MULTI - PHASE M CROPARTI CLES AND METHOD OF MANUFACTURI NG MULTI - PHASE

M CROPARTI CLES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

appl i cat iwo 20iozi40m7t he benefit of priority of US provi sipemaiG2eppbiast i on
No. 61/184,559, filed June 05, 2009, the content of it being hereby
incorporated by reference inits entirgty for all purposes. FIELD OF THE

| NVENTI ON [ 0002] The present invention refers to the field of polyner

chem stry in particular the field of polymer chemstry for the manufacture
of particulate material for sustained rel ease of substances. BACKGROUND OF
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insecticides, fertilizers indicators and other active conpounds can be
achi eved by a variety of MUGEEPEASE MICROPARTHELES| i very system a
polynmeric particle is forned, in which a single polynmer |ayer incorporates
the active conpound to be delivered. Wen used for drug delivery, this type

of delivery systemCROSSHEEERENUYE TO RELATED APPEASATIONS Ot ecting drugs
from deﬁradatl on before the release site is reached in the human bod

[ 0004] Ver This anplisatinn elaims, thecrenef of prigiity- afaUS artpvisionalognplicationeNohave
|
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agent s. itd betirefyobeall gaypbbes: | ayered (or doubl e-wal | ed) microparticles have
been devel oped to provide greater versatility in controlling drug rel ease
kinetics and profile. [0005] It is an object of the present invention to

proyhde alternative deliver used for the delivery
and (?)r sust ai ned rel ease ofylgu ?%?EE?EW THE | NVENTI ON [ 0006] In
a first [Qi)@@]act The bESq:IItéS\emtiOil refenstto ¢re fiedd of po]lymeacimhibmylimpmﬁaﬂmftheﬁaldi ng
mul ti se m cropartic The 0 ri.ses di ssoLvin | east three
di ffereﬂ PRMS ?‘g § 6Itg‘f |I’Paéluﬁbﬁﬁ|°(,f IGHlgte meje %t%?r? ‘“InF‘i1 §Fle%58I‘ﬁf?i on.

The fir gibstatast i on corrprl ses at least two cloud points, wherein the second
cloud point (CP2) is higher than the first cloud point (CPl). Viscosity of
the first solution, the first cloud point (CPl) and the second cl oud poi nt

(CPRg  BACKGROUND OF THE INVENTION
[0003]  Controlled delivery of substances such as di'ugs, insecticides, fertilizers indicators
and other active compounds 'éan 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
release 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 thevpresent 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



are selected such that the at |east three different polyners becone

I mm sci ble with each other upon evaporation of the volatile organic

sol vent. wbeoformeds7sol ution i s dispersed i nto an aqueou®CT®GR010M000235 phase
whi ch conprises a surfactant to obtain an enul sion. The volatile organic
solvent is evaporated fromthe enulsiom The total concentration of the at
| east three different polyners together in the enul sion before evaporation

is belowthe first clou o} nt i s,above.t first cloud.poi and bel ow
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obtai ned by a nethod of the present invention. [0008] In a third aspect,
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m croparti.cle. Fi e IIBjs a mcrograph of a crosssectional view of the
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cross-sectional view of the mcroparticles enbedded in a polyacrylic resin.
[ 001 1] [GA0FUir e I assegomd SEMchi the qgeseph snvehtiom refarsy tophameltiRphase RLIGADRTC]e
conposite dual-wal l.ed. nrcroparti.cles. after dissolution with
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vi ew of [@008] cr aparthird! &pedt] S Preddht | ifivéhtBhCicRPs a0 phaMabaitRalCttfifositionVi ew
of the porous shell [0012] Figure 3 shows pure conponent Raman spectra

est i mat EQMBARYUNE A Slti-phassanisraparticdoekiaingd i 8 enhed ekthe presemTEigntionm a
terpary phase PLLA/ PLGA/ PCL dual -wal | edconposite microparticle. The axes of

score images are in pixels and can be directly correlated to distance by
nul tiplying each pi xel BRIER DESGRIPTION OF THE DRAWINGS

[0009] The invention will be better understood with reference to the detailed description
when considered in conjunctioh with the non-ﬁmiting examples and the accompanying
drawings, in which:

20 [0010] Figure 1 shows scanning electron micfoscopy (SEM) micrographs 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. Figﬁre IB 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 of the microparticles embedded in a polyacrylic resin.
[0011]  Figure 2 shows SEM micrographs of ternary phase PLLA/PLGA/PCL composite
dual-walled microparticles after dissolution with tetrahydroﬁrm (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 7
[0012]  Figure 3 shows pure component Raman spectra estimates and their associated
score images obtained via BTEM from a ternary phase PLLA/PLGA/PCL dual-walled



[ 0013] Figure 4 shows SEM m crographs of ternary phase PLLA/ PLGA

dual -wal | ed m crosphere. Figure 4A is a m crograph show ng cross-secti onal
vi ew of awoi2eroopessyi cle. Figure 4B is a m crograph showpog/sg2cloms@isip Vi ew
of the shell. [0014] Figure 5 shows SEM nmicrographs of ternary phase

PLLA/ PLGA/ PCL microparticles prepared ysing various polyner solution
concentration of (A 2% (wWv), (B) 40/t(vv/v) (O 6%(vv/v) and (D) 10%
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PLLA/ PL@(ABVS@ mL (oil/water (o/w) 0.1), (B) 150 mL (o/w: 0.03), (C) 250 mL (o/w: 0.02), (D) 400

mL (o/w: 0.0125), and (E) 600 mL (o/w: 0.0083).

[0018]  Figure 9 shows SEM micrographs of microspheres prepared using various mass

ratio of ternary phase PLLA:PLGA:PCL of(A)2:3:1 ,(C)1:3:1,and(E)3:2:2.

20  Figure 9B, 9D and 9F are the corresponding cross-sectional views after dissolution with THF.

[0019]  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

25 associated score images obtained via BTEM from the termary phase PLGA/PLLA/EVA

| triple-walled composite microparticle. Figtlre 10C is a SEM micrograph of a triple-walled

microsphere of PLGA/PLLA/EVA, in which the PLGA shell has a larger thickness. Figure

10D shows a SEM micrograph of a layer-inverted temat'y phase PLLA/PLGA/EVA

microsphere, in which the outermost shell, middle layer, 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 PLLA/PLGA/EVA

triple-walled composite microparticle.



triple-walled conmposite mcroparticle.[0020] Figure HA is a SEM m crograph
of a four-layered pol y(DL-1actic-co-glycolic acid/poly(L-lactic

aci d) / polwyetyroenaeyset hyl ene vinyl acetate (PLGA PLLA/ PS/ BUASGaiwrogasticl e.
Shell to core configuration: PLGA PLLA, PS, EVA Figure HB shows pure
conponent Ranan spectra estimates and yheir associ ated score inmages

obt ai ned via BTEM fromthe PLGA PLLA/ PS/ EVA four-|ayered conposite
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| mages Qbtained via BTEMfromthe mcroparticle. [0024] Figure 15 is a

graph sRbW eTe figurect 3B.shovsmyrs pompanent Reman §pesiia s¥iraglas aifkinpiggssociated
PLLAY PL%"%&% Gﬁtﬁigl@&’i/iaclhfﬁw‘%{)_@ '&H@ﬁﬁcﬁ)géﬁ-ﬁ@l%. of A) 6:2:1, B) 3:2:1, and Q)

3:2:2. The sh and core are | npregnated with PCL particul ates, and
PLGA abiff@dht FiegroddAr sspSEM veicsograyibt afch ogmanyi ples¢PLGAPILLAIEVAI tiplé-s

local i Zv%gllel({' cctngllgosliatlé%ic%g}ga%idgr e torllftaermost shell, middle layer, and core are PLGA,

PLLA, and EVA abundant regiohs respectively. Ibuprofen (hydrophobic) is localized in the
EVA core. Figure 14B shows pure component Raman spectra estimates and their associated

20  score images obtained via BTEM from the micropérticle. Figure 14C is a SEM micrograph -
of a temary phase PLGA/PLLA/EVA triple-walled composite microparticle. The outermost
shell, middle layer,A and core are PLGA, PLLA, and EVA abundant regions, respectively.
‘Metoclopramide HCI (hydrophilic) is localized in the PLGA shell. Figure 14D shows pure
component Raman spectra estimates and their associated score images obtained via BTEM

25  from the microparticle.

| [0024]  Figure 15 is a graph showing drug release 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, Vand PLGA abundant regions
respectively. Metoclopramide HCI (hydrophilic) is localized in the PLGA core. From the

30  graph, it can be seen that the drug release profile of the microparticles can be controlled
through changing the polymer mass ratio.



graph, it can be seen that the drug release profile of the mcroparticles
can be controlled through changi ng the polyner mass ratio.[0025] Figure 16

I s a grapwohowvi4ngg7drug rel ease profiles of a ternary plrasscdualoossas| ed
PLLA/ PLGA/ PCL microparticle. Metoclopranide HO and |buprofen localized in
the PLGA core and PLLA/PCL shell, respgctively. Fromthe graph, it can be
seen that the reI ease of Ibuprofen was achieved in the fi rst 10 days,
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Figure 20A 1s a photograph show ng a PLGA PLLA /PCL sol ution ‘at a total
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be controlled through layer inversion.
[0029] Figure 20A is a photograph showing a PLGA/PLLA /PCL solution at a total
20  polymer concentration in solution of 16 % w/v. The‘ first cloud point of the polymer system is
3.75 % w/v and second cloud point of the polymer system is 7 % w/v. Figure 20A shows that
the three liquid phases of PLGA, PLLA and PCL separates out and form three distinct phases
upon standing, at a total polymer concentration in solution of 16 % w/v, which is greater than
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 poiht of the polymer system is 4 % w/v and the secohd cloud point of the polymer
system is 5 % w/v. Figure 20B shows that the three liquid phases of PLGA, PLLA and EVA
30 separates out and form three distinct phases upon standing, at a concentration of 7.5 % w/v,
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



systemis 5 %wyv. Figure 20B shows that the three |Iiquid phases of PLGA
PLLA and EVA separates out and formthree distinct phases upon standi ng, at
a concentwatzomn4o4877.5 % w' v, which is greater than thepPsesceadopbeasi poi nt
of the polyner systemat 5 %wv. Figure 20C i s a phot ograph show ng

PLGA/ PLLA/ PS/ EVA solution with a concepfration of 13 %wv. Thefirst cloud
poi nt of the pol ymer systemis 4 %wv, the second cl oud poi nt of the
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particle. ti-phase mcroparticle ca
spe01ﬁc applications. For example, the multi-phase m1cropart1c1e can be used for delivery and

20  sustained release of target substances. In particular, the discrete regions of the microparticle
can be used to contain different target substances that can be made to release in a controlled
manner in application.

