1 HOLLOW MULTI - LAYERED M CROSPHERES FOR DELI VERY OF HYDROPHI LI C

ACTI VE COMPOUNDS CROSS- REFERENCE TO RELATED APPLI CATI ONS 5[ 0001] Thi s
appl i cat i onwgd moangséshe benefit of priority of US provi simmG2008/000460
application No. 61/007,235, filed Decenber 11, 2007, the contents of
each being hereby incorporated by ref egence inits entirety for all
pur poses. FIELD OF THE | NVENTI ON 10 [0002] The present invention
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met hod of the present invention. The present invention further refers
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t he present inventi fﬁﬁwm
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devices for controlled release of drugs is a thriving area of
research today. There are three major advantages of controlled

rel ease devices: (1) Mst dr ppgeLBOF THEINVENTIONI y ef fective only
within a certain concentration wi ndow. The effort to maintain the
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BACKGROUND OF THE INVENTION

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

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

delivery system, a polymeric microcapsule or sphere is formed around or incorporating the
20  active compound to be delivered.

[0004]  For example, the use of devices for controlled release of drugs is a thriving area of

research today. There are three major advantages of controlled release devices: (1) Most

drugs are therapeutically effective only within a certain concentration window. The effort to

maintain the drug concentration within Minimum Efficacious Concentration (MEC) and the
25  Minimum Toxic Concentration (MTC) for the entire duration of the treatment is one of the

major reasons to consider controlled release options. (2) Another advantage of controlled

release is reduced dosage frequency and increased patient compliance. (3) By using

controlled release devices, it is possible to target specific sites in the body, thereby

eliminating a systemic presence of the therapeutic and avoiding the gastrointestinal tract for
30  administration.

[0005] Usually, loaded microspheres can be fabricated with emulsion methods and spray

drying. However, for drug-loaded microspheres, the high initial burst release that refers to the



[ 0005] Usual ly, | oaded m crospheres can be fabricated with emul sion
nmet hods and spray drying. However, for drug-l|oaded m crospheres, the

hi gh i niti avohoostsssel ease that refers to the 2 initialpcracgssalisss
of drug rel eased upon pl acing such mcrospheres in the rel ease nedi um

is one of the major challenges in devehoping such systens, especially
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1
refers to a method of synthesizing a ) | m cros_g_here_
conpri si afficiency awbiimiting its eprdistians domsams, theeaperisuprateys thettare grigmallym
wherein . i HQE : oviding a first solution conprising a
first po%@ﬁ%r dilaggrgte\%‘!y t %%eg?%l in an organi c sol vent; provi di ng
a second[G00bLit i Thereforzpa neddnexiss Srcopovpd Hslivery sistee ipradding en effieidnh and

orgapnic sol vent, ereln, the second lyner i s nore hydrophobic and
nae Do b SaRls defR 8f £otrnd abSrRg SRR T pol Yimer

emul sifying at |east one hydrophilic active conpound dissolved in a
pol ar solvent with saidfi$ﬁ% b\tg ngé ?’}FM] first emul sion;
emul sifying said second so 1@8 b% gﬁ-ﬁ [ OZ%JI sion to obtain a
second e[ueb%] ONin 2t 2Pe@Mhk PréskhtNdvElol r&fee @ d nRARYdSd M iNedifin@ 8 multi-
aqueous solution conprising a stabilizer and_m xing said stabilizer

conpri si Walleh migrpenheieocomnriteitalsattapicoAydsephilis actiyiegeninrougs)| of efypstance,
20  wherein the method includes:
providing a first solution comprising a first polymer dissolved therein in an organic
solvent;
. providing a second solution comprising a second polymer dissolved therein in an
organic solvent, wherein the second polymer is more hydrophobic and has a higher
25 intrinsic viscosity than the first polymer;
emulsifying at least one hydrophilic active compound dissolved in a polar selvent with
said first solution to obtain a first emulsion;
emulsifying said second solution with said first emulsion to obtain a second emulsion;
and
30 - emulsifying said second emulsion with an aqueous solution comprising a stabilizer and

mixing said stabilizer comprising solution to allow evaporation of said organic solvent.



3 [0008]In anot her aspect the present invention refers to a holl ow
m crosphere encapsul ati ng at | east one hydrophilic active conpound;

wher ei n t hewdizeoRsfBere is characterized in that it conpgirgesSeododisést
i nner polynmer |ayer and a second outer polyner |ayer; and wherein the

pol ymer of the second polyner |ayer h a hi gher hydrophobicity and
5a higher intrinsic viscosity than the polyner of the inner polyner
| ayer. [0009] I n anot her as$ec the present. invention réfgﬁrs ta a
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shows a schenatic overview of the nethod of the present invention
i ndi cat i AGIVERRMERMr at e steps of manufacturing multi-walled
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present imwemivni on. 25 [0014] Fig. 3 is a SEM picture showi ng the
surface norphol ogy of m crospheres fabricated with PLGA 80/ 20 (outer
| ayer) and PLGA 75/25 (inner |ayer). The m crospheres obtained
according to the net hoBRIEFIDESCREIFFHON OBVEHE DRAWANGSa snoot h and

spherjca fage norphol o ith a nmean papticle dianeter.of .bet.ween
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with PLGA 80/20 (outer layer) and PLGA 75/25 (inner layer). This

pi ct ure 4AWIEStIR&NIG er nal nor phol ogy of a nicrosphere” and
Somont: 80T LMY, e A 0ot sl i
indicating the separate steps of manufactﬁring multi-walled microspheres loaded with a

20  hydrophilic active compound.

[0013] Fig. 2 shows a specific example for the manufacture of a double-walled
microsphere of the present invention incorporating bovine serum albumin (BSA) as active
test compound. This specific example is referred to in detail in the experimental section of the
present invention.

25 [0014]) TFig. 3 is a SEM picture showing the surface morphology of microspheres
fabricated with PLGA 80/20 (outer layer) and PLGA 75/25 (inner layer). The microspheres
obtained according to the method of the present invention have a smooth and spherical
surface morphology with a mean particle diameter of between about 20 to 1000 pm.
f0015] Fig. 4 is a SEM picture showing the cross-section of an active compound loaded

30 microsphere fabricated with PLGA 80/20 (outer layer) and PLGA 75/25 (inner layer). This
picture shows the internal morphology of a microsphere and demonstrates that the inner core

of substantially all microspheres manufactured with the method of the present invention is
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outer | a¥§619] Fig. 8 are SEM pictures showing cross-section walls for hollow double-layered
microspheres made of PLGA 80/20 and PLGA 75/25 after in vitro degradation for (A) 1 day;

(B) 14 days; (C) 28 days. The scale bars are indicated at the right side of each SEM picture.

Figure 8 illustrates that the protein release over the long period is controlled by the

25  degradation rate of the inner and the outer polymers and the diffusion of hydrophilic drug
molecules from the residue polymer matrix. Figure 8 shows the increased porosity and pore

size on the walls of hollow double-layered microspheres in the process of hydrolytic
degradation after 1 day (A), 14 days (B) and 28 days (C). Figure 8 (A) shows the outer layer

of the microsphere before the hydrolytic degradation. At this time, the polymer walls were

30 dense and non-porous. At day 14 after degradation (Figure 8 (B)), pores with a diameter of

less than 8 pm can be distinguished clearly on the polymer walls. The number of pores on the



of the m crosphere before the hydrolytic degradation. At this tineg,
the polyner walls were 30 dense and non-porous. At day 14 after

degr adat i orwOBIrss8 (B)), pores with a dianeter of | eeeTisGamsdogsn
can be distinguished clearly on the polyner walls. The nunber of
pores on the WD 2009/ 075652PCT/ S&0085000460 5 mi crosphere walls
(outer layer) is largely increased after 28 days of hydrolytic
degradat i ' : dation
ENTT O s e e R e N e T oy o ien
a met hod (BgusBr{CMesi zing a nulti-wall ed m crosphere conprising at

| east one hydrophilic active conpound or hydrophilic substance,
wherein the nethod includes: providing a first solution conprising a
first polynmer di BETAEIEDDESCRIFFIONOFAHEPRESENDINVENTI@Nsecond

| uti i si d pol i d i iC . .
Tosol Jent03Rer & h e aSEn B AT RO REPIPE e 00 Ay Br B Bbe tsaing dgmy't-
hi gher i Rdallbd) siro¥ihefO shrhprididpait fehet dnlel InidrapiloRitive @Mpbeid ¥t Rgdraphilic

| east one h{drophiltc actlve.cogfound di ssolved in a polar sol vent
Wi th sai guistange, Whrein thmethpddrtludes: a first emul sion;

enmul sifyin ek | W ' | ' th a
yLng ?giggil%agﬁgk@s&%dﬁdoﬂﬁn%%?/ﬁ%ﬁb@h ] faks&o@a ﬁ'aﬁ’Prg‘aﬁcQ@lB@rLt, 2

i
second emul sion; emul sitTying said second emulsion with a
aqueous sol uproyrding apsecesidneplationt edpipnisingr a seepnd polymdrxdissglvedijinl an organic

R A T e
(hol I ow cor eyisodsity lenrthe fisspdigne; of t he present invention and the
second p(_)l ymaez%u{s; rﬂg a% ﬂﬁgstso?lg gggoll)haﬂ){g Sctive cgrlill{)gtgndl fisSlved in a polar solvent with
said first solution to obtain a first emulsion;
emulsifying said second solution with said first emulsion to obtain a second emulsion;
15 and
. emulsifying said second emulsion with an aqueous solution comprising a stabilizer and
mixing said stabilizer comprising solution to allow evaporation of said orgaﬁic solvent.
[0021]  The first polymer forms the inner polymer layer (hollow core) of the microsphere
of the present invention and the second polymer forms the second layer or outer layer
20  (depending on how many polymer layers the microsphere has) engulfing or surrounding the
inner polymer layer.
[0022]  Previous dissolving of the hydrophilic active compound in a polar solvent before
mixing it with the first solution comprising the first polymer allows to load microspheres with
hydrophilic substances, which primarily could only be added to microspheres in their solid
25 state (Lee, T.H., Wang, J., Wang, C.-H., 2002, Journal of Controlled Release, vo0l.83,
pp.437). This allows, for example, loading such microspheres with an active substance, such
as a protein, in a solution comprising not only the protein but also other substances, such as
substances or compounds for stabilizing the protein to be encapsulated. Such additives or
additional substances can, for example, reduce or eliminate the risk of losing protein stability
30 in the process of drying the protein-loaded microsphere or dispersing protein crystals in an

organic solvent before encapsulating them in a microsphere.
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engul fing or surrounding the inner polyner |ayer. [0022]Previous
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options exist. In case water "W is o e - )
whose basic character is determined by the aqueous phase. If oil “O” is the continuous phase

and water “W™ the dispersed phase, the result is a “W/O emulsion”, wherein the basic

character is determined by the oil.

