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M CONTAI NER Techni cal Field 'The present
invention generally relates to a m cr.o-container and
a nethod O neking the sane, such as those that can.
be-used to contain substances such-as drugs. I
‘Background Pol ymer mi crospheres have been enpl oyed as
mcro- 10 carriers or _capsules for containing
‘substances such as dr u§fSCRBIENTAIRER [ rel ativel y
smal | ~size, polynmer mcrospheres can greatly inprove

‘the delivery and performance of drugs by controlled

and targeted deIivery*@Pq&P&§§1tEF?ﬁ% active site of

a patiefhe SpPOtWnt _iﬂ&r@d%ed@r%ﬁ??p- Ei &880 a micro-
usual |y formed during the process of “physica _
en€apSalneT orndfa drefgrodyi oh rkingr iibe elmgnessch as those
Hogyer caf o MdLd eRdRall BuSELI eSO BHOBLEHR LY,

t he pol yner m crospheres die To their weak s reng?

and broad size distribution. Hence, this may 20

result in too rapid drug ] nd i ncongruous

rel ease behavi or of the d@ﬁ%&hgg“% -Consequently, an

i ncr easkdl ymierestrofpipsoshichage hbekawemptbgephersesmicro-

h b t | ated dye to their .good shell
St PRROTR Gk ndPPOWLSE 2d i STPTUCOH, WRPCRNCsS apgh as

degrugbl e mhar aet erhetitCs rb0at fvel)y Cad=l@r Ssize, polymer
Fur t her mor e, hoIIOM/pq%%ger m cr ospher es -have gai ned

i NPT ST t Hebha? Heteltl | cHIPTRtustTRP asipbttpry and
dr pgr eaemisdd ¥ AARfs Whi &ditS Al cdr HBdCREEL808d d81ivery
whi ch the active agent is either protected during its

paSSagE IBr-a fsughtite pdEs of a Pafdenage badyt its
r el easepo QN IS AP HALS Oéﬂee‘%éﬂlg_?f%d@ﬁe@ rl:l&z%i%g the

body. 1 - Q her "attractive char eristics o
 hoPFevepolofmahyeiicrds pheprpsul atlerdeft Kemgsl with preformed

ress$ , | Sity,sdh | i ti.on, _ang. ...

ogé?ca opacﬁgy%qg fcﬁmﬁgieqéna Iegégégnﬂ%b e %ggﬁes of

- asPrab ey ﬁ@vthespbﬂymehemﬁﬁtnﬁphéréesdsacmoa$hﬁﬁr weak

pa.é@fen&‘m(’agc@p%rrogﬁd fzsenegiii(s:%ribution. ‘Hence, this may
result in too rapid drug dumping and incongruous release
behavior of the drug. ' ‘

k Consequently, an increased interest of producing
holiow microspheres has been cdntemplated due to their
good shell strength and narrow size distribution, which
are desirable characteristics for drug  <carriers.
Furthermore, hollow polymer microspheres have gained
importance in the pharmaceutic_al industry as both drug
encapsulants and vehiclés o‘fr drug carriage, in which the
active ' agent 1is either protected during its passage
through the body or. in storage until its release, or

undergoes controlled release within the body.




One pr obl em wi t h' synt hesi zi ng hol | ow pol yner

microspheres are the synthetic conditions enpl oyed

during their formation, which can make in-situ
encapsul ati on of sensitive materials i npossi bl e.
Furt hernore, the physical - 10 i ncorporation or

'_,Ioadl ng of the material sinto preformed hollow
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pol ymer MiltGrospHersd ivanh Franpsdqrdaticel ofs @Qiﬂ%@olymer _
mit ﬁictﬂké‘pﬂé@:@sb eindihdid C l’Hhtergnléq t Pe %iﬁhaln%\g low density,

"perneabi ity of the shells wal
mcF}E)%BT‘@reslnsal}éth@Fhodam m@mlngotmthbw which have

M c&R|Phe] eshéf- Qo Ba h%eldow Qo rene(% Clﬁzrﬁsquén “other

m crospheres) enpl oys a nam c
i NVt ﬁ?gflﬁﬁawcbe@ar‘ahﬂf Qm:mt,t Imkpr pagmeami dosmetics.

‘or0s5- | Gl 1 206y by SeECSd BOLUTELL2at P TS

t wo- step pol y rrerlza i on~ proceéss
polwmsmerseedmetkﬁaa rsynidiesfer seddifidis efbRIRD Qiurlng

or %’?ﬁt 8nl n ghl ch _a cro s-|linkjing agent, a
stabi 1 zer an an’ of gafi ccgr&IW% LiicH &5 aiiansvd agien of
di MMdveVﬂaee&riaslxﬁdﬂmleﬁllenUguﬁtﬂeizﬁbﬁehe WS @ Psical |

.tol%cg cross LI nki ent and the organic
. sol'ven p%a CpRor ’o@z‘? f%@%ﬁré@éssééﬁobmrférmed

polmmbwzqidlgzmerZEmcs:d‘s@iHelr%@ oWnd As%k%lic%&@il’ ZaliQlse of

%?]eeds t he poI ystyrene noves towards t nteri or
surt'Sice GI-SHé Far 1551 esb/lue dELEfel €r odyel i ki ngthe  low

r egelrineBbi 1 ey ey tald QMg st le'ﬂ¥dc5?p£lﬂe2'nﬁc%ro% e%es

sol vent _to separate in the center partl
As a reSuft RehbPowi3operRatins hoblobt mmeolsglﬁéms (e.q.

t heooigani roggwﬂ% nd S LEADYE eT%g sige of the core nic

can be con vary degIRSSF
swerEL hing orteﬁimtifmet yplesrqifvmggamgsesols\épatatmxed in the

ThecboLhow poLymer . (pOLYSLYTengh i o osPher es Lhat o ecteq

are used to .encapsulatée a™d 9 sub¥
typpémqal;azraaqmnre precise t@o@ﬂ-tslt@b oy@lyridlqzrat%ﬁef rocess

si zg @ﬂje [l thi cine .eci.se contro

the drug oler%subst RR é’sg%’f:?g‘%r?/e?#%éet irsyghsrerpad in an

r agharo Wit hwattedr g xursUlist aBGRh S &@bggsﬂni@yng hggent,

mgrg@%q es, can,then be controll ed. However, due t%

tHe TORPhErARa b (37 106920 0 PRITGR foighers toluene are

m.dt sqhere s Waskel |15V\/3édc§adt&§nt1nuously_ to the system to
allow the cross-linking agent and the organic solvent to
be ‘absorbed by the polystyrene seed before polymerization
is carried out. As polymerization proceeds, the
polystyrene moves towards the interior surface of the
particles due to the cross-linking reaction, thereby
allowing the hydrophobic organic solvent to separate in
~the center of the pérticles. As a result,  hollow
particles are obtained after the organic solvent is

removed. The sizZe of the core <can be controlled by




~ - loading or release of substances .into or from

10

pre-fotnmed . holl ow pol yner m crospheres can be

difficult. To solve this problem hollow

m crospheres have been designed to increase their

shell. perneability by altering controlled 15 -

condi tions, such as tenperature, pH ion presence or
IeTivanst ridiyt Westree Aef asweddingof auchyextter nalypes of

'étw@%%5ictggi¢§§#grgéé%: rel ease conditions and the

resul’ting norphol-ogi cal” change of the nicrospheres
may hav@hendedilpabipelehtectipodysthechondeticrospheres that

unskaneay SOTIGESELS o NEog, OB DOLL O sy

mer m crosphere renapsu

subshancesptroat sewoedt ravleroo@re thefiratpheast size and shell

a i.orate, one_gor,nore of the di sadvantages -
o or PBbEs oy e MER B ate B RN Po sy il o

- ansubptaves aEtiadf ofindbcestr elhbRdakogHe NgaBdht which a
- release of qﬁ%Frials_in haol | ow pal yner m crospheres. '

suffiify o6t SHRERCFEn 15 ToIR306(0iNg e anteFetPhegiseot can
t hehéni Be PEONE £6Th i Bl e?f, BRKI B8 &he low permeability
m cr.o- cont ai ner conprising _the st ep of evapor at| n% a

swef| ithf afehtoCoRlyBsrabstfiRaPlisTes’ s hedheralls, the

- M ghQA DR td€! Lo T OTIP %ﬂs'%%%eg%ﬂtahsgewom\@lfe%-ef&med

sai d_evaporating is undertaken under conditions t

- f oked o Pl @ s o soheasdi gt Meoudiif e lshel ITo solve

Wathi.0f p2abflall CROTRAY WAL AL I BN ddlIPadighea o
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I"on con lons are

Advant ageous 7
seleerenpe -heigatshetlie peandabti léxyehgi ajteéhimypgontelied
wa, f, .t mcro-particle due to rel ease, of .
rora P R o, EofaBHTrORy CHEN) (1 aBgREenoe o
butsiimgidengtphethe Reakesésyiti nif @uchhexsbehidl Wwat {muli,
of ..t he .m r.o-particlegiiDe Accordigg?to an enpod

asgot FBRYHEL R | I,?d‘lda tl‘LgenJEéSUlting

mmsplediicaicaer ehREpYksi RF t hthest apscfspheres may have
undesirable effects on the loaded substances. .

There is a need .to provide hollow polymer

microspheres for encapsulation of various substances that

would overcome, or at least ameliorate, one or more of

the disadvantages described above.
" There. is a need to provide an improved method for

controlled. loading and release of materials in hollow

polymer microspheres.
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pol ynerizing, in droplet form a nononeric mxture
conprising a swelling agent solution to thereby form
a polymer mcro-particle having the swelling agent
sol ution 20absorbed therein; and evapor ati ng
said swelling agent solution fromsaid mcro-particle

to forman inner VOidsiﬁﬁﬁf§rbfV!K¥ Ly Sl d

evaporating is undertaken under conditions to forma
condui t Aexbeddngg tdr eughitrbe swgpectwaldheofe the provided a
m Ccro- 5p%rti%Le and i.nto the inner void.

AcBEERORg R0 g ke 880fid TAS pRCE CPhenBSF s CFBF §édTa the step of
M efapeRBtanger aCOSREI SiAY hpohly MIcTUEIh PABdBIRd in a
havi ng an inner void and a single conduit extending .

t hPedgRerhenseePtraEltickd the ho¥Ro-Pur Lok twisdhi gherein,

.BOWQQEeig\OEJ%id . eva é@gt?{ﬁ%]ngst an% t:_IEa{}Q a.slr_%l’el&ért I?:%El itions
is provided a i CroE Gont aiher f of éﬁug de i Very

compr ifsirnga single canfolynmextendiagpahtroth® kavi BBell wall
an i_nner voi.d and a single conduit extendi ng through

t hetsheftf %FF%PE‘FEéCFrigc%@péPFPcFEet OTBEEdVPhAer

B eyt e

n eréecortarnerrratie thet hendvihodx&endéhonétirabghethe wall

DebE M TR TS 10, VLS AU LSTIE 4588k ey mign
pressure vaporized swelling agent bursting through the
weakest point on the shell wall of the micro-particle.

According to an embodiment, there is provided a
method of making a micro-container comprising the steps
of: |

polymerizing, in droplet form, a monomeric mixture
comprising a swelling agent solution to thereby form a
polymer micro-particle having the swelling agent solution
absorbed therein; and

evaporating said swelling agent solution from said
micro-particle to ,fornf an inner void therein, wherein
said evaporating is undertaken under conditions to form a
conduit extending through the shell wall of the micro-
particle and into the inner void.

According to a second aspect there is provided a
micro-container comprising a polymer micro-particle
having an inner void and a single conduit extending
through the shell wall of the micro-particle to said
inner void. |

According to a third aspect there is provided a

micro-container for drug delivery comprising:

4
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The term "bi oconpati bl e" as used herein refers to

materials that do not elicit a substanti al

detrinental response in vivo. 15The term

"bi odegr adabl e pol yners" as used herein refers to

pol yners that degrade fully (i.e. down to nononeric

speci es i . Of qﬂggﬁgfq% c [ -
Biodegrgdgﬁﬁgagg?ﬁﬁéggggF%ﬂ%g?j%ecessa [ % PRAH 983d and a
hygriobyei cadrduidegeatabf enandhropghequite esbrzymatald of the
20action tottugly degrage” .Ehe tgrm

" e FECpRACELE® 8 P8 Be 1 PREEr BPééd®BFoadl y to,

unl ess gpegifji edageal atenta apiavenage paknkicle size

of between about 0.5 mto about 100 Rm In

enbodi NMBARESTARBLe thed pdrtirthesasrecteubshanei dl9 yppgvided a
sp. L.ca riigle:si er .t ;

o Aecrareopt ol hnibls 8 Efie BhEh Le Geliffed ppove-
particles are non-spherical, the particle size range

may refer to the equivalent dianmeter of the particles
relative to spherical particles. 30The term "pinhol e"

as used herein refers to ppeigaeedihgent of a conduit
extendi ng through the shell wall of a micro-particle.