[0031] In a first aspect, the present invention refers to a method of manufacturing multi-
phase microparticles. The term “multi-phase” as used herein refers to a system having at least

25  three polymer components. Accordingly, the term “multi-phase microparticle” refers to
micrometer size particle formed from at least three polymer components, whereby each
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



al so be ternmed a ternary-phase mcroparticle when the nunber of polyner
conponents is three. The ternary-phase mcroparticle can have two | ayers or
t hree | aywo010Mhess7t he nunber of pol ynmer conponents is PowmrsG2010800215

nmul ti-phase mcroparticle can be ternmed a quaternaryphase mcroparticle.
The quaternary-phase nmicroparticle can-have two, three or four |ayers. Each
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synt hetic. "nat ural pol yner ers a po yrrerlc e i Cpis
found i pernaldas suchEasabpizeyl péroaidaandrméthyl ethyl ketone peroxide. Typically, the free

20  radical can open up an unsaturated bond of a monomer, for example a double bond of a vinyl -

monomer, and add to it. The resultant molecule remains as a free radical and continues to

react with other monomers in the system, until it reacts with another free radical which
annihilates each other’s growth activity and forms a polymer chain.

[0033] The polymer used in the present invention can be natural or synthetic. A “natural

25  polymer” refers a polymeric material that can be found in nature. Examples of a natural

| polymer include, but are not limited to, a polysaccharide, a glycosaminoglycan, and a protein.

Polysaccharides are carbohydrates which can be hydrolyzed to two or more monosaccharide

molecules. Théy can contain a backbone of repeating carbohydrate i.e. sugar unit. Examples

of polysaccharidés include, but are not limited to, alginate, agarose, chitosan, dextran, starch,

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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pol ymers can_be used. Bi odegradable p mers are natural or synthetic

pol yner & %qmlyr@qr%aﬁwtyrea@ %&ae ppb/nm; O% examnde pelyv Biybacstata cpplmey such
non- tox%Eﬁ%E 1 MBS (BB riod of time (e.g., within days, or nonths,
or years I nt gratlon may for instance occur via hydrolysis, may be

cat al ys@93by aBothrinydesratatilenand hen- hisdég’a(mbldapolymuﬁ tanobe used. Bhodelgradable
m G Oopargll},r%LI%S afe haturd rl)oosre(sjynltl?etlchpolyrnlelrs that gradually degrade in vivo to produce
biocompatible or non-toxic byproducts over a period of time (e.g., within days, or months, or
years). Disintegration may for instance occur via hydrolysis, may be catalysed by an enzyme

“and may be assisted by conditions to which the micropaﬁicles are exposed in the cell.
[0036] Examples of biodegradable polymers include, but are not limited to, polymers and
25  oligomers of glycolide, lactide, polylactic acid, polyesters of a-hydroxy acids, including lactic
| acid and glycolic acid, such as the poly(a-hydroxy) acids including polyglycolic acid, p
poly(DL-lactic-co-glycolic acid) (PLGA), poly-L-lactic acid (PLLA), and terpolymers of DL-
lactide and glycolide; e-caprolactone and e-caprolactone coi)olymerized with polyesters;
polylactones and polycaprolactones including poly(caprolactone) (PCL), poly(e-
30  caprolactone), poly(8-valerolactone) and poly (gamma-butyrolactone); polyanhydrides;
polyorthoesters; other hydroxy acids; polydioxanone; and other biologically degradable

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



[ 0036] Exanpl es of bi odegradabl e polymers include, but are not limted to,
pol ynmers and oligoners of glycolide, |actide, polylactic acid, polyesters
of a-hydrweyosci4ds;y i ncl uding lactic acid and gl ycolic acrgcG2ewoheas the
pol y(a- hydroxy) acids including polyglycolic acid, p

pol y(DL-lactic-co-glycolic acid) (PLGA)y poly-L-lactic acid (PLLA), and
terpolymers of DLl actide and glycolide e-caprol actone and e- caprolactone
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polyvinylpyrrolidone, polyglycolides, polysiloxanes, polyurethanes and copolymers thereof,

20  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

25  (ethylmethacrylate), poly(butylmethacrylate), poly (isobutylmethacrylate),
poly(hexlmethacrylate), poly (isodecylmethacrylate), poly(laurylmethacrylate), poly
(phenylmethacrylate), poly(methacrylate), poly (isopropacrylate), poly(isobutacrylate), poly
(octadecacrylaté), polyethylene, polypropylene poly (ethylene glycol), poly(ethylene oxide),
poly(ethylene terephthalate), poly(vinyl alcohols), poly(vinyl acetate) such as ethylene vinyl

30 acetate (EVA), poly vinyl chloride, polystyrene, polyhyaluronic acids, casein, gelatin, gluten,
polyanhydrides, polyacrylic acid, alginate, chitosan, any copolymers thereof, and mixtures
thereof.
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when re Ing this certaln concentrati on separ s out as a
evaporation of solvent), and when reaching this certain concentration separates out as a

20 different phase. The term “phase” refers to a homo genous liquid portion that is present or that
can form in a liquid system. A polymer phase comprising a specific polymer in dissolved
form can be clearly optically distinguished form other phases, such as by the naked eye. The
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 solution 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
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20 [0043] As an illustrative example of using polymers which are not miscible with each -

okl

other, a polymer system made up of three different types of polymer poly(L-lactic acid)
(PLLA), poly(DL-lactic-co-glycolic acid) (PLGA) and poly(caprolactone) (PCL) are used.
" All three polymers are miscible with each other and are able to dissolve in an organic solvent
such as DCM at a total concentration of polymer in solution below the first cloud point.
25 PLGA is not miscible with PLLA and PCL beyond a certain total concentration of polymers
in solution i.e. the first cloud point. Therefore, in a solvent extraction process in which the
organic solvent is removed from the polymer solution, PLGA is immiscible with PLLA and
PCL in the'soliltion, and separates out from the solution as a different phase at the first cloud
point, leaving behind PLLA and PCL which are still dissolved in the solvent. As more
30 solvent is removed, total concentration of polymers in solution is further increased, and a
second cloud point is reached wherein PLLA is immiscible with PCL in the solution, and

PLLA separates out to form a different phase (see also Example 9).
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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
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are entrapped within the polymer chains. In some embodiments, target substances are loaded

20  in different polymer layers via chemical bonding, for example, by covalent bonding, ionic -
bonding, or affinity interactions (e.g. ligand/receptor interactions, antibody/antigen
interactions, etc.). Therefore, one or more types of target substance can be loaded and
localized in different regions or layers of the micropaﬁicle by choosing the appropriate type
of interaction between the target substance and each of the at least three different polymers,

25  which can be used for controlled release of the target substance in application.

[0050] Examples of target substances that can be encapsulated include, but are not limited
to, a drug, a protein such as an antibody, and a growth factor, and a nucleic acid. The term
“drug” refers to a substance useful for the treatment of or thevprevention of a human or an
animal disorder or in the regulation of a human or animal physiological condition or

30 metabolic state. Examples of drug include, but are not limited to, antihistamines, e.g.

diphenhydramine and chlorphenirmine, and drugs affecting the cardiovascular, renal, hepatic

and immune systems, such as antihypertensives, beta blockers, and cholesterol lowering
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20 [0052]  Other target substances include, for example other pharmaceutical substances, such

as a fertilizer, an insecticide or a pesticide, a chemical indicator (such as a pH indicator) or a
dye can be encapsulated in the microparticle. As an illustrative example, a drug such as
Ibuprofen can be loaded to a triple-layered PLGA/PLLA/EVA microparticle. During 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, emulsifying of one liquid in the other
can result in formation of two different phases, in which small droplets of one liquid can be
30  dispersed, ie. 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.
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be used to form a triple-layered microparticle. In this embodiment, three polymers are

20  dissolved in an organic solvent at a total polymer solution concentration above the second
cloud point. The resultant polymer solution forms an 01/02/03 emulsion and is subsequently
added to an aqueous continuous phase and emulsified. An illustrative example of an
01/02/03/W emulsion is an emulsion formed using PLGA, PLLA and EVA in DCM
(01/02/03) and water to which PV A has been added as a surfactant (W).

25 [0057] The principle of microparticle formation as described herein is based upon
inducing phase separation of the at least three different polymers dissolved in the organic
solvent due to partial extraction of the solvent in a large volume of an external water phase
and evaporation of the volatile solvent. Accordingly, concentration of the first polymer of the
at least three polymers in the emulsion can be adapted relative to the concentration of the

30 other polymers of the at least three polymers in the emulsion to render the first polymer

immiscible with the other polymers of the at least three polymers in the emulsion. As a result
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is remaining in the emulsion droplet can then form a separate layer on the second polymer, or

20  can be present as particulate interspersed within the first and/or the second polymer. The third -
polymer alone does not form microparticles by itself; i.e. separated from the microparticles
containing the first and second polymers, as doing so would be thermodynamically
unfavorable. The process continues until residual solvent is removed, after which
microparticles are formed.