[0027] When applying this knowledge to the method of the present invention it becomes
30 obvious that the method of the present invention uses a W/O/O/W emulsion for the

manufacture of microspheres of the present invention as will be illustrated with reference to

Figure 1.
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as powder or crystal e organi c solution (0-phase) to dissolve
it, the pigswcsplug @%t(@mhlﬁl$ei |t<mghsp§lée ie thevdskcefngrstahiizing the pelifcegnpound is
[0039% gfxample, if the active conpound such as proteins are not

di sso vef I'n a polar solvent, such as an aqueous sol ution together

wi t h exc[goBent str|ep(3mpieb1fttheiaogvcricmapbumﬁtshc}aas proteins are not dissolved in a polar

solvent, such as an aqueous solution together with excipients first, but are mixed with an
organic solution directly, as for example in a method providing a O/O/W-emulsion, proteins
are highly prone to be denatured by direct contact with organic solvents. Moreover, some
20  drugs can be obtained only in aqueous solution, such as some eye injections and eye drops. In
these cases, the method of the present invention can render a chance for loading such drugs in
an aqueous solution directly with a polymer, without the need of drying the drugs first, i.e.
bringing it into a solid form, and thus reducing the complications in fabrication process.
[0031] In general, in case of the use of proteins as active compounds, it is essential to
25 release them in their native conformation because the release of aggregated or denatured
protein from the microsphere can result in an unwanted immune response.
[0032] Afterwards, the above described first emulsion is then emulsified with the second
solution comprising the second polymer to obtain the second emulsion (W/O/O-Emulsion)
. (see Figure 1). Since the second polymer of the second solution (O-phase) is more
30  hydrophobic than the first polymer, the solubility between both polymers is different so that a

phase separation between both polymers occurs in the emulsion leaving a double-walled
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the present invention are hollow inside or form a void and can thus load more of the active
compound than microspheres having a solid core (see e.g., Lee, T.H., Wang, J., Wang, C.-H.,
2002, supra). The microspheres obtained by the method of the present invention have a
smooth and spherical surface (see Figure 3} with a mean particle diameter of between about
20 10 pm to about 1000 pm or 50, 100, 200, 300, 400, 500, 600 pm to about 700, 800, 900 and
1000 pm.
[0037] Upon stabilization of the active compound loaded microspheres in the solution
comprising the surfactant, the final emulsion is homogenized or stirred to allow for the
extraction and evaporation of the organic solvent(s) as well as hardening of the microspheres.
25 It is also possible to subject the final emulsion to a vacuum to allow evaporation of the
organic solvent(s).
[0038] Furthermore, it is possible to add a filtration and washing step for the microspheres
formed and to freeze-dry them for storage purposes. In case the polymers the microspheres
are made of are sensitive to moisture, they can also be stored in a desiccator to prevent
30  hydrolytic degradation of the polymer by humidity.
[0039]  For example, stirring of the final emulsion for evaporation of the organic solvent(s)

can take place at a temperature between about 20 to 50°C or 30 to 50 °C or 30 to 40°C. The
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the volume of the microsphere while the second or outer polymer accounts for the remaining
5 to 10%. In general it can be said that as thicker the outer polymer layer as lower the initial

burst release. )
[0042]  As used herein the meaning of the phrases “organic solvent” and “polar solvent” is
20 overlapping. “Organic solvent” refers to a solvent comprised of a carbon-containing
chemical. “Polar solvents” refer to solvents which have generally a dielectric constant of
more than 15 while solvents with a dielectric constant of less than 15 are generally
considered nonpolar. However, a polar solvent can in some cases also be an organic solvent.
In the context of the present invention it is referred to organic solvents in connection with the
25  medium in which the polymers used in the method of the present invention are dissol‘}ed. The
feature “polar solvent” is used to indicate the medium in which the hydrophilic active
compound is dissolved. In one example, a polar solvent can comprise all polar solvents which

are not organic solvents.
[0043]  An example for a polar solvent that can be used to dissolve the hydrophilic active

30  compound is water or an aqueous solution, such as a PBS buffer. The knowledge about which

active compound is soluble in which polar solvent is general knowledge in the art and a
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sol vents which are not organic solvents. [0043] An exanple for a pol.ar
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knowl edge about Which active conpoun S whi ch” pol ar

sol vent pelyglessphiaabnek apstwibgel yaminohasidaat nagural polyiyy®, a polyamide, a polystyrene,

2009/ 075%&%@%”\%}' 0290%{& e?ogﬁ)qygnutadiene, a polyurea, (poly) acrylate, a methacrylate, an
acrylatemethacrylate  copolymer, polyarylsulfone (PAS), a polyurethane, a
polyalkylcyanocarylate, a polyphosphazene or copolymers and/or combinations thereof.

25 [0048] Further examples include, polyethylene, fluorinated polyethylene, poly-4-
methylpentene, polyacrylonitrile, a polyamide-imide, polybenzoxazole, polycarbonate,
polycyanoarylether, polyestercarbonate, polyether, polyetheretherketone, polyetherimide,
polyetherketone, polyetherimide, polyetherketone, polyethersulfone, polyfluoroolefin, a
polyimide, a polyolefin, polyoxadiazole, polyphenylene oxide, polyphenylene sulfide,

30  polypropylene, a polysulfide, a polysulphone, polytetrafluoroethylene, a polythioether, a
polytriazole, a polyvinyl, polyvinylfluoride, a silicone, urea-formaldehyde or copolymers or

mixtures of these polymers.
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invention also refers to PLGAs or other_ polynmers which are chem cally

modi f i cal®86] sulhemsheasinenafreteendprecpndaalmsh & ba pesre inc Bispmpdpd of the
PLoAs o1 Pt Reretion HELMBLREp bk iR, dopatin ol GntoLl e b
Pol ymer sosegtinfthe emulsion dovfaring dnyblerwalled ngierosptieds. Ehasa dengrabiop odeuss hefween
even f asfn%{)mpatible polymers having a different intrinsic viscosity. On the other hand, the different
25  hydrophobicity of the polymers ensures that the hydrophilic active compound is located in
the inner polymer layer of the microsphere. Because the second polymer (forming the second
or outer wall) has a higher intrinsic viscosity than the first polymer (forming the inner wall or
hollow core) the polymer is forced to precipitate around the first polymer, i.e. phase

separation occurs and the double-walled microsphere is formed.
30 [0057] According to the [UPAC definition in the Compendium of Chemical Terminology
(2006) hydrophobicity is the association of non-polar groups or molecules in an aqueous

environment which arises from the tendency of water to exclude non-polar molecules. In



10 than end-capped pol yners. Pol yner conprising -OH or acidic end
groups are commercially avail able. [0054] Polyners, such as PCL, PGA,
PLA and PLGkoan@®/ofest nterest in the bionmedi cal area becarysaioshimase
bi oconpatibility and bi odegradability properties. In particular, PLGA
has been FDA approved for human therapy, Wien degrading, PLA and PLGA
chains are 15cl eaved in the body to nononmeric acids, i.e. lactic and

glycolic gcids that. are ellm edf e anlsmthro h 1Creb's
Oyite s o arte Rreriifoniiydt ARrERne] Yk Nondthi PuCB Rspediee pafteod
be used isplutibe DRE 18RS @f,ectﬁbely@;msﬁrm)aiaeneﬂmd, @uthi pa;)lmaﬂeba&ug toahe ghap of
limted to PLGA 50: 50 actide/ gl ycoI i de nolar ratj PLGA 55; 45

PLGA 85: 5 aqsL@szub%ancm@sp%@sm hey antipege d@ hygrop &%wonsﬁre hkipophilic)
ot hod of . 5 hSroPIARE, HiBnAUIE of pBlad P bl &b glefipd SOIohBCAL or
second@ paromasic derowbgtmaldneﬁ {heaseref ﬁxﬁg@r@t PLGAs g8 é@emneﬁr&b@m%ﬁrst Fwo
is inpor a S t WRGHL

can occu?d% %“f?le e ]{;)cnﬁ[ner agp’rn§'gchd%3b 5: &gﬁﬁd‘&m cr o?%ﬁgrtg% kr]%slae
jse|toa_r at | parcentager §l‘hbe‘tt:glmtrratlmoﬁﬂ‘qcade kthe np:mé )hydmd flgdmmwgpt 2cgymimf Methotts for
intrinsi VISCOSI er he di e

hydr ophoBPETE g githd elrBRiRYriY 5° 8ol s e S T dpere hedeme of
conmpound h?;@robl@ﬁﬁél@doﬂ 4 pbilsrfnet ReasildysiEmchsayigs tief cdntt Bhgle qsxmiwhehen a
Because the second (formng the s?cond or outer wal

hi ghdP i mafer JEoR: 15\/?@&1 i it §het S ﬁ@SFPF%P 5 Brhgper Pob%eﬁfﬁdt%% lalraﬁ'ietbe
wal | or heﬁtw%gem)o) Bﬁﬁe RaleY 8P ab fhotHyaRshhbBic icfolRhdrat e around the

first pol . €. phase separation occurs and the doubl e-wall ed
m crosph (58] S P@lmts hasmg[aduﬁrp} hmzemmg caphavigaalsolgringhes aralesular gieighh

the Compgpdyd! H%tonfxee@l@ Thbala g&g@kgg& @1@16)1 cﬂé!ﬂ{o%ﬂg l?féa&'séx%tﬂe? pbBfner

associ ation of non-polar gr YA RA a
envi ronméods ndli nécessaribe sehnm ghatt the me]ndém:yvemht wétthe nochinhiehe higher

non- pel a ul.es WO ,.20 52P /S 008/0 046
wor d 9 hyhy(%m Q%fc&yﬁ/also hl&lé T C}ﬁr tg mé SFCEOIH' 1O ri]le zcﬁ ‘o
in an aqEsep shi étiel example)ithe intolédulas “&tght:lfdrl the ﬁgsopdflglhlmcfonmng the inner core

characteristic, suc o] rs belong.to the, of s ctive
bt aneisrelarprsatai BeY Fhial et R Bics i Heigh B e Sy o er Rninig e
|'i pophi | k&bndertbierapaliny dbRRE baual 1. Bixp@PeRilc or polar. Typi cal

hydr ophobi ce]groups are long-chain or 5 aronatic hydrocarbon resi dues.

I'n case H06QT f f A erentimedatbe differpat intipmicvisaosiieok ppdymers useditqmagpigstpre the
i ndi 68t i BcbBeRHYFED f'éfi’ﬁ 't}f?: m§lﬂ%lﬁ:3 strZéuref(ﬁ'r thé hﬁo%’ﬁé&%ec&ﬁé &' enk@es
the [acti de percentage. her ratio of lactid t he nore

hydr ophoBiat at nhaSpcﬂepmmon N@qeh ef lptwepat &e@ﬂmgstmlquérﬁﬁh@m antrigsic
of a pol r

hydr ophoﬁgg(lfs tg ??Ikﬁl%vﬂf:tlhgd olf'qh@heeserltr\ng&gigﬁ a‘lhe 15%51@%%0%398%{ éhe second
angl e f opolgchexisdngtzer than the intrinsic viscosity of the first polymer For example, the intrinsic

viscosity for the first polymer forming the inner core is below 1.2 di/g (120 cm®/g) and the
25  intrinsic viscosity for the second polymer forming the second or outer wall is above 1.5 dl/g

(150 cm®/g). In one example, the intrinsic viscosity of PLGA 80/20 (the second polymer) is

about 1.7 to 2.6 dl/g (170 em®/g to 260 cm’/g), while the intrinsic viscosity for PLGA 75/25

(the first polymer) is 0.93 dl/g (93 cm’/g).

[0061] The IUPAC Compendium of Chemical Terminology (2nd Edition, 1997) defines

30 the intrinsic viscosity as follows. The intrinsic viscosity (of a polymer) is the limiting value of



10 water drop is applied to the surface consisting of the polynmer to
be tested. As larger the contact angle (in ) of the water drop as
mor e hydr opR@biy6y,d75@, pol yner. [0058] Pol yners having a hegh®o08/000460
hydr ophobi city can have al so a hi gher nol ecul ar wei ght but do not
need to have. A polyner having a hlghe{ hydr ophobi city than anot her
pol ymer does not necessarily nean that‘ihe nol ecul ar wei ght of the
pol ymer with the higher 15 hydrophobicity is also higher than for the
ot her polgy Hu&a\@ﬁéagmfyh@l Dle 1%&5&955&9&1@' tﬂy ak HIRAL iNustCo %P Ber,
t he nol ecu r wei ght forcthe first polyner f8Fmng the inner core’is
bel ow or equal 1. 2x105 g/nDI and the nDIecuIar wei ght for the second
pol yrmer Dgqihe. iQfhe i RhtriiBhland §; ROAY fut@hsiCAYREid: 3 X 105
g/ nol . [686g¥A84ment§§ ! Le ﬁ 1erentan ﬁ%rlnsﬁk J?SCOSI%% of

pol ynmers _used to nanufacture t he 20 m.cr.osphere helps_to,.formthe ..
mul t i - wal T8GR} s :éls‘aqﬂw%aﬁ? KPguR e Bighe &5 e Sridipge dyeng is

phase seR@nradliyosivéntik @’ . TGR d@l@ﬁt&’&?%&tﬂ& epﬁbwmy SoN@pireGubei. The teaimtis
intrinsic viscosity. For the nethod present invention, the

intrifAsi doprdeksop asra fraditigral mepégy ﬁﬁ&laqeglem Bh &onsisteah tgrmnology would
i ntrinsi ¢rydue€ eEéészQ{r cBﬂﬁmBﬁ {nsﬁhe gQIIyiﬁ'gpﬁteraﬁﬂé Iﬁffﬁ%lv?scostl@% h@ﬁdhi‘éﬂsﬂ'&n

Vi scosi t or t 1€ first O rmn he I nner core 1s bel ow

pol ymer f the er s jabeye
ol g). IR Bhe HgpEse Mg, I e %%E‘?"ﬁ?“hde
second paisgametpr. |T§,1cahmumc :’I.’ISZOS'!@' i2 aGcothind o 1(1demfoc lﬁb@a‘mthaﬁﬁﬂb nBgeppral be

mhil the j.ntrj SIC VIS osity.for P GA 75/ 5 h t oI r) J4s

00381 ' Gl Gt pol5er. b N A5t ShiEtsy O Sic frtne
Ter m nol egindi@nAscbéltyt o®holykéy )ar@legehérel$y C’;ﬁ&da@edl BY I the SpalyritérS eatifaytuss.
follows. The intrinsic viscosity (of I's.the. limting val ue

of WD 2®@@Péhse@2m/@@@b@qugwlawﬁﬁ3ﬁ P‘ﬁ%{‘?"é&}E@&W}“’s‘%‘sY‘ﬁ Sity. or
the inhenggty) Vi LG dx¥mplel e molBduldr W dight sy tHé Fikst pslsvm@f fdrighgnBt VHHeF core

i.e. [rd. lim&=1limt" (c is the concentration and H's the intrinsic

vi scosi t y§belew Ooe%lafl'h?ex 102 efmal gag the sncleoylas wekeht for the sgcagid pehysws fQrmingae
|t enat ug 38 of fiterkAtid B3R or e&@a‘i”f.?»%s 'gfnol.

