEC 6L a),
mass ratio i s Chan ed . . as cahn e seen in gure 9C si nce

the PLLASQusHPf Folfwé@ld (Ieiﬁrfé«)e $ﬁa§§er289$ 29ils13hdhgad M@smﬂotg A ¢t 3} Jogrnal
9E and 9§ C%l‘cﬁfédlf&@ 8 158+ li@?}béﬁ h esuﬁ%s 8%%@ ﬁi {)}( oﬁlerk dﬁjﬁg\(’)\(?/hen a

t hat anlncreaseln eamiunf 0 in t or mat o
| ar g30 Peha@tpohemeri mhhtainewas mitiéiey Pliréd sivel the PVA aqueous solution, the surface

tension of each of the polymer phases is about the same due to similar DCM content.

Therefore, the higher mass polymer usually forms the outer shell that engulfs the polymer



[00138] This observation is confirmed using the SEM m crographs of
doubl e-wal | ed conposite mcroparticles after dissolution with THF in
Fi gure 98, w@Doandofdfr, the shell and core conposition weperisdenbiobd:ed
as PLLA and PLGA respectively, and the shell was inpregnated with PCL
particul ates. Furthernore, core-shell égvery on was not observed for
25 the different polymer mass ratios used. This is surprising as it
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by changin io of different polynmers. [00140] Exanple 13:
For mat | of" y?r i’r"g%&cﬁg%‘%{? fr"Fbcroparti cle and its layer inverted

for m [ 00foblh2]Tabitge 4: wmg@rubm b1 tripd-WaNGBP LS AM TV ENVH flicAgpaticles

PLGA/ PLLALEVA triple- walled mcroparticle (EVA core PIIA middle

| ayer apd PLGA out er IcyerI) g and its | ayer

olymer L Polymer mass ratio
Stirring )
L. ' solution 1 Oil-to-water
Description ) speed . PLLA /PLGA/
concentration ) ratio
(rpm) ' EVA
(% wiv)
7.5

~(0.013

PLGA/PLLA/EVA | (socond clond
( 400 | @3somLpva | 028 | Olg 1 0.0%

(shell to core) point is 5% .
microparticles wiv) solution) 4 12 1
: 7.5 0,013
PLLA/PLGA/EVA ~0.
(cloud point of 0.1g | 0.2g | 0.05¢
(shell to core) 400 (350mL PVA .
microparticles all the polymer solution) 2 ] 4 : 1

18 5%w/v)




15 inverted formi.e. a PLLA/PLGA EVA tripled walled mcroparticle
(EVA core, PLGA niddle layer and PLGA outer layer). [00142] Table 4:

Settings uwecoimsbrm triple-walled PLGN PLLA EVA m cr opagktsdi8hoo21s
Description Polynmer solution concentration (%wyv) Stirring speed

(rp

PLGA/ PLLA/ EVA (shell to core)

10

15

20

QOl-to-water ratio Polymer mass.ratio PLLA/ PLGA / EVA
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[00143] Generally, the microparticles are prepared using an emulsion solvent evaporation -
method. The three polymers are first dissolved in DCM. After which, the resultant polymer
squﬁon is first ultra-sonicated for 1 min and was subsequently added to a PVA aqueous
solution (0.5% (w/v)) and emulsified using an overhead stirrer (Calframo BDC1850-220) at
room temperature (25°C). Evaporation of DCM results in the phase separation of PLLA,
PLGA and EVA, and trip]é—walled icroparticles are obtained. The microparticles were
filtered, rinsed with de-ionized water, lyophilized, and stored in a desiccator.

[00144] Figure 10A is a SEM micrograph of a triple-walled (TW) microsphere of ternary
phase  poly(DL-lactic-co-glycolic  acid/poly(L-lactic  acid)/ethylene vinyl acetate
(PLGA/PLLA/EVA), corresponding to the outermost shell, middle layer and core
respectively. Figure 10B shows pure component Raman spectra estimates and their associated
score images obtained via BTEM fiom the ternary phase PLGA/PLLA/EVA triple-walled
composite microparticle. Figure 10C is a SEM micrograph of a triple-walled microsphere of
PLGA/PLLA/EVA, in which the PLGA shell-has a larger t.hickness. Figure 10D shows a
SEM micrograph of a layer-inverted ternary phase PLLA/PLGA/EVA microsphere, in which
the outermost shell, middle layer, and core are PLLA,'.PLGA, and EV A respectively. Figure
10E shows pure component Raman spectra estimates and their associated score images
obtained via BTEM from the ternary phase PLLA/PLGA/EVA triple-walled composite
microparticle. _ '

[00145] Example 14: Formation of a four-layered microparticle

[00146] Table 5 summarises the settings used for forming a PLGA/PLLA/PS/EVA four
layer microparticle (EVA core, PS second layer, PLLA third layer and PLGA outer layer).