The terBhesphétewingswosdd hnfletarmef epedt beapin shall have

apgﬁgx&ggE?Pgﬁgﬁﬁgégggged m cro- cont ai ner- and

i n€l'ades"a ataral “spheres which may be true
spher esthabliren . “pietetgaandléhe dsi késed hereifih&efers to
tern1"SubstantiaIIg"-as used- herei n does not, excl ude

do

" cCBApFELRLY" thaty do XDk chl &1t gupBikFfianigl - detrimental

absQEPEHs by Yy, By be conpletely absorbed by Y. Were
necessary, the word "substantially" may be onmtted
from t hghdeftignnt i dibioflepmediaivent pohymel8” Tmwe tew@ herein

RURLLL NG Q9GNh R 00 253d88dale BNy (i.e. down to
monomeric species) under physiological or endosomal -
conditions. Biodegradable polymers are not necessarily
hydrolytically degradable and may require enzymatic
action to fully degrade.

The term "micro-particle" 1is to be interpreted

broadly to, unless specified, relate to an average

particle size of between about 0.5 um to about 100 pm. In
embodiments  where the- particles are substantially
spherical, the particle size may refer to the diameter of
the particles. In embodiments where the particles are
non-spherical, the particle size range may refer to the
equivalent diameter of the particles relative to
spherical particles.

The term *“pinhole” as used herein refers to. one
embodiment of a conduit extending through the shell wall

of a micro-particle.
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_refers to-a Iqu|d that |nteracts WIRTE naterlal (e 77

'g. seed particles) and causes such material to-

* - undergo a vol unetric expansion. The term "swelli.ng

rati o" as used herein refers to 15the ratio of the:
vol ume of n-hexane to the nass. of seed
Unl ess. . Speci fied otherwi se, the terns conpr|5|ng

7 _and "cdﬁh@rl tetm d’rﬁ@@mm’fata@aluwalrum@rt heeéers dree an

Cﬁég%%h‘at‘%e %ﬁéxeé“sh ga%‘%ﬁ ?&roi ‘Ht‘éi' 2l I3 udes |

nclu reciteéd el enent s bu

| peamtnamml sphmfesadﬂhia:imnmhy bar ecutedpbleensnt 'dlate,
_As u q her -

gh e term"about", in the context  of
rat Bf %%%ponents of the formul ations,

'typlcamhﬁ ness *éub5ﬂhﬁiléimy%ta$e@semlhhrdﬁWEﬁdEs not
_t ly * - 4960 Jhe stated val ue, re‘t i.cal | o
T B { nbompheba vh e Tormre MhgFEaiTy. dSaRsEaLly
* t hgbsorbaliat ad, val way ewencdfsredaly Ca&isldé:b‘h/d- 2% of wWhere -

the stated val ue, and even nore ti pically +/- 0Q.5%.of
tfﬂ??ﬁ%ﬂﬁ%@rv&P@eWQ§SThr lﬁﬁ £

CofHAiR e RRedbAeHE ScH@Yinvention.
10 -

. refers to a liquid that intereCte‘withfa material (e.g.

seed ﬁarticles-) and causes such material to .undergo a
volumetrlc expans:.on. '

The term “swelllng rat:Lo” as - used here:m refez:s to
the ratlo of the volume of n- hexane to the mass of seed
particles. .. .-

Unleeé_ﬁpécified otherwiee, the terms "comprising"

and "comprise™, and ¢rammatical variants thereof, are

intended to represent "open" or "inclusive®™ language such -

that they ':'anl'ude: recited elements but ‘also permit
inclusion’ of:ad’ditionai, unrec1ted elements. -

As used--.herein, the term "about" in the context of
concentrations of components of the formulatlons,

'typa_cally means +/- 5% of the stated value, more

-...typlcally /- 4% of the stated value, more typically +/-

3% of the stated value, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated
w}alue, arlld even more typically +/- 0.5% of the stated
valﬁe.

' Throughout this disclosure, certain embodiments may

‘be disclosed in a range format. It should be un-d—erstood-

“ IRR¥E] Beuwo&utted from :

- The term "“-s'_wne'lling. agent sdlut’io.nf' as used_ he‘rein




~be dlsclosed in a range fO'mat_ Tt shourd be™

under stood ‘that the description in range-format_ is

" merely for convenience and brevity and shoul d not " be .
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- of PP

_di spéesed-sanho HinRNtos e Sé%fﬂ-k}%n@regets%

construed as an inflexible limtation on the scope of

_the disclosed ranges. Accordingly, the description of

a range shoul d be considered to have specifically .
di§@ﬁ@s@dﬁalHesheippéssibim smh@mangesmas vied | magely for

: |n Iues Wi t hi t' range. For - :
: % ﬁbgyféescrl |5ﬁvg a ran@% ﬂ% %‘bFrSgPSEr?%dGaS an-
: shauhfélebﬂolmnsludﬁtadlbﬁ haw e t$|&€CEf:d3}_ﬁ@| lof dicgel Oﬁﬁﬁclosed

sub-ran e -such.,as_.from1l to 10 froml to 4, from
1 £828°St AGRRSLGAY ¢ Fhf %ef%r@tmmfsat 5289gt ghould be

'—aScmﬁ‘sid@Bed hdievi dhiabe nuepeE st ddhivn tdiadcla’ge, 197 the

exa 1, 2, 3,4,.5 and 6, This applies regardless
nﬁﬁﬁbjreeaft“lﬁ’“&"@nﬁﬁé rafRgevell aSet 4PPéYitral| orwperical

of vEDhesi wRilsh that BX&R aryor C}ilr@ t 'd&crlptlon of a
enbodi nents of a mcro-container and a met hod of

nmekPRYE t FEC e FPR Aowcbhé ditsiilskéw qurméiered to have

ﬁ f918co 3,
ni cro- cont ai ner- Conprising the step o evapor |ng a

SWEFPR ny feyent fxerutli ¢e ébs@rbed2|h0a4pofymmr2 to 6, from
m §r90p@r 'éltgl e %@ fv@ n aJE 'ﬂﬂf:{ %kd Hﬂ%r ?:Is 'within that

wher ei n sai evaporatlng | s under en un
copdiad ,onto5egariplen algodduild, %xtfe,ndam@ Ehr qigls tdpplies

&l d to th
oreblaBldook o8 DELEPU Gk g, Lo he T nner

m crosphere. - : Advantageously, the-evaporation
conditions are to 30create the’ condU|t extendlng
through the wall of the ' w

, ' Detailed Disclosure of Embodments

-E.xemplary,‘ non limiting em_bodlments of a :;aicro—
container and a methor'.d_ of _making- the same will néw be
disclosed: .7 o ) \

TheJ ‘disclosed embodiments describe a method of
‘making- a micro-container - c"or‘n;ﬁrising t]:ie step of
evaporating a swelling ag_enf solution absorbed in a
polymer_ _micro——parti'cl_e to form . an i_rnne-r- void there'in,
wherein said evaporating is undertéken under conditions
to form a condult extending through the shell wall of
said micro-particle and into the inner wvoid.

The micro-particle may be in the form of a
microsphere. -

Advantageocusly, _the_evapo_ration conditions are to
create the conduit extending ‘through the wall of the |

microsphere due . to release - of - the relaﬁively high
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'nicre sphere due to rel'€éase 6f the relatively high
. pressure vaporized swelling agent bursting through

t he weakest point on the shell wall of the

m cr o- sphere.. The swel | ing agent sol ution may

be, an organic liquid. In one enbodinent,,the’

swel ling agent solution is. a--non-polar hydrocarbon
'quGﬁﬁsmhe'W@@Ogézed swydﬂénerb@ﬁnti¢MJ$uﬁ?g mmﬂbugh the -
sa S t ou to.a out

' carbon  at e sa ura ed" nion> p

liquid fhy beveletlle@t edgknem sbeuigiranp neq;nstaet | Bff Obrganic

n ane, hexane n-.hept n- oct 1dn one, .

en@ggﬁngnt {'hé smé?FmﬁémEEEanEh?héwﬁggb%?a??%%ts?%&ﬁ?lon

mayis agennoaepulamn hisdrbcdionndaitakan at "@he non-polar
ssS t.han the boi-l i ng point of the

* |
sV Pr R Lo et Brgnbe | 3 SHORA RS OB RRSAE KEated with

'evapOﬁattun>eﬂﬁwut 8 carbon atoms. - The saturated non-polar

hydrocarbon liquid may be selected from the group
consisting of n-pentane, n-hexane, neheptane, n-octane.
In ‘ene embodiment, the: swelling agent .solution is n-

. hekane. - B ' o
~ The’ evaporatien step may be undertaken at a
'temperature less than the boiling p01nt of the swelllng

.agent - solutlon In one embodiment, the evaporation’ step .

is undertaken at a temperature less than ‘about 15%3 of-

_the b01llng point” of the swelllng agent solutlon, less
than about 10°C - of “the boiling p01nt of the swelllng

agent solution, and. less than about 5°C of the boiling
point of the swelling agent solution.  In one embodlment

the’ evaporatlon step is undertaken at a temperature in

the range of about 5°C to about 8°C of the boiling p01nt
of - the swelllng agent solution. - Advantageously, the
| evaporatlon -step temperature is - kept below the b01i1ng-
p01nt of the swelllng agent solutlon, which leads to'a
relatively slow evaporatlon rate of the\swelling'ageut
-solution to thereby produce a void within the polymer
microsbheres with a conduit extending therethrough. More
advantageously, because eveporation is cortrolied, 7
release of swelling agent vapor flows continuously fromr
| the_condult during the evaporation step to retain the

‘shape of the*micrOSphere.
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15 is undertaken at a tenperature Tess than about 15C

of the boiling poilrL of the swelling agent sel ution,

| ess than about 10C of the boiling point of the

swel i ng agent solution, and | ess than about. 5C of

the boiling point of. the swelling agent solution. In
one enbodi ment, 20 the evaporation step is undertaken

at 4 teﬁber&Waperahln@estapgmagfa&bouboﬁﬁki@eabn@tssép of

of I, 0|nt of the_ s n ent . sol ytion,
g%hgmgggeou 1y, mPHOmS6éﬁoPé¥f%ﬁe g?egr?@ﬁ%%r PEifein the
|sg¢e;s1eﬂcbe|@f/v tthe, hewéingrg pgent ddollteoswebbi Nbrm the
sol uti.on, ich leads -to a 25 relatlvely st ow :

o RO R o RS BB R En RigR) P aQuLL kT UEFIRL ¢ golucion

jthemebybedoﬁuéﬁefnv0|d wi t hi n t he pol yner
n1crosph§re§ with a_conduit extending therethrough
vafit 43

More ad SOLRTSH pRkadimentsagdeat dgRcrabe a method of

CoﬁthhbeQ,miéi&ﬁﬁﬁhﬂﬂlnéﬂeEbhﬁglﬁﬁﬁfhjﬁgQﬁ%pgl8%5
continuously from 30the conduit during t

evapor aPPHeE it rit adroR IRt ' SpEmpe of monomerlc mixture
t hedihp-osPRET &- swelllng Theefyaper agk ngie%%rEHXa?%gfymer

conprise the step of polynerizing a nononeric mXx

i ndFsprREC O rhnving heher svehténof aghet subbbibgd agkatein;
soLygion to formthe pol yner mcrosphere having the
swel I'i ng agent sol ution :absorbed therein. The
disclos%EﬁEﬂﬂﬁﬁﬁnment§aahso @wedﬂﬁhg a mgthod ofrom  said

oy REe iR CEORAE FOFRF BoTdnbHerT Lo thtpein said
COﬁpapeIaEpmgSiel|mﬁ¢pﬁnkmm1tﬁnﬁ@BrQQMdﬁ@&Hhé to form a
oXﬁult extending through the shell wall of the
mlcroaphere.andrinto the inner void. |
The method may comﬁrise the step of hardening the

outer sheli wall before said evaporatihg step.
The hardening step may comprise the step of
providing a cross-— llnklng agent within said mnionomeric

‘mixture.

Any cross- 11nk1ng agent capable of increasing the

“j strength of the shell: wall can ‘be used. Exemplary cross-

25

t llnklng agents include di- v1nyl benzene, 1, 4-butane diol

diacrylate, triethanolamine ‘dimethacrylate,

 triethancolaminetrimethacrylate, o tris

_(methaeryloyloxymethyl) propane, . allyl methacrylate,

tartaric . acid dimethacrylate, N, N'-methylene-
blsacrylamlde, ' hexamethylene bis
(methacryloyloxyethylene) carbamate, 2=

hyd:oxyttlmethylene dimethacrylate and 2,3-
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- 10m crosphere having the smelllng agent absorbed
therein; and evaporating said swelling agent from

said'nicrosphere to forman inner void therein"
wherein said evaporating i s undertaken under
conditions to forma 15conduit extending through the

- shell wall of the m crosphete and into the inner
voidihydrozyt#heanetimptemay. dmmethamrjﬂniestepl -Pfbutanediol

she bef or

h
_gsggbra n% gtqyte?trlmethy OﬁﬁgoﬁﬁpagnFﬁ§r§Fgﬁaﬁ%9e' poly

con@mk@é_ehhe st epgD;frco’ZO)pr OVi d|d1@cay¢aeasthmﬁggolpmpane
hin said_Mono ic.m Xture,
cré%équy%%ﬁg ag&ty cagg‘mpe‘flﬁnei ncHesalig thFé“ethacrylater

st mam@tnbnoﬁ A theesheddyald ae@n 1be-pyseghafaeml:30%te. In

cross-lin a? qgents i ncl ude di-vinyl-benzene,
o IB he

1, #56ut &

25&b@eéﬁbak§vgylﬁ5ﬂgﬁgynawnned|nethacrylate,
trlethanolan1netr|nethacrylate tris

( met hacFHF o OEPREIAIY pPERRNERaY| lopmPratRacthg atséep of
tab&@ﬁf&@@ﬁbddég@&haﬁﬁi&%ﬁf NrrdmRbhylgnRe- swelling agent

bi sacryl am de, hexanet hyl ene

solution.- The seed partlcles may be comprised of a.