25 [0059] As described herein, microparticles formed from a solution consisting of three
different types of polymers can have a triple-layered structure, comprising a core, middle
layer and outer layer, with each layer formed from a different polymer. Alternatively, the
microparticles formed can also have a double-layered structuré, comprising a core and outer
layer, with each layer formed from a different polymer, and with interspersed particulates of

30  the third polymer within the first and/or second polymer. The microparticles formed can also
have a single layered structure, with interspersed particulates of the second and third polymer

within the first polymer.
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Alternatlvely, the mcroparticles fornmed can al so have a three-1|ayered
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at least three polyme_rs together in the emulsion before evaporation. The concentration of the

20 initial polymer solution can be calculated by dividihg the total sum of polymers used by the
volume of solvent (expressed as % w/v). It can affect whether the polymers in the emulsified
solution can phase separate to form a multi-layered microparticle. To form a multi-phase
‘microparticle, the initial polymer solution concentration comprising at least three different
polymers can be lower than the first cloud point, or can be above the first cloud point and

25  below the second cloud point, or can be above the second cloud point of the polyfner

| solution.
[0063] For example, to form a temary phase double layer microparticle, the initial
polymer solution concentration can be lower than the first cloud point, or can be between the
first and second cloud point of the polymer solution. For example, to form a temnary phase

30 triple layer microparticle, the initial polymer solution concentration can be above the second

cloud point of the polymer solution. For example, to form a quaternary phase four layer



m croparticles forned can al so have a double |ayered structure, with a
first polynmer formng a core and a second polyner formng a second | ayer,
and i nt erwparsedogarti cul ates of the third and fourth pecyserowobézisn t he
first and/ or second polyner. The mcroparticles fornmed can al so have a
single | ayered structure, with intersplegsed particul ates of the second,
third and fourth polymer within the first polyner. [0061] Accordingly, a
mul ti-phase micropartjc]e conprising discrete regions of different palymer
types wrHHPRAr: ’glsrvfuﬂe ROIRET spdutiolt sRgentra{ionds abe s thisshelgpd pawt of the

m cropagpiivilefsollitiéh. di stribution and size of discrete regions of the
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sol ution concentration can b bove tHhe secon oud point of the polynmner
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polymer in solution. The term"viscosity" as used herein refers to the
i nt er naPhase penarasiongrt the pplymgrs mysollution teaslowr @t fpolymeer rcoseentgtien igt When| ui d
under the solvent content is high. Therefore, at a low viecosity and a low cloud point of the polymer
solution, there is greater mobility of the polymers in solution and the polymer chains can
20 coalesce with their respective phases more readily, -thereby forming a multi-phase
microparticle configuration.
[0065] It will be appreciated that different polymer systems comprising different types of
polymers can result in a different viscosity and cloud point required for coalescence of the
respective polymer phases to form a multi-phase microparticle configuration. Therefore, in
25 some embodiments, a multi-phase microparticle can also obtained using a multiple-polymer
| system comprising polymers with a low viscosity and a 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 cloud 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.



ei ther shear stress or tensile stress deformation, and can be neasured
using a visconeter. Typically, a polynmer with a | ow nol ecul ar wei ght has a
| ow vi scowot2g10/1a89sthe pol yner chains are shorter and haversGremmooziendency
to entangle with one another. Generally a | ow nol ecul ar wei ght pol yner
results in a polymer solution that has | ow viscosity when dissolved in a
sol vent. Wthout wishing to be bound by theory, it is believed that at a
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[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 precipitation 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 alower stirring speed than 150 rpm could result in an insufficient shear force for forming the
emulsion.droplets. A higher stirring speed can result in a smaller microparticle. A stirring

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



3.75 %wv and 7 %wv in DCM, a double |layered mcroparticle conprising a
PLGA core and a PLLA shell is fornmed. PCL is dispersed as particulates in
bot h t he woGhw@o®s7and PLLA shell, with a higher concentcaSiGamombo2PCL i n
the PLLA core. Wen the initial polymer solution concentration used is 10 %
w v (which is greater than the second oud point of 7 %wv in DCM, no
distinct |ayer formation is observed. This can be due to high viscosity of
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I n one a stirring spee
[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. In the 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 rrﬁcroparticle. 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



rpmwas used to forma triple-layered nmulti-phase mcroparticle which has a
smal | er dianeter of 15 nm (see al so Exanple 15) conpared to a

triple-| ayenet/mwsyi - phase microparticle which has a di aoetsezowfoo@hput 300
mmat a stirring speed of 400 rpm (see al so Exanple 13). [0071] The ratio
of volatile organic solvent to aqueouszfonti nuous phase (oil-to-water

ratio) refers to the volunetric ratio of volatile organic solvent to water
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Different configuration of mcroparticles su as core-s I nversion can
be 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 dr,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 (SDS), 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



achi eved by varying the polymer mass ratio, which can in turn be dependent
on the cloud point and precipitation rate of the polyners. The term
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stabilize the microparticle containing emulsion. The surfactant thus acts
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can render the surf ce of the mcroparticle n%gatlvely charged. Exanpl es of
t
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gl ycol ithochol i'c aci d et hyl ester, anmmonium | a e an er al kyl
sul f at eos%P08@ g/mol and a 70% polyoxyethylene content). For the Pluronic tradename, codmg of

20  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

25  content). In one example, poloxamer 407 (P407) (= Pluronic 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]-

30 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.



sodium |l aureth sul fate, al kyl benzene sul fonate, soaps, fatty acid salts or
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pol yoxypré’py core erm rom uront ¢
di gi t xsohit @hbelmeite, thecompbsigen pal Fopy@ed wr éijected iiteatmé K. avingHd dRFed
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poFLSQ ';ﬁ@@w aethen diagdfined to fopRe ki baving omiskepasticlay s‘hsemqir}hqrem PiLhg oni ¢
F127) Oﬁfol‘!j:rm:l-rs %8n QEgrereﬁ, :feagfngnarﬁ;' H{e%gtepﬁfbg%c& %eﬂ:?oxlé,sg Qustained release of the

target substance such as fertilizer or pesticide can be achieved along with degradation of the
20  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
25  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

"non " on

herein. Thus, for example, the terms "comprising”, mcludlng containing", etc. shall be
read expansively and without limitation. Additionally, the terms and expressioas employed
30  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



[ 0080] Exanpl es of an anphoteric surfactant can include, but are not
limted to dodecyl betaine, sodium 2, 3-di nmercapt opropanesul fonate
nonohydr awe,2othodeasy|l di net hyl am ne oxi de, cocam dopr opylPCsiGao®po215s
3-[N, N-di met hyl ( 3- pal m t oyl am nopr opyl ) anmoni o] - propanesul fonate, coco

anpho gl ycinate and m xtures thereof. 081] Reverting to the last step of
the nethod of the invention, this final enulsion is mxed at a suitable
t enper at acuumito of the o

d || i i
ol vent WA eiHe SRR LTV GTion ettty EHES T souH bF apdstpiogs dba ahongh the
centrif hi-g&f iARhtRS %egﬁfsgéﬁﬁéz}lf}_f ﬁlgelos&p g§ ﬁrefeﬂre@ ffoRRHeS RRE togtiIBI;}ﬁa

present  invention refers to a multi-Ilayere croparticle obtal ne

met hod tehturése npdéfsmation and garidtom. offfbe inventidisi enitey@dgbiensinchapgiardiscidsed may

conprising a target substance, the |ti-]ayered nm.croparticle can be
degr adeIae g?SOEC‘?ﬁ?z’Yo OF%ls@IIS‘gdn LIE%&I&EJ taB‘I rﬂé‘IteséIglg n?‘IIIéﬁ?aiI‘)’ tanéu‘I%‘taﬁ?R?e‘f‘reThe |
term " degisrReed 18be Wilin HRIsBbpE dRhRNMSvdnfioRr €aki ng down of the multi-layered
m croparticle to smaller nolecul es. Degradation can take place under

cert ai n[A98AHI t Thadnvestion has heenpsieseribed ehroadly sanidogeneprally berietn. Jtachmift the
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time pepirpef thangiengoh.rTHiy inchrles SRcamesic Hescaipfigvo fiteSnwintioR Mittsa provisotdrme
period required for the mcroparticle to_degrade can be_ dependent on a few
par anet 2§2a8tive Bmitatiemgsmo viRganst subjgsh maier from the semjsaregniedless of whgthsson §gie of
pol r . . 1 i of the mcroparticle, tenperature,
pH IIeIIrIS t&?%g%l%%ﬁ&%sglggfﬁﬁﬁ?%uyE?cgrgdZlgf)ezrét the present invention refers to
a phar nfo86} i c@thec empodintentsrare osthin thiefgllewing Iclaimb ayéned limiting easmples.dn
obt ai ned, by a nethod of the present.invention. I. ome enbadi ts, the
compos: 1GHPTE ety 8l SRt G TGS TR M of UErr b 8 pe.
and t hefhofdiGRAER the aft QF il rBcdPRlidel that WY i\@ntibiE (<O meféb?%egérma I @Gnds logr €i n.
The polynmers can degrade, |eaving only the target substance. Therefore, a
sust ai nny indivstwgbmembether subgigup of nisstbarsod theMarlushigeoup | | zer or pesti ci de
can be achi eved along with degradation of the polyners. In sone

enbgdi ments, the conposition is adapted to be deliverable to a siite, such

as a defect site, in an ani IEXPERIMENTAL SEOYIOXhe conposition can be
injected directly into a site, such as a defect site, in a patient, where

t he pol[)99§7] caRk arglsy matrix havi ng mcroparticles dispersed
t her ei : f ode I f or . S [ ease
of 1 he TPQ88E, PRUKIFachE hcitf (PLECCHRRBRR' uco UGG BIR, Lo Sk B

degr adaactenceplycolic acid 50:50) (PLGA, IV: 1.18, Bio Invigor), poly(caprolactone) (PCL,
20  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 (agh . M, (gmol ")*
PLLA 2.38 1.64 x 10°
PLGA _ 1.18 _ 5x10*

" PCL - | 10.7 x10*

25  *Number-average molecular weight as determined by gel permeation chromatography
(GPC).
[0090] Example 2: Polymer cloud point determination



pol yners. [0084] The invention illustratively described herein may suitably

be practiced in the absence of any elenent or elenents, limtation or
i mtati owe,2oroiompeci fically disclosed herein. Thus, f®cTscanple)2ishe
ternms "conprising”, "including", "containing", etc. shall be read

expansively and without limtation. Adgjtionally, the terms and expressions
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intrinsic viscosity/IV: 2.38, Bio' lnvig l actic- co-glycolic acid
50: 50) t@Plp@b(melr&/ thq sqlBtIOIBmocemmfug@r at, 35&9I Iy(n:g)prl@ mmgtegnﬁ)thl(emdmstmm layérsh)

andlspol é{'g \ét’{%‘é : pur | es QtEY all tl%w Bglly{ners 1nktga§chl§t1&1 ecome ik cdl\)l\f% r?g?Y'le t?le

wi t'hout P EECT0R CISNG) € poryners us st udy

are | i sdles paintT Thiseis &hoxHh hFigher 0B, Weticteisld ghotakriph ioaiggPBORYPIIERIBSA gr ade
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our

used assogg}opeq,qﬂsg Y%a3/vedbs ¢loyd pomt of the polymer system is 5 % w/v. Slrmlarly,
distinct layers can be observed for a four polymer system as shown in Figure 20C, which is a

photograph showing PLGA/PLLA/PS/EVA solution at 13 %w/v. The cloud point of the
20  polymer 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
25  emulsified using an overhead stirrer (Calframo BDC1850-220). Evaporation of DCM will

| give rise to phase separation of PLLA, PLGA and PCL, to yield termary-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 mannér by
30  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