'[00147] Table 5: Settings used in formation of a. PLGA/PLLA/PS/EVA four layer

microparticle

Polymer solution

concentration . Polymer mass ratio

[% wiv]

13 ' PLGA PLLA EVA - PS
(cloud point of all the 0.4g 0.2g 0.1g 0.04g

polymerisIZ%w/\.r) 10 5 25 1




m croparticles - 7.5 (second cloud point is 5%wv) 400 -0.013 (350
nmL PVA solution) 0.2g 4: 0.1g 2: 0.059 1 PLLA/PLGAN EVA (shell to
core) m crwpgeoti/mb®es 7.5 (cloud point of all the pol ynmepckgc2ifmodkis

10

15

20

25

30

37

[00148] The polymers were first dissolved in DCM. Afier which, the resultant polymer
solution was ultra-sonicated for 1 min and is subsequently added to water containing a PCA
surfactant (0.5% (w/v)) with oil-to-water ratio of 0.013 and emulsified at 400 rpm using an
overhead stirrer (Calframo BDC1850-220) at room temperature (25 °C). The evaporation of
DCM results in the phase separation of the polymers, yielding multi-phase composite
microparticles. Finally, the lmicroparticles were centrifuged, rinsed with de-ionized water,
Iyophilized, and stored in a desiccator.

[00149] Figure 11A is a SEM micrograph of a four-layered poly(DL-lactic-co-glycolic
acid/poly(L-lactic acid)/poly styrene/ethylene vinyl acetate (PLGA/PLLA/PS/EVA)
microparticle. Shell to core configuration: PLGA, PLLA, PS, EVA. Figure 11B shows pure
component Raman spec{ra estimates and their associated score images obtained via BTEM
from the PLGA/PLLA/PS/EVA four-layered composite microparticle. |

[00150] Example 15; Formation of a smaller diameter three-layered microparticle.

' [00151] Temary phase triple walled PLGA/PLLA/EVA (core EVA, middle layer PLLA

and outer layer PLGA) with a smaller diameter of about 15 um was formed using a higher

stirring speed of 2000 rpm and higher surfactant content of 2 % wiv. The other process

parameters were the same as that used for PLGA/PLLA/EVA microparticles in Example 13.

As a result of finer emulsion droplets formed ﬁ'ozﬁ the stronger shear forces resulting, smaller
particle sizes were formed. _

[00152] Figure 12A is a SEM micrograph -of a triple-walled PLGA/PLLA/EVA
microparticle, corresponding to the outermost shell, middle layer and core respectively,

having a size of about 15 pm. Figure 12B shows pure component Raman spectra estimates

and their associated score images obtained via BTEM from the PLGA/PLLA/EVA triple-

walled composite microparticle.

[00153] Example 15: Localisation of target substance in microparticle

[00154] For the fabrication of Ibuprofen-loaded triple-layered PLGA/PLLA/EVA
microparticles, Ibuprofen is first .a(.ided to the polymer solution and the resulting sohition is
subsequently ultra-sonicated for 1 min to achieve complete hbmogenization. This solution
will then be poured into the PVA aqueous solution under stirring. The interaction between the
drugs and polymers (polymer-drug interaction) is the main driving force for the distribution
of drqgs. The higher the affinity between the drug and polymer, the stronger is the tendency
for the drug to be loaded into the polymer. During the fabrication process, strong affinity