[0063] Suitable pairs of polymer can include, but are not limited to PLGA 75:25(1%
polymer)/PLGA 80/20 ™ polymer), PLGA 53:47/PLGA 80/20, PLGA 50:50/PLGA 80/20,
PLGA 53:47/PLGA 75:25, PLGA 50:50/PLGA 75:25, PLGA 75:25/PLA, PLGA 53:47/PLA,
PLGA 50:50/PLA, PLGA 75:25/PCL, PLGA 53:47/PCL, PLGA 55:45/PLGA 80:20, PLGA

20 80:20/PLGA 85:15, PLGA 75:25/PLGA 85:15, PLGA 50:50/PLGA 85:15, PLGA
55:45/PLGA 75:25, PLGAS55:45/PLGA 75:25, PGLA 55:45/PCL, PGLA 55:45/PLA or
PLGA 50:50/PCL.

[0064] The stabilizer used to stabilize the microsphere containing emulsion can include,

but is not limited to a surfactant. The surfactant can include an amphoteric surfactant, an
25  anionic surfactant, a cationic surfactant, a nonionic surfactant or mixtures thereof. Depending
on the polymers used, the surfactant can influence the size of the microspheres formed. '
[0065] 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,

30  alkyl benzene sulfonate, soaps, fatty acid salts or mixtures thereof.



normally given in cnB/g. This quantity is neither a viscosity nor a
pure nunber. The termis 5 to be | ooked on as a traditional nane. Any
r epl acerrentwbmmsasstent term nol ogy woul d produce UNN@CEBEAN0L/000460
confusion in the polyner literature. Intrinsic viscosity is neasured
fromthe flow tine of a solution through a sinple glass capillary.

The nost useful kind of viscometer for determining intrinsic

Vi scosity | e ded.| evel . Ubbhe Y sc ter The

e st LU o BraptRSt Riians Siadl B oy Fi s R B g Pelfaramers,
general Gyl Qoi ?/(Hﬂhﬁéi’lee&udd)rd@thylaﬁ\é BBcyINBonoRRY dtIier,UptblﬁhhM zﬁ&ﬂﬁ)w ed/@);
25 Cin ch oro orm Values for the intrinsic viscos]t &ﬁ i
are genefFarlymers oo qely(eHyienre gpiieyrind abi(rrortience p¥id efsluolﬂ ene  glycol
POl YITer s min Fﬂmdéuyg Netfer TAIKGE lﬂo?fgld%@élgé}»t (ﬁélﬁﬁuﬁ‘aééﬁylézeh%l%? rmdn@@lé’c#d”%ih@r,
viscosity. [0062] "I n one exanple | ecul ar wei gh I rst

pol ynér Wﬂ‘amltﬁﬁgM% dogareide Eile opsarmde dkide rfateu@lenhohs axapsreshereahdn ohe

vl | i ST s oGl A6 8 bliked 5 IR ARRAT R

pol yrer @01]67] nc Poldexarmed, ia.rch aOtF127m dre ddifuncin@i ‘tﬁ&ckZBJ@Ilbiymer surfactants

D L7 L temiaring in pritssty dyipsy T b, Ehekars spkosss g tBpieel hydioghobisschain

75: 25/ PLA¢ ﬂﬁﬁyﬁﬁopﬂl@ﬁﬂ-@oly 16Q: 50BN AflafRle@Aby Stwd5 hPSRophiftt Ghains  of
53: 47/ PCL, PLGA 55 45/ PLGA 20, PLGA 20 80: 20/ PLGA 85: 15,

L
75: 280 pL eplygxyeihy] (e G oide))g Beaayse Piedaiasts olhppoiTFE b&ﬁf;%\can be
PLGASS: 4ghdidried Smdmy diffelefit paiofané?&lexis %%éhﬁllyp&ﬁeﬁﬁt Eﬂe%les For the
50: 50/ PCL. [0064 The stabilizer used to st |'Tzé the m crosph ere
cont ai ni eenespiersl Grplexemer n dhesel sopdhyrmers @rm@lﬂmmﬂv maged ovith the detig {Bh{for
The surf r t1ond
sur f aot apgoRgnef ALRET YAl AEROALE ik M T 100°0€ 18P BRlcRimare
t her eof . nibla:peladmags ofithehyelhypsyyrmeriencusee  antl ke kot digit xak givemthienferagaiage
t he

0065 I f
Surt 587 sty tRee RRERTES F4B7 TEfoiotannd it PRGOS RrPlishE o Cll Fuess
(SDS), sofl4,000 pandlaneé asiok4 pcﬂm)@;ethgfmhy don:tah))lFloc tl&d?ldr,ongl t;ade:iamdﬁ ocdmg ot

acid ethyl ester, ammpniu ate sul f _
sal t's, <thar ot Aiads ngstagf’eﬂéotsﬁi’@ 2 k5t ik ah il St nd @
fatty aciiguidap ESpadle, Fi=xfidke ¢solid)SoRO ed b or three dlglts the first dlglt(s) refer to

2009/ 075652PCT/ 62008/000460 15 [ 0066] | es of a noni oni
sur f act afe Ie%lﬁcq #ongse! the polxpXyPFRpYent ﬁp&e etegnigey] GaRBArKES PHFR‘}‘F grid)

pol yo@t hyleme 18 iafied x 1§'g?\le@¥ljleeﬂ§céﬁ{a3éﬁ blysRpafgene! coﬁlteﬂle(rez oy \d piikonic

al cohol e (PVA), copolynmers of poly ethylene oxi de) olygprop | ene
oxi de), wgkazetgqy;mgmogﬁg@omolecular mass of 4,000 g/mol and a 7 o polyoxyethylene

content). In one example, poloxamer 407 (P407) (= Pluronic F127) or F-188 or L-63 or

mixtures thereof can be used.

[0068] Examples of a cationic surfactant can include, but are not limited to cetyl
25  trimethylammonium bromide (CTAB), dodecylethyldimethylammonium  bromide

(D12EDMAB), didodecyl ammonium bromide (DMAB), cetylpyridinium chloride (CPC),

polyethoxylated tallow amine (POEA), hexadecyltrimethylammonium p-toluenesulfonate,

benzalkonium chloride (BAC), benzethonium chloride {BZT) and mixtures thereof.

[0069] Examples of an amphoteric surfactant can include, but are not limited to dodecyl
30 betaine, sodium 2,3-dimercaptopropanesulfonate monohydrate, dodecyl dimethylamine

oxide, cocamidopropyl betaine, 3-[N,N-dimethyl(3-palmitoylaminopropyl)ammonio]-

propanesulfonate, coco ampho glycinate and mixtures thereof.



nonohexadecyl ether, al kyl polyglucosides, digitonin, ethylene glycol
nonodecyl ether, 5 cocam de MEA, cocani de DEA, cocam de TEA, fatty

al cohol s orwpizséomr&s2 t hereof . 1 n one exanpl e, polyvinyl pdrseheds®oodso
(PVA) has been used to stabilize the mcrosphere emnmul sion. [0067]

Pol oaxaners, such as F127, are difunctjonal bl ock copol yner
surfactants termnating in primry hydroxyl groups. They are conposed

R LA B A LD T
(pol y( et hyh&h oK bt ic/BGRRHSGntHREn @RSy Sferihf e PHBTm Ak QRleS(wWgRN
be custom zed, many different pol oxanmers exist having _slightly
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digit x 10 gives,the percentaqge 15 | yoxyet hyl ene .cont (
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g/ mol  ang20m6,70 KighedtatoSsiePdlyherBinc ool ENhp.3, fo247M.he Pl uroni c tradenane,
codi ng of these &&@gl mers starts with a |etter_to define i

physi cal 991 af Pt el eanpfluengs the sige Of:ﬁlenwgi ?ref:tfffﬂﬁﬂaﬁséhe

(solid)) visebsitQWe theldrghi® sOlntidrif SvifdOink polyiies drk isbolded)ithd EoncéfaBbn bP
t he nol ecul ar " nmass ofg t he ngl l)égxypr O&‘I@ene core (determ ned from
.

BASF18 pwurfastant sejutien thomg giappet thginglmses vepdgthechomagsniper wert arb
pol yoxyeta%i’altiﬁﬁl% &9”+@H;E HaficBl stirfel 2hd Thd bk OEHprPﬁ’elghnathe hollow microsphere
py enB T 5/ nol " and a 70%

pol yoxypr ecu arcnass of 4,000 ' a _
pol yoxye(AstetefeEc Sablarvt .M, 206 eures ) fsherally, thedrigher stirdiog speed g thehigher
Pl uronic _E12 or F-1 L - r..m Les,the frops

[ 0068] Ex et odiain dhe ity B ofitle Y85 A8 e SAREREEAEE e hign
limted tpeedeai wik eblsioni ppadelyineinding thermrfacant dan {EEARIY reduce the particle size.

dodecyl e i met hyl anmoni um by om de 12 i dodecyl . a ni um

br o Se. [NRE) T e, PR drisdiShle 46 SPOBETet BUFRT L apa Solve
tal | ow amhitd dohigeifes: thB@x aedecot el liydisphilic! AuP Bokipdudd! Bkaigples Wrfsatatigther
benzal koni_ um chl ori de (BAC), benzethoni um chl oride (BZT) and m xtures

t her eof . SYSHHBYT ESARs) 'éét ag not A fed Q) Mb X I b AATUYARL fh3PSPIRHPT Arhangfiea

are not hi.ghdiRd stBifageemiive® Reicahper mXAHki ¥ the aforementioned substances.
2, 3-di ner capt opr opanesul f onat e nonohydr ate, dodecyl di nethyl am ne

oxi de, cO¥ER] dopn exsipienids a phamacentical additive, the inactive ingredients used to make up
3- [ Nof- diy it g3~ il ) Yk HRERO Ol B BN 57 ARl
cocghQZDEgﬁgﬁ%%§ﬁa ehg% Qﬁ#ﬁ?ﬁgggﬁﬁﬁgbéo . B&%Ifﬁgé The t |ckné§s“%%
t he out edodagy dormor Peingpdl exeipient eclabsifications (Ginctibus) i arecthe | fallewingi inders,
hol  ow cqre) of .t m CL.0S re,can. be i.nf nce ter] .he .
pol yrmer _Azgteerins gy T REREESoaERsncp oBie RS FuteibL FolsBo i «ie
| ayer) t oolbResvideteRirs gaésermiivdsf arspénsingfdispadsingapents Yibin Yorhirepsfvaatidgst Aavors
1:4. O her exenplary ratios include 1:3, and 1:0.5. However, ratios
whi ch ar & BMPERESout side this range are al so possible. The relation

of poes yrrfo“mg]as SFdraddample) d&ti:igreﬁﬁ,pmr RelflitRdTah to Sistibupydle iifto! fieticMst sraid
i s describe for exanple, by Astete, C E , Sabliov, CM (2006, J.
Bi omat er ENGYER to reafhy fheblandrstreary gporg quickly 2gd stilh ohars)proteesdhe progugts Riapility

par anet egs;; Wi g0 atcrﬁ?xi: fil 4EREGenklSt SiheSrAbe. IR oMICEARRRAY Ofal e 8dm a

are the viscosity of the organic solutions in which the polynmers are
di ssol vetherapbaicc sanss nplragniaegntical excipients are critical and essential components of a
modern drug product. In many products, excipients make up the bulk of the total dosage

30 form.