. polymer, 'optlonally a \relatlvely llnear polymer or &

weakly cross~linked polymer, which may be substantially

non-polar.’ Exemplary polymers which may be used include
polystyrene, polyesters, polycarbonates, _polyethylenes,

polypropylenes. In one embodlment, the linear polymer is

“polystyrene. In “one embodiment, the swelling agent

solution is eﬁbstantially absorbed by the seed particles.
The method may comprise before said polymerizing

step, the step o¢f forming said monomerlc mixture in

-an‘emuision ‘The formlng step may comprlse the step of

forming an emulsion by prOV1d1ng an emulsifier into said

monomeric mixture. Exemplary emulsifiers inélude

amphlphlllc organic compounds, sodium dodecyl ~sulfate,

ethy; alcohol, isopropyl alcohol, ethyl carbonate, ethyl

acetate, benzyl alcohol, ‘benzyl benzoate;

propyleneglycocl, 1,3-butyleneglycol, dimethylformamide,
'oils, such as cottonseed cil, groundnut oil, corn germ
oil, olive oil, castor o¢il, and sesame oil, glycerol,

tetrahydrofurfuryl alcohol, polyethyleneglycols, fatty

acid esters of sorbitan, or mixtures of these substances,

190

cross~linking agent is di-vinyl- -

droplet form. In one embodlment the monomerlc mlxture 18

R A Y
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30( net hacryl oyl oxyet hyl ene) car bamate, Z-

hydr oxyt ri met hyl enedi net hacryl at eand2, 3-

di hydr oxyt et r anet hyl ene . di net hacr yI ate,

.1, 3-butanedi ol diacrylate,- di (trinethylol pr opane)
tetraacral ate, poly (ethylene glycol)

'd| acryl at e, trimet hyl ol propane et hoxyl at e, poI y

pan@ytleaﬂehgdeycdln) odenenbadindrat,e thei Spheadfidr is sodium
cryl 4-but andi ol acrylate. In one

%ecﬁ}ént ”\iﬁgt ggﬁs It ki ng agent -is di-vinyltentene :

(DVB) r[nrnOHﬁé eiﬁhedmbymer it BN GuoTloap riey rGOfRIreS & ddltides |

ste provﬁ? seed artlcles vvlthlnthe swelling-
Ymefb softio ar*?ﬁ%l 2ed Par (FOPEsLHRYIBE agent, a

’-comwﬁdzeﬁ add BA! ¥PBAniONid R Y 18 oh8l atby@ldent, the

l'i near polyner or a weakly cross-|inked polyner-,

WhTeF MR Cd@5st A6 alstpstanbhebol arinsodgipdiear yin  said
. ROFYHTRIS smk;eﬂtnaynb@n@%dﬁqde%e Eﬁéyﬁéﬂéﬁé‘&c mlxture

.poI yesters, polycarbonateS, polyethylenes, .
. 158t ysiespymeneBers n Qﬁ1eS§ﬁ59G$nerﬂVB:t heethpesylate acid

I th
SO g By SAYRT S 12 R ERROR RO e L P,

t he seddepar seed es.particlies rremhxad Ty cpurpmded 1n a
b [ ymer g st ep, of for .

SHRUBARONIT L ERRD, S g BbENOL (UIANE 1o
erbdchitrentalipe n@nmmsﬁﬂamstﬂence bstadeh emisi atbnomeric

T g B A T oS s

NeRbERtagedh Xl ¥f et hdxese|ar ynoa.nsuhspérgé@ ab,é@is@eeads to a
anphi anj ¢ conpounds,, sodi um dodecyl

i philic or
: saﬁaf’%?’é’ d38ETY llltla%d?%lsa%dsalﬁ%ﬁ?l’ g¥edhol , et hyl

carbonahg, Alhy!ocfCebaihengbenz ydmalGehol ma;beﬁéﬁﬂbrlse the
benzoate, propyl eneglycol; 1,3-butyleneglycol,
diSFePhyI % of Hefd TN Igiatd ons uckh aghe oplBASERN D] the ultra-

© T OIsQMRERYE R fias COEPr 988 M4 | at OLdME Qi efﬁ%ﬁﬂyifal mbout
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and sesane oil, glycerol, 30tetrahydrofurfury
allcéRolmimyieget hibEnediopdol 5715 amipusesd egcdersboft 8-12

S Ri:ta8., Qﬂ1”b§%qrgﬁb8£1ﬁgﬁéﬁ YRS AREES sonication was
carried out for 10 minutes. In one embodimeht, the
resulting emulsion was magnetically stifred_(400£pm). In
one embodiment, the step of stirring was carried out at

~room temperature for about 24.hours. In one éhbodiment;
the emulsion is sealed - with an inert ‘'gas. ‘In one
embodimeht,' the inert gas is ‘nitrogen. Advantageously,
the inert - gas will quench the radicals frbm the

' initiators and arrest polymerization. |

The step of polymerlzlng said monomeric mlxture may

comprise the step of providing a solvent that is

11
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and the lLike. In one enbodi nent the enmulsifier is
sodi um dodecyl sul fate -(SDS). - I'n one

enbodi ment, the nononeric m xture includes polyner
teed 'particles; 'a cross-linking : agent, stabilizer
and an organi c solvent. |nane enbodi nent, the seed
particles are substantially insoluble in said organic

. soineigcible ometknbsdidendyetliagnoagaet i csudixt Whet -said

A OISl e YR TR G ¢

10The seR@npagtbases, NMAYphesPr oapdled iioh df seed polymers -
eously, there is

nonodi spersion form Advanta
sd%%?%ﬁé)zﬂq y?ﬁ5mwa§§ tﬂ&ﬁ?Fg?C{%&vwﬁﬁiﬁqﬁ§ noRdFEri ¢ More

m xdvHret dgRole0p) et ﬂHa’”1£%ﬁéﬁEk01§ﬂE||p errelater " can

advant ageously, the use of “nonodi Sperted. seeds |eads
t FPREASNAPTEW diR] r | BAEPBREEF sBid %%roélﬁ’her‘é’éeate the

- Thei $taphedt LQER REAN 8B $ib90 %wreeﬁaéassyt Rest @Re11

of ultra-sonication. I n one enbodi nent the
LMW%%%onlcatlon was carried out at roon1tenperature

for abaeyl 1;28 Hkngbfﬁefsﬁa@f&wg%ﬁne ' t’é}%é Sec@Mdical

about- 8-12 20m nut I'n one _
ulralamesazebiton waseeadr raddcedut Pelymerhﬁaniﬁg hay be
0 th e i.on was
nggﬁggpegPly é? rr§50%4 u££%$&mﬁﬁg%ﬁé émbodi h%g%t Pﬁcome
strepoakssivelyng dasscar r setuioid atlnoonrtmaperahupErsed-

- f 24-
- ol aRaho8daal d ok ASrRBP RO Ly e Separation
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'droplet

emh@deEBhd the maenntgﬂg tSofstTiogeA maCﬂ$mo%ecules may
anta ous the inert - s wll uench the -
P CuRBSRYR L AT i nete dner oAt - htertace. Hore

'-pQId)#Biﬁthéééth@Iy the depositIbg St£p e p@daseri%hb&b&qles

sai d nonomeric mxture nay 30conprise the step o
pPE¥FABRAg B oIttt t WALL sOF | HHRRY bIRO WY TeRPd More

S\A@krlaheg?@@ﬁny,suatb thakiy afgnﬁgmgﬁrﬁeﬂ@ XHF &d Ny site

armi’s non- honogenous nt ageously, a
p kase Eepdiet | @ﬁl@ﬂeg@@@tp@¢yﬁgwSfﬂrther strengthen the

shell wall. _
The ratlo of the volume of swelllng agent solution
(ie.such as n-hexane) to the mass.of seed particles may
‘effect the morphology of the miqrdsphere. in oﬁéim
embodiment, the ratio is;léwéi than about 4ml /mg, lower
than about 3ml/mg, lower than-about 2ml/mg, lower than
about 1ml/mg In one embodlment, the threshold for

"formlng said microsphere with an inner void and a conduit

extendlng through the shell wall of the mlcrosphere to
the inner wvoid, is between 3ml/mg and 4ml/mg.
The method of making a mlcro contalner may comprlse

the step of provmdlng a substance within the inmer void

1z




occurS to forman interfacial polymer Tayer. Norée

adVant ageously,. the interfacial polymer later can

encapsul ate the nononeric m xture- to create 'the

m crosphere with the inner void surrounded by the,

shel | wall. - The step of polynerization

may i nclude free radical 10pol ynerization. Free

radfcahepmhymespheteonThhysbbstanteameg b@g&ﬁﬂéoted from-
ﬁ%onolecules ecore fom dots.

-p ar%%%ewfsels%tslgﬂu8| eifitfiedF§Fer s@fRgs, quantum dots,

heé&&&ﬂyﬁmmaﬁﬁhsoﬁbXéﬂﬁ&ﬁlnkwﬁﬂnﬁﬂﬁﬁ@M&Eian@@a§§ a drug.’

separ at i on occurs and the resulting cross-1linked

macr.onoiBeufe§CHesPd 157hedBpRsTt édsqr dereribe 2 micro-

pot @ PO Laf ﬁkﬂéﬁi& age. pMiiRer adyi@iageaws! Yoty an
deposi ti on of ‘t he macronol ecul es: hardens t he shell

wat 1 &t quﬁieéfldpél geRgiEh e X Bl nad Faneage otlzd yshalde Wallﬁ ,
NEY Ve HOmiIR4 cBBHYPET S0 NBY: P8 bl B FOr furt her

pol ynmerization to further strengthen the 20shel

wal | . The dippeteatpd bhethécyotpharofrayivdld iimg thgemange

S e O g R o

- 10

15

nﬂhm@sgﬁew@ llﬁu@neoenbodtnénbpmth@bmuﬂians;qIahmat 4pm;

t han, gboyt r t han_about 3m wer .
t han ogt5 Q@ omer hg%mabo opﬁilﬁﬁéqgﬁmgﬁe
enbﬁdmmemtpfthhetﬁ&@rﬂnﬁhéﬂéansfabHUﬂgssamﬂ _

d d
oxt ondi G CHFBGGRE (RS ERBI KOREF| Voot RBVPEr dBphaee F2nge

"tcsem&e:ueanm'rdwondnel grbebweshs3pting %lﬂg 0.1lpm to

30The nethod of naklng a m cro-contai ner may nprise. -

Btep' o ir AR g 2> SlbEPariteWi t%ﬁimtrheab%’ferlum to

'Q'ng@ut 3.5um; “about I.5um to about 3um; -about 2.0im to
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aboufi2.5pm. " In one\embodiment, the diameter of the
inﬁer void. is about 2.3pm. o

The average thickness of the shell wall may be in
the rangeiselected from the group consisting of less than
me;-leSs,thén-l.Sum; less than 1.0um; less than "0.5um.
In one embodiment, the average thickness of the shell
wall is 1.0pm. ' o |

The average diameter of the conduit may be .in the
range selected from the group consisting of: 10nm to
1000nm; 50nm to-500nm; 100nm to 450mm; 150nm to 400mm;
200nm to 300nm. In one embodiment the-averege diameter of
the conduit is 200nm. In one embodiment, the conduit.is a
single.pin-hole extending throﬁgh the shell wall.