400 -0.013 (350nL PVA solution) 0.1g 2. 0.2g 4: 0.05g WD
2010/ 140987PCT/ SG2010/ 000215 36 [00143] Generally, the

rni cr opar tweol2gy/@ng7pr epared usi ng an emnul si on sol vent egeaReiAbLMIS
met hod. The three polyners are first dissolved in DCM After which,
the resultant polymer solution is first ultra-sonicated for 1 mn and
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Fi gure E_shows pure conponent Raman spectra éstinmates and their
associ at #@ilet gpmposiggaicrenartisla cbhey putemrEiishelb rmiddie tayemang cotrass PLGA,
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Bxanpl o DieArad B ACatani e RIPRSL . e ibpny gt n
sunmar i sEYA trgesEgtreridd siopd phior conponent R 2andal SGAEPL bstiifafis B thedruassociated
| ayer mcroparticl A .« S second |ayer .. PL hird | ayer and
LA out S1OH A oBtaingd g P o B2 SABopRRE sl (3¢ ParSh Atfosmphor
PLGAL fLL &/tEnafyVphdse LG APRILATEVAORDIS-walléd Compomite mRrefakt®le. The outermost
~ shell, middle layer, and core are PLGA, PLLA,.and'EVA abundant regions, respectively.
Metoclopramide HC1 (hydrophilié) is localized m the PLGA shell. Figure 14D shows pure

component Raman specira estimates and their associated score images obtained via BTEM
from the microparticie. _

20 [00157] Figure 15 is a graph showing drug releése profiles of ternary phase dual-walled
PLLA/PLGA/PCL microparticles with mass ratios of A) 6:2:1, B) 3:2:1, and C) 3:2:2. The
shell and core are PLLA impregnated with PCL particulates, and PLGA abundant regions
respectively. Metoclopramide HCl (hydrophilic) is loéa]ized in the PLGA core. From the
graph, it can be seen that the drug release profile of the microparticles can be controlled

25  through changing the polymer mass ratio.

[00158] Figure 16 is a graph showing drug release profiles of a ternary phase dual-walled
PLLA/PLGA/PCL microparticle. Metoclopramide HCI and Ibuprofen localized in the PLGA
core and PLLA/PCL shell, respectively. From the graph, it cén be seen that the release of
Tbuprofen was achieved in the first 10 days, followed by Metoclopramide HCl, providing

30  multiple drug release in a sequential manner from a single particle. _
[00159] Figure 17 is a graph showing drug release profiles of {A) double-layered PLLA
(shell)/EVA  (core) microparticles, (B) double-layered PLGA (shell/EVA (core)



concentration . Polymer mass ratio [ % w V] 13 PLGA PLLA EVA PS
(cloud point of all the 0.4g 0.2g 0.1g

10
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microparticles, (C) single-layered EVA microparticles, and (D) triple-layered PLGA(outer -
shell) /PLLA (middle layer) /EVA (core) microparticles. From the graph, it can be seen that
the triple-layered microparticles achieved a more consistent (close to zero-order) release rate.
[00160] Figuwre 18 is a graph showing drug release profiles of triple layered
PLGA/PLLA/EVA microparticles having mass ratio of {(A) 10:2:1, and (B) 10:5:1. Ibuprofen
(15 wt%) is localized in the' EVA core. The graph shows that drug release profiles can be
controlled through changing the polymer mass ratio (i.e. layer thickness).

[00161] Figure 19 is a graph showing drug release profiles of triple-layered of
micropatticles (A) PLGA" (MCA in shel)/PLLA/EVA(core). and (B) PLLA
{shell)/PLGA(MCA in mid- layer)/EVA(core) The graph shows that drug release profiles can

be controlled through Iayer inversion.”
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2010/ 140987PCT/ SG20101000215 37 [00148] The pol ymers were first
dissolved in DCM After which, the resultant polyner solution was
ultra-sonicated for 1 mn and is subsequently added to water
containing a PCA surfactant (0.5% (wWlad)gs with oil-to-water ratio of
0.013 and emulsified at 400 rpm usi ng an overhead starer (Calfrano
BDC1850- 2D0) Aamethodneft ampafagtuging mpki-hase Thisrapagistasathsreinfthe mehod
results in the phase separation of the polyners, yielding multi-phase
conposi t e*RitSparticles. Finally, the microparticles were
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pure conponent Raman spectra estinmates an their associ ated score

i mages obt ai nepbiwi, aviBidoMviscosiiyt dfehPliALBltAA BB Bvé dlew pbiay sidesbcond
conposite mcroparticle. [00150] Exanple 15: Formation of a smaller
di anet er t hr eeslbad prigtiaterselectepanch thiaethe @0 kb df] thite rdaffergn tyrdpmers be@inge
wal | ed PLGA/ PLLA/ EVA (core EVA, mddle [ayer PLLA 15 and outer |ayer
PLGA) with a sihiseiblafyieacrotedr uaps avapesitiomoisls vodatile aragsicisglvant;