[0089] Table 1: Polynmers used in the study Polynmer Intrinsic viscosity (dig
) Mh (gnor )* = ~ ==== PLLA 2.38 1.64 x 105 PLGA 1.18 5 x | O4 PCL - 10.7
xI A4 *Numenosvaomge nol ecul ar wei ght as determ ned by gelr/sgeonmaizion
chromat ography (GPC). [0090] Exanple 2 : Pol yner cloud point

determ nation[ 0091] To determ ne the o%boud poi nt of a polyner, i.e. polyner
sol ution concentrati on at which one polyner becane inmm scible with the

ot her t rrers mass of 0.3 he t hree rrers wer e wei ghed
oceor di Hepee i phast i cepanicls @il B Sptscbroded o7 RUbspH L ompes,
(W v) hmmmcﬁg,%ﬂfms solution, PLLA (0.15 g), PLGA (0.1 g) and PCL
(0.05 g) were dissolved in 15 nL of DCM The ternary-pol yner sol ution was
then tr H096kr r ddbleo 2a Parametqys adsedt 6d  datiricatte rthan #LAA/BIEA/REL sicomposite

undi sturbed | 2 fume hood-at roomtenperature. Wien two distinct phases
became ?58 "’éﬁ ¥ n the solution due to pol yner phase separation as shown in
Fi gure[20A, the volune of theoRaledt 1 N was recorded by fFeading off the
scal e pn the graduated cylli nder. PhaseStieipgr ati on of PLGRolwaserdaiseeitid (when
a dist{nct yellow sh |iqui d p@la’s@nwa‘s f or ned| Qibtatestaterni ne t he pol yner |i . e.
PLGA, PLLA oPestiPtipR each the pSPSEter phase. that| i s extracted uging
a syripge can be anal yzed TPSHPE Tr(gd;ﬁ ot m | far ed PPERY PPRSOPFCL
(FTIR)| [0092] To further cou%lwmlf pol ymer solutijon 1's prepared ghove
the cloud paint of all the polyners,|the sollition is centrifuged at 35Q0

rpm f of TL@anmhawefdrénqehr ee distinct |ayers|are observed]5g hi0slg ml05es

that a three in thebolut{on come i sci bte—abbve—tHhe—<clqud
poi nt . Th| E“‘ifgpagfﬁis’ﬂﬁfn Figure 20B, which is|a phot ograph3 shovvl%g T
PLGAN PCLAVEVA Solution at [ 7.5 % W V. | The clolid point of] the polymgr sygtem
is5 %wv. Simlarly, four distinctjlayers ¢an be obsqry f origa| D@sg
pol yne Effgettefistamsngpuiyeer N1 Fi gdre 20C, which|is a phot dgraph| show n g
PLGA/ PLLA/ PS/ EVA sol uti ontat—13- 9w TBEOcl pud Pént of—thel poly system
is 12 pwFRMUtIPBERRSENERGD,| & 3: Mabrication of | microparti nﬁs [00%4] Tt11e
i

PLLA/ PLGA/ PCL conposite CrOp%[i ctes were prepared ug| an (
150
0.15g | 0.1g | 0.05g
' : 300
Effect of stirring speed 6 0.02
400
3 2 : 1
500
0.1
0.15g | 0.1g | 0.05g |-
, 0.03
. Effect of oil-to-water
) 6 300 0.02
ratio
0.0125 3 0 2 1
0.0083
0.1g | 0.15g | 0.05g
2 3 1
Effect of polymer mass 0.05g | 0.15g | 0.05
I_) .ym 6 300 0.02- s s s
ratio 1 : 3: 1
0.15g | 0.1g | O.1g
3 2 2




enul si on sol vent evaporation nethod. The three polyners were first

di ssolved in DCM The resul tant polyner solution was added to a PVA agueous
sol uti on w0 20105%098®/ v) and emul sified using an over headpstrisGeen/op&as f r anmo
BDCl 850-220) . Evaporation of DCMw Il give rise to phase separation of
PLLA, PLGA and PCL, to yield ternary- p@;\se conposite mcroparticles.
Finally, the mcroparticles were filtered, rinsed with de-ionized wat er,

| yophi | k‘fed and stO{ed |n a deS| ccat or for further tests
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cross-sectioned particles were then collected for SEM anal ysi s.
were then collected for SEM ana1y51s

=

[00102] Example 6: Microparticle configuration or polymer distribution study using Raman

mapping _

20 [00103] Raman mapping was used as verification 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
0of 300 pm x 200 pm with a step size of 5 um in both the x and y directions using a Raman

25 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 objectivé lens was used to collect the backscattered light. Measurement scans were
collected using a static 1800 groove per mm dispersive grating in a spectral window from 300

30 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



[ 00102] Exanple 6: Mcroparticle configuration or polyner distribution
study using Raman mappi ng [ 00103] Raman nmappi ng was used as verification of
t he fi nalwpanioabm7confi gurati on obtai ned fromthe di ssecwtsicaoormeihed
illustrated in Exanple 5. Conposite mcroparticles that have been
pre-sectioned were placed under the m4gyoscope objective wwth [ aser power
up to circa 20 nW Raman poi nt - by- poi nt” mappi ng neasurenents were then

per f or the area 300, mm x 200 ith a step size of 5 mMmin both
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acquisition tine for each spectrumwas around 35 seconds. Spectral pre

pr ocessimgPChhway then geeadatedi ke renoval due to cosmic rays were then carried
out fir fore the Ranan mapping data was further analyzed usi t he
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devel oppéfférent@i Se4nnliry CA6ENRRiry YDECY) he pure conponent. When all nornalized
nent spectra of all underlying constituents were reconstructed,
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[00104] Exanple 7: Mcroparticle configuration aor o% mer distribution
st udy uéPPfQQ%“?t?le‘érseﬂ{gi 1 gﬁéﬁéﬁlﬁpﬁgvv@aw? ?my-SPD&:% %1@@} a B} ke Of 5
anal ysiso/gfint he mcroparticles was performed using a differential scanning
colorinmeter (DSC) (DSC-Q O TA Instrunments). To avoid oxidative
degr adafiti0d0] t BExarsplengt Babrivdtion6 Etemarye phase sefarance micrgpattiples (Paniicle Byen at a

te of 48 nl/min, ¥ o |
heaeq 109OiT"sh ¥aferihse 36l e o RE titapan el 4Ry P Tebrea B CRpdbPe o
Fabri cakithfheomidrepaaéls pbagRd eihgrtes @ﬁ)d&%sﬁ?eﬁﬂﬁéiefscéseﬁsté@ﬁf Tislke. R 107] A

reference set of ternary-phase mcroparticles (R was_ fabricated for
conpar | $gws the SEM micrographs 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
20 ofaR 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 c) distribution of particulate in shell and/or core.
25 [00109] Using the micrographs, the R particle was found to have a size range of about 300-
| 400 um. As shown in Figure 1A, the R part.icle 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 resin, which
30 confirms the observation that the microparticles have a complete engulfing structure.

Formation efficiency of this complete engulfing structure was estimated to be about 100%.



with the mcroparticles obtained using the process paraneters as listed in
Table 2. Figure 1 shows the SEM mi crographs for R Figure IAis a

m cr ogr apohowvi4ngg7t he ext ernal norphol ogy of a R parti ece/sGEiguo@15B is a
m crograph showi ng a cross-section of a R particle. Figure 1Cis a '
m crograph which shows a close-up viewgf the internal norphology of a R
particle. Figure IDis a mcrograph showing a cross-section of R particles
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in THF,  therefore the shell was identified as PLLA. Figure 2B i1s a close-up
vi ew of dissedutjporresmdtsshel | . S| ze of the pores was found to be in the range of

about 0 001 1 T cor 0 s further
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fabri caygigh correspond to the glass transition temperature of PLLA and PLGA respectively, and
two melting temperatures, which correspond to the melting temperature of PLLA and PCL
20  respectively. Thermal properties of the pure polymers 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 o 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 melting temperatures

from the DSC thermograms, which are representative of the original polymers, implies that



Figure 4 are SEM m crographs show ng PLLA/ PLGA particles. In the absence of
PCL, a dense PLLA shell was observed from doubl e-wal | ed dual - phase

PLLA/ PLGAvOI20T00pd32r es. [ 001 13] DSC t her nograns of thepRrparoioobe@1showed
two glass transition tenperatures, which correspond to the glass transition
tenperature of PLLA and PLGA respectivgjy, and two nelting tenperatures,
whi ch correspond to the nelting tenperature of PLLA and PCL respectively.
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(between fir and second cl oud point), and 10 % (w v) (above both cl oud
poi nt's) [00f TR]1 Higjrer g'arSEM naerog&phs of Bhbngdpth/PéIL Plidrapaptictey pr€pared using
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(D) 10 % (W/v).

[00119] As shown in Figure 5A, when the initial polymer sblution concentration was at 2

15 % (w/v), a complete engulfing configuration was observed, wherein the core appeared to be

less dense as compared to the shell. The porous morphology of the core indicates more PCL

| being dispersed in the PLGA core for 2 % (w/v). When the initial polymer solution

concentration was increased to 4 % (w/v) and 6 % (w/v) as shown in Figure 5B and 5C

respectively, configuration of microparticles remained double-walled, and which is similar to

20  that of reference R. However, at an initial polymer solution of 10 % (w/v) as shown in Figure

5D, no engulfing structure was observed. On the contrary, incomplete coalescence of the

polymers with their respective phases was observed. It was also observed that an increase in
‘polymer solution concentration increases size of the midroparticles formed.