[0075] Examples for excipients, include but are not limited to magnesium stearate,

lactose, microcrystalline cellulose, starch {com), silicon dioxide, titanium dioxide, stearic



10 surfactant solution, the nol ecular mass of the polymers used, the
honogeni zer speed and agitation speed of nechanical stirrer and the

drug entrapwenbododsegshe holl ow m crosphere (Astete, C E. ,pcoalehéog@Moosso

C.M, 2006, supra). Generally, the higher stirring speed and the

hi gher surfactant concentration, the 31 IIer the particle size. Al so,
t he use of honogeni zer with high speed’'in the enul sion process

i ncl udi ng the surfactant can effetitlvel reduce th article si zed
15[ 0072] Afida Jodiihettarch o ghicalate; ¢ gqlafing o kG, b FUCTPSS» afflciFRly Stfatate, povidone,

subst anC'P& obRridiR&l Bl h§t§i‘b¥§9 E}'(oﬂf‘/ﬂ InfedhytQMRIoks eopAh oaﬁcté ERatindaN& inks),

hydrophilic active conpound l'es for such further substances
i ncl ude, ctpsearmelosaothyiiony t prapylocelhlasg.c efylealuloggn el aphosphate (dibasic),

absorpti ng) M&%% she Jaa@ya% zer, stabilizing additive, a basic

salt or ?ur es o hti oned substances. [0073] An
exci pb en[007§] a Ahﬁnmas:amphamhacamgicah oremntdnelogmbagene that gnoelifiyehne effect of

to make u i cation. S ssfle

functt onSEn B8y dPEn V2T MO8 far Bk e dE 35k 4rEd téen Mhep giren by
exci pi enthefilsalvéd. fFTypat iofnaljiviahitd Clntl08S Ja pﬂmh&wué aldysvhtnGuctbian daffsine, an
disintegrants, fillers (djluents), Iubr| ants, glidants (flow
enhancer gﬁ‘mu%ﬂ%? adjuyaghang ‘H’sag“E‘d} plspray Y@ﬁer preservatives,

suspensi 4] Spﬁ%{fﬂbé}ﬁs AQBE mmfaghmm% rfgesrtﬁidegﬁwmn cﬁtkgam&cs aPéxtenders,
printing inks 0074] For exanpl e, excipients can help the drug to

di si i eghattiagi aae@tSpamqmrtg agentsrand feaginggAeents. rAvm ammuRelogE Rslinvant ggudes

nor e qU| I o] t

il bo SOl inblo R b RGN} dliRats 085! ivlaf rovvals Al
" nact i ve'lbhﬁe @fmanmrh phegphetiiand skemssym pidioxide e\dﬁlb@a\halmomp!ﬂ@m an gxample
critical fand essent.i al [onponent s of a nodem drug product. In many

pr oduct s, TEREF gﬁf‘%r‘?‘fbs Viltike up the bulk of the total dosage 30 form

[ 0075] EWaTR]| eSAh @kagpleiofian riﬁlmunblbgicuﬂﬁwmtt coa{msmf‘rehlhd'ﬁ atﬁfldvaht) (complete

magnesi u tearate, | a crocrysta |ne ce l,ose, s ch
oS A sl CE AD PhifT o e qeloiy gRpjsiied Gmineral O tbed as an
2009/ 07 5hamtepoRFRAB (HIBMOOf thé Mfinthe SOEnYMABSBECEBpYS Fodldebe the Ribi

gelatin, talc, sucrose, calciumstearate, povidone, preggl atinized
starch, ﬁ@w@@ywla%w oilyar el sipnssrheroppi P arised Witk smaly yolymes of
| nks), ﬁé?a%f?ﬁbie%?%%s' HePeHich LRMen &RhibiBLOIn sﬁid?%’oﬁﬁinli S Surfactant

cal ci um phosphate (di c), crospovidone or shell (and aze). 5
[0076] Adjvesradd.This systemalseconteigs cefined mﬁcﬁbmtmlabgﬁc’dmts fogechfastor reedl wall

modi ﬁ(y t Q(%Ie?én) & Ermgilm%h %Eafn?s Ptbﬁct Fal %ano@ﬁdﬁ%@oryﬁ%ﬁé en?xsﬁunﬂg}' ‘J,xﬁ-laple for

having few I Irec en given ves ypes
adj uvant an :mhmxd@la adybm«m:@ﬂ&mmxa'ﬂlﬁmamrqpr@amh aggwen fiéneratien oﬁadjuvants

i mmunol ogi ant ul t ay_adj uv.ant. [ 0077

ad v ant 9158 s L o S A ottt B B Ao, 18 B oVl Blevrsn gt
as ext engiﬂfa&tantl&tmgtﬁﬁdag b@@ﬁﬁlfos chaiig @km@meaﬁomﬁm pélq@gipng:y&ge {POP)
An i mmunol ogi c adj uvant includes in ani c, anic, oil-ba

vi r osoned¥dpelyasyedy @MPQEWS‘? ﬁ?ﬁ"gﬂﬁ?’é %f‘iﬁ/ TS TR @Fﬁ?ﬂrﬁﬁsw
phosphat ﬁaﬁﬂglsahwﬂﬂawﬂw&g WirdRrtfed UhRAC fABH| dheiBtad, R¥APRIRNt

for an organi c adjuvant 07é An exarrpl e of an i munol ogi ¢ adj uvant
conpri se@CtlFPmﬂgm%ihﬂqymﬁuc(l%rrpl ete

[0079]  As the name indicates “an absorption enhancer” enhances uptake of a hydrophilic
active compound by the organism to which the microspheres of the present invention have
been administered. Examples for an absorption enhancer include, but are not limited to
30 surfactants, bile acids, enamine derivatives and sodium salicylate. These adsorption

enhancers can for example be used to increase uptake of proteins by the organism. Examples



15 (CFA) or inconplete (1FA)) which is an antigen solution enulsified
in mneral oil, used as an i nununopotentiator (booster of the inunune

system . Anghhgdo833spl € woul d be the Ribi adjuvants wWhiggh«ah&s/000460
oi | -in-wat er erm{sions where antigens are mxed with small vol unmes of

a netabolizable oil (squalene) which are then enulsified with saline

containing the surfactant Tween 80. T 'Ss system al so contains refined

nycobacterial products (cord factor, cell wall 20 skel eton) as

i mrunost ifefuFeeht Brojgies frduder ibat AR EbHBRSH Ry nsplin; gasiin, AyFQzyRe heparin,
exmapl e f 1 i i i jt s okl _represents
g@%tf@tu} geri]@é%pg gg&m@rm ,Qbkép'ﬁal_ﬂsi &fidB¥in ahl lefic p

a hewer J uvant s hqt are |l ess toxi c an contain no
bi ol ogi c&0080] defRlestigizaest ard aften uged in shdmepufacipnofinjerespbeyespfo decrease 7T

surfactant, agtin i_near I chal . i.oni

ol yoxypray e tomtsabeRhue Dbl fodh Bl 2hoobl A Be SAABLY BEH O the
ar e | ¢ss niiecobpheteh ERampley fortsneli phistidizee ireohide? butnat api hingediitdplithalate esters,
potent adjuvant properties which favor chenot ?xi S %{emn‘g lated
acti vat i GROBAY® aRtts Ho I AT ot i §FP2CH D09 ALNREL, hd 8% BEWER

absor pti efpnephedeer Exanped 6 pliditiake obfthé abyet 6B lrctudacdinedyl phipalte
by the organismto which the m crospheres of the_present i nveI\ntl Qn

have beedietfivhinthalats, edipropykappihalater dhousyl riBRDpt Aishtox ki celtbalsie digaty!
but are gﬁﬁla%‘en}r}cf%?dteﬁlo:é e‘tl{sfafi’xﬁ vl fHokphafts! fRihyEOBALAE tl‘ilﬁftjzlvs%Bic\bi?

and sodi am sall cy se adsorption enhancers”can for exanple
used 100 iaeatylanisaylgpradseondibyylebioate. by t he organi sm Exanples 18 for

such protgi i pel ude, 0 i\m i j ri
ysozyme O0Ebar AP TR o R BOPLUAT, 1588 b 8 S fiondE Mr intrpepheres
cal ci t oniaccoadiag ) the agtind JfORBAdidat avtutonzequte the eddficreof aibastt salt integhe
manuf acture of m crospheres, to .decrease .T s, transition .

enper at HPSTSARER FoGHIE e AEHE JLGI oA FPaLTb ELBae 3P F eladedir
of the 5 egangileSpbRIE biclbanitkehafRiinmucdibdiats magh@aim ihpddowide, or bint arascd
not limted to phthal ate esters,: phosPhate esters, citrate ester

Sobadit o Meghesiugl MYPmideo|n e SiaEPIe Of Ahk) PARSERt INXEnten DRGNS CrRanate

Exanpl es otcolant b&dnaREg Of the above types include dinethyl
pht hal at e, “di et hyl phthal ate, dipropyl phthal ate, di bu'é% pht hal at e

|
di but oxy 880831 phirhakciive compelindy require His adduioniof siabitigipg additiussnBercexampls,
tri phen . i : i | : :
ri buty! aliieng A8hR0es b oBel Ko P BEALRS. sk Bdbifring WRAOL Coan HEAGEL Yout
PLGA, us e roolimitedtorfariher pcdteing sudarsypolyolsdmine geids; and clictrying aganitre

met h%’hgi%o%?ﬁ L Ee%%?{a?i&i@%%ngdh% { S"a%”t%]er aeddké‘g? adeliikd 8 agfiveac#@%iuﬁd @Eﬁ"ﬁﬁ

into counter the acidi C mcroenviron
basi ¢ sahiagufaétirel ofchaitécrosphére axa@ndingto the diatitndoiftiar freseat myventing e sheyrare

car bonat e, nesi.um hydroxide or an.,antacid 15 magnesi um hydroxi de.
B one. eReHE dooTIEE S it PHURTHS offSralit ARE AT IBRATS TRORSEFed
has beennigeehele§082] Some active conpounds require the addition of

stabilizing additives. For_ exanple, . . " L.
[0084]  For example, carbohydrates in particular have the ability to stabilize protein in the

25  dried states. Sugars such as trehalose, sucrose, maltose and glucose are used as protein
stabilizers for number of proteins like collagen, ribonuclease, ovalbumin. They increase the
glass transition temperature of these proteins. Cyclodextrins have also been used as
stabilizing additives in protein formulations.

[0085]  Surfactants are also added as protein stabilizers. Addition of surfactant stabilizes a

30  protein against denaturation during several stages from incorporation to release at site of
delivery. Certain transition metals, such as zinc, had shown to confer stability on proteins and

other active compounds. Lyophilization or spray drying also increases the storage stability of



stabilizing additives are often used for proteins. Such stabilizing
additives can include, but are not limted to further proteins,
sugars, polyalgee@&gspo acids, and chel ating agents. 20 [fQ@3bookhess
stabilizing additives can be added to stabilize the active conmpound
during manufacture of the m crosphere 1gccor ding to the nethod of the
present invention or they are needed to stabilize the active conpound
after freezing and drying the manufactured m crospheres. [0084] For
exanpl e, agHEDEmpIREdse Sushpaspprpteinsy FEseze, uang Keslagipppasyihe getiieaganinoypd to
protein u&é&b'ﬂfai@éstmsgeadmﬁﬁe?ogs§uitaﬁwa{c§piéﬁgc&@&aﬁmﬁﬂgh@fﬁﬁm%meﬁfaed in
mal t ose and gl ucose are used as protein stabilizers for nunber of

pr ot ei ns farimktation| fongtahility idvong dtesas dryies sl ynpmitectanth eych as dextsan, tghecols,
glass trapsitjion,te ratur f ot el . : trins Q.
31 o bee Byl CETREIRY fy® el AAGambhFhNze S0 o0 riea
[ 00853 Sufdranlatihs (see,ce.pl Sinhad VeRl., elpnptrei 20081 dbbf iCoetrslledAReledse,0mol$H,
surfact ant ]‘tgabi lizes a 30 protein against denaturation during

sever al B?'aé s fromincorporation to release at site of delivery.
Certain fgo3gpi t TR réledsal &F, thieUsth st dhdGetivdabofpand fromCoef Ricrospheres is
stability on proteins and other active conpounds. Lyophilizatiqgn, or

spray dr {ensgdent doth pr diffision threushithe Rglymet amitix 9d 6p polgnyfegtpdation. If

conpoundgp,y; : LOSmel j i i SBan therefald Mfe
compound Th g A3 2%‘%59 e ROgER: ol I e B e R

st abl® i zimag baddpredivebleand eiratid digetd breakdaymed raicraspheress Howaysir] the yelease of

duri f i ) ) 1 .
o1y corol SRR hlflvat HOR' LE LS i il ehe R AR o i Bng polymer.
sone frekatiedrsobdility dfocoraliatbuik phase ajzeeofactivBi cringpoudt] Rnd distebatimn of
A., 2003, J. of ol led Rel 1.9 .261). [0086]Th :