hi gher stirring speed of, 2000_rpm and .hi gher surfactant content_ of 2
% w v. The ot her prﬁé%%%n%ﬁ}%%réf W afdRle 1 AuEaHFEORUNiaps Pheeds oPtHn
PLGA/ PLLA/ EVA L8[ QPR LhelobSinb Do RAIBL S 130, 858l 83Ul 1O ddR g
enul si on dropl PSP mEd T omy fRECS ronge? ShHEsY qnép%ggarsgr&ciqq ’nadl,
smal l er particle si ] 6. Ais a SEM
m crograph of a tri%‘%g(-ﬂ\%gflgg{gq%% %@ﬁ%ﬁ%@%%ﬁ@%@n’

cor r esponghéeint the tdi@l Qub&itrBish of iR dt.leddt BekkeedikRMAl palthefOoBether in the
respectively, having a size of about 15 Am Figure 12B shows pure

conponent ersinian befiee evapoesionnabelowathd firktelsudasdnc batsexdbose dreefirstaElgnb
obtained via BTEM fromthe PLGA PLLA/EVA triple-walled conposite

m cr opar t painteandsjayotis3Ecandalgideois:or inahaive Hwtseorndofloudpaett subst ance
in mcroparticle [00154] For the fabrication of |buprofen-|oaded
triple-layered PLGA PLLA/ EVA microparticles, lbuprofen is first added

to th t,i d, t | tin Ut i i b |
Ul ac sontLatiaTRBPIOTHAR b SERPEGmE SRt ADgdestRarcty b
sol ution encapsulated to the first solution.

3. The method of any one of the preceding claims, wherein the number of different

polymers in the first solution is three.

4. The method of claim 3, wherein the total concentration of the three different
polymers in the first solution is less than the cloud point of the polymer that has the
lowest cloud point or between the cloud point of the polymer that has the lowest cloud

point and the cloud point of the polymer that has the second lowest cloud point.

5. The methed of claim 4, wherein the microparticle formed has a double layer

structure.



will then be poured into the PVA aqueQus solution under stirring. The
interaction between the 30 drugs and poI ynmers (pol ymer-drug
interaction) is the main driving force for the distribution of drugs.
The higher the affinity between the drug and polynmer, the stronger is
t he t endeficyThemethed of iclagmtdooriie whesae thei tntad corventoatiopneithe ued diffetene
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| buprofen drove the drug to be localized in the EVA core. This

drug- pol yner affinity allows for different drugs, based on their

hydr ophi | c dro £ nature in different ..

ool yrors. T+ e PREDRTDS AR %, Suten e 1987 S8R Dar b kR oFR, different

[ 00155] hase

PLLAY pLGA#%%%@ﬁﬁﬁ%%SF%’éﬁcm% B e B Bt o en
(hydrophobic) is localized in the PLLA shell, inpregnated with PCL
particul ates; Metocl opram de HCL (hydrophili c) is localized in the
PLGA cor e8. FliguneticiBos biniva huwkereimnfieneiidrofaticla fopeed has astripdlss:
and their associated score i mages obtained via BTEM fromthe

m cropar t$toickire.10 [ 00156] Figure 14A is a SEM micrograph of a ternary
phase PLGA/ PLLA/EVA triple-walled conposite mcroparticle. The
outernost shell, mddle layer, and core are PLGA PLLA, and EVA

R L e e
S L, 3 TP e

phase PLGA/ PLLA/EVA tripl e-wall ed conposite mcroparticle. The
outernost shell, mddle |layer, and core are PLGA, PLLA, . and EVA
abundant 1®OTI metiodlS O elairy &), Ywhdvkih omk apfad Eba&@ntdetlod bY A Bhir! di€krehs

| ocalized in the PLGA shell. Figure | 4D shows pure conmponent Ranan
spect ra esdlymetsaes thenfirst doditionds greeieathad tiscihird clovdgesmtobt ai ned vi a BTEM
fromthe mcroparticle. 20 [00157] Figure 15 is a graph show ng drug
rel ease pr ofi les of ternary phase dual -walled PLLA/ PLGA PCL
mcropart s wth srat os of A 6:2;1, B)321 X