' The quter surface ef the mlcrosphere may be modified

. by functlonal groups. Exeqplary functional groups include

~13
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of the m crosphere. The substance nay be selected
fromthe group consisting-of inks, dyes, drugs,

‘guantum 'dots, catalysts. In one enbodi nent, the

substance is a drug. The ' di scl osed

"enbodi nents al so descrlbe a m cro-contai ner

conprising a polymer 'mictosphere having an inner -
vocdrb@mwkﬁqxnmnnd,extenﬂwx&ﬂam&@Lghulfmn&ﬁﬁﬂI pditoxide,

-of aip xm%,][ %t%%%% %.mt gaf 9 %'t% tﬁn one errr}DodJ_ment

- di anet er

Ne mcrosp ere r € range
setket exhtieronsthtags ol Jclwsmsldmgphéreahmjtmbﬁnfi@d by

I A e L

'enb@ﬁhnmsqmatet hecdipgmiheteabet hehai Bﬁ.OS@h}ﬁtﬁLbﬁLl&:@mﬁf the
. 3.30m Tr} di anmet er f thelnner voi d_nma in the -

r afrge” & &d F7omt ﬁérgr"@l}ﬁ %pgg}ﬁbgo@ndab%{ﬁpersz.on
,siéﬁﬂﬂity Lﬁl&hﬂﬂir4oﬁpﬁﬁfﬁgiéﬂ Bordpfatsnal@dusly, the

4 5pr§:1 about Ipmto about' 3. 5pm about 1.5pm to

bk L asmmedp b ed 2C@EH’PFMJ-&B%utgrOEPEprﬁrOF’ﬁdSnémChors for
md@,%atggﬁ di anmeter of the inner void is about
2, 3pm The "average thickness of the shell wall nmay be
in 20 Thige I?J&%@E%’@IréétéftﬁlfromY%emgréufﬁheénsmﬂ|f1g1C6110H

| ess- than, S ?L&rq S

t han 0. 5p|}rj1% I'n o%gs r&é%ag) rrent (gg?/lle{rbglgjelsf IC r#e‘%% for
ofugehdnsideily daliveésy.d. rﬂmldﬁie témeﬂage élhaMterpmntlng,
t yi t ro he
g:%l}% égn& stlwnlg ofnagllgam to 10%8 cﬁ%g&% %’OOan}EmE'1
1.Grmpdioed50)nhel 5SOnnet o wAGEN N £ Zibﬁnnnmrcﬂafic@mre Inan be
one e od| t the ave e di of th condU|t '
JOGHAS n"ORB. HBEH ven: PRREAeIGIer | 99 oRiflan  dots
pisl’iﬂhﬂftﬁne&flgljﬁl nige t r;mugfmt heirsigel HeMdbéry 3(hT§1e well as

yt.er. surface of the m crosphere may be nodified by
8AaP9gr oups. Exenpl ary functional -groups

|nC|Uthe strength of the shell wall may be governed by
the relative. content of the cross-linking agent in the
monomeric mixture. In one embodiment, the relative(
content of ~ DVB - to styreme ~to MMA is '4:1:1.f‘
,Advantageeusly; the relatively high material strength of
the shell ~wall allows the microsphere to maintain its
orlglnal shape without any deformation during solvent _
extraction.

In one embodiment, ° the - micro-particle is
bicdegradable. The micro-particle may be comprised of a
biodegradable polymer. Exemplary biodegradable polymers
inClddee natutal'_pélymers: and their 'synthetic analogs,
including polylactides,' polysaecharides, proteoglycans,f-

,glycoséﬁinoleCans, collagén-GAG‘ collagen, fibrin, and

14
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carboxylitc acird, al'kOxide, -amoniumthe outer
surface --carboxyl ate groups. carboxyl ate, sulfonate,
hydr oxi de, salt and phosphate. In one enbodi nent, of
the mcrosphere is nodified by Advantageously, the
surface-nodified Carboxylate'gieups increases the

bi oconpatibility of the microspheres and their '

- Watigrers odsttriadefly uand maspexsmompena@t$atyuch wat elastin,

bu %fe s. More advant a ousl éurface nmodi fi ed

Ioiestene, BhronedaRe =hH . hafin .
b| 0- CONjnUQstd Oﬁmbaaalmé_ﬂiﬁe mthéosqﬂﬁrleSwﬂhy loefv etimor @icro-
t han one function. For. exa t he use ,

c i leuBSt SRLESTLBPLYSRS] a&?ﬁ&g '\?&e;l gﬁn kgy be

t hedn.selin- %EtUeprléﬁlduﬁlv@ayalx&m&eabne |@agymgror The

~in ciiagnostics. |In one enbodinent, the. inner_voi

t ReIAERSabYePE dAF BRlPSTirBAYeReRERD HaghiRet L w&1P" may

NanoPabYi £185 2ndoguaRY URAOtie | AbTELLBRLOURlYhtt ©f the
performdrug delivery as well as bioi maging The

strEngeERsocompE.shag| thal Phahd Hélbovghﬁea%ym%% may be

f‘%éﬁéd%%dCEEBQHEhefg£88p068§§1éﬂ1 N agenf1dtd A ymers,

Onononeri ¢ m Xtur I'n one enbodi nent, the relative
c orredtymef s DBt ot@mﬁrlem@rtso N @S 4pplylacrylic acid),

PR LA e BRSO pcay s

rnmeﬂhabmylasebra@dnatr§ham£ @wndﬁmmﬁr@npndbﬁ@mmuﬂygﬁrs of

| A aBodt i . FREIEF 6L by (15 nethaczylates, methyl
methacrylates, hydroxyethyl methacrylic such as 2-

hydroxyethyl mephacryiate, _ hydroxypropylaérylate,
pdly(dimethylgﬁinoéthyi .;methacrylate)  ("DMAEMA")  and
copolymers - and terpolymers  of _dimethylaminoethyl
methacrylate with' 2—hydro£yethyl_ ﬁethacrylate. and/or

' hydrox&propylacrylate and methacrylate and/or methyl

| methacrylate; copolymers or terpolymers of acrylic acid
and/or methacrylic acid with 2-hydroxyethyl methacrylic
and/orx hydroxyp:opylacrylate . and methacrylate and/or
methyl methacrylate )

The ‘disclosed embcdlments also descrlbe a ~micro-
container for drug delivery comprising:

a polymer microsphere having an 1nn§r void énd a
conduit extending through the shell wall of the
microsphere to said inner void; and '

a drug loaded within sald inner woid.

The drug may be an anti-cancer agent Exemplary

anti-cancer -agents include . act1nomyc1n D, doxorubicin,

15
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'selectlngﬁn?ﬁQ??ﬂﬁtﬁﬂ é@@l
mahebBaDEA T | Seraeear, di ol &0 ﬂﬂ&e%%eq\:ﬂl‘aarfa‘é@ Qggfoﬁ];atron

bi odegr adabl e. The m cro-particle may be comprised of™

a bi odegradabl e pol yner. Exenpl ary bi odegradabl e

pol ynmers intlude natural. polyners and their

syntheti c anal ogs, 30including polylactides,

pol ysacchari des, proteoglycans gl ycosaM nogl ycans,
col | agen- GAG collagen fibrin, and other

exkkamehbuhar n&hﬁmbrﬁ@ﬁﬁﬁéﬁntSwlﬁﬁgﬁsﬂﬁn@JaSthlcthlne,
fi-broone 1 vi_tronect and | am.nin.

ot REGORRBHEL: 1 HBCORBFFL waProns® 1o A bydroprthiaia. Tn
i S o e@bbﬁf&lé!mpelﬂf@&tﬂlﬁ_] ikhgogbelhi gl ] my be -

conpris of a selectively gerneable polymer. The . o
verylpet hedbie ashyelllatiaply high

t he polyners conprising the shell wall. The polyners

nmay bet*see| BEEEASRRRNE t RRdQIORFCOBRS sthmgp@f)baemyb@t edrug AR

POLVRE 10 copol yners and terpol yners such as
poly(acryllc acid), poly(nmethacrylic acid) :
pol y( mefhRicEytat mhy pbel quamtihydltﬂnenhaarlyi aJtrm)erarmbld via

t | t i
SR AL SRV 50 L5 2LS.
rremhemwlaatras ldt}odrt@)ey&hhyt m@tchacmd Il(baﬁliﬁb A8y comprise

NS s i A cke TR M S E&%\'E%keéo%ﬁjmer

coth’yathnsam ctHee rcpnigynﬂnﬁe Qflcﬁloﬁphbybaﬂk@?’eflfé’ﬂ}ez%as}lon may
at e and/ or

hac Fate W ggrox et hyl net'hacr

rof&é 8ByF§@&ﬁP398 Ad 408t FacP§FLPe éﬁ&PSF@ﬁeﬁﬁ?P the
ZOng‘mIﬂlaﬁfn)éll&hﬁg 6EPRAbYERE a2 t}ﬁﬂﬁ%' YEBES ehaRCld|Hdurs,
aci d andé methacrylic acid with hydroxyethyl
mel e r AR gﬁd/f&u’{’?ydr%%%r 6p§nacly| ewrsndmore than 40

meHdhae .yl ahe a8/ UpdmRimen et B%ry&1%r51on was shaken. -

The di scl osed enbodi nment s al so descri b
i SFE-PRoEGAYaifREr 4Bohodrag Beei devny m@me slomded within

said inner void by the process of simple diffusion,

vacuum suction or capillary uptake.

Morphological and Str’uctu'ral chara-cter_lzatldn."

The structure of the mlcrosphere may he observed

under scanning electron mlcroscope (SEM) In one

enbodlment, the :Lnternal structure can be characterized

by _observing the cross-section of the microsphere. The
microsphere may be embedded in epoxy resin, cured and
fi.zr_ther cut into thin films using a sharp scalpel for SEM

' charecterization. '_ - ' 1
The internal structure of ‘the .microspheres may also
be characterized while us:r.ng fragmented microspheres. The

_fragmented mlcrospheres may be prepared by crushiﬁg”

16




~a pol yner mcrosphere havi ng an inner void and a

conduit extending through the shell wall of the
m crosphere.to said inner void; and a drug | oaded
within said inner void. 3.0- The drug nmay be an
anti-cancer agent. Exenplary anti-cancer -agents
i ncl ude- actinomycin D, doxor Ubicin,

- dadnoayti nivrasphstéfeivi nbhasdi pereodehi ciRes is due to

' pa%gitaxel docet axel , _et ogosi de and hydr oxyrubi cin.
TRt

prep
W

ﬁé‘éﬁ%&gﬁhenfﬂFhe’éﬁﬁﬁ Fs dBHVIShi citR, environmental

Advampageousdy, the shell wall has a.relatively high -

mechani cal strength, which prevents the fast .
def ormation of the m cresphere and overcones the

bean of clf A0 (QUTBERYon oF midde fikdg may be |oaded -
| N sal I nner "vol VI a exLendlng‘-

7 throughTttheisherralastraeture of therosphesrhéms omay be

10

tNgLsé PGS i %héngdlgﬁdé5ﬁkéggﬂ 9@%95%38 #beTﬁgeﬁ%ocess
of agitating the mcrospheres in a At Al ne

coRtni AnAgudhe tdheugloarhiaani df osphermradrigy dyk spéthion the
‘ shak ti,nuousl.y. for.a period selected from .
tnﬁéémg%up c%s%%nng&o %n%")réérogh%%rg' ho%?s,o ree"gtﬁja ment,
1RIpiamsinemble (RdabG20whsunsed nds ea t haend 30y haatiessial into
nmor.e. t han 4 urs. In one enhodi nent, the dispersiaon
vvaigl?shak'en,]go{c?g%"fi nuousrp'jg/c’?oosi%fgeﬁour s. P& drug mRFtcal

bech axadad riizkhi. on $6b sk vatelony oimidyy ddver q=acessidiescence

simpl e di ffusion, vacuum suctign or capillary uptake.
ST NBHSPE g1 A Tar dit

AHFISORF Y ar AP haF 54 £24PFBRCENCE Of

-~ The-90 uainam eef tiheoTifcr agphase masihe okeeveds under
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under scanni ng el ectron mcroscope (SEM. In one. _
enbSRTFERENCE hEHHOSCRRY - stMaret rdvaddmassusly, it has a
Chaciebikrzegde1gBE By 0B$E! Vi dihe & 0551 89Gkd 0ROf the
the Mcr osphe?e? The m cr osphere may lbe Zsﬁrbeg%gd :%r? the
e OLF RS n wed ghd o&ndoptr tfertheutcommpolyhiugefli dmpgs. As
UShi, 3 SRATPsSCBPelafeRr SEM £OAS ACher bkl Oysyay

" The internal S'st ructur eG%of t e_?nf%rgéghgﬁggingtﬁl%%%g of
30iateRaladt érygexedridess using fragnent ed

m crospheres. The

Brief Deseription-OfrDraﬁings
_ jTher‘accompanying: drawings illustrate ;disclosed
embodiments and serve to explain the principles of the
disclosed embodiments. It is to be understood, however,
‘that - the drawings are designed for purposes of
illustration only, and not as a definition of the limits

of the'invention. -
Fig. 1 is a schematic partial cut-away wview of
‘single pin-holed hollow micrdsphere: Fig. 1A shows the

pin-holed hollow micrbsphere'withont‘being loaded with a
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-fragrrent ed m crospheres may be'ﬁre'péred by

"crushing' intact mcrospheres in liquid nit rogen.

" Thisis duo to the- - - sudden and' fierce change in

envi ronnent al’ tenper ature. Optical characterization

of mcros ~The internal Structure of the

m crosphere may be observed with the aid of confoCal

m ctbstapye: Thewr dtiess 1@y isholwedethbe poadholedf wasllow

t hin .t.h f. th Ph
AL il MG AR RS 66 Fe 6 ZaC?%sa%eas_a#e.