[00120] Therefore, from the results obtained, it can be concluded that in order to achieve a

25 double-walled configuration of the microparticles, a low initial polymer solution

~ concentration is required. A suitable initial polymer solution concentration can be determined

using cloud point measurements. In addition, a larger size of microparticle is obtained for a

higher polymer solution concentfation, which can be due to 1arger emulsion droplets as a

result of the more concentrated solution.
30 [00121] Without wishing to be bound by theory, and using the polymer system of the
reference R as example, it is believed that when‘ the polymer solution having an initial

polymer concentration of 6% (w/v) was poured into the PVA aqueous solution, PLGA phase



(D 10 % (wv). [001 19] As shown in Figure 5A, when the initial polyner
sol ution concentration was at 2 % (wv), a conplete engulfing configuration
was obserwedpiomaessei n t he core appeared to be | ess densecasceonpasasl to the
shel | . The porous norphol ogy of the core indicates nore PCL being di spersed
in the PLGA core for 2 % (wv). Wen the initial polynmer solution
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wi thin the emnul sion droplets. [0012 ] Upon reaching the second cl oud point
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evapor al.i qn C r\, dropl ets tend to d he..i n
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the ot hiio mfr%dPLbﬁLA F(dacmay; alse hmdsbrh@t%oawaepn@? and engetion of P(°Ls dgadingdo

surroungj ng Wﬁﬁlcﬁﬂ?e%eemﬂa%ed th %%A%hﬁ%@. $hurfi8r 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 diﬂ'lcult. The surface tensions of PLGA, PLLA and PCL are
37.7 mJ/m’®, 36.1 m)/m’ and 37.5 mJ/m’ respectively, while the surface tensions of the
polymer solutions can be predicted from a volume-weighted average of the pblymer 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



particulates in the PLLA | ayer, which could be a result of the foll ow ng.
Firstly, intermxing of PCL with the |larger PLGA coacervate droplets could
be diffi cwbt2proanadosgi ven its limted nobility in a di spersisg2iillodophase,
PCL also mgrate to the outer region of the enul sion droplet together with
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provided for PCL to further coal esce and mgrate is reduced. Thirdly, the
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[00128] Figure 6 are SEM micrographs of PLLA/PLGA/PCL microparticles prepared with
20  astirring speed of (A) 150 rpm, (B) 300 rpm, (C) 400 rpm and (D) 500 rpm. It was observed
that changes in stirring speed did not affect the final configuration i.e. distribution of
polymers in the microparticles. As shown from the figures, the double-wall structure is
retained in the microparticles. It was observed that at the lowest stirring speed of 150 rpm,
PCL particulates in the PLLA shell were the largest in size as shown in Figure 6A. This could
25 be due to a decrease in polymer precipitation rate at lowering stirring speeds, thereby
resulting in PCL coacervate droplets having more time to coalesce inside the PLLA matrix
before solidification of PLLA takes place. This observation was confirmed using the THF
dissolution test, which showed larger pores in the PLLA shell as shown in Figure 7.
[00129] It was also observed that an increase in stirring speed reduced the size of the
30  microparticles formed. This could be due to a higher stirring speed providing finer emulsion

droplets through strong shear forces, thereby resulting in smaller particle sizes.

[00130] _Example 11: Effect of oil-to-water ratio on particle configuration



energi es between the PLGA and PCL coacervate droplets. [00125] As a further
exanpl e, when the starting polyner solution has a concentration of 4% (w v)
and 6% (wvoppioaomsh are between the two cloud points, tIREeTS&2®10/000215
m croparticle configuration, i.e. a PLGA core, and a PLLA shell wth
interspersed PCL particulates, is obtagfied. [00126] Wien the pol ymer
concentration is at. 10% (vv/v) t he hi gh polynmer concentration results in an
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addi 11 o2 HeBEerRlafes baq SBb ¢HDERE tprisA L ol the #VA aledds soliron, was
considered to be a critical point. The critical pomt is derived based on the amount of DCM
used, which is in turn depending on the polymer solution concentration and total polymer
20  mass, and the solubiiity of DCM in water, and is different for different solvent used. At oil-
to-water ratios greater than this critical point, the water content is relatively low. This results
in a slow diffusion of DCM into the aqueous phase, thereby causing a slow precipitation of
the polymers. This also applies to PCL coacervate droplets, which were observed to be larger
in size when a lower volume of PVA aqueous solution was used, since they have more time

25  to coalesce.
[00134] At a later stage of the solvent femoval process, the small amount of remaining
DCM no longer made PLGA coacervate droplets more hydrophobic than PLLA. As a result,
PLGA expressed its higher hydrbphilicity by migrating towards the external aqueous phase
when the precipitation rate was slow enough. This is shown in Figure 8A in which the PLGA
30 coalescence phase was not located at the centre of the particle but was observed to migrate
away from the centre. Beyond the critical oil-to-water ratio of 0.02, the amount of aqﬁeous

~ solution did not seem to have any effect on the final configuration of particles. It is possible



shell were observed to be larger in size when a | ower volune of PVA aqueous
sol ution was used, as can be seen from Figure 8A and 8B. However, Figure
8C, 8D amaoQmiosiaamss t hat further increasing the vol unme eCTiSGRIOONIZINUOUS
phase of PVA did not result in any further effect on the doubl e-wall ed
configuration of mcroparticles. [OOlS?l W thout wishing to be bound by
theory, it is believed that chain nobifity of the polynmers in solutionis
affected by the_ initial oil-to-water ratio of the polyneric, system_ which
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Therefore, the solvent extraction rate was unaffected bé}the oi | -t o-wat er

rati o bisydbaaeed terli: 8i tap cppbeseen[indinsy 9k sinpe de PLLA{shelll: PEG A (toyedemassass
ratio OfL83¢ Eflﬂggd S Pf i%ﬁlﬁ% i9%nand 9F, which‘ uses a PLLA: PLGA: PCL mass ratio of 1:
3: 1 show that an increase in the amount of PCL resulted in the formation of larger PCL
20  particulates in the PLLA shell. |
[00138] This observation is confirmed using the SEM micrographs of double-walled
composite microparticles after dissolution with THF in Figure 9B, 9D and 9F, the shell and
‘core composition were identified as PLLA and PLGA respectively, and the shell was
impregnated with PCL particulates. Furthermore, core-shell inversion was not observed for
25  the different polymer mass ratios used. This is surprising as it has been reported by other
groups that core-shell inversion can be obtained by varying the polymer ratio (see, for
example, Leach K et al, Journal of Microencapsulation 1999, 16, 153-67, Tan EC et al,
Journal of Colloid and Interface Science 2005, 291, 135-43, aﬁd Matsumoto A et al, Journal
of Controlled Release 1997, 48, 19-27). In the studies carried out by other groups, when a
30 binary-polymer solution was initially poured into 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



[00136] Figure 9 are SEM m crographs of m crospheres prepared using PLLA:
PLGA: PCL mass ratio of (A 2: 3. 1, (C 1: 3: 1, and (E) 1. 3: 1. Figure
9B, 9D amlo2b10ars@9sthe respective correspondi ng cross-seeCroGadiowo@as of
Figure 9A, 9C and 9E after dissolution with THF. [00137] Fromthe figures,
it is observed that a change in the mags ratio of polynmers in the starting
sol ution results in a change in the resultant size of the enbedded '

parti cul nd dlnens ns of the core and shell structure, For exanple,
When coRSE MG BuewarT. & &mlenrleen%ﬁceﬁrsug@ Qe pPleciRitapprpate rﬁégstrrag uhia i o
of 3: kaltléa‘?l tf'eg) hé ﬁéﬁﬁag\ﬁﬁﬁnﬁn%hhg&’aﬁon W &heﬂogvreew%\ashMM ib%% t?( ePLLA:
PLGA: tio of , a core of l|arger dianeter an

smal | er plabe czksr such, \tbes iiepters efl the/prebendi ihventipn Pleligvedothet @orashed], maer@loﬁA

fol di d PLLA.shel | t.hi ck
Deer o ety SR ThE o SRt Solylipt,seotenired v eahs Floud ot NakoA
o SheRuidds LGl by cEu AL SO Beclhafion e 35 oan B ceen

in Figure 9C, since the PLLA (shell): PLGA (core) nass ratio is changed to
1: 3. Fla9iB®] 9Ehemforgrvitinaiconsideralslydowistartingp@xmePchoneentratiomati @odwv/v):as3: 1

show t hat anrncreaernthea CL res fornmatign of

o ger Bt D S REBRE S iR Bl BhnsFere fGBBAGHY et o re i S
conf i r nedreeohfgurt BerntdW ¥l £0coaTRDhS thé thiembld dﬁﬁU@ﬁhlﬁﬁmﬁQﬂh&ﬁed by their
mcroparticles after dissolution with THF in Fr gure 9B, 9D and 9F, the

shel | al¢eriasiab cpggiss sy sush, DR perershelh inversien was Pizsmeénblsm@dm@w% pfthel y,
and, 4 he r

cor'd oraffind g ot ARLEORBLERIN b e RRES hEGhE b abBFE TS Frassratio o
used. Thfchffe&nsptrlpmesr ng as it has been reported by ot her gr oups t hat

core- sh Q]gvgrsron alg be obt |ne er ratio (see, for
exanpl el Il_é amp! AATIRECLYGES BANG BHRYCIBVERACJIOER  Tan
£C et aloo1dpr alie of bl Nl 4o T S @@Q@A/?E]LA/E@& #ie-and
Mat sumoto A'et al, Journal of Contrdlled Rel ease 1997, 48, 19-27) n the
st udi esweledr inedoparticloy(EdtA eoreg Pblips middie dayar bidh &’Lﬁ/’poh&mﬂayesblaud ut@ naygas

T2 bR S PLEABYLABER 3 YR iR RHLIER A SPE LG oo

Ther ef omejd1§m9eﬂmﬂrHJGm§&rmby)rrer usually forns the outer shell that
engul fs_the pol ynerphase with I'ower nass. This &Penorrenon occurs when the

preci pi 0 #8h Fahle4 %etrwuseqhtm@mtepleﬂﬁelqd@ércﬁ %EW%%HP%@PM brium

confi ggratitom i ordery for the comne-shett—nversion tojtake
Polymer Polymer mass ratio
Stirring
' solution {  Oil-to-water
Description . speed ) PLLA /PLGA/
concentration , ratio
(rpm) ' EVA
(% wiv)
7.5
~0.013
PLGA/PLLA/EVA
(second cloud 400 (350 mL PVA 0.2g | 0.1g | 0.05g

(shell to core) point is 5% .