The shel I 1% ’ﬁhecmﬂéhogr elarm i%w%ﬁat@a ictdpapigle 6%@%@%@ Qur ém'ar
PLGA abunsj EL‘ regi ons respectively. Metocl opram de HC1L (hydrophilic)
is locali "fi the PLGA core. From the graph, it can be seen that
the drug rel ease profile of the mcroparticles can be controlled 25

t hrough changing the polymer mass ratio. [00158] Figure 16 is a
graph_shoyd. npheddéehddebase oRE Qffithe pr&kdiet @LRAT WHRAS %m%%hrg'\ﬁié Bt
PLLA/ PLGA/ PCL m croparticle..Metoclopramde HCl and | bupr of en

| ocal i zedsdlmlmhetd%hé:ﬁqmnec@nﬁhuahdwams cattiddl out tedap eciitinely stirlihgm t he
graph, it can be seen that the rel ease of |buprofen was achieved in
the first 10 days, followed by Metoclopram de HC1, providing 30

mul tiple drug release in_a sequential manner froma single particle.
[00159] Flgubee methed of glaimn 13h sersin dhwlz:eep%élteenp@'@par%é@s oprmey is
doubl e- Ia er ed LLA shel | )/EVA (core) mcroparticles, (B)

doubl e-1 & reélae HBEF ?@%&Pée@are) WO

2010/ 140987PCT/ SGZOlO/ 000215 39 mcroparticles, (C single-Ilayered
EVA m croparticles, and (D) triple-layered PLGA(outer shell) /PLLA
(middle | pyefrje ﬂlgt\}{Ad()?Qfaﬁﬁ 191 GhORR thé eﬁﬁ@ sHEQITs bR d&ﬁ%ﬂ&usb 15380
seen that the triple-layered mcropartic gs achr eve

consi st engpn{.Cl 0se to zero-order) release rate. [00160] Figure 18 is a
graph showi ng drug rel ease profiles of triple layered 5 PLGA/ PLLA/ EVA
m croparticles having nass ratio of (A) 10:2:1, and (B) 10:5:1.

| buprofen (15 wt% is localized in the EVA core. The graph shows t hat
drug rel ebise prhd imegwdcahate oventfratiined toht,oubéreinhthegiatig afttbe polatiter

organic solvent to aqueous continuous phase is between about 0.1 to 0.005 v/v

(volume of the volatile organic solvent/volume of water).



[00161] Figure 19 is a graph show ng ug release profiles of
triple-layered of mcroparticles (A GA (MCA in

shel | )/ PLLA/ EVA(core) and (B) PLLA 10 (shell)/PLGA(MCA in

m d- | ayer)/ EVA(core). The graph shows that drug rel ease profiles can
be controlled through [ayer inversion. 40 Cains 1. A nethod of
manuf acturing nulti-phase mcroparticles, wherein the nethod .
conpri seslo: Thw@md\/?ﬁ@nmﬂ? @ééalmh? @ 1di thereh theyptiprgdy e yplatile
vol atil e organic solﬁgnttto obtain a first solution, %éeigﬁth? i
first sol uti on@BWHHNEEs 1 PIYRUS CORMBOBT BSOS PN Hre Bfthiiepelatle
second cl oud poi nt..i i : i I I wherein

vi scosity of tﬁﬂgg#&lc rséltvgllétgpﬁ? 1|nt(S) Eagﬁﬁqﬁltéés{qﬁg?%lfgﬁg%ﬁ%# %15?153 "second
cloud point are selected such that the at |east three different

pol ymers become inmmi scible with each ot her upon evaporation of the
vol ati |l e pr.ganThe Sekh@Néf any one 6f 8RaBHSI 06! WRerbin it POhér MAssi At ian
aqueous conti nuous phase to obtain a enul sion, wherein the agueous
cont i nuous phas#weangronsés 3@ shilfdct ant; and evaporating the volatile
organi ¢ solvent fromthe enul sion; wherein the total concentration of
the at least three different polyners together in the enmul sion before
evaporati is_belowthe first ¢loud paoint, or is above the first
cloud poi Ht: an@g%@egwdt &% 986 1Y ha RECPIpts HEimsy wherey, g anolpreils et
cloud point. 2. The.pethod clajml, . further copprjsing addition
of “a thrget sufleah BT Bl Gl pBlMeeis PR BRIGNE G fon. 3.
The nmet hod of any one of the preceding clains, wherein the nunber of
different polyners in the first solutionis three. 4. The nethod of
claim3, whererhe hfé&lOHQifadng/%@Qﬁﬂhé prdcedin®lelaie Wivr&f tHé Sdrdceht is an
polynmers in the first solution is less than the cloud point of the
pol ynmer that hiasidsnefabtanvasta mwntonic goefactanor bet ween t he cl oud poi nt of
t he pol yner that has the | owest cloud point and the cloud point of

t he polyner that has the second | owest cloud point. 5. The method of
claim4, wherein the mcroparticle fornmed has a double |ayer 41 6.