-a Iscnadjmglemiﬁlyl aloaldatiothé:eeiml | ow m crospheres for

optical characterization/observation under confocal - \
f | .uor-esEsnce2mistiodscopye Adwanimgeeusby, :iﬂme_;l&t rlﬁfﬂg-holed:._

scence -of  Rd-6G abl sel f-to_bhe ! easi
Hel e PR e rLar P ooy Ea0ench RIOT Db SEpiAGe dF pin-
adhané@gﬁeusdny nii&rbasherdd| aﬁubamaa\@enﬁabae&omw X4300;

which' Si mlar to the nol-ecul ar wei ght. of nost of
t hé 3"%om1%‘?1| y® hersgd B*F%gsSE%s LIRIE t?f% gl sdrollow

Caii BedgpHdre smadeh - daih dF 1k OforC @3t kobbed drug
rel ease. 20 Brl ef Description O Draw ngs The :
acconpdd-ng SBOHG k§s idregsrpackion)i Y oyerpges of single

e I LN e pki ngl.ple f _
{TOCS.E PSR DI PRERELS A e B! SRR crons

_u un%%?@tcﬁbd SHYweveeget havft hdroddawi ng@mm@megnedat a

r f el | ti on n a
PR BALRRT ] ! SIGA 0y , 800, Debetulckmens or
Fitthe Ishedls sEhétmt holjamt makrosphemey ati ew Mignification
305 %ql4%oel n- hol ed hol | ow m crosphere: ‘Fig. 14 shows

t he n-hol'ed hol1ow m crosphere. W+t hout being | oaded

mnth aEﬁg 4 shows the S5EM image (¥22000 Magnification) of

"‘rthe fraqment of a single _plnuholed “hollow microsphere

with a pin-hole in the internal wall of the microsphere.

Fig. 5 is a schematic representation of the process
for the formation of single pin-holed -hollow

- microspheres.’

"Fig. 6 shows SEM. images of single pin-holed hollow
‘microspheres: Fig. 6A reveals the morphology of hollow
microSpheres (X 3500) with a swelling ratio of 3 ml/mg{

Fig. 6B reveals the morphology of hollow microspheres

,>w1th a swelling ration of 4 ml/mg.

"Fig. 7 shows - confocal fluorescence lmages of Rd 6G-
loaded 31ngle pln -holed hollow mlcrosphereS' Flg 7A
shows the cross-section image. of .hollow microspheres
under stropg’fluorescence background from an unwashed Rd-

6G environment; Fig. 7B show the top view image of holiow
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subst ance; and Fi.g. 1B shows the pin-holed hollow
m crosphere in which various different substances are
si mul-taneously | oaded therein. Fig. .2 -shows
the SEM i mages of single pin-holed hol I_ow
m crospheres: Fig. 2A shows the SEM i mage' - of
pi n-hol ed hol | ow ni.crospheres-at a Magnification of
X43®Or0ﬂvlger@8 sinchas thewSEMmmrm;_e:wfcepl bahgbedund after
ho cro eres at .a ni i on of X2200.

R T PP RERTE Bl e hingb Gy idhgrecdey sekt fon
p| hmbige e holHodwomi Cmﬁléphﬁplﬁ@reé:l gmc&és shows th@rescence

S t f hol | h t
VeBAT RO e BaBo R o Nhous ho. i ni cknese.

- of the Bheld esxfwd heihal-lsewpniconespee@Sra@ledse curves of

Magni fi Cati on of X14000. 15Fig. 4.shows the SEM i mage

- (XSbTtPARRShi $TRING ORIPTROTHE  PPALAENFLGEORRBEFRT oin MES

pi ppinol el 1holdu@Wel; C-og PhEK esiuld t@lep'cEBnB@h@réEhérbeof the .
internal wall of the nicr osghere - Fi

i g.
a SRh&RBEPc Fepr eRPat ionthHe S p‘Plé)’E%rs ﬁ’élflltiﬁhea first

.f(¥éﬁgéég1é¥oé%§%gl%ﬂ@'WéﬁﬂéﬁkﬁgﬂéﬂéNéghcentr Elon ot the

10

m crospheres.

- shees SEM ividges  éfusi H§PE) piim hbhed MiSl |lowffer during a
|
ho{e{éb?ﬂ“efeefea d %gg gg%ﬁ ttpg kol gy, of progess;

ow ni cr ospher a swel I'ing Pat i

3 and r@g Fisg. %B'wsemgl sohhentaphot ogy die hiol lvdwro drug

25 | |
gj P eg\ighco%ocaflf?%ﬁorl : égtgl %ﬁjal&éis o%rfean% process

- Rd&fﬂﬁxoadedsscugdier@léadmlp&dad‘e@sl ow i cr ospher-es:
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Fi.g. 7A shows the cross-section i mage of holl ow

m crospheres undér strong fluorescence background.
from an unwashed Rd- 306G enwiﬁgnnent Fi g: 7B'show
the top view image O hol Trospheres under |-ow

fI uor esieantemPeckgr ouRgmpiéer bhor egh wasBhB9onandnd a-
cross-section ,inage of holl ow :

7C shows t he:
C%fﬂ@éﬁﬁ&i‘é% GReBPLe oWt H LB eSeEtRer el iaf tgeater

t@%&@ﬂqhkﬁﬁsf@fékence 1x>F%9e§1§B8“@xﬁﬁblésSt%ﬁlch should
controlled rel ease curves of DOX-|loaded single -

pRThEFe GORBFFBAA N b8 phRY e¥ay nl MES: {rpsH theg spppe of the
bubferii5h9- 8A shows the concentration of the in
vitro drug (DOX) in the MES buffer during a first
rel easBembtm tFiRLg -BBAshewschhmatbncéhagzan dm glartial

tGﬁt -away view of a single pin-holed hollow microsphere 10
is shown. The microsphere 10 includes ‘a shell wall 20
having outer shell surface 22 and inner shell wall

surface 24. An inner void 30 is bound by the inner shell

wall 24. A single hole 40 extends through the shell wall

20 from the outer shell surface 22 to the inner shell
wall surface 24. Fig. 1A is shown with the wvoid 30 enpty
but Fig. 1B shows the void loaded with various different

substances.
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. Unl ess Bt efiot el \/\P%’éro

10 same in vitro drug (DOX) in the MES buffer during
a second rel ease process fromthe first rel ease
process; and Fig 8C shows the concentration of the in
vitro drug (DOX) in the MES buffer during a third

rel ease process -after the second rel ease process. 15

Exanpl es Non-limting exanples of the invention
and a conparative exanple will be further described

in greater detail by reference to specific exanples,
whMekeshals dxsed Gimotthiee fobhewing Exesupilpsainchagie: -
limting the scope of the invention. Referring

to Fig. Udlessa s:dt@rdabrtheﬂwageamlh zpﬁaargarﬁls @etreapaychased

11808 s B £ Rl flbon 1l Smere Aol

25 havsnggreem-t er. (shrel | saef, acedzﬁlﬁﬁﬂbéme Shqbka . 80%
surface 2 i nner. void 30.is bhound

.nﬁ‘é? Sk v%} | %th%@%ﬁe Aot 44ABgt e%g%) tmeasghused

t herséel tenv@ing2@nhipméhe. outer shell surface 22 to
the inner_shell wall surface 24. Fl& | Ais shown

with t e Y6IAF 88 Senfr retdydPrepgonibritehs (RRENY opgs re-

| o8y @ltamtlhze\aarfir@hkseéh&fl@i e;%léfi%t a3ees. materials
used in the foll ow ng n(‘ipesmclude-
onedageifs wHile —pLﬁQ)r%@eog/mol)

from SisgaRymy '%icﬁféc@‘li Qo efaddre {gg% eqi?r%t aﬁ?%engfs steric’

, Amer i ca: : Styrene . (ST, Vi ny zene
( VB b Ig09%eis el sylulanﬁlemerwmeéyacu d (MAA, 99%
were u f r in _
2i 2" Azshce)giregg %% rre?ﬁy?/br g?ol%%;nhl afl ee)%h(aﬁf)ér\l) dad dlsmlled;"
r etﬁfgfst aelriez edefir bhremr_l;mdi trd mpmlmsats '

Rhodamlne 6G (Rd-6G) was used as a loading material
~into hollow microspheres for opfical
. characterization/observation under confocal fluorescence

microscopy.

oe

_ Doxorubicin hydrochloride  (DOX, 99%) was
- incorporated. into hollow microspheres for evaluating . in
vitro and in- vivo release behaviors.
—{N—morpholino}ethanesulfonic acid (MES) was used
as a buffer for maintaining the pH of less than 6. 5 50 as

to prevent decompogition of DOX..

Example 1
Preparation of PolfStyrene Seed Particles
Monodispersed ~ polystyrene seed particles . were
prepared in this example acceording to the process

disclosed bélow.
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10Pol y (Vi nyl pyf.roli done)y (PVP, "MW - 40,000 g/ 1ot~
arid sodi um dodecyl sulfate (SOS) were used as steric
stabilizer and emul sifier respectively. -114"eXane

"~ (98%, absolute ethanol, and distilled -. water were
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. in"VvIivo release :
72 phbpamgﬁuﬂhynoﬁé$ﬁemnﬂmuif@n&gmacizhﬁiﬂiS) was Uﬁfﬁbéﬁklon—

used t hroughout the eXperinents. 15Rhodam ne6G
(Ed-6G Was used as a loading material into holl ow

T o1 OSPRE! 65 coB} £ almcar AR oAl | IULDSELYALIOD, o

under conf ocal uor escence m-crosco
Doxergbield ninyxlrwoh| o ttei(rBOX, iad zﬂ.-suyﬂamaoraMedm; AIBN,

| 600Mgl] O TG0 DheE ol Ol 12! Uk 190 ! Bi2-807 vere

havi or's

ffer for. . maintaining the pH .of less: than . SO;
oohrei b ek PReREADRY, bSe it 'SE A G 3 Whixture

'Prepam&tha@Mofaﬂaml wtyxenEnSe@chppwclcﬁﬂture tube. The

Monadi sper sed olyiggpene seed parti-cles were

prEPRT e, A Pt B CHHIGRG oo FPRe l PriBtRste form a
30H¢ﬁ6déﬁﬁﬁ$sbebgwttlon The styrene and AIBN were then

added into the reactlon mixture.

The reaction mixture was further degassed for 5 min

 with nitrogen after ultra-sonication. The -iéaction
mixture was then sealed for preparing seed partlcles by
shaking {150 rpm) at 70°C rfg;__24 hours., The tha;ned.
llafex partlcles_were wasﬁéd extensively with ethanol and
water by several rdunds'oﬁ centrifugation-and decantatiqn'
so as to remove the un-reacted reagents and surfactant
residues. The purified polystyrene seed microspheres were

freeze~dried and stbred for further = use.

 Example 2
Preparatlon of Slngle Pin-holed Hollow Micxospheres

‘Single pin—holed hollow microspheres were prepared
by using a seeded emulsion polymerization process as

disclosed below.

100 pL of n-Hexane was emulsifiéd in 10 mL of 0.25
‘wt% SDS agueous solution by ultra-sonication for 10 min
at room température. An 'aQueous solution ({(~3.0 mL)
disperséd with 100 mg -polystyrene seed particles were
then added into the emulsion mixture. -The resulting

emulsion was magnEtically stirred (400 rpm) at room
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To produce 2_2 Km polystyrene- Seed particles, a

-reactlon n1xture containing 1.0 ma styrene, 14 ng

Al BN, nE, .ethanol, 1.0, M. water and 100 ng

PVP- 40 were prepared by dlsper5|on pol ymeri zati on.

The di spersion nedi umwas 'prepared by _

di ssol ving. ..PVP-40 into a m xture of ethanol and

vvatfeecmMraacucappf@:t C24 thnerst ube:  JhEp IeRRC T AWML OGN €0f n-
0 forma honogeneous _

' t t ed
"‘sol |%§$ab%ggbg??f%ﬁﬁ?%uﬁ?%éﬂ@ﬁrﬁé?te?hen added into

t he reagflon m. Xt

further: °8863§§e%gf%ﬁyﬁ$ﬁﬁl+%% ﬁ

10The r tjon _m Xture was
8

i t g elf & ket - - 'MAA® (100

" ul Tg- sowi easions Fhe weast koRedn R RenRs st Pelnd further

io
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seal e (150

f, aring._seed artlcles by shaki ng
r pi™e %6%8 8 %&uP? &ooMtdi HBY- aduepyg egolution by

parilitehesonet £ &S h gdrexi @ngiivel ¥ WirbBpet 10 A5 7he
several rounds of centrifugation and

wat er
deEEﬁPg¥FBﬁ SHPRHE G0 FEWGFEORheWdh- H@ﬁﬁteﬁuﬁ@dgewnth the
anémsukt ast abht 4 B5i t 65 h G R E%bﬁ. eéfsé £€$Sles The

seed m crospheres were freeze- r|e
f uPERes ﬂ%@tmmgzepmpélnmmm Si40¢l epm) at room

P RehaLededl | o0 Vol ORONE CPor o SRR A on of

hol | ow m crospheres were prepare ing..a see
enfiPBPBRr HANY el nabiesanpr seeblerassedids phesed1bs] ow.
25100 pL of n-Hexane was enulsified in 10 nL of 0.25

Wt % Stﬁleaq@kem@@blmmmmy wi4 reeslen o,aiturpmamegieﬁl and

?ugllt'%épfe??&dl%?ﬁ' poI ysty‘?%f}géjgtl e tl%rll%%r a
\/\etrentimmwdoﬁd.nnm@ tal‘te tmmlaspm).n TheXt £ira] - ﬁf@iucts were
re&é’él’gécpgexten31vely w:.th ethanol and water by several

rounds of centrifugation and decantatlon so as to remove

the un-reacted reagents, surfactant residues, and small-
sized particles (sitie_ p.reduct). The purified  hollow
microspheres were freeze-dried and stored for further

.use. o - ‘ )
. The detalled formation processes for s:l.ngle pin~
holed hollow microspheres as described above are
schematically summarised in Fig. 5 as follows:

St_ep 1: Polystyrene seeds \-«rere-swollen by n?hexane,
‘and pheee separation occurs because n-hexane is a poor
solvent for polystyrene.