. . solution) 4 |12 : 1
microparticles w/v)

' 7 0.013
PLLA/PLGA/EVA (cloud poit of : 0.1g | 0.2¢ | 0.05¢
(shell to core) P 400 (350mL PVA _
microparticles all the polymer solution) 2 1| 4: 1
is 5%w/v)




pl ace. As such, the inventors of the present invention believed that a
core-shell inversion occurs only when the polyner solution is prepared
above t hewolowdi4pgs7nt at which an oil-inoil emrulsion isprcrasszed/ oby21s
sonication with a well-controlled precipitation rate. [00139] Therefore,
wWith a considerably low starting polyny concentration at 6% (wv) as used
in the exanples, the inventors believe that there is sufficient time for

t he pol i(é%r ﬁhases ho reconfigure thensel ves according to the thernodynam c
equi | i bt bi eaerallypiheisTaparticles are Preparednsing e emplsion sqlvens Sveapprdliodhel |

| nver s! SRS TRRSAEY SlymoRS bttt BhIRAS el Dbk @PdeRift Mivhbe

m croparticle can be"frne tuned accordingly angi n e mass 1
di f f er emtlupot yaréirss .ultrO8dmSitedEfanp Ingin ladd Wway saitsequenty added tplacPV Ayauechs

Set 1§ nosolten (S GuPneRY Sopbsd BimeEoRe R e ol BURIRED 2P ftiva
cores Pkddin idghriutyBrcnnevgbfatioA W rehCM Y&hults iR iphase! &p&fatibf 3 HIGH f or m
L [ I E/A c%}se, PL

i.e. a PLLA/P EVA'tripled walled mcroparticle ( GA m ddl e

| ayer aR8GA @nd diN Ay ahdiyople-willed 1miRyophatidles 4re Setained.g$he gnidrapartictasnwere
triple-wall ed.PLGAL.PLLA EVA, m crapar.t.ji.cl.es 143]. nerally, the

i clroopa F@ﬁe@sﬁ@r g Piegd &’&f"ﬁgg%mh%ﬁﬁlr glgcg%o }%gﬁfmg‘?ﬁé oration nethod.
The thr ge01pa| Y Fiuse 20£ i§ bISEM Ghistprfiof NirdAvafibd eTWihhichosphdie ofesHArdant

pol ymer solution is first ultra-sonicated for 1 mn and was subsequently
added t Bhasepvpokifakbdegicseorglyeddic ( eBYBqWLvlpytiandacidiatbylened isylng agetate

Bvanir al AR EAN sl U, 200 bl ARG AR, vy

and tri pdspectimblyeBigniecr0Bshowsqlues c@ngoneht Rim&dspettie estimatepaid theik asoviated
filtered, rinsed with de-ioQni ze%gwat er, lyophilized, and stored in a

desi ccat®re imagss ppfaiped)yiacBTEM ifrom, thsptormdry pBeseahO 8P L AEYA (taplgayalied (Twy
m crosp e L C- Ry i -Jeactic
R e e N e

out er "oBEG#VRLILA/EW Aldinewhahethe 3Hd5 4 chell hes pelatgev ehigkness. gkigerel B shows apur e

obt 8 neSEM BRERERRT oA PRSI Bt FyHin abee sl o BEOATEVA Bihmbetiafh ahich
conposi {i dhtdeRasheil Cinjididiageyr, @nd Gbrel s RLERAVPIGA OsdaVAGEsprctivdlp Bgwe! | ed

m crosphere of PLGA/ PLLA/EVA, in which the PLGA shell has a |arger
t hi ckne5QE shpyemure compprsns Ransmnspactie ovstinigtesodnda theiry assoriatedr score dmagear y

phase P&fgfng&% B0 &o8r ‘Pljﬂee lieq'naljynpl){g% ClrLLA/PLGA/EVA triple-walled composite

microparticle. '

20 [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

[% w/v]

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

polymer is 12%w/v) 0 : 5 = 25: 1




the outernost shell, mddle | ayer, and core are PLLA, PLGA, and EVA
respectively. Figure 10E shows pure conponent Ranan spectra estimtes and
t hei r asswoi2atoedosscor e | nages obt ai ned via BTEM from t hectrscaemnyoghase
PLLA/ PLGA/ EVA triple-wal |l ed conposite mcroparticle. [00145] Exanple 14:
Formation of a four-layered mcropartigle [00146] Table 5 summari ses the
setti ngs used for formng a PLGA PLLA/PS/ EVA four |ayer mcroparticle (EVA
ore, PS second layer, PLLA third Iayer and PLGA outer layer). [00147]
TabI e 5{003481 i hie nobaners ware firslt dissolvad in PO Aftlenwheghethe feshitant spdymer

LA pr E R vaBLHERonRal 4P HERMAA'Y hbskalblly YIRL (g fifiliqe s BOK] 12
129/ v) surflactanb (0.5% Ew/v)) it ibtl&i) widter riatd YOIl 3vmdeenfm1§1ﬁéd dt 48@iptmdising daCM

After whic t he resul tant mer _solution was ultra-sonicated for 1 mn
and is QWE?&u%HeF @%léfag@ @ﬁ% @&ﬁtra?lﬁ.tﬁ@p%ram(?s%r% dhasvanostsm Qi v) )

Wi t hs oi r
overhoad o Four! i phats 9%%““”5@% 555 PR Pt R eai Boositg,
evapor ammnpmlclm\ll?meﬂwl ths minropheicidsaseresegnanifaged) rrutséd twith deligmeadswater,

yieldin lti-ph se conposite mcropartlcles Finally, the mcroparticles
wer e ceg'f)g}-‘l‘ﬂ‘ﬁﬁ% %‘g’& SKCURE i oni zed wat er, |yophilized, and stored in

a desi cpmi199} PW@IAHSQAJ ISEN Acfo?gr@plsgwlanfo%wm &P(EL—TIME =dodyl

pon(DLIactlc co-glycolic acid/poly(L-lactic acid)/po rene/e ylene
vi nyl agad/acky( oG/ Racidy/mdy quenﬁathsdm t Vislyk. asﬁeﬂel @® ELA/PS/EVA)

con guratlon PL PLLA, P g re C opent Raman
spefc ra e"srf’?ar%?l sﬁgerllld fo; &Y FOIYQﬂ E\{lloélte sCorlléiE’ng 0%\6 gf@ STV r om
t he PL%MP&AIE&M\sf;éumra-ésamfe@chnaanaﬁasgoelamdcgdaw&ﬁag@h %btaﬁrfbﬁlxﬁQ]B’IEM”m e
15: Forpmati on_of | er dianeter three-|ayered mcropartlcle [ 00151]

Ternary BW&Q%P{JF}%? ELMS/EHA@M@E@NOEWR%’&)WYMIC # ddl e | ayer PLLA and
out er | ay§50PL Em¥e13: F‘oﬁr%%h%‘i‘agfnﬁﬁﬁicﬁémger ﬁPQéJfavérléd RSt med using a

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

15 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 % w/v. The other process

| parameters were the same as that used for PLGA/PLLA/EVA microparticles in Example 13.
As aresult of finer emulsion droplets formed frorﬁ the stronger shear forces resulting, smaller
particle sizes were formed. _

20 [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 um. 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.

25 [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 vadded to the polymer solution and the resulting solution 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
30  drugs and polymers (polymer-drug interaction) is the main driving force for the distribution
of drugs. The higher the affinity between the drug and polymer, the stronger is the tendency
for thé drug to be loaded into the polymer. During the fabrication process, strong affinity



stirring speed of 2000 rpm and hi gher surfactant content of 2 %wv. The

ot her process paraneters were the sane as that used for PLGA PLLA/ EVA

m cr opar twol2esy/i4msExanpl e 13. As a result of finer enul erorscdeopbets for ned
fromthe stronger shear forces resulting, snmaller particle sizes were
formed. [00152] Figure 12A is a SEM m grograph of a triple-walled

PLGA/ PLLA/ EVA m croparticle, correspo ng to the outernost shell, mddle

| ayer and core respectively, having a size of about 15 nm Fi i%ure 12B shows

pur e cohgioveenthyfeaphobis deng ethydenei chaing AW AL il hydropbahiatdeupreicnrdsovartiges

bt ai i a BTEMf h GA PLLA/ EVA triplewal | ed i
i o opa PR pRRE I e SR rS T e e iy G BT R A rent arue,
M cr opabhded!dh ﬁ@ﬁ%iﬁﬁncéwoﬁmﬁd aatute) o Ve lobalpied iheanffteadpslymers, thus

triple-layered PL& LA/ \ mcroparticles, lbuprofen is first added to
t he pol yesslting an spectis layer leepdization 0ftdrwgs. sol ution is subsequently

ul tra- samy ed. 1Nt chi ev onpl. e Iz aty } ution
w115 nEES DEiel, hATK"s BN a9 oSl oS ARG T PO ATECE (8

I nt er acwatled kempedte idopdrtigle. Hgrafon (hRdrephdbit)y BElocalizéd innthe rFIAIA GhglLi S
the main driving force for the distribution of drugs. The .hi gher the

af fi ni t Jopregratet witheP Gl | rRartisidatess Nfeterlopragude H Gl Gwrrqphilio) ds desaligsdcip hsr t he
drug to I i nt1Qpt i ' Licat . stirong
o f1n1 ¢ DBOASRE Fle ki (3R 0o Bl Eimpchh Rétni ek P L RO SSScialtls

| bupr of ssorelmmages dbtaindd wip BOEMEfrbmcah¢ maerdparticleche EVA core. Thi s drug- pol ymer

ffinit || .f | ff dr. , d t hei L1ic-hyd hobi
nat e, 1o St Figul 19a.si SBM miBatenh oty By, mise AEMRERAERALGRIE! e ©
layer | Qapéd @&l %eoﬁlié%g%ﬁele[ $8d Flerfmosusel]l 3Midik AysEM &P, a

ternary ghase PLLA/ PLGA dual wal I ed conposite m croparticle. |buprofen
( hydr opRbbA¢ and EViAp aburidantiregions hespeetivalys Abuprofennihydupnhokid) isiledalipgl in the

particu es: t ocl .de HO (hydrophilic) i.s localized.i.n the P
Por e PR Sire EhEE OB S co P RAion Shelifs EFRHH thdls hiSete?
associ ageie Bedpesobtags viORTBMEEm\thamBckEpaArtit e Fights MC sBENimicgrdphb¥56]
Figure 14A is a SEM m croqgraph of a ternary phase PLGA PLLA/ EVA