The net hot-of Ehamgihed of amy opgelthe Rracaeing slaims, cBicewn thedenigruirctanids
VR E L R L R s S e
t ot al t [ t | t -0t '

Lot ok Soneentr i Bukif, LISEELERt BOLIRIGole, K0 dhiShc:

claim?7, wher eﬁﬂm%ﬁﬁlmaﬁigq Rafrht Gh8 kiR TBY| Ba$t@ sdifsl BdBuha¥Ghth sulfate,
structure. 9. The nethod of claim1 or ¢iaim2, wherein nunber of

di fferent pol yaylsbénrehdr@ulforiand, snpiit faeth dcd fsol, b IR Amid8ium
first solution thus conprises a third cloud point. 10. The nethod of
claim9, wherebmomide (EOAR), dateceethyhtimothyinmdrsumiobmonddd {B12ZEDMAB),
polymers in the first solution is greater than the third cloud point.
11. The net hoddidedesyhiammaniviphesoglide ((RYIABYr exsepytidinmng @@@ehﬁg’@,
four |ayer stru t%ﬁe. ) ) )
polyethoxylated tallow amine (POEA), hexadecyltrimethylammonium
p-toluenesulfonate, benzalkonium chloride (BAC), benzethonium chloride

(BZT), and mixtures thereof.

21.  The method of any one of the preceding claims, wherein the nonionic
surfactant is selected from the group consisting of poly(vinyl alcohol),
poloaxamers, alkyl poly(ethylene oxide), diethylene glycol monohexyl ether,
copolymers of poly(ethylene oxide) and poly(propylene oxide), hexaethylene
glycol monohexadecyl ether, alkyl polyglucosides, digitonin, ethylene glycol



12. The nethod of any one of the precgding clains, wherein dispersing
the first solution into the aqueous conti nuous phase is carried out
under continuous stirring. 13. The nethod of claim 12, wherein the
size of the mcroparticles formed i s decreased by increasing stirring
speed. 14. Th@&wopeddssl clfer.credamideo ,Mﬁhercéi?aﬁrllﬂheDéAL raoragidepEBY, ifatty
bet ween about SO(ho 2000 rpm 15, The nethod of any one of claim4
to 6, wherein HRehAISmdpBtuehtherssfatil e organic sol vent to aqueous
continuous phase is between about 0.1 to 0.005 v/v (volune of the

vol atil e organi c sol vent/volune of water). 42 16. The nethod of any
one of clgygm7 Wﬁgﬁ inat IOy € i 1ase
to aqueou‘?'conﬁlﬁﬂéﬁs{) dp asg d|?1§ Jgﬁ%és@%héhdlg C{aﬁgsf’%egéd\}é %ﬁl@ oor%]%‘?c
sol vent remai Nglek YR £bdiling PEinPSIBQUSaE PR dCNUOUs phase. 17. The

met hod of any one of claim4 to 6, wherein the polyner mass ratio is
between about 1 - 3:2 - 3:1 -2. 18. The nethod of any one of the
precedi ng clainms, wherein the nolecule weight of each of the at | east
t hree pol 3drer sThe miitlidde p£ wlaimno22awhereinhthe. sol@nt Theciretet diornf thargroume
of the preceding clains, wherein the surfactant is an ionic
surfactant or enssHRBAT BMIOGMs ast THBO. The nmethod of any one of the
preceding clainms, wherein the ionic surfactant is selected fromthe
group consi sting of sodi um dodecyl sulfate (SDS), sodi um pentane