Step 2: the resulting linear polystyrene molecules
are thought to be wrapped aretind microdroplets of n-
hexane as a core materiai which is'partiaiiy due to the.
lower free energy at the water- polymer interface than

that at the water— —hexane interface in thls system

- 22
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 30enul'si on was magneti CalTy Stiftred (400 rphy &t FGom
‘tenperature for 24 hours for conplete absor pti on of

n- hexane. by pol ystyrene seed particles:

* Mononers OfF styrene (1po-pL),.DVB- (400 pL),

MAA- (1,00 "IL) and Al BN (67--m\:]) were m xed
honmogeneously and further emulsified in 10 mM of 0.25
V\/t%SDSSt&ipJeBUSPSQIel_n‘t i Rty rul dwel-1SeR catdons WaktdPe of
mn at roomtenperature. -The resulting nonomer
enTIPRTT Trms ( HOFPRIESH SR CERE AREPLPLSP Cdiaiigo -

- hexane: Swakheneseesyipar ingl, eSandNea7EKednSOtd | Qkollen

etlcally stirred (400 r at. room :
10%%%%(%% ur dlepdhilenosped frplvEmercomalvetdsabeorgid s ved

~of ; FOREABRHS - BY atsh &dbdexgneesol | ek S%@th%tllﬁhss pomtsf

The obt ai ned emrul si on was ‘seal ed wth ni'trogen and

fuftherC golty meviregd and 600 Torfoz4 DNBUFS under a .
'Cont'n%ﬂﬁinit'gglng ﬁéxé%g)éﬂggr.EEEW EH?% £ﬁém%£%f%sphere

were 15 "mash extensi vel anol and wa .

byis %@mmtacmhwsra;fsmgnttrhef mﬂlpematand (decéﬁt“ atl oiThis
0 pn-e cted r a ents surf

resc‘ﬂ?uetess Srogl@%% E:'fLFas FZed agpeas'r A SE°PEFaL YD cirﬁs to be

Thsupuratfaded dm:dl omom gn:aépbmgs ‘pﬁ?b&eédeeZG‘:‘Edél edradical -

and .stored for furth The detaile

R Ak S bncSaE B IMgiAE s o hr M PIoLecules,
‘ mﬂm:&pmbemeasPﬁegﬁésmfél@bq&sasalaﬁm@nﬁﬁ I@ﬁé |dispersed_

mmarised in Fig, 5 as follows:

1.
P e BRBOBEE IR HETES S0 1P LSRRGSR, ocsggﬁdand the

phas®13eRar atd B 0Q6HkEdPE GRS S A1Be% 288 | $aR pQ_ﬁ"adually" |

sol vent for polystyrene. - Step 2: the resulting
| id5@5 1ol §%t W@newﬂ%?w]esléﬁérfﬁﬁﬁgrﬁoq ohpedening the-
Wapnad g q%@a@ 569959&&5@ Ofhdl- I%tﬁe €at the

material, which is partially due to' the 3 | ower free
enetgy- 8Lt he ingesEagel ynes i npertasdlyhanduhat &  the

t 'b%l%%%&zﬁtb&%a”ﬁlﬁﬂ‘t e]!ﬁl\ﬁzgceté n _Iulﬂc':feass}/est ®Brtain  water-

'_ solubility and further push the linear polystyrene to the

interface of ~water-oil droplets. The newly formed
pblymers'wrapped around the core also bécome a site for
further polymérization so as to strength linear
polystyrene by’forming a uniform shell.
'Meanwhilé,wn~hexane, 2 low boiling peoint hydrocarbon
(68~69°C} begins to evaporate and therefore the pressure
.in the core of the microsphere increases. The pre-formed
interfacial layer of linear polystyrene by swelling seed
particles can reduce the evapération rate df hexane in
order to: av01d fast evaporatlon before formlng network of
. DVE and styrene to harden the shell. With the use of hlgh‘
ﬁcontent of DVB 1n the monomer phase, - the obtained highly
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Step 3: After furthér swelTing with a m xture of ~
nmononers, a honobgeneous. m xture . (enul sion)

-contai ni ng n-hexane, - styrene,_ DVB, EAP* and AIBblin
the swollen mcelles: Meanwhile, seed polynmers may

al so' be dissolved in nononers as good solvents wth
hi gh boi I'i ng points (1456C for styrene and 195C for

. D¥Bpss-linkdd St pplémeThe nZhexanetmhsehkead Wehdli N shells

¢ CRpRERERE T abe Ber Feaiaadudh (Bh D aprossrinke

" cbRayeSantichamiceahseeast ioasthcibrst) thal péahestbility.

~and t%ﬁ radual | y proceed. Free radical polynerization

caATBBUThi¥ | QPP Yr blv SracFBRoNEERREs CTwiRps existing

' beearesvRs QMG W Yi-hesansobubbRei Debhessli SREISathd the

hexane/ nonomer mi xtures. Phase separation occurs and
t h&lF@sef tPHee rRegemesniged 1dgsr orel Bglésrranthe internal

. gragduabdye 131 sdepasibaals t Be wWaler sQhd ikRkerface fPlnally

~hardening the shell of [inear polystyrene. The phase

seprtat Pem Bele hks whekl - B0 Prtestraeaming puf tikd | yemained
due. | WeLE =t . . |
Ug- Qe dd1e a&okégfﬁ%@%@r};%ﬁﬁdé%‘ M 0 shggifﬁ:?e%pl Sy

certaln Water- urt hér pus

‘pol yst \itmpe 60 Phen2@ormateohacd ofhavasEnglsd |hole. in the

dr S, e forne olymers w apped .ar ound .
e netl iitalaes’ R0 SRR RS POSEE St Voratiae
podyhnerarzatsi dircao taserted nst rengi bré+aearaipelry siopipeieing a
by formng a un%&prn1 hell . Meanwhil e, n:hexane, a -
| R8I Y FSRERS PGV AP Go iP5 e, Bots saﬁi fAs q@duit
eveaprtieganthridghe e 4lel Pressur efi thkhenicebeplbre to

- the mcrosphere increases. The pre-forned interfacial

| PP HRA HBI R %he by swel ling seed

particlmes gaporeduce ddie@vapy atdren tatelsiedexaeinique

in order to avoid fast ' evaporation tefore formng
net @R est 3heveuand of yrenesRasiHdrdesvehéinteldgent for

Wi 28 nys s O g gBi‘%rﬁ&lﬂé& NthAf VB B-Jd I FRROMBE 16

phase,' the obtained high cross-1linked polyners

- cavaporengeherative whehighrbovlbugl poinW tiydrhearbons at

I ﬁ::flggﬁaté%xgﬁbrﬁuel@p gl?il% égi‘if{fi%t%)%/'ilvie” KEShymerisition (60-70°C)
- only yields nonporous or macroporous shell. A proper
evaporation rate of a low beiling point hydrocarbon—n-
hexane at 60°C (ie, less than the boiling point of 67-
68°C for n¥hexane) ‘leads to the formation of single pin-
holed hollow microspheres by using two-stepped seeded
emulsion polymerization. In contrast, no single pin-holed
hollow_ microspheres were produced at the belling point of
hexane because all the hexane is vaporized in a short
'pei:iod of time {a high .vapor pressure can be -generrated) .
The vapo_j:"pressure_ of the swelling agent should‘ be

considerably low at the temperature for polymerization
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(i .e. The nunber of pores existing Tess and the The

‘internal and finally the remained n'-hexane at the

weakest place on the shell (Step 5). 10Step .6: Upon
formation of the single hole in the m crosphere

cont ai ner and subsequent releast of volatile o
substances fromtherein, a mcro-contai ner conprising

a pdloyeer thaorisshhare deavitng andi ther ot iand o& the pin-
cond%it . extenging t hrough the shell wall of .
t h&©S cFa5HRer &1 o L8t NPT ROV FA0%iRG it ARE the
| NReBlanhgasheat Qhurtifhg dirclosaghdachanigre +d WVAIMES the

the_use ,of a specific swelling _agent for
shape/mlcrostructure of polymer microspheres under

constant vapor pressure. Consequently, a fast phasé'“'
. separation for forming'stroﬁg-shell before the-exhaustibn'
of ”héxaﬁé 'is also required to maintain the sphérical
Shape under the continuous pressure of the -swelling
agent. | '

The use of high content of DVB in MONOMETrs Can

accelerate phase separation inside the monomeric. droplets -

during the early stage of the polymerization due to the
quick formation of highly'cross—linked copolymers with
reduééd'solﬁbility in the mondmer and solvent mixture.
The strong shells can thus survive the extraction of a
' good solvent, THF and remain’ the original shape withoﬁt
any deformation. The effect of the relative content of

- DVB is further explained in the experiments of Exampie 6.

Example 3

Analysis of Microstructure of Single Pin-holed Bollow
' Microspheres by Scanning Electron Microscopy

To analyze the microstructure of the single pin-

holed hollow microspheres, a drop of aqueous dispersion-

. of the hollow microspheres was dispersed on an aluminum
foil and dried at room temperature forrmgrphological'and
,struétural_characterizatibn. Uniform.polymer microspheres
rof 3.3 pym in diameter have been clearly observed by

Scanning Electron‘Microchpy (SEM), as shown in Fig. 2.
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producing single pin-hHolFed hor T ow m crospheres: —Atow

‘evaporation rate of high-boiling point hydrocarbons

at 20 the teMperature for effective polynerization
(60-70C) only yields nonporous or macroporous shell.

. A proper evaporation rate of a | ow boiling point

hydr ocar bon- nhexane at -60C (ie, |ess than the boiling
poi nt . ofReférr68E tOrFiy hexanakrbeagdsat oiddee famMtLE0N200-

”r of single pin- 25 hol-ed hol | ow ni crospheres by using
‘\twb§g£
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efPed Beeltdetisi GF pbP§refrzkagon.of nnearly 503

~-contiica%isphafesi NU € 1Righ-hel eshalll-W N CEQSPRSIES 211  the

wer e. produced at the boiling point of hexane because
al MUKESRBRRERe PEoVABorayEd 4 nsindlifor piperivdbetatsareonly

(a thiegh¥ape MESsuEE FaRabe gengrat erﬁicr%%yé SLAPAL e

pressure of the swelling agent should be c I derabl'y
| oRPEETTRE vedperSElr eThoy puigams fdkitomppibeimetely 50%
t @R nbejh b8 RN, d;th ' f <tbe pin-

hofe relies gﬁthghg%%%iﬁ%b%gﬁyO%?%é?%égogp6oPlFﬁSSEPereS
swehd Hgrageet disphgyehdpdihemSEMz aagest dnr 8f@gi n2. This
th ) | crosteucture. of .pol r._mcrospheres e
un§g§939§é £ gt LUchill conflrmé&ggﬁ%g%%%n%ﬁ??;%?%%E&OD of

rconstant™vapor . pressure.,

‘phé&dsosepearat i oyéor Lotei nghst renggseel bihefioredt heollow
Cex [ of -hexane.is also required to naintain
th@gggésﬁﬂ%%**§ﬁh§§5&%8é?gth% %%%Fpﬁhghs pressure of

the swelling agent. 10The use of high content of DV B
I'n nononmers can accel erate phase separation inside
t he nmononeric droplets during the early stage of the

pol ymeri zation due to the,guick formation of, highly -
W%Iq?feé’

cross-|i:nked copol yners w educed solubility in

t he: nononmer and solvent mixture': 15 The strong
shel'l s @wracterizatiprneof hthexditgle BrinsghodedoBdllow
sol vent, THF and renatnﬁﬁggogkhgingl shape wi t hout
any deformati on. The effec 6P The rel ative content

of DVSgs f n) ai.ned i - iments of
Beampl 5. Tos s AR yof SBF W RRGeTTucIEtFe of

Sitty esPhgléiolpdoh-Hollledw hollow microspheres is disclosed

" below.