M e rospwied RS, hERgRGi RS BaubisiNaRF SFRoNmet PEVE e TRGPLLlf in
dependenteldagd bravesstli Hduts io® radinliviisttion t dfeinfeetaplee midradpheies angy alo pdiey rnivs

degradation. If_ during, the desired release tinme, polyner degradation
i s cbhsi teatgn ¥ relepién t he rel ease rate 10 may be unpredictabl e and

erratic ﬂ}@@'{j} 0 RARAKLAWD! Bfer Befil &S PATEMhE encdPRNIREE factivd) BorhfduRad Sn Qliso be

encapsul ated material from such systens is dependent on diffiisivity
t hr ough #dhéeved by seplayingmtkfiggerst elpaset Theagforeopiethe angemogation o6 @H-sepsitive

of activ ﬁ:}ﬁ ' i ' ‘n%lﬁé‘ﬂﬁ&h &ds, YRL RfidBdph b
throughogrtOﬁ e‘ayngltg ?’ , eﬁ%&ﬁ%?@ﬂ%@% ymer p%?i]yss’a n_g{lor prgﬁeséc?nn °
rel ease fargebeelsts. various biobigicat! mirvitopmentsiaorto specifiy exgansh(Feeiherer Bs ghur EsX.,
may SO ter the,15duration rel gase. [0087] Added control over

del i Ver yZ@#’ E‘r%‘ejt‘ 8ﬁ%ha%% eg{%dwg%%?\/p}' onpound can al so be achi eved by
enpl oyi ngPOpst t r Aggethe doutebPadneinisitiore thermicrdsyhetdseobitaina ipothe methodadff the

pH-sensitive groups into the pol rs used f.or nuf act uri.ng th .
B G os pieust Tighton et imaBRedd v any 3pos Bheriiaut i e B drpfpuion-
envi r oNNERdnepl &y rbts SPedhihisGatirdiabindé, Foedaiple, the-oral Zvdtal, bultal, tRaAsietdal,
Int. J. of Pharnaceutics, vol.282, pp.'). |0088]As to the route of

adni ni st 7asel Beculg®uts cr ospher es obt ai ned by the method of the
25 [0089] As previously mentioned, hydrophilic active compounds which can be

incorporated or encapsulated in the microspheres of the present invention can include, for

example, drugs, a fertilizer, an insecticide, a chemical indicator, such as a pH indicator and

pigments and dyes, such as an azo dye or leuko dye.

[0090] Insecticides can be selecied from the group of chlorinated hydrocarbons, such as
30  Endosulfan and Aldrin, organophosphates, such as Acephate and Malthion, carbamates, such

as Aldicarb and 2-(1-Methylpropyl)phenyl methylcarbamate, phenothiazine, pyrethroids,



present invention can be adm nistered via any route depending on the
desired application. Exenplary routs of adm nistration include, for
exanpl e, tReoeimlysesectal , buccal, transdermal, nasal Opco&Hb@EV00460
route. 25 [0089] As previ ous! y ment i oned, hydroph| lic active
conpounds whi ch can be incorporated or, encapsul ated in the

m crospheres of the present invention (c)an i ncl ude, for exanple,

drugs, a fertilizer, an insecti.cide, chem di cator, such.as. a
pH i ndi catcBras Zlethyn, aad 1ral QWEI&‘H?’egeO“?BE g’s a’ éiro}‘ calpmingpd F'é‘ﬂgq%'é‘.e"
[ 0090] | n@;%tdeﬁbaﬁe%nﬁpsﬂn&e sithla6 64Rshel ARSBALIAB, TAAGH aRd PoRIREHNAt ed
hydr ocarbons, such as 30 Endosul fan® and Al drin, organophosphates,

such as W§BHhatRertiivgr pee ehemigal comppundst&en typlanta SO Aremelsrgowtigand can
2- (1- Met hang r d
30 such et} ARfieh R R pel Shob A SOURRI i BHESSOCK fikkfifte AN EAANGSr
Acet airi porigahiafeatilidet, btz asTBanupd, a]mnydmm@dtlmgsnmu nweeéuc\hamnd guano.

caf fei ne ab al ool .and u 09 iyl .
cheni cal [Ogéﬂp m lapt%ﬁ %orp‘f’he?ﬁ?%cp%{tbca IH@ 84”&? W]tc?Psg dccgﬁl%{;rﬁgﬂﬁsﬁe&él
i nor gani kindbf phardateutRMENTHS nficrdsphenes ictul arbfnpnm rfed examiie, pilaandtaticals
and i rrestone or. 5 organic fertiliz

| :
cast i ngseigsEyg f OT%méﬁlt‘%&Ké@ét%Hogﬁ'ﬁrﬁsﬁg&["ﬁg‘%‘ﬂrﬁa%%ﬁﬁﬁr r'ylﬂ?(\i%é{y
or phar ”ﬁﬁ@&'?dxﬁﬁlgsoﬂé’&isc Rar@RNaRRBlaP BRARS Wkl eshrédit FPRIchS Qnd’dolhnk Is Y,

of pharnaceutical’s. "The m crospheres can conprise, for exanple
phar Hac elnfdctienssandrinestafions; msfizhant diseass:cmmule discass; amspienbopes, ppdjoints;

gastroi nﬂ;ﬁﬁ%‘.rxﬁ%krv%ﬁ?%‘s‘e%ﬁ&%ﬂlﬂbéfg iR i Resth Q05 TR Mddkp Hérgs'i% also
cardi ovascul ar system sKin; dduct T ve systen endocr ne system
10 i nf ectompmse antiilotasf @mirastinmdi, radwphfgmcﬂutldals etbd essingpronaixirsetisrgof.
muscl es and nts: brai 0, ner I R

system OLOB%'ﬂxt Lﬁ’(gg‘p %etoég?me e Er osf’1 e(‘aﬁrltgals@dr%%ss%’?gge’c? g?r%re ingéf%}{ed fo
ant i dot egorvagating atdpidopekia snd‘xaﬁmmp hhalmmdf, uwinepadzolea rebrkpeszolen fexodenadine,
m xt ur es ther.eo;lELOOQBi | es, for sone conmobn

phar hhc e s %%10 ﬁﬁﬁ?ﬁgmﬂﬁt are not linmted to atorvastatin,
cl opi dogpebs] emxaRATkBn of CARERYisBch w? @Bcﬂt@ptoempmml(em tetanus
f exof enadi ne, 15 queti api ne, neto budesoni.de.

Encapus| k984T Bk I %&%ﬁeﬁesephslu@wuﬁé (J&Vdubplﬁhsﬁ tepeit 6BLL dsbﬂ?zfge\]eﬁ’é (VO),

(GBS), tt?f‘fa'EHSmEIQﬁQ'\Qc&IJ ) muHRRRRACTRCARS G Nadd ﬁlmsl friffedzAENbe b (Hib),
di phtheria toxoid (DT) ibrio cholerae (VQO), 66 mal ari a vacci ne,

mul ti val msswawm@’ér)okotqamtpmam@soqlm|fa*ém§ea140ym;és1ble( Rrampleyyef pigteinss
|
t oxi gy ( e@{gh ?«853%' ehiGiphBaPd ool ¥ovlnd ggj&ﬁng\ba@p (BSRS Il%l:&nblﬁﬁﬁ'ﬁlnigjg?r?n

of prot e encapsul at ovi ne serum a
(BSA), repidenialngrotvtt davtor @PEGE) nedomdinant humac Bnnthr()pmm (thERQ ) niyotaair(,

h t h t .
(aorss dHTRERE GhieByd e Slabie oEbBF 34ES 18R] SRaklfg, srovs
factors, fa&Uﬁ;h séch A gashiin ke kgogmomhr_fl a(¢GBn)1vz(sbﬂEr éx)dotheaalc plosuth factor

endot heI ial rom h factor (VEGF); oval burnin, hupan chorionic

gonadot r&pi (H@éé)mwuhﬁm%@’mwm?& WOPWS&Fé]Q “’P@bﬁﬁ%‘f‘r@?ﬂmﬂéﬁﬁﬁ)’
noT PFY 9 EREIhKindd: BliflaR n?orf)ﬁ ROEinCRA(GBMI) did daRitB@AEtoORUme nly QVWew
exanpl es. Even thoug ose substances have been used previ ously

the cont¥xemples Fuen m@h@n thqse nutwsgttsélﬁ&%eee@ﬁmrﬁﬁeuw dherogheliedyelease’
whi ch shgw, g, Fl.'bgmlé' sru(éﬂlﬁ(\tﬁgn'h&e\steupﬁ]e d%é{ AR Bt Aburst of the
ef 1 ne pham aco

subst ances, ow obtal i ng a I'cinetic profile
[ 0095] | reneapstlated salsypaces, atling opmmmwwlhd/@iwd plnarmecf-@cn@tl@ progileol | ow

m cros pgﬁb%?’o enca ef‘fhl %%p'é;g h@?epl%grsrprl R08&,dayar e%)ljgl fd G Eil% Ib‘\éemlcrosphere

conpoun SesS a rst 1 nne
| ayez0 ar&iﬁc@asﬁl@ﬁ@ﬁ least erie pdrophitic acdyesiompamat, Whe hellow mlcrosphere

. comprises a first inner polymer layer and a second outer polymer layer; and wherein




WO 2009/ 075652PCT/ 8G2008/ 000460 21 sai d polynmer of said second
pol ymer | ayer has a hi gher hydrophobicity than said polyner of said

i nner pol Yigp sh@yBies2 [ 0096] The hydrophilic active conpeglidch§is/ooosso
encapsul ated in the holl.ow m crosphere. In particular the hydrophilic

active compound is located in the void formed by the first polyner 5
and is also incorporated into the shel4! of the inner core forned by
the first polyner. In contrast, the hydrophilic active congpund IS

not i ncorpor agidopdlymernef spid sergngalolmesr [ryey dias oy higheryhydronpepigity ean said
anount s conpar LEh.1:he i &f osphere core. [0097] Due to this
Ll B ek

uni que structure an T on-of active conpound the holl ow

m cr osph§d@chas The hiydrophiht altivestompatimd fsoencepsslateddin g hblicov agtnosphere. In
conmpound of. hel ow.5.%ar. 4 10 % Based.on the_initial rst release
of The mPaisishBF aashRls A sebBPat Y Bt HEeap iR e FRL B8R fer
i nvensi oRnd iid alsé iRStpoIREE s Nid siidiicoie Uher Word €irineé byothp dlistdpolymer. In

I ncorporated in the outer polyner layer is below.?2 or 3 % [009 To
further icAiFashdte Iyeorhiligragtivg sompopndys nof Wﬁ’é’f’fﬁ“gﬂw&rﬁéwﬁo Rﬂ[‘mﬂggyer or

present iHMﬁH% jafl ainduR@esthPr&a & 8h tHRGARRScrbRelcRbikness of the
second pgl yner ]?gildgr Eﬂ:1@“descrilpa{tged 15 above, ?rogriﬁgxarrpl e by increasing

the rati G071 seBuado tthisfynigue goiciumeand shistribptipn dofaprbivh compaigdréie h
using the. I ' : :

e frui TG RS Sh il R LRL B0 I hyARGaRc e Shfun B B8w £ 560 4
to the exh SRasedjort the iptidlyboest rdayeofsthe f0G0Ghems sbthinkd agvotdiey toakpmethod of

the present invention refers to hql | ow m crosphere 20.0bt ai ned, by, a
mot hod ofRE<pt BYERE™s Rianbmaid B Bsctiont] iV mmsins fiegrbgiivd I e
conpound oar pEIs@E IBRG isHe2 of 8ikg.her nore, the present invention
refers to _a pharmaceutical conposition conprising g hollow

s o Bhiths

m cr osph&98Enc Lp Siurtheri ingreage [hsadgsrasigtion, SUgFosRhGTEs Hniiguprgsent

obt ai nedjR¥n@odRi§ 9sksitie foBciRhRSBE thitibieeNbf BB sedddd JBImelNByer as described
phar maceuti cal conposition can be used for the treatment or

prevéht i ebovst for emmplesks insregping dhriratioott srond [9afirsk ReLYINST <1 @ add another
I ncl ude i ' . .
ﬁg@ﬁﬁé E&ygxﬁﬁﬁxlgs%?g ,qéﬁﬂﬁgf&ﬁulmﬁh' GlRf3 ol ot ét¥od, such as fluid

i mpai r ment, ypertension, cardi ovascul ar di seases,
eye di sehedspatingcwhixh iglsaitabberto adihdnathargivbymer ldyes dadhs exisfingotwa pplymer|
are age ael ated di seases or conditions, such as diabetes, altered

bl ood pr Y&l e, such as hi gh bl ood pressure, altered bl ood

chol est e[@i99] evhl still ahethert wspedt, 2heippsentdinsedme, refuntto raghallowdl irsieasphere

e O reRE B3 e ok B¢ ekt ShvEhtSh SeBRARGRY 23 Epfilic BN SHmpound
as described above. Furthermore, the present invention refers to a pharmaceutical
composition comprising a hollow microsphere encapsulating at least one hydrophilic active
compound obtained by a method of the present invention.