armront am Faur vt AR50 A BondF iy " 8EPP VBBl et Pkt v

sul fate, al kyl efin : i.d I

trimethyl annon?ellij@r%&?r om 3%4 %’%c%té?‘“‘%@ggzﬁ Idfé?%i%ﬁ)é?t%n%]f ﬁ%a%ﬁ%r?ﬁ%nl?{é and
broni de ( D12EDMWABMibody; ME, 2ETRAR @Bt ANbAAnicEMIBule, a nucleic acid, a
cetyl pyridi nium chl oride (CPC), pol yet hoxyl ated tall ow am ne ( POEA)
hexadecyl t ri nmepdsyitidegadyeuandoa feplilimnesul f onat e, benzal koni um chl ori de
(BAC), benzethonium chloride (BZT), and m xtures thereof 21. The

met hod of any one of the preceding clains, wherein the nonionic
surfactant_is selected fromthe group consi sti ng of ppl%(viny

al cohol ), 2ol oskamrsthed off a1 opp Py (et PRprediee Slaime) Whegpiat g | RORENGS |
hexyl et her. f pol y(et hyl i d d
ol (o opyT enchiBa BRI e oF Bk Gy T PAsRsex adocyl et her . al kyl

pol ygl ucosi des, digitonin, ethylene glycol 43 nonodecyl ether,
cocam de MEA, cocam de DEA, cocam de TEA, fatty al cohols and m xtures
thereof 29 Thendraidaed 6f caniy BNeviRfeil MR BlRESHIIe Pofinls 818k
the volatile organic solvent has a boiling point of | éss than 100 C
23. The net hodfreh tHeapivug2conshdngidf plgessab,v pollyanis dsides; Chagortioestedshe
group consisting of DM, DCM and THF. 24. The nethod of any one of
clainms 2 to 23polwlesphazetdse paygesplsidsst polgehdsphasstess;t polyphasphortages,
group consisting of a drug, a protein, such as an enzyne and an

anti body; a peplydiexangnes. pabyhydresydkanoates.araeasrtonaiss arolyadkylearbenstesi ¢
acid, a pesticide, .a dye, and fertilizer., 25 The nmethod of any one
of the precedi Pfﬂy‘eﬁ}ﬁc Shiffo el ETETIAG PRRRSIdES PV EBIDGH ReNmcEldes,
pol ymers or bi t i bl rs. 26. The nethod of claim 25,
wherein the bﬂ@ﬁ@%?@ﬁ%ﬁf@ﬂggkéﬁgF?'are sel ected fromthe group

consi sting of polyesters, polyanhydrides, polyorthoesters,

pol yphosphazenes, pol yphosphates, pol yphosphoesters,

pol yphospfonat €e nRladdbO¥ARR PSS wHeediy i bR ¥alalae FHoBmers are selected
pol ycar bonat es, pol yal kyl carbonates, pol yorthocar bonates,

pol yest er am defompthk ygroug esnsifmigyehpeleéx-hpirbyp apid),diss ,exadbleupsivhames,
pol yet heresters. 27. The nethod of claim 25, wherein the

bi odegr adabl e gid,y welyglysokc sasficcindd copapmetse agd owxtums sibetdofigsueh as
pol y(cc-hydroxy acid), for exanple polylactic acid, polyglycolic acid
Bnd’ copol ymer sbelHA-erHdalr -limer ey La#etids) (BLAIL ppikelyeRiide] HEOAY),

poly(L-lactide-co-D,L-lactide) (PLLA/ PLA), poly(L-lactide-co-glycolide)
(PLLA/ PGA), poly(D,L-lactide-co-glycolide) (PLA/ PGA),



44 pol y(glycolide-co-trinethyl enecarbgpat e) (PGA PTMO) ,

pol y(D, L-1 acti de-co-caprol actone) (PLA/ PCL),

pol y(gl ycol i de-co-caprol actone) (PGA/ PCL); polyethyl ene oxide (PEG;
pol ydi oxanone (PEE%& Polypropylene fumar at e; _pol y(et hyl

gl ut amat e- co- gPAYERClIdeLeimMBEYPNE er t - but §RBWABar bony| HBEHYPTMC),

Sherein ¢ he gﬁ%%%@%&-ﬁ%%%%%&%ﬁ%@ﬁit@&@éféé i gRld b gprolac
copol yrer s tnelleY AXIARCHYL hditeliBR Yogae PR siilorbil BB
pol yhydr oxybut %561?151%55118&@) ﬁﬂﬂﬂafe?polg%sgﬁt_ﬁypf glﬁ{mag&g}ﬁ%%w atLiq);