CTo prepare the cross-section éamples of the hollow
miCrospherés of purified single Qin-»holed ‘hollow
microspheres was dispersed -or embedded into epoxy resin
(Epoxy Embedding Medium Kit Fluka 45359). The obtained
epoxy mixture was then cured and'fu-rther cut into thin
films using a sharp scalpel for '='SEM characterization. As
shown in the cross-section image of single pin—;holed'
‘hollow micrdspheres in Fig. 3, all the microspheres at
the interface were cut without observable distortion in
,s,_hape.. The images din Fig. 3 clearly show that all of the

cut particles are hollow and the average thickness of
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M crospheres by Snanning El'ectron M ¢roscopy ~T0
anal yze the mcrostructure of the single pin- hol ed

hol | ow mi crospheres, a drop of aqueous dispersion

250f the holl ow m crospheres was di spersed on an
alumnum foil and dried at roomtenperature for

nmor phol ogi cal and structural characterization.

Unishenm pel ¥megn#i ¢r aspiedescha@f 13 . Uk barghéﬁfféﬁf Fig.
have been clearly observed by Scanni ng El ectron .

M SPosbeyy (tBER) thas skkdha oA kg mzcm%!ﬁ@ms nare ohlghly o

Fi Gom gctth@ﬁfEH55§% e@QLeFﬂégholﬁy Qghs BQE éﬂ%%n high
|ane? on 't he surface of near om cr oSPReres.. | .
ﬁé@?@ﬁthsmmdnﬂqn|pﬂxmbgbﬁhatya@togdﬁzlﬁBCrospheres
shoul d have a single pinhol e because only the surface .
of nearTy $harfacifertiize NhergsphEniﬁsSnﬂmcmerebsérﬁeagmented;

un ts a I O%
o oL bu 2R aBHoRes, D R BHLPES ke EoghraPalea by
anéraeze“fmﬁcunnﬂmgay¢@3byzmhacSENhommges mﬂefb@phékes--‘

C Jatlon | conf
'|n%o?%gra THP%S §EFI§gre %ﬁﬁ JJH&3§y ﬁtsl?ﬁﬁly dlSplayS
* si higée hpli-deol eﬂruhblhi:@Wdﬁ cthePheffncdtedi SRl O56shHdes,

Char.acterj zati on of
thgn%*heg%orﬁ n- oaﬂébrf%ﬁ SN DRI S lameter of 200

- can been seen from the inside o6f a fragmented

microsphere.

The as- observed external and internal holes on theﬁz

shell are actually from a tunnel. in the shell (the -

pinhole does go through the shell of hollow microspheres,
rather than a simple crater at the surface), which
directly <¢onnect their -internal cavities with the
external. Without being bound by theory, it is speculated
that the pin-holes on the inner and outer shell of the
fragmented microsphere are connected by a tunnel which
‘directly connecﬁs the inﬁerhal cavity oflthe microsphere
~ with the external environment. This speculation is -
~supported by the 1ncorporat10n of fluorescent dyes into
the 51ngle pin-holed hollow microspheres as disclosed ln-

Example 5.
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The characterization of the internal structure of the
singl e pin-holed holl ow m crosPheres is-discl osed

bel ow. To prepare the cross-section sanples O the
hol l ow 20 m crospheres of purified single pin-holed
hol | ow m crospheres was di spersed or enbedded into
epoxy resin (Epoxy Enbeddi ng Medium Kit: Fl uke 45359).

-The obtai ned epoxy m xt ur Bxsmgslé len cured and further

cut into thin films using a sharp scal pel for-SEM

I 0 AR B

10
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‘specul ated that

cavity o

|nage 0 e pin %rospher

3, all theMimmorsphpresefoat OphixiiChadractevkeatioth -
- Wi thout observable dlstortlon |n -shape. The |nages

N Fi o o gleail Xoshaw Lhat all ol the cul parti gmaeéemal

are hol M/an the gverag |cEness of
sIﬂghblyoshmwImxaﬁdsyhekegnmotnopaﬁtamubharaéﬁgxléﬁtlon or

: that the shells m-cr oSpheres are
hlgﬁ Pf B

R L\ﬂﬁiﬁshm%ﬁaa%lst e SCRBCENBL PO BT -ay

hi gh strength and | ow perneability properties. 5To
char actBypizealitlye |nﬂ®rnahm§trueingk9(ﬁ piragiarided’ ,hollow

ho| | h d
oyt PRSI eng THo ThSEebl {hullh B oegheridireted

, |netmaq:m1d nisbiagesn Thef SENMd-+erge | ThEi 9. dflsgé@idy  was

d|e ayS th hoIIOM/structure of the fraqgfnted -

E—‘éﬂ)é%”é ¥ KRy t BRF oy eROUES piEmdnoieTi Bhhapol was
aveémﬁe@h arRd Qibtﬁfln%ao YA CRIY RRERERRN xfl&le@ut melth water
inside of 'a fragnmented nm croePhere.

asSOHTEHy cbiesa efifhl SERATRAeSr RH W@éféﬁa’ﬁh@ sﬁel 17,000
ar foR CE1al1lY o LOMriRe tAMANGS waaetdﬂ%oi*tst' ﬁ&%&;ﬂté}!@ Srere

doe o through the shell of hollow m crospheres
1spegred snwm*eezcr@reromthaﬁecbararaterylzmcah

-dlrectly connect their internal cavities with the

ext erpgl ., %@ngﬁb%hﬁg Mu@é torfeq‘_rﬁé’ eérltnadl% &31n~holed

e pin-holes on the inn ut.er
sHEt}loar migsospherey e dadrc cespheive by erexamert dy SEM

byokﬂset ??ﬁl}ﬁ\’m"ﬁ;‘ @o‘i’tﬁi&l’ﬂy £R ecgﬁleqtllée hﬂ]{ieﬂ&ﬂd hollow

e m crosphere w't the xte
emiiquospbares ThWers paodratiesh by supporpeocdss t kiisclosed

[ orati.o 0 ye e sin
Qﬁﬁﬁ%r 3hﬁoﬁPg&F%$¥r%§% e?%?gaeédéscl {; g%rOSphereS
25Eﬁawphel§zedExahﬂleﬂhe aid of confocal fluorescence

microscopy.

Rd-6G was loaded ' into single pin-holed hollow:
microspheres disclesed by the process below. RdA-6G wes
firstly mixed with the single pin-holed -hollow
microspheres 'in ethanol for 2 hours. The obtained
dispersion’ was then placed in a chamber, and the air
inside the particfés was pumped out to drew the organic

_dyes into the hollow microspheres. After the ethanol was
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I ncorporation of "Ed-6G At 0 SIAgle Pi n="hol €d Hol'Tow
M crospheres for Opti-cal Characterization

- Rhodani ne- 6G (Rd-6G was used as a | oading materi al

10

15

20

25

into hol 10w. m crospheres for Opti cal ‘
characterization or. observati on under Confocal 7
fl uorescence m croscopy. _

Ty porpl & e IO rpsigigaRid) - hekedhghhow aier 9§p{keiﬁfed/\mﬁchin

wel |. dispersed in_ 10 m of saturated ethanol sol ution

of 'RA- BE LR S SGiPandeaged BehirtuBLSTSPReREGfere

f 0t hén houEse ARG drhamih ke Wasel FB¥80sedfon images. of
obtained red solids were rinsed w t'h water severa

. t RAeeGakrpdsepat WGt bypincheted ugatilen aiczogpberpm were

f 05nd&rdld) by heonRIc8E Ina@@f%gchsy' g\f{oﬁgar&whﬁigﬁ 7A. In

-were re-dispersed in-water for optica

chaddtian A& ithe HHvcessephel sgygnahdisem utharitofrior of
e e
| nveteTalwast ralsturcdsefrvele duhokbopheai tnosphisrtes wkesg of
anﬁé_\/&?d 1\1}4 t réotlrﬁ%i%irld qur%grqf 088 ozfrl UL SSCRIGE for high
contrast). A clear'thoroughlhole through shell can also
be' seen clearly on the cross-section image of some

microspheres when they have appropriate orientation.

The Rd-6G-loaded hollow microspheres were rinsed with
water more than three times to reémove non-specific
é&sorption_of"Rd—GG,lonly flﬁorescent microspheres‘weré
clearly cbserved ﬁnder ,¢6nfocal. microscope without
fluorescenée background, as shown in the top-view image
of hollow-microspheres in Fig. 7B. From the cross-section
image of single pin-holed microspheres in Fig. 7C,

" bright, solid ‘RdA-6G was observed clearly' inside the
'paEticles, aﬂd'pinholes on the shell of thefmicrospheres

were seen as well.

- To 'measure the 'amount of ,RdvGG' loaded inte the
microspherés, a very'ihtense optical spectrum of a single
Rd-6G loaded particle was recorded using an e#citation

- wavelength at 488 nm. The emission of Rd-6G reached
maximum intensity at 551 nm. This eﬁidence proves the
‘existence of a large amount of Rd-6G inside the hollow

microspheres. All the results show that a large amount of
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m cr osCopy. Rd-.6G was Toaded int'6-single pin-holed
hol | ow m crospheres disclosed by the process bel ow
Rd-6G was firstly mxed with the single pin-holed

hol | ow 25 nmicrospheres in ethanol for 2 hours, The

obt ai ned di spersion’ was then placed in a chanber,
and the air inside the particles was punped out to

dr ®d-6behas goebs sly@sedgha 1iyhe ohaklown b CERE PHEL @Sdomains

After he ef hanol was conpl etely evaporated, the

g 1Y MFCSBEREERI n the particl es. The
Rd GGrloaded hoIIOM/n1crospheres were then rinsed
with water _once The cross-section inages of.

Rd16 6L bpagie-cpheire sDhBv el etoi gld ams 6§ egpher es

'-'vvere ~observed by ponfocal m croscopy. showed in Fi

I n BRIGHE IO 1393 ¥P uBiascdhee ighathe i BeT bheloaded

i nhSI:L@oE Al Roldi Y GAsPherahrddeil fddas6enath o

background in water was al so observed due to

|n€%ﬁ%W%té1Wﬁ§ﬁ$ﬁ§n@¢ PQDGGipﬁnéoluﬁﬂbh @@?beﬁh@éﬂér‘were
sbsechdar, 8 6 t thgr

hoIe thro é%¥ ﬁggfv%an i Qh %ggﬁlgﬁoﬁHgﬁservable

cr@rs@ursiec@f oty S el womdnm O@Fﬂ‘leitwm’l wdigy of the

el t r The .Rd l o
HEPAPEER, En8lLERL AR Pllngy nonfllf FIIRE 19REERY, voia
t m:éetherrﬁzzamdleﬂovzmmonhepwtfarnallEeradmptemmn &ntain

oy SRHRY RO Bl i AFDSERe BRTHEUEs chow” strong

f | tlorcescereechanigr ounsk rasy shiowteiseehbe bapkytamd.
i mage er es n Fi 7B, Fromithe

: N
ooe He e be SPRLRNER khr. Py 4t i Gr e e R

| Ned=1badée, KO MW Jhii e84k Atk 6GuRS ORS@hYeded into
clearly inside the particles, and pinholes on the '

SO0 et ¢t o5PhefE2oLRIEENSSR ParkaRaNd, thrg shells

i@ 1he1 80Pt AR GEIRAded hRLBLIPE seen clearly
m crospheres, a very intense optical spectrum of

siifgltde 2 - BoqrsstetcpabEickos owad - r 8edpdéd @@@ng:o the

go%xa?gakbgeewﬂf&% fbcﬂ{taﬁ%%dn%ggt{ﬁ T%L:lé)lefof the

eached maxi mum i ntensity at
eviigarsphproyesnd heheXistianmandf. a | arge amount of

- Rd-6G Eg?igSP%QeoBQLLQM@P$§£°é£¥§¥§§%ndméo éH%rfggﬂff% as

show t arge anou
observed by SEM in Fig. 3B and Fig. 4, in that the shell

'.wall has a -compact structuré with high strength and low
permeability, rather than a porous structure “As such,
the microspheres are incapable of - sibstance ioading
through the shell wall. However, it is apparent from Fig.
7 that all the microspheres can be loaded with
fluqrescent -dyes th;ough the pin-hole rather than the
compact shell wall. Therefore, all the microspheres have
a complete pinhole from the inside to out51de of the

3shell fox controlled loadlng into hollow mlcrospheres
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Rd- 6G has been successful Ty Toaded inmto the void

domai ns of the hol | Ovm crospheres, Hollow ‘

m crospheres _having 1 ow perneability Referring
again to Fig, 7A, when the Rd-6G | oaded hol | ow

m crospheres were dispersed into solution wwth a
strong fluorescence background, very dark shells were

i medi aretthahreeyed becanselt heyraeptaénN 8bnnecting the
ungbser vapl e anmpunt of dye when conpared to the

i ntBFREPEYOIRVILYL het B PAFTPEPRSTAndtthe TBRt ePHiTnal
- envhyopsmdnt. Hag bkt ebBalvy@isl of dhepactiebgSimikk of a

the_external environnment contain high concentrations
of SHYle1BHf t Hedef 5PE 'ShEWR 5tYiRRYy I UStesteRécTrapRizera was