[00100] The pharmaceutical composition can be used for the treatment or prevention of a
25  disease or condition of a patient which can include cancers, autoimmune disorders, such as

HIV, memory impairment, mental disorders, hypertension, cardiovascular diseases, eye

diseases, such as glaucoma, and metabolic diseases. Also included are age related diseases or

conditions, such as diabetes, altered blood pressure, such as high blood pressure, altered

blood cholesterol levels, obesity, Alzheimer disease, Huntington disease, Parkinson disease
30  and prion related diseases, such as Bovine Spongiform Encephalopathy (BSE).

[00101] The inventions illustratively described herein may suitably be practiced in the

absence of any element or elements, limitation or limitations, not specifically disclosed



[ 00101] The inventions illustratively described herein may suitably

be practiced in the absence of any elenent or elenents, limtation or
lim tationsygRgensReri fically disclosed WO PCT/SG2008/000460
2009/ 075652PCT/ SG2008/ 000460 22 herein. Thus, for exanple, the terns
"conprising”, "including”, "containing,, etc. shall be read

expansively and without limtation. Additionally, the terns and
expressi ons_enpl oyed herein have been used as terns of descripti
<. stilhbe

i Ny

and not &erein hbaifphaxample the &res "Ry e itFBAine n "EHBAULEE' S
terms an ea%mgﬁﬁﬁ)egﬂ&d%nﬁai& hidiaf6n. 306 RAYIY, 3he Hfis Qhd bRGedsRAS ‘éﬁ@fbﬁ'ea(%

shown 5 and descri'bed or portions thereof, 'but it is recognized th
vari ous rerinf iayabeanesed petepos of ddseriptiontang nphef lisigatien odnd there ismeintantion
claimed. .T |

vent i off Raanpe bl i oficBlciy BF kil B ARl B SRR stown
and opt i andlestébddwreertion® dietdof,cut diris snognizedithdtivariowsfmédifcatioueant iposssle

enbodi ed therein hereipn disclosed ngy..be resorted tq b e.skilled
I e ity Spoh ol IR P B e HAOGHE g togy A Bidfctigh i
10consi defeaeht titveddonihbd bBer ?ﬁcﬁ’ﬁ:@l@e dRElotddl By br¥&rddl @fibodirdeitd2hd Bpkonal
I nvention has been described broadly. and generically herein. Each of

the nar r &giress podificatiomendsapgiinneet tee B eriionn gabedied thitpinparein discipged may
generic gb $EoREY 1S b9 tBGe! RUBAPAT the Qft, hiE tHaP &N irBBificddlng dnlClaHEERs (S

generic description’of the invention wth a proviso or negative
|'i mi it i epnsidered\tp he within theigrjope of thistineention.om t he genus, regardl ess of

whet her i sed teri [ L fi recite I ei

(001057 BB TRE ARG RS fsbifep Hohy g eblaky Beleht bl P!
| i m tingnexewgylspecied mdashbipériedn , grovpéngs fhliag withen the gespac dsclosure hlso form
i nvention are.descrjbed,in te of Markush .gro . those skilled in
LheCar t CReR PERE SREROE Thirtnt i e bttt dtioriuty e ok MRS Biflabbiisy O
i Nt er ms nefatiad MmitAgkineahdding AR BEY ecd matterfgin the ghudyesdaniisss of whbter or not
Mar kush group. 20 EXPERI MENTAL SECTI ON. [ 00104] Fabrication process of

hol | dw aR/estisedgnptariais theeiipHbscted ] At first, 3 ni
di chl or oxgiibgneoaRt thbsiimeits Hle@thi (hd FolRfwikk Minkdnd honHlidahing @k afples. In

(first solution) (166.7 ng/ mL or specified otherwise |later) are
enul si fi edfitign, Wherefpatomss pioasperss efdheipvention #radee@ibay imgrasesMakpsh srewps.

(pol ar S?tﬁ@ﬁ&ﬂed(ilﬁqyé% B %go?xﬁ?&c{h’;ﬂ. e irRJteﬁ't%nV\fb 2fso ltﬁéra{y) de@&%eh@%ns of
powder s asic salt In order to neutralize the acidi"c degradation
product s amy infividalomerPbegAy suhgrovy of nieonberyed thedylagkwiht graufur r ax T8,
IKASQMERICE,
EXPERIMENTAL SECTION
[00104] Fabrication process of hollow and/or solid microspheres
[00105] At first, 3 ml dichloromethane solution of PLGA 75/25 or PLGA 53/47, PLGA
50/50 (first solution) {166.7 mg/ml or specified otherwise later) are emulsified with 1 ml
25 bovine serum albumin (BSA) aqueous solution (polar solvent) (50 mg/ml or specified
otherwise later) and MgCOjs powders (basic salt) {in order to neutralize the acidic degradation
products of PLLA or PLGA) using a homogenizer (Ultra Turrax T8, IKA®-WERKE,
Germany). The resultant emulsion is then emulsified with 3 ml (or specified otherwise)
dichloromethane solution of PLGA 80/20 or PLLA (second solution) (166.7 mg/ml or
30  specified otherwise) using the same homogenizer. This emulsion is subsequently poured into
a 100 ml aqueous 0.3% PVA solution (aqueous solution with stabilizer), which is then stirred

using a mechanical stirrer (BDC 1850-220, Caframo®) or a homogenizer (L4R, Silverson,



Germany). The resultant emulsion is then enulsified wwth 3 m (or
speci fied otherw se) dichloromethane solution of PLGA 80/20 or PLLA
(second solwhi,of0 6.7 mg/m or 30 specified otherws '

same hom)genf)zer)oifl I's emul sion is subsequently poured ?ﬁ?}éa%da%@gﬁﬁ
aqueous 0. 3% PVA sol ution (aqueous solution with stabilizer), which
I's then stirred using a nechani cal stidrer (BDC 1850- 220, Cafrane) or
a honogeni zer (L4R, Silverson, WD 2009/-075652PCT/ SG2008/ 000460 23
USA) for USA) fat 622 aC221'6, tl hldaw solverdravaparalinor Jﬂwpowcrcwl@r% are @gkméqdeby
are coll r

et er . TREVRLRNE Ao SRS bed et 1R BN |dacF i g

4 C A smdymhﬂ&ed\aﬁdmeaWtchEat 410.A snhememsoveswehmmr this frogss B snowﬁ m
[ 00106] termmnation of active conpound | oadi ng of m crospheres
[00107] 2¥YHif-of the above described |yophilized mcrospheres are
addedsi nig1860 Dhtephidhtibn ¥r heddd dRipdinh® hadsipt Tntich@phded W v) SDS and

I ncubated for. 24 h at 37 Cwith gccasional shaking. The m xture is

then cent®1PUged mgrtithe a@%ﬁé}eﬁ%b&ﬁtlyqpéawa%ﬁu%sméw&ﬁfﬁ Heebaho Pt /G
using a Bllcwmeﬁh D16t GHC b&t#ﬁhfﬁzg(ﬁ%iv)-rﬂ?s 608 ARSWLRY 18 28TH hCBRNE Ywis

expressed 10 as eratio o tual-to-theoretical BSA content. The
active coeqasional shaking. The mixtuseps ey smtaﬁlged/a@ctbe FupeBHpbigtawn cscadfﬁtp@me

Amount o

oaded aBerR Bt LhBIRRHE A KR IRCRY Mt BlarRRa R irndelAL Blprlscd
fromitn caothphaticest 4&&14&9]he&@ncam mml:pmhnt.%emcnveasq)mmuﬂé lcaﬂmgpk axeessed
a centrlfu%e t ube and ISEF rsed in 2 15 mM PBS buffer (pH 7.0). The
tube is P de8EVEFOLPYR bator for 24 h with occasional shaking.

1 m supernatant Aﬁ@,[{hﬁd{@oddg@&tivgc&ﬂéduﬁﬁt ed at prescribed tine and

anal yzed=for_BSp ; ST 19 s BCAK] e ETE ¥0ve is repl enished
PB. Vitro rel ease of BSA is

expressed as the percentage of prote| n released to the total anount

of | oadetP0RPYt elmvitrsrejegspiafmetive cpppavpddrup migkaspheret r oscope ( SEM
[00109] 20 + 0.2 mg dried microspheres are placed in a centrifuge tube and dispersed in 2

15 ml PBS buffer (pH 7.0). The tube is placed in a 37 "C incubator for 24 h with occasional

shaking. 1 ml supernatant from the tube is collected at prescribed time and analyzed for BSA
content using BCA kit. Then the tube is replenished with 1 ml fresh PBS buffer (pH 7.0). The
in vitro release of BSA is expressed as the percentage of protein released to the total amount
of loaded protein.

20 [00110] Scanning electronic microscope (SEM)
[00111] Lyophilized microspheres are mounted onto metal stubs using double-sided
adhesive tapes and then vacuum-coated with gold. The surface morphology and internal
structure of microspheres are examined by SEM (Model JSM 6360A, JEOL, Japan) at 5, 10,
or 15kV.

25 [00112] Fourier transformed infra-red (FTIR) spectra
[00113] FTIR spectra are obtained using FTIR microscope (Bio-Rad UMA 500) connected
to FTIR spectrophotometer mainframe {Bio-Rad FTS-3500 ARX) and analyzed using Bio-
Rad analysis software in the mid IR range (wave number 400-4000 em’!, resolution 2 cm™).
Standard microspheres of a single polymer and hollow double-layered microspheres are

30 cross-sectioned into halves and mounted on a gold slide for examination. Ten points are



[00111] Lyophilized m crospheres are nounted onto nmetal stubs using
doubl e- si ded adhesive tapes and then vacuum coated with gold. The
surface norypRchaeysand i nternal structure of mcrospherq,%T;»Src,e‘?mos0{,0460
exam ned by SEM (Mbdel JSM 6360A, JEQL, Japan) at 5, 10, or {< 25
[00112] Fourier transformed infra-red (,FUR) spectra [00113] FTI R
spectra are obtained using FTIR m cr ok ope (Bi o-Rad UMA 500)
connected to FTIR spectrophotoneter mainfrane (Bi,o-Rad ETS- 350 AR)(?1
and anal yandemlysselRstadi on thRarxtenal| apd;the gﬁfl%l@xlaw@f% ysing, thegoffware toy e
(wave nugher 090, cm 1, resolution 2 cm ). Standard m crospheres
of a si ng I%Poq-lrré and hoI | ow doubl e-1 ayered m crospheres are 30
Cross- setilQlM]edThﬂmllaaklvsmﬁtb&mmpbd'es)n a gold slide for

exam nat Te ts are - 0 1,0 4
random yt@gﬁgct@&é) ?‘ﬁ@'sé 'y}oaqn%%%éh z%e mﬁgr ng&% g%%gtﬁ% Scﬁmmg
sof t war ecati@mﬁbrteﬁ(msm @ 0 TN BRtrersens) Gpgpped avith] DO0ddlid s}}‘atemrrwromdaﬂ §sng
of the m crqospheres [0011 her mal anal ysi s .a cr.ospheres |s
perforneﬁ?”i)ﬁ(i?%arﬁp Cp E‘r%gﬁ{% é‘“‘%‘ﬁ‘éﬁﬂrﬂ% fﬁlsﬁquﬁﬁ]@r% %T@Tamf i
| NSt rumeng s¢ 1£ 900 RO (e £ifde Beaif® b)) iy o6 td 10Tk, rBheipd AN Sgond
are placed in sealed alum num pans and are_ subjected to a heating

proogr am fammio-1005Cat p gate gH1 C°G/ann.ata phtpiged HEREqCRT§ed GpiA Wéﬁﬁsa&wb@ar
Lo 10 Coaithed ERARERCH Torldis BERDIH ARt G0 C at a rate of 10

C/min. Data obtal ne are cessed on TA uni v&rsal anal yzer software
and i@enfdoiigd Emerghasallteﬂdtsm tion terrperature (li). 10[00116]

F)(;gg; hnmhgrn e%é | vgé%q’gg- glreg‘gl !:rg% g?gg ed ?Xﬁhﬁ%twg%{)ﬁ%m id & gnroduced

condi t i ossthb afoeersenpiohdd mdltmphhwecsaiooﬂumfdaphexmr pinfaco gyrtelogy(Eigde, 3),

w0 Lhe SR, Rart oL et oL beluse oty 20 10 2080401 o Tk,

t he concentieakingi @teedsw fachamibdl sigbriinidahe boncehteatibh of eaGautimt yolation isithe
process. Cenerally, the higher stirring speed and the hthgher

sur f A%t aPRCORdSRY éﬁ@k&lﬂl RIAcess. r@“@ﬁ‘ﬁb’i the higher stirng speedsqnsl the kghgr syrfactant
use of h%ﬂg%rmlgﬁrth%ﬁaﬁlé}'tﬂéba?@asglzé A58 8hé BTHBI6 g@lktr SHhiH 6508 $n

can effectively reduce the particle size. The cross-section picture
(Fi gure e sspandery eraulbion [poveessneaar ofctivaly serico die etide sizge Tho AgsUIRgHion

| oaded . itk QE%[&)S( 4) ?SQJ;\QQ{&%OH& C&E}Qﬁ al tfotpRSI0EY Tof dXRVE dobSud 1dab8d

i nt er nal terna s o
microspheres.