tribt em&|tf=@aryCah8§65L’Ie@Afﬁ13r A itepls-watled enrpROsits srickprarticle. ngy oatermow |
and cor re.; L d u t ¢ ) L 3 fen
(hydr opfishy Syt GRWE AARBEER, ahE R MR GRRRSHNR Xt AR o
Raman sMetddepraside fCecydnephilingiis larabzed mt thd PLGA shell. Figure 14D shows pure

component Raman spectra estimates and their associated score images obtained via BTEM

from the microparticle. _

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 HC1 (hydrophilic) is loéalized 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 temary 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
Ibuprofen was achieved in the first 10 days, followed by Metoclopramide HCI, 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)



score images obtained via BTEMfromthe mcroparticle. Figure 14Cis a SEM
m crograph of a ternary phase PLGA PLLA/EVA triple-walled conposite

m cr opar twol2e10/iks7out er nrost shell, mddle |ayer, and cece/sareioBhds PLLA,
and EVA abundant regions, respectively. Metoclopram de HO (hydrophilic) is
| ocalized in the PLGA shell. Figure 1 shows pure conponent Ranman spectra

estimates and their associated score images obtained via BTEM fromthe

m croparticle. [00157] Figure 15 is a graph shovvi&%[drug rel ease grofi | es
of t er nBYSFopHtskes.déal singlelaygrad EXApaptopesticles, candpd?) trnleslaygied P ligdoutdt i os

of A 64211, "k (oA I r
i npr egn%}t?etla% /I\)Mﬁ%ﬁ%géd]l%zli tgc/g)lvé(% g%r%a%%p@ﬁ%%?%bgn ar%ftfé)élgglﬁl’olﬁgﬂr_{éésa\ﬁeggttpa\}el y.
Met ocl ofhreariplédaydted fivrdpatities achievied almaralcbasidentr{clbbetoPieffonder)aelehseantet he

graph, |t e seen that the dr rel egse profile of the_m croparticles
2an be K5HEPD, P&&rrq hf%uah % HEARY nEflovHES WPf%ﬁ%Fssprpﬁhso.of[ mgsiaam ure
16 is a ApPL AW ; I f i Y, il | ed
LA P B o o ) A Rl P 10, ook P
t he PLQAScwt%) anldcatized/iPChe ENVA korer dhperaphvabioys thatodmugirelegveaprfilestcande be

that t | f.l f hi.eved in.the first 10 days,
F ol L owetb s s ey ehshaneing HEPSBRLURR A hi Fogt i) of case | a
sequent [ 6TRNRRurd 1OMig §i HAPR BRIwWihg! @ruﬁ[ PR3] pri by €ofl friple-1@yeBid2 RIT

showi ng drug release profiles of (A) double-layered PLLA (shell)/EVA (core)
m cr opamigrepasticley BY(AdoublL€Al ayMiCed  PnGASheBHBLLYEVA(¢oger eppd criBparkliledes,

() PPN B Rl 0 S8 AR ab b SRS T

can be beesntiollad tHrbegH lay¢tligvdrésiger ed m croparticles achieved a nore
consistent (close to zero-order) release rate. [00160] Figure 18 is a graph
showi ng drug release profiles of triple |ayered PLGA PLLA/ EVA

m croparticles having nmass ratio of (A) 10:2:1, and (B) 10:5:1. Ibuprofen
(15 9% is localized in the EVA core. The graph shows that drug rel ease
profiles can be controlled through changi ng the polynmer mass ratio (i.e.

| ayer thickness). [00161] Figure 19 is a graph show ng drug rel ease
profiles of triple-layered of mcroparticles (A) PLGA (MCA in

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

m d-| ayer)/EVA(core). The graph shows that drug rel ease profiles can be
control l ed through [ ayer inversion.d ains



1. A nethod of manufacturing nulti-phase mcroparticles, wherein the nethod
conprises: dissolving at least three different polyners in a volatile
organi ¢ swbwemni4bg7obtain a first solution, wherein theprCirsszomoberison
conprises at least two cloud points, wherein the second cloud point is

hi gher than the first cloud point, mhei in viscosity of the first solution
and first cloud point and second cl oud %oint are selected such that the at
| east three different polynmers beconme inm scible with each other upon
evaporation of the volatile organic &8imsnt; dispersing the first solution
| nto an;aqueaus, gL i it S pARS InoRt Ml 2RIl AiaR: WHEFE! Nk cgeous
conti nuous phase conpfises a surfactant’, and evaporati’ng e volatile
organi ccempnsest fromthe enul sion; wherein the total concentration of the

at least three different polymers together jn the emulsion before
evaporation is befi§ielmg 3tleat tlalre&fhgfﬁrsphp9lymerﬁ & gplatile paganic selventoteg

poi and be t Welh] i . -noi nt .
D The et nodrap & P Sop M BitEinRRL Fratou BnToFisLT S JPRE Y SLRURE Dce
t o be encapswhetegdthesetdnd dloudspoisvisttiglm thsh theHestnaddubpbiot, wiryeinnscadityt he

receding clapns,. wherein t n r of differen | ymers in the first
ot s on’i o DB FOIFRE ad i POR R gocor R paiaars s lgted Such!hit
concentrati OpheOht 4edagt ftm@@ediﬁinfelﬁferp%nan&@mee@ﬁl@ infinisB®1d Wigl e8] WihePMupfon | €SS

than the cloud point of the polyner that has the |owest cloud point or

bet ween t he evapathtioniofithegfolatleorgahigrrelvenhat has the | owest cl oud poi nt and
t he, ¢l oud point of,. the po r, that has the second | owest cloud pejnt. 5.
het e hod”of "ol afispd by dikt d)Blion Big A A RES R apMiieth sttt o BBl iy s
structure. GemiBRn[wheeth 1Bt agheduscédnt@iuohs phdie cemprifdiar subfastantG@nent rati on

of the three different polynmers in the first solution is between about 2%
(W V) to about 10€W#PPHating the volptile pegamissodient framthg emwlsirei n t he t ot al
concent ' e i ffer i: i .on j

ar oat or "pal g i abritefipaly’ LETARL T Bol el difilhs pblyiis Wadthorc IR
m cr opaemulsioa Yedosromstapurstian isrbeidve thafiest ckivdystinty er isSaboVh ¢herfitsh ebbudfpoddtai m 1

or claim2, wherein n er of differen olyners.in.the first solution is
foulrg an@%"éit Steﬁ%mf‘%)%‘{ p%ﬁ?ﬁl?ﬁ?f"feﬁhgg?f:@ﬁﬁtc{oé‘gé’og‘tt hird cl oud point.

2 The method of claim 1, further comprising addition of a target substance to be

encapsulated to the first solution.

20 3. The method of any one of the preceding élaims, 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

25  orbetween the cloud point of the polymer that has the lowest cloud point and the cloud point
 ofthe polymer that has the second lowest cloud point.

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

30 6. The method of claim 4 or 5, wherein the total concentration of the three different

polymers in the first solution is between about 2% (w/v) to about 10 % (w/v).



10. The method of claim9, wherein the total concentration of the four
different polyners in the first solution is greater than the third cl oud
poi nt. 1liwobhs/medshiod of claim 10, wherein the m cropar tceise2éonmeds has a
four layer structure. 12. The nethod of any one of the preceding clains,
wherein dispersing the first solution j‘qto t he aqueous continuous phase is
carried out under continuous stirring. 13. The nethod of claim 12, wherein
the size of the mcroparticles forned is decreased f% i ncreasing stirring
7]

speed. 4. THEe methedpistaim hivwhersin thirtetab ponaentaatinn o fithe girepdiigrans polymeesen
about 159th%?i:§%9ﬂti5ﬁg%$r%§er&Qﬁtﬂ?steg%ﬁl 8&%@{9&%{?”6 of claim4 to 6, wherein

the ratio o he "vo e organic ven 0 aqueous continuous phase is
bet ween about 0.1 to 0.005 v/v (volune of the volatile organic

sol vent /vol u of water). 16. The nethod of _any one of claim7 to 11,

wher ei n8t he A8¢ msthed afictaigiol, yherean Bwegalﬁmaﬁr%érmsdaqmme e StGBE® phase
i's chosen such that the volatile organic solvent remains soluble in the
aqueous continuous phase. 17. The nethod of any one of claim4 to 6,
wher ei n9t he ipbé ynethodnefSdainat oo claimie twhessin aboiber &f differéht poBmiers in?thé SirstThe

met hod of any. qne of the preceding clajns, wherein the | ecul e wei ght of
Cach of Saniotis TG 4811 wHreil gt naandhi $amBneies o darbeny Befbr - 16, CThe
nmet hod of any one of the preceding clains, wherein the surfactant is an

ionic surfactant or a nonionic surfactant. 20. The nethod of any one of the
precedi h¢ cl Ahermethadarfelaimt B ovlierein thestotdl soncentrafion gfthe dowdlifferent pdigmegrsoup

consi sti f sodj.um dodec syl f at SDS), . sodi um pent ane sul fonate,

dehydr o r}gfﬁﬁﬂﬁ@? on bsl%}'S%F%/th‘ﬁ’bgﬁéﬁF‘ic‘&BEB?’@f'hyl ester, anmoni um | auryl
sulfate and other alkyl sulfate salts, sodiumlaureth sulfate, alkyl

benzene sul fonate, soaps, fatty acid salts, cetyl trinethyl amoni um brom de
(CTAB) , 1 Hodeths wethod @if ﬁb@lﬁ)}pawigﬁfﬁm}ﬁﬁ Briereparsicleformehags)a four yeretsactusemoni um
brom de (DVAB), cetyl pyridiniumchloride (CPC), polyethoxylated tallow .

am ne (POEA), hexadecyl tri nmet hyl ammoni um p-tol uenesul fonate, benzal koni um
chl ori di2.( BAThe mithodaifrangicmerofthopredalidB<lajms, avttbréin xisgpessingt the festfsolu?ibn The

nmet hod of any one of the preceding .clains, wherein the nonionic surfactant
is PSO mto t%e%queous contmuoug pﬁase 1s carried out under continuous stirring.

13.  The method of claim 12, wherein the size of the microparticles formed is decreased

by increasing stirring speed.
20 14.  The method of claim 12, wherein the stﬁTing speed is between about 150 to 2000 rpm.

15. The method of any one of claim 4 to 6, wherein the ratio of the volatile 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).