pol y( phosphaze ol y(phosphate e a polypeptid
pol ydepsi pept i piily(tét-batyRixg-artygindkyGORamyER ol AcAbbiatphage azene; a

pol yi m nocar bonat e;

pol y(di met hyl -tri met hyl enecar bonat e-co-tri net hyl enecar bonate); a

pol ydi oxanone, polyval erol actone, a pol yorthoester, a pol yanhydri de,
pol ycyanod®r y| Bhe methadyelhslaine -2§e mheeain slag pcslerodahle polymers are selected
pol yester-am de; a_ pol ysaccharide such as hyaluroni¢c acid 29. The

method of cl ai FPm@she gBPSORsiEnE o REYATER StheasioPYier @PErecians) éREhY
Dol val ot Snes aor SaRkidhe ypou Pt ERUYFRRISRNGS o bustscryi
| yal kyl t i | ' .
ol Jui nyl oot SRR B e DOMKITY k) EOMers POEY KO 0rBk Mtk e
pol ygl ycol i despow@lym@hhﬁeﬁeﬁ%%ay({a@dswat@te%f)geﬁ PRBHHRRY VB R phiREstRR .

al kyl cel | ul ose, dr oxyal cel l ul oses, "cell ul'ose éthers, cellul ose

esters, nitro gehdliei amigdriqeotopoiyberpfa gl phbspharsherat fuaginihdcarRabes S,
met hyl cel lul ose, ethyl cellulose, hydroxypropyl cellul ose,

hydr oxy- pr opy| paigfdiméthgletrimdtindene hy darbemyaterco-trimethiplehe celchdlooste); a
cel lul ose acetate, cellul ose propionate, cellul ose acetate butyrate,
cel | ul ose acet2alpdipraneas.at Rolyverplegipnet hy| pelsiorthpesiss, @ elpolyapkiride,

ey poly. (ot PVNBORAEH YR Proper Jobisey PHERAEYR of Gbesteranide; o
| y(i sobutyl I I [Tet. | at e), pol 45
(7 sodecy! net nagt Jray gy SR ARERISC 1 ae). poly

(phenyl net hacryl ate), poly(nethacrylate), poly (isopropacrylate),
pol y(i sobutacrylate), poly (octadecacrylate), polyethylene,

pol ypropyt®ne ped wefteidhyt elain @Isy edledein B BoRbMBAIEHIE pOKInGteY are selected
pol y(et hyl ene terephthal ate), poly(vinyl alcohols), poly(vinyl

acetate) such fxasmetiteygene vomistingcalt avyamidéd) pohohnponatesy| paidibylenks,

pol ystyrene, ponhKaIuronic aci ds, casein, gelatin, gluten,

pol yanhydr i despolpdkylaes yBiveolaci polyalkyienat exidehi tpobaikylensy tetspthialatasy s

t hereof, and m xtures thereof ) , ) )
polyvinyl alcohols, polyvinyl ethers, polyvinyl esters, polyvinyl halides,
polyvinylpyrrolidone, polyglycolides, polysiloxanes, polyurethanes and
copolymers thereof, alkyl cellulose, hydroxyalkyl celluloses, cellulose ethers,
cellulose esters, nitro celluloses, polymers of acrylic and methacrylic esters,
methyl cellulose, ethyl cellulose, hydroxypropyl cellulose, hydroxy-propyl
methyl cellulose, hydroxybutyl methyl cellulose, cellulose acetate, cellulose
propionate, cellulose acetate butyrate, cellulose acetate phthalate,
carboxylethyl cellulose, cellulose triacetate, cellulose sulphate sodium salt,

poly(methylmethacryl ate), poly (ethylmethacrylate), poly(butylmethacrylate),
poly (isobutylmethacrylate), poly(hexlmethacrylate), poly
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(isodecylmethacrylate), poly(laurylmethacrylate), poly (phenylmethacrylate),
poly(methacrylate), poly (isopropacrylate), poly(isobutacrylate), poly
(octadecacrylate), polyethylene, polypropylene poly (ethylene glycol),
poly(ethylene oxide), poly(ethylene terephthalate), poly(vinyl alcohols),
poly(vinyl acetate} such as ethylene vinyl acetate (EVA), poly vinyl chloride,
polystyrene, polyhyaluronic acids, casein, gelatin, gluten, polyanhydrides,
polyacrylic acid, alginate, chitosan, any copolymers thereof, and mixtures

thereof,