20 [00118] In order to identify materials of the internal and the external walls of hollow

double-layered microspheres, FTIR-microscope spectra are obtained with PLA-PLGA
microspheres, as the difference of FTIR spectra between PLGA 80/20 and PLGA 50/50,
PLGA 53/47 or PLGA 75/25 is difficult to be clearly identified. FTIR-microscope spectra
(Figure 5) of PLLA showed a C-H bending vibration of methyl group at 1390 and 1462 em?,
25  while PLGA showed a C-H bending vibration of methyl group at 1408 and 1465 em’, and an
additional C-H vibration of methylene group at 1435 cm™. The spectra of the internal wall
correspond to that of PLGA while the outer wall to PLA. The phase separation phenomenon
of the double-layered structure can be further substantiated with the DSC thermogram of
microspheres made of PLGA 80/20 and PLGA 75/25, which shows clearly two T (Figure 6).
30  As it is expected, the phase separation process is more difficult to be achieved with those

polymer pairs that have relatively similar solubility parameters in the solvent DCM, such as



doubl e-l ayered m crospheres, FTIR-m croscope spectra are obtained

wi th PLA-PLGA m crospheres, as the difference of FTIR spectra between
PLGA 80/ 20 wadofBle@Rsp0/ 50, PLGA 53/ 47 or PLGA 75/25 is QichfdcSbsiondsf
be clearly identified. FTIR-mcroscope spectra (Figure 5) of PLLA
showed a C-H bending vibration of nethyl group at 1390 and 1462 cml,
25 while PLGA showed a C-H bending viliration of nmethyl group at 1408
and 1465 cm 1, and an additional CH vibration of nethylene group at

1435 cm PLG%@O%@@M%L% e berapsenal thesn sinplar pRysiRondiemeca pagpegies. as
PLGA whi %ﬂﬂecﬂﬂéﬁe’ (tIP PLA. The phase separati on phenonenon of
ayere struct

t he doubl e ure can be further substantiated with the
DSC therm)g f m crospheres made of PLGA 80/20 and PLGA 75/ 25,
whi ch shévws rly two Tg @:Ngure 6). 30 As it is expected, the

phase separation process is nore difficult to be achieved with those
pol yrmer [its] tWatrehé\ie thiecdohibilite lpgragieter,| arissin ddmisity bf thegrobymedrs ragd iM is
the solvent DCM such as 25 PLGA 80/20 and PLGA 75/ 25 because of

t hei r5 si thelrapleptarsyeightafdhe 6&’!‘10?3‘%%1? tGreup medecylar attraptipgcqngtapts (G) have

equation ée}x)calcgﬁtc reyiousts) (BiIAPeyERIF. W%§4 8[65{?!)05}@9’{" i/rHQ" sclehe, New York:
B or Vg

pararreter e pol'yners, t he nol ecul ar
wei ght oJolthﬁcm&(Snas,pﬂgnZS) G oup nol ecul ar attractlon constants ((3)

Bg}’sngfe@gfi@h el\ﬁw BE BY b QU l%lé&%p&éé@ﬁéﬁﬁrml& Wme E?GAT@?E@%%< pPGA
75/25, whxch have similar physm -chemical parameters, pred:cts the phase separation
10 between other polymer pairs that have been used in this study. In fact, similar phase
separation processes have also been seen on hollow double-layered microspheres made of
other polymer pairs, like for example for PLGA 53/47 and PLGA 80/20; PLGA 50/50 and
PLGA 80/20.
[00121] The protein loading efficiency of these microspheres can be as high as 84.8+2.3%,
15  with the low initial burst release of 3.3£0.6% with respect to totally loaded BSA protein. This
low initial burst release has been obtained with 6 ml dichloromethane solution of PLGA
80/20 or PLLA (166.7 mg/ml) and 3 ml dichloromethane solution of PLGA 50/50, PLGA
53/47 or PLGA 75/25 (166.7 mg/ml). It is know that the initial burst release depends on the
immediate diffusion of proteins from polymer matrix. As demonstrated above, these
20  microspheres can be classified as a kind of reservoir-dispersed matrix system in which the
hydrophilic active compound, such as proteins, is dispersed within the internal layer, and the
outer layer acts as a rate-limiting barrier to drug release. Therefore, higher amount of PLGA
80/20 or PLLA than usual 1:1 ratio to PLGA 50/50, PLGA 53/47 or PLGA 75/25 can
enhance the thickness of non-drug-loaded outer layer, and thus further depress the initial
25  burst release. In comparison, the initial burst release of BSA from monolithic micropheres
made of single polymer such as PLGA 75/25 can be over 60% (Jain, R.A., Rhodes, C.T.,
2000, Eur. J. Pharm. Biopharm., vol.50, pp.257).
[00122] The release profiles of these microspheres (Figure 7) demonstrate the sustained
release of proteins in a controlled manner over 3 months with a low initial burst, in the
30 absence of the usual time lag over 20 days after the initial burst release as observed in the

case of other double-walled microspheres (Lee, T.H., Wang, J., Wang, C.-H., 2002, supra).



[00120] The finding of the conpl ete phase separati on between PLGA

80/ 20 and PLGA 75/25, which have simlar physico-chem cal paraneters,
predicts t t’@og}g@ﬁﬁsﬁgfpar ation 10 between other polyner RRipfs:2808880460
have been used In this study. In fact, simlar phase separation
processes have al so been seen on holl%g doubl e- 1 ayered m crospheres
made of other polyner pairs, like for “©xanple for PLGA 53/47 and PLGA
80/ 20; PLGA 50/50 and PLGA 80/20. [00121] The protein | oading
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rel ease. difimeterpbiess thi § e caarhsdistinghishmd gikagp op @@OIPE@MQ“ﬁaTPQMBT of
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thi cknes or%%)oﬁihﬁﬁaiﬁégsﬁé?ere alf i Myl Tl PResene b DR PG s
t he iMi t depraddBob(Higure B€CPase. | n conparison, the initial burst

rel ease of BSA from nonolithic m cropheres nade of single polyner
such as PLGA 75/25 can be over 60% (Jain, R A, Rhodes, CT., 2000,
Eur. J. Pharm Biopharm, vol.50, pp.257). [00122] The rel ease
profiles of these m crospheres (Figure 7) denonstrate the sustained
rel ease of proteins in a controlled manner over 3 nonths with a | ow
initial burst, in the 30absence of the usual tine |lag over 20 days
after the initial burst release as observed in the case of other
doubl e-wal | ed m crospheres (Lee, T.H , Wang, J., Wang, C.-H., 2002,
supra). WD 2009/ 075652PCT/ S&008/ 000460 26 [00123] The protein

rel ease over the long period is controlled by the degradation rate of
the inner and the outer polyners and the diffusion of hydrophilic
drug nol ecul es fromthe residue polyner matri x. Figure 8 shows the

i ncreased porosity and pore size on the walls of holl ow
doubl e-l ayered m crospheres made of PLGA 80/20 and PLGA 75/25 in the
process of 5 hydrolytic degradation after 1 day (A), 14 days (B) and
28 days (C). Figure 8 (A) shows the outer layer of the mcrosphere
before the hydrol ytic degradation. At this tinme, the polynmer walls
wer e dense and non-porous. At day 14 after degradation (Figure 8
(B)), pores with a dianmeter of |ess than 8 mcan be distingui shed
clearly on the polyner walls The nunber of pores on the m crosphere
walls (outer layer) is largely increased after 28 days of hydrolytic
10 degradation (Figure 8 (Q)).



WD 2009/ 075652PCT/ S&2008/ 000460 27 Cains 1. A method of synthesizing
a multi-walled mcrosphere conprising at |east one hydrophilic active
conpound, WaBhfisflo3) d method comprises: providing a fi pelsgalidhidth
conprising a first polyner dissolved in an organic solvent; providing
a second solution conprising a second ﬁol ymer dissolved in an organic
sol vent, wherein said second polyner i nore hydrophobic and has a
hi gher intrinsic viscosity than said first polyner; enulsifying at
| east one hydrophilic active conpoun€laiingsol ved in a pol ar sol vent
with said first solution to obtain a first enulsion; enulsifying said
second solution with said first enulsion to obtain a second enul si on;
and enul di f yA ngethad cofs epoldizergu las muiti-walidd amcmapheou somptising oat least one
conpri sing tapilizer and m Xxi said stabjlizer conprising
S0l 1 on' o TaMoBIE G5 ATP I MhE s AL BT S, The et hod
accorgding to Cﬂn@biﬂlng,a QO RKIDN Sethpri Y firsSl et didslvadinmbeginse solvent;
solution. The nethod according.to claiml1l or 2, wherein said first
and/ or sai d "scBBHEINEA SreRRd pptignecoOmRSISBg Sy TRt PUYIBET Jistolyed)in apprganic
met hod accor di gehf whkRinRakd &borfd potiR&r§s MoftlydrdphbBit ad'BhsMighes GftARGe
polymer are selected fromthe group consisting of a polyester, a
pol yanhydr i de, viscopity thar said8rst pelymgr; pol yphosphazene, a pseudopol yani no
acid, a natyr , j . I - VA i Oy
acetate, pol yg%?‘ggpe{é%,gt 13956(F§ﬁ1§/é?&ellgsﬁg%r§§ atéeé,ﬁ;pé{"?rdgg ’Ssé?g‘?éél A&?&? mgrln{&vel,]
acrylat enet hacwith sticfisopdbtiomeo pbipod a/fastdnaldibgne (PAS), a
Dot eorang: BB AL FRPTEShah Siod R MO SERBRBCRE oo o seson
pol yacryl oni t rénhésio® ap@! yam de-i m de, pol ybenzoxazol e, pol ycarbonat e,
I | eth I
Dol Yot her ot Her RBABHEE P EOHGFPHIS, YIBoky MFeiAdsbisife comprising a stabilizer
pol yet heri m dexpdRfiki@t AR HAPRE coRpiaal fmitfonl th ANSw RBoyddoureaidedrkdhic
a polyimde, a polyolefin, polyoxadiazole, polyphenylene oxide,
pol yphenyl ene $9tMeni. de, pol ypropyl ene, a 28 polysulfide, a
pol ysul phone, pol ytetrafl uoroethyl ene, a pol ythioether, a
polytriazole, a polyvinyl, polyvinylfluoride, a silicone,
ur ea- f or dal deFyamethodlacsopioigtostaimdnwhereimisaidpolao pedvert éraaciquethe selatitiod
according to claim4, wherein said natural polyner is selected from
the group consisting of a protein and a pol ysaccharide. The nethod
accordi ng. t 0 Theunathbd asboelisg o daidl pr htveiencin Said dreahd/dr $aidsacbink pojymep
consisting of. al bum n, bul j n el atin, fibrinogen, collagen and
case qs] The n¥ ‘3@ BﬁﬁgolyBieE@)ai m 4, wherein said pol ysacchari de
is selected fromthe group consisting of starch, cellul ose, chitosan,
dextran, alginic acid, inulin and hyal uronic acid. The methaod

accor di nfy t o Eheamethod aqraeding @ claimd Yk frbstel sadliseandcpidgsepqnrRofyraer are
GLOUD COn) S el BO A NS QOB A St
Pol y( hydr oxy | piyshosphezans, sy nsevsignedyagtion @cidpHB ngfurabHpymer, a polyamide, a
Copetyester dhDar i i’ RO P ORISR Rliened aSpOTHERT acriate, o
methacrylate, an acrylatemethacrylate copolymer, polyarylsulfone (PAS), a

polyurethane, a polyalkylcyanocarylate, a polyphosphazene, polyethylene, fluorinated

polyethylene, poly-4-methylpentene, polyacrylonitrile, a  polyamide-imide,

polybenzoxazole, polycarbonate, polycyanoarylether, polyestercarbonate, polyether,