25

16.  The method of any one of claim 7 to 11, wherein the ratio of the volatile organic

phase to aqueous continuoils phase is chosen such that the volatile organic solvent

remains soluble in the aqueous continuous phase.

30 17.  The method of any one of claim 4 to 6, wherein the polymer mass ratio is between
about 1 -3:2-3:1-2,



selected fromthe group consisting of poly(vinyl alcohol), poloaxaners,

al kyl pol y(ethyl ene oxide), diethylene glycol nonohexyl ether, copolyners
of pol y( evbypbmnaomsxi de) and pol y(propyl ene oxi de), hexaetmgiceonw/ogéysol
nonohexadecyl ether, al kyl polygluco sides, digitonin, ethylene glycol
nonodecyl ether, cocam de MNEA, cocanid%ZDEA, cocam de TEA, fatty al cohols
and m xtures thereof. 22. The nethod of“any one of the preceding clains,

wherein the volatile organic solvent has a boiling point of |ess than 100
C. 23. The ndtnarrtind f aymneaf thihpieesding plaimsy wherrin the welegele svpight ofeadie

group consi s%'mg aﬂ]ea%ee%%ggd-'i-ﬁgren?t%'eaglbgtthg?t hod of any one of clains

2 to 23, wherein e targ ance 1s selected fromthe group consisting
of a drug, a protein, such as an enzyne and an anti body; apeptide, a growh
factor, _an organic nplecule, a nucleic acid, a pesticide, a dxg, and a

fertiliz@r. 3Be methodipf Ay oBe ofthe prrseding chdmp whergimhe upfaptant iy, Bnis t he
pol ygrer s areSM&g@ggaﬁﬁpﬁﬁngghﬁgﬁm_ or bioconpati bl e polyners. 26. The
m 25, e

nmet hod of cl al erern I odegr adabl e pol yners are selected from
the group consisting of polyesters, polyanhydrides, polyortho esters,

pol yphogphazgenes, pol yphosphat es,. pol yphosphoesters, polyphosphonat es,
pol ydi ozg'non ?%ﬁﬁ%f@rﬂy%%&ﬁéﬁ‘{)@ ,Ce%gyaﬁpﬁoﬁﬂ{e , tb%l’?/%ﬂck?{ ‘é?‘%ﬁat es,
pol yort hocar Qéiélﬁéﬁﬁonp@k)g‘?é&;ﬁ&ﬁﬂ?zsgﬁﬁ% gm%@hmogeaa sﬁflfét_lﬁﬁlz)gﬁssodﬂﬁi YaeRL! des,

pol yur et hanes, pol yetheresters. 27. : lod of claim?25 wherein the
bi odegr adabl sulfsskatenslebydroehadigl auid,eglyéoldhochodic creali pthyb restiest amgronium lauryl

oL % YO o pubP S AP B Yo o S s
pol y( D, LI act sshpy, (Hhy; @ady(@i¥coldetld) (tsbhylammonium bromide (CTAB)
pol y(L-lactide-co-D,L-Iactide) (PLLA PLA), pol L-Iactyde-co-glycolee)
(PLLA/ PGA) , derdsicylethyldimgthylamemening) y@@@%)(‘ﬁ@ﬁb B)) didodecyl ammonium

l'y(gl ycol i ge-ce- tri -2 (PG RT .
Dol (b, L~ acPEeiide (OMRBILEDE AR AR TENCE Wblyetionylated tallgw, aping, e
]g PGA/ PCL) ; pfﬂmﬁyﬂlmfe?kfﬁmtﬁﬁﬁhon?m pdiome_aesmﬂiéd) n4teDSpnzationyimi ahidriiee

unprate; po t ut amat eco- am_c .aci d);
por’;{tert-guf%g)&%ﬁﬁﬁmﬂwp ﬁﬁ@?@%ﬁ%é‘ﬂ‘éf‘é}tﬂ” dh?'@%flzbonat eesters). 28. The

met hod of cl aim 25, wherein the biodegradabl e polyners are selected from
the ' :
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
20 poly(ethylene oxide) and poly(propylene oxide), hexaethylene glycol monohexadecyl

ether, alkyl polyglucosides, digitonin, ethylene glycol monodecyl ether, cocamide

MEA, cocamide DEA, cocamide TEA, fatty alcohols and mixtures thereof.

22.  The method of any one of the preceding claims, wherein the volatile organic solvent

25 has a boiling point of less than 100 °C.

23.  The method of claim 22, wherein the solvent is selected from the group consisting of
DMF, DCM, and THF.

30 24, The method of any one of claims 2 to 23, wherein the target substance is selected

from the group consisting of a drug, a protein, such as an enzyme and an antibody; a



group consi sting of polylacton such as a poly( e-caprolactone) (PCL) and
copol yners thereof such as pol ycapro | actone co-butyl acryl ate;

pol yhydr oxplatyrsedse ( PHBT) and copol yners of pol yhydr oxpoutsgreatompo21s

pol y(phosphazene); poly (phosphate ester); a pol ypeptide; a

pol ydepsi pepti de, a mal ei c anhydride cgpol yner; a pol y-phosphazene; a
pol yi m no carbonat e; poly(dinethyl-trinethylene carbonat e-co-tri net hyl ene
carbo nate); a | ydi oxanone, val erp Iacton ol yorth ester

pol yanhydr | d@?@tgqoey% e AGPTy éﬂnrwelmﬁle UBYS %acgioﬁyea dae.gnd a
polyester-anmgghmg_polysaccharlde such as hyal uronic acid 29. The met hod of
clai m 25, wherein the bioconpatible polyners are selected fromthe group
consi sting of polyam des, polycarbonates, ponaIkernes ponaIkerne

glggﬁgs 5pol)@9 %VﬁpgtﬂéldesBﬁgyvyﬂyﬁ Ien ter%' hali§ wngszne

pol yyi nyl pyrbwdbgqaﬁ)lega:yﬁﬂrsv&% aneelmh&é.anes pol yuret hanes and
copol ynmers t her eof | ul ose, hydroxyal kyl cellul oses, cellul ose

et hers, cellul ose esters nitro cellul oses, polyners of acrylic and

et e Sk, 556 Sinod 5 i 25 Mo bl SR e,

cel lul ose anfoﬁlTpeconﬁ@ilﬂx b@q;elyemew PoBtaghydiRiek, U*xﬂ? lt%‘dﬁie?é q)omwmh@enes
cel lul ose acetate phthal at e, carboxylethyl cel ose, cellulose triacetate,

cel | ul ose suPPbBResPEYes.um Pabyphosrtog f(tﬁ’ﬁt hy! Pelyphesphenatese) ,  pelygioxanones,

(et hyl met hac t b te),
oot 1 hex! et hé! gﬁ%,cﬁ)é %3‘?19411\6&]*%9 ?hg‘é%éﬂ'&?{t fﬁ&%alk?f&%oﬁét@? PEYLAES AR hateS

pol y(I auryl npblyesterginides) polyainydespipeiyahtindshgolypeptidds, ppiyuyéthmicsapolybthes) ,
poly (|soprogacrylate), pol y(i sobutacryl ate), poly (octadecacrylate),

pol yet hyl ene®S'Y81 ypr opyl ene poly (ethyl ene glycol), poly(ethylene oxide),
pol y(ethyl ene terephthal ate), poly(vinyl alcohols), poly(vinyl acetate)
such as ethylene vinyl acetate (EVA), poly vinyl chloride, polystyrene,

pol yhyaltr oniTbe ansithisl, ofcelgion 25, whéraini the byddegradablegiofymery dwre désqtecb(&byaﬂleyl i c

aci al ginate, chit.osan, .a C | yner s, ther eof m Xt ur. )

A nld ti - phas&ORPPBYHIMS & %‘%@E’gﬁﬁﬁy 91%?;1 ‘EEFH%P‘F&O Iy 4 ’| %ﬁ{(ﬁo e of

clains 1 to 294 aﬁécoﬁ%n@ﬂdlahamraﬁs@s 66 PRRALAs Yoty (RL1addR) PIA0AY, pb1yBIL il ned

rel ease of a tar subst ance
lactide) (PLA); poly(glycolide) (PGA), poly(L-lactide-co-D,L-lactide) (PLLA/ PLA),
poly(L-lactide-co-glycolide) (PLLA/ PGA), poly(D,L-lactide-co-glycolide) (PLA/
PGA), poly(glycolide-co-trimethylene carbonate) (PGA/PTMC), poly(D,L-lactide-co-

20 caprolactone) (PLA/PCL), poly(glycolide-co-caprolactone) (PGA/PCL); polyethylene -

oxide (PEO); polydioxanone (PDS); polypropylene fumarate; poly(ethyl glutamate-
co-glutamic acid); poly(tert-butyloxy-carbonylmethyl glutamate); poly(carbonate-

esters).

25 28.  The method of claim 25, wherein the biodegradable polymers are selected from the
| group consisting of polylacton such as a poly(e-caprolactone) (PCL) and copolymers
thereof such as polycaprolaetone co-butylacrylate; polyhydroxybutyrate (PHBT) and

copdlyrhers of polyhydroxybutyrate; poly(phosphazene); poly(phosphate ester); a

polypeptide; a polydepsipeptide, a maleic anhydride copolymer; a poly-phosphazene;

30 a polyiminocarbonate; poly(dimethyl-trimethylene carbonate-co-trimethylene carbo-

nate); a polydioxanone, polyvalerolactone, a polyorthoester, a polyanhydride,



encapsul ated therein. 32. A pharnmaceutical conposition conprising a
mul ti-phase mcroparticle according to claim30.
WO 2010/140987 PCT/SG2010/000215
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polycyanoacrylate; a tyrosine-derived polycarbonate or polyester-amide; a

polysaccharide such as hyaluronic acid

The method of claim 25, wherein the biocompatible polymers are selected from the
group consisting of polyamides, polycarbonates, polyalkylenes, polyalkylene glycols,
polyalkylene oxides, 'polyalkylene terepthalates, 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 (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, poiyhyaluronic acids, casein, gelatin, gluten,
polyanhydrides, polyacrylic acid, alginate, chitosan, any copolymers thereof, and

mixtures thereof,

A multi-phase microparticle obtained by a method referred to in any one of claims 1

to 29.

The multi-phase microparticle of claim 30 for sustained release of a target substance

encapsulated therein.

A pharmaceutical composition comprising a multi-phase microparticle according to

claim 30.