30 polyetheretherketone, polyetherimide, polyetherketone, polyetherimide,
polyetherketone, polyethersulfone, polyfluoroolefin, a polyimide, a polyolefin,

polyoxadiazole, polyphenylene oxide, polyphenylene sulfide, polypropylene, a



The met hod according to claim8, wherein said PLGA is selected froma
group consisting of PLGA 50:50 (lactide/glycolide nolar ratio), PLGA
75: 25, PLGA 53:47, PLGA 55:45, PLGA 85:15 and PLGA 80/20. The nethod
according to claim7 or 8, wherein saig first polyner and said second
pol ymer are selected fromthe group of "pairs of first (1st) and

second (2"d) polyners ((21s)/(2"(1)) consisting of PLGA 75: 25/ PLGA

80/ 20, PLGA F8ivipiiisecppagiuihonp rodyistiatiemrestaplenn pglytiipeiaes 3. noltiazgle, a

75: 25, PLGA 50; L ; BL.GA 5 PLA, AT PL \
50 50/ LA PECR I 28 B Biogio . $07Eee . pt IRrEBefi o el fpoligih and
PLGA 80: 20/ PlcGéb8mtidhs thBleG 75: 25/ PLGA 85: 15, PLGA 50: 50/ PLGA 85: 15,
PLGA 55: 45/ PLGA 75:25, WD 2009/ 075652PCT/ S&008/ 000460 29

PLGAS5: 45/ PLGA 75: 25, PGLA 55:45/PCL, PG.A 55:45/PLA and PLGA

50: 56/ PGL.  Tie MBhHPIREARE & BGink 9, GhdleM $hi@hathfhl pMIRES1iD sSiBtEY from the
organi ¢ solvent is dichloronethane { . The met hod "according to any
of the precedronp winsisting ofshoteimarskd pblgtaabharideer i s a surfact ant

which is selected fromthe group consisting of an anphoteric
surfactant, an anionic surfactant, a cationic surfactant, a nonionic

surfact ant amheth¥thod @scordial @0 fclairhh® WhérbRdsaat pRitelh N9 stiectedl ddi 4he group
wherein said polyanhydride 1s selected fromthe group consisting ofgr

pol y[ bi s( p- c &Pwastingsh alwn.eldmdineseathy dibriaegen; cpfaeen pesd casadl i ¢
anhygride), poly (adipic anhydride) and poly (sebacic anhydride). The
met hod according to any of clains Ito 10 and 12, wherein said organic
sol vent 7i s sdheaheahod aamdihg t@chim 4 esrsihistidg miysatditidaietdeded £o6) the
acetone, nmethyl ethyl ketone (MEK), tetrahydrofuran (THF), .. . ..
chlorof orm BERPaRNSISEA Qinarce ssluloss, cmgan, slesfgh.c H8IEG sk dpalin and
(PO, carbonpiabfaehigside, nethylene chloride (dichloronethane or

DCM and acetonitrile. The nethod according to any of the preceding
clainms, wherein the ratio of said second polyner to said first

ol r.is in,.the range between abqut 3:1 to,1:4. The th

PocIran "t o higieshe HEoniie Barngt &1 hmieh SbPab R eapderHen up dre grouwp
viscosity of c%ﬁin@@@%o@@&-ﬁﬁiﬁblaht‘én?b@@)} pelytlatc Gdaf (PIBAIpoly(Eholic
met hod according to any of the preceding clains, wherein said

i ntrinsic vi geds{RGApbolyssteramidestPEsol Jokythyidsoxydivgwate-@-Tiidrexyvazeate (PHB
cnB/qg). The .ac i n f .t.h recedi clains, . .wherein
onid becond SHPTE TEENATalan P, ol ERDe0, Bt B8 e
nol ecul ar weaghpol9flad@edofdlylidPrdYIERTL.GA YO

20029(/) 075652PCT/ SG20081000460 30
9. The method according to claim 8, wherein said PLGA is selected from a group
consisting of PLGA 50:50 (lactide/glycolide molar ratio), PLGA 75:25, PLGA 53:47,
PLGA 55:45, PLGA 85:15 and PLGA 80/20.

25 10.  The method according to claim 7 or 8, wherein said first polymer and said second
polymer are selected from the group of pairs of first (1¥) and second (2*%) polymers
(1™/(2™)) consisting of PLGA 75:25/PLGA 80/20, PLGA 53:47/PLGA 80/20,
PLGA 50:50/PLGA 80/20, PLGA 53:47/PLGA 75:25, PLGA 50:50/PLGA 75:25,
PLGA 75:25/PLA, PLGA 53:47/PLA, PLGA 50:50/PLA, PLGA 75:25/PCL, PLGA
30 53:47/PCL, PLGA 55:45/PLGA 80:20, PLGA 80:20/PLGA 85:15, PLGA
75:25/PLGA 85:15, PLGA 50:50/PLGA 85:15, PLGA 55:45/PLGA 75:25,



The net hod according to claim 18, wherein said second polynmer has a
nol ecul ar wei ght above or equal 1.3x105 g/nol. The nethod according
to clai m 18yowhieid, said first polymer has a nol ecul ar ppgisgBhosRElseW
or equal 1.2x105 g/nol. The method according to any of the preceding
clainms, wherein said polar solvent conprising the at | east one
hydrophilic active conpound further c%‘pri ses a substance sel ected

fromthe group consisting of an excipient, an adjuvant, an absqrption
enhancer, a th@ﬁﬁéff‘Q@lLﬁgf’a &3:2bi IBGLA OSSPy & ]aAbééi“éi%é’&I tangna’tLGoA
m xtures of thSqi;@Lerrenti oned substances. The nethod according to
any of the preceding clains, further conprising at |east one
centrifugation and at | east one washing step after evaporation of
said organic | vent. .. The th corgi ng,40 . Of f i .
cl ai s, 13 E‘rt hefr® c%%hp?‘il szlwﬁ%r fnfogﬁi @f%ihl ndgj] Ogalléi’ r‘rllﬁlgye(l)rgp#e({rtosrgépgcferﬁgla@?tn '
sai d et hod. dibkormidiasie OCHM)di ng to any of the preceding clains,
wherein said at | east one hydrophilic active conpound is sel ected
fromthe group consisting of a drug, a fertilizer, an insecticide, a

chem cal 1pndi ¢Rd QHetiRAhcBordiR to 42§ oTahd eftc@lis® ERling Witkréh 3hith sbilizer is a
wherein said drug is selected fromthe group, consisting of a vaccine,

a protein, ansurfigiagfatihich rotelssted droamthe grokp spRsisting&f ap AMPhHen R ieignt an
according to alyniOkurkRRnDaeaREHiO ifb@hiTS nodibhit AifackAlRId iixiPesaRREN NG
further polyner Ifayers at the surface of said nmulti-walled

m cr d8apsul e forned. A hollow m crosphere encapsul ating at | east one

hydr ophi |.i, c i : . @i i i- > i

Frrst inidr pofd R I Eay JEARAE £ w3k B p8RRNEl e S RREIGCRo the
wherein WO 2508y 0 2baH2iagT/ SRA0HbBRAG I x3phenma)mtoprmk y mphydridel a{ @PP),

second pol yner .| r has, a higher hydr.ophohi ci.t nd has_.a .hi.gher
intrinsic vi SE?%@Z@CFM"QS} B%ﬁ?@ﬂé@%@“@%iaﬂd Pﬁﬁgﬁgﬁgfﬁ?f%ﬂnp'gyer.

28. The hol | ow m crosphere according to claim 27, wherein said hollow
m crosphere has 5a initial, burst for said_ actiy ‘gt%r;goun of below 5

% 295 TRE holhomethpd pepling o sy obrlaimsd tedOandi p sajg orggpic salvent 1s

sai d hol | oW Nifd.QAPREHCthEASodp BBsishRE ol R Se@BteOfEAG! ¥R RIRe ABRIHY] by
to about 1000 gm 10 30. The hol |l ow m crosphere according to any of
clains 27 to egone V8K, tetrahydrofisan @GWE), chloroform, pentane, benzene, benzyl alcohol,

propylene carbonate (PC), carbon tetrachloride, methylene chloride (dichloromethane

or DCM) and acetonitrile.
20
15.  The method according to any of the preceding claims, wherein the ratio of said second

polymer to said first polymer is in the range between about 3:1 to 1:4.

16.  The method according to any of the preceding claims, wherein said intrinsic viscosity

25 of said second polymer is above 1.5 dl/g (150 cm’/g).

17.  The method according to any of the preceding claims, wherein said intrinsic viscosity

of said first polymer is below 1.2 dl/g (120 enr/g).

30 18.  The method according to any of the preceding claims, wherein said second polymer

has a molecular weight which is above the molecular weight of said first polymer.



m crosphere has a dense surface. 31. A hollow m crosphere

manuf actured by a nethod according to any of clains 1 to 26 and
encapsul at ivwng2@botseest one hydrophilic active conpound. pddsgzo08/400460
pharmaceutical conposition conprising a hollow m crosphere

encapsul ating at |east one hydrophiliggsactive conpound obtained by a
met hod according to claim1l to 26 or a hollow m crosphere accordi ng

to claim27 tg 31. ,2Q 33. The phar. utical c osi,tion according t
claim 3215'or IP‘Femtthé?gtal‘fﬁ‘H mértg;‘}?aé’gﬁi“gﬁr%’i‘ sgﬁﬁg@gs@? TBR A P u‘%’f
a patient selﬁggﬁyﬁﬂ@wp&mg1qﬁggbgﬁ@nsisting of cancers, autoi mmune

di sorders, nenory inpairnment, nental disorders, hypertension,
cardi ovascul ar di seases, eye di seases and netabolic diseases. 25

34. The phGr MapRibihBd aGOIPRS AR 18CGREHINid SsClobinilr 32s 4 Bioldolifr weigh

treatment or prevention of -a disease or condition sel ected fromthe
gr oup5 consi sthabew of eqiiehb@x 165 g/mdlt er ed bl ood pressure, altered bl ood
chol esterol levels, obesity, Alzheiner disease, Huntington di sease,
Par ki nson di sease and prion rel ated di seases.

21.  The method according to any of the preceding claims, wherein said polar solvent

comprising the at least one hydrophilic active compound further comprises a
substance selected from the group consisting of an excipient, an adjuvant, an
10 absorption enhancer, a plasticizer, a stabilizing additive, a basic salt and mixtures of

the aforementioned substances.

22.  The method according to any of the preceding claims, further comprising at least one

centrifugation and at least one washing step after evaporation of said organic solvent.

15
23.  The method according to any of the preceding claims, further comprising lyophilizing
said microspheres formed in said method.
24, The method according to any of the preceding claims, wherein said at least one
20 hydrophilic active compound is selected from the group consisting of a drug, a
fertilizer, an insecticide, a chemical indicator and a dye.
25.  The method according to claim 24, wherein said drug is selected from the group
consisting of a vaccine, a protein, an inorganic molecule and mixtures thereof.
25
26.  The method according to any of the preceding claims, further comprising applying
further polymer layers at the surface of said multi-walled microcapsule formed.
27. A hollow microsphere encapsulating at least one hydrophilic active compound;
30 wherein said microsphere

* comprises a first inner polymer layer and a second outer polymer layer; and

wherein
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31

» said polymer of said second polymer layer has 2 higher hydrophobicity and has a

higher intrinsic viscosity than said polymer of said inner polymer layer.

The hollow microsphere according to claim 27, wherein said hollow microsphere has

a initial burst for said active compound of below 5 %.

The hollow microsphere according to claim 27 or 28, wherein said hollow

microsphere has a maximal dimension of between about 10 pm to about 1000 pm.

The hollow microsphere according to any of claims 27 to 29, wherein said holiow

microsphere has a dense surface.

A hollow microsphere manufactured by a method according to any of claims 1 to 26

and encapsulating at least one hydrophilic active compound.

A pharmaceutical composition comprising a hollow microsphere encapsulating at
least one hydrophilic active compound obtained by a method according to claim 1 to

26 or a hollow microsphere according to claim 27 to 31.

The pharmaceutical composition according to claim 32 for the treatment or prevention
of a disease or condition of a patient selected from the group consisting of cancers,
autoimmune disorders, memory impairment, mental disorders, hypertension,

cardiovascular diseases, eye diseases and metabolic diseases.

The pharmaceutical composition according to claim 32 for the treatment or prevention
of a disease or condition selected from the group consisting of diabetes, altered blood
pressure, altered blood cholesterol levels, obesity, Alzheimer disease, Huntington

disease, Parkinson disease and prion related diseases.