SteBgrdtdiqr §5eene rackgr QU »J2f @kl RG18BW again
to Figs 7B and 7C, when the Rd- -15 6G | oaded hol | ow
m crospheres were dispersed into solution with a | ow

. fluorescence backgr ound, E‘H}ﬁ,@eé ia of highly

fl uorescent microspheres cannot be seen clearly in

“the weak fl uor escerf@adsstegisatibn Thests s due t6 the

L ow dye,aacentr aLlang; 6ont alped, W LRI, LS, SR LS, Ofgeeq
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t he 20m'crosSpheres "an ackgr ound.
abpaet oliser watreonsedoinespppdineéot $ heo resathirse ahe effect:

obseryved by SEM.i.n Fig. 3B and Fig. .4, .in that the
SHeF 1SR IS B RohpkRte <O QRS LaPERoni G- 3 reveals
sttlenghbirplasichgy OWF perimgabi |ginsholabheio 1A @i PesPteres

:str_.u%{)ure. ‘As such, 25 _the njcrospheres are incapapl e

of Vidh SR dPEoRATEY ShrbulH e ToRe PR ZRafll St Hikith g was
| tnd 1S APPA@NELE! B Odidmdthat akk 'td“r%u@?dcrb‘)ﬁﬁ’hﬁh?S When

can be | oaded with fluorescent ,dyes through the

piH:Nice Rigrhedechdwliier domzaePhsres| weael prepared with

Thale k81 i8b! rbbfo BETLIANGELS BRVBpRAREABLA f1e size

pi nhol e fromthe inside to outside of the sh

c GG Giilzeddi shutingt 1on olikbinodwobiangesphehesompared to the
Futhermse, +a tunngl str, L Ur nnecti ng s

i ntner nal %aﬁh%y,%q?ﬁggmr%%ggp%ef?g gﬁlc{&‘{gﬁe _‘Jeh%:%gr rI{lzi'Ight be
, @avisednhEnthe afe dleenlrsmpredt ilon. afcnebsxame! i on

00 8B 0% ot U5V B A0 LA o 5
t né /gl ewasExangpdd, 6 ellipsoidal microspheres with an
irregular single pin-hole were prepared. However, when
the swelling 'xétio. was increased' to 4 ml/mg, the
shriveled football-like midro—partibles withoﬁt holes
were cobtained as can be seen in Fig. 6B.
Above the value of 4 ml/mg, the swollen séed linear
polymers became much diluted by the increased volume of

héiane, and there was no enough polystyrene to form

interfacial layer on an increased surface area of liguid

~hexane droplets. It was difficult to form strong shells

after polymerizaﬁion due to too rapid polymerization and
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Characterization tests Differént SWelTing ratTtos of”

n- hexane to seed 10. particles were used in

experiments to exanm ne the effect of the volunme O

n- hexane on norphol ogies. Fig. 2.reveals the

mor phol ogy of single pin-holed hollow m crospheres

with swelling ratio of 1 m/ng. The size distribution
wahaaser onepanck it iver .nedivedi apBtiEtings marcobrgar8i3léSMhave

I I T NNV L SN

~ obtfairmetipar tdfcl posimer8nd micze-ghst Lok ORndi dsRBiveled
, chaE e NUChRf[O ag\%ﬂ to-the ones with-the -swelling ‘ :
Phe.

rafi-6Sof PR -F] PEATHPIhCEhEPEREEEE BP*PRE fadiser by
evaper aitedsugk ndhexansce20Ret®sdl Nextorfhy. £A Welrnal
a swelling ratio of 3 m/ng was 'used, ellipsoidal )
mi EFPSPAAEE-W £h &85 r PR3 stk e 3pikrwslas vnepeelling
prepei@dot HouRNR h I i A R 8- WRRe; '
increased to 4 n_1n/ r?gm?ﬁg gzﬁ?}l\%er%de@tg%‘ gg’irbgﬁy-a??ﬁég hollow
m Bt B PR & e & iy IFeutWidloss hohers ecnbthshedsksl lbarcould
bensegRed N i . eV f...4 .1 /.no, ;
bE€EBed N Fb@evdB: oniy pw’o }F’éﬁfy e d) sW&lLi%r?ﬁcaaA]th ujtlgé JLower

the swol |l en seed || near mers becane

- bythae ther dagddmgel wimadfe hebrarelednditdrespheassnoan be

enpugh.pol ystyrene to forminterfacial |ayer on an
i ncreased surface area of |iquid 30hexane droplets. _
[t was Thef fifdekbt ©é fbenrsiatoing sheltkat. aft BVE to styrene

: T | due to.t. i,d | | zat ..and
PR B i arERy AR oFfn P A asptent
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t bhhineDvBshetd s angremee hexanemmaporydd | | edadeeding (from
t - Ation-_of 'polyperic mcro-particles, and =
sﬁﬁ‘{%%érgémo | & 6 €khadls s GFosdsbiHedy degree.
hexBnessamtsiafy yo by (bVe-du-eaayr &l f{ai QAR DRLYBRR ng1y,
ekternal ,and internal environMent. It was observed

t Kt FBGthdar yHSRAMaTy MeAnaspberet weer Famery wiidout
4 giinfiet ebOr AR QA NG 0! { 0w dH I OSPRRLES Wid %ﬁ%ﬁ" hilic

wi_t hout holes on their shells could be used. r,

- oA} Wieh favers\ield | frEmadtiion iof |wvdrl rGuitdelelse i3 water

Myi@e . Si ngl e .pi n-hol ed mi crospberes can be forned.

Example 7

In—vitro Release of Doxorubicin ,-Hydrochioride (DOX)

Rd-6G was loaded into single pin-holed hollow
‘microsphereé. A range of commonly used drugs, which have
a similar molecular weight of R4A-6G (479), can alsc be
loaded therein. For example, a widely used anti-cancer
dru_g, doxorubicin, was selected to‘ examine its release
behavior in single pin-holed  hollow microspheres.

' Doxorubicin is usually stored in the form of doxorubicin
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The effect of the relative content of DVB t0 Styrene

and MVA was al so investigated. .\Wen the relative

content: of DVB to styrene and MMA was reduced (from

15 DvB/ ST/ MAA=41:1to 4:2:2), a |lower cross-I|inking

, degree of -resulting poly(DVB-ST-MAA) was achi eved
accordingly. As expected, irregular mcrpspheres were
foﬂﬂyddomhlme pinUKy| esi Ass&ncChys tihe sisanreasede at 2 pH
content _of drqog'hl lic , MM may favor the formation

of “dnBPFe p%l? Tcl'es in water 20phase. Example 7~
In-vitro Rel ease of Doxornbicin Hydrochloride (DOX)

,-R@I 6G was | oaded into single p| n- hol ed hollow 25

9 A range of -colimionly used drugs, which .
have @hsi Hbéﬁinf%%cﬁfréﬂﬁifgrﬁo}@flsRQCﬁ@t(ﬁ%@ ’toCEHPlat of

al so be | oaded therein. For exanple, a w dely used
anRA-B@nceridistd Y, doxdPubi B9 n, siagleel epiaghebed hollow

exﬁﬂlzi‘@sﬁaﬁéfe@el‘?@é@ Qf%‘% ey {hshn@a%ugb‘aepo's%q_utlgn of

hol | ow mi crospheres. xorubicin is usually store

i nPPReifomihaholoxXdPumldi-n Afhetr cuhitdmugas(POshalMiag for
589) t a g '
oo 8B e (BEABRE Bhs0 AP ER DA IRy P g 3aodf pox
topﬂ‘ﬂaidf]@fs Rd+i8BinFi rtdtd y,vdidl0 @?tslrngltélepl rethained was

Jl:ur?!ﬂoér? 0 OSD%% Faﬁ:aie: émo{;ll sgg&%ﬁjc |(gﬁ ef° STHAEY vithin

cotriue npacisi gl eshalkdfitgerf arhe? mmdt %l&ﬁhalﬂ:@reV\aﬁnsed by
evapor at ed js:.I owy, | eavi naﬁDOX | cles within the
vol-="af fer Ttthe s @5%1 d, BUGporRtetes vwere,

thﬁﬂolreg:&raaldc Hye é@iﬂﬁ!ﬂdg@@l%t hiesy t FRrRaEr ChfSpersed ~ in

vAf t he. obt ai ned solids were rinsed by water a few

Fen HOT BR1VgAded SRPEFBpRer BRLGRTR Tt | et igyption

Ceﬂt r |Ifdﬂiga'i:h§ﬁ and freidesedll shepsednin rl:'_scrpé’sfél‘?érésor was
in-vitro controll ed rel ease The concentrati on “of

t RS Eireredted'2 f EdRPFREBCHICE oSPifEtEsPRASOMeter thouqh
dquh%fﬂnﬂlﬁ%o%aﬁcfe' E%G.%&ee}i?oﬁ&l@&%f%ﬁgpt @gi@f (R ary

R performance |iquid chromat
igdtzophereeis opMyr-¥Fdss, spectviophopenetephotasnetesd for

"‘%1%5 edrboke.

. ‘Drug Release

The MES buffer (pH-6.1) is used to deterinine the
release behaviour of DOX becauée the buffer maintains the
pH of less than 6.5 to prevent decomposition of DOX.
Referring to Fig. 8, in one éxperiment, 1 mg hollow
microspheres loaded with DOX wére added in a glass
cuvette containing 8 ml MES buffer. The cuvette was then
- shaken at 50 rpm in dark at room temperature for two
days. At certain time intérvals, the micro-particles were

'rseparated by centrifugation in the cuvette at . 2000 rpm
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20t hi s purpose..”, Drug Réleasé "Theé VES buffer

~(pH 6.1) is used to determ ne the rel ease behavi our

of DOX because the buffer mmintains the 25 pH of |ess
than 6.5 to prevent deconposition of DOX. Referring
to Fig. 8, in one experinent, 1 ng hol | ow

- mcrospheres | oaded with DOX were added in a gl ass

cuvfett @0coint adnigimpwd th FES:baf$ ertheloxdevattft Wasion of

~then _shaken at 50 rpm.in dark at roomt erature for
LWGIS0dRTETIAERE (i 1S nBUT RIS VARS, (PRE dctermined. by
m esongard | £lesreicnctepspatetbinotentter{ Ugald OBxéNtation .

- the chett at- .2000 rpm for 10.m n as shown in

Fi §EVE-819%he "BOX EoFEentTat 6 ofMt he-lsupdrhapahbien at

themgsyedi e W tdmmndeber msned: nhy Wek89 fecorded under
fluygrescence spectrophotoneter. The excitation = = .
waverRhbtn. WeasprBanht CABYLLIRA- the i ntensities at

em ssi-on -wavel ength of 592 nth were recorded under

i denti crdrdvRasYr eABRt €6Ndiid On.ga, thBekerfingsMaw the

to Fig. 8A, there. is shown the concentration of the

i NCURETHFTRIUGD DvK) the tHe WESYBufd®eHd odBPXYi Her the MES

dupifged didiSte Rl eRTEnGr AC8e St Fk;gleasé%ﬂ&ceéshw@g. 8B

the concentration of the same in vitro drug (DOX) :
t hehWNES B f eenantineg igns edordier elagss d mrividess drugm (DOX)
t hg, f g st I r Qg . an Q. :

T ERS! uES! B3 @egeaggiggtgods&%ﬁ%d( %g%%ag\gsgﬂé%ﬁgg from
buffeer Hinstng relehibed pebease; prac@ssFaft er8d heshows the

'se lL.ease process. .. It can be_seen.from:
MR AR B e, vt pRe TRl CRARGL ik Hhe e
cdnpifetre| durigleasethind arsllagbe pebease preeeszhel second
the .first SteF See Fig. 8A) rel ease process, the DOX

( R the buffer 20 .reaches nearly
equilibriumafter 3 days; in the second (Step Il: See
Fig. 8Bt amah thw rabdrSteyod | FigSeg Fhgt 8€) hpsodess, found
t X ncentration in the buffer reaches pearly | .
A HPPRm AT Bio. HRYBIAHELY T LoaR8h cURe 1! Idate
I elef@agebeddays . Shawn ite 25Firkitg. (Stés a@xpl sbsedrias sa)
follows. Firstly, there is no drug consunption in the

- cdVeFREs e r Enet PR o FPREENPFBPENT | 8 oFh¢ hduffer

shehlchek ke yClerRNeres ukoWd H0t3 bga¢egr adednin second
the buffer and therefore the drug coul d not be .
cdmpEBt &y, Spe| BASed®R®b ¥R et$teapt Wi Man Fhig-s 8C)

process, the DOX concentration. in the buffer reaches

nearly equilibrium within two days

The multi-step controlled release behavior shown in

- Fig. 8 is explained as follows. Firstly, there is no drug.
- consumption in’  the cuvette. Furthermore, the compact
_ properties of the shell of the microspheres could not be
Adegraded in the buffer and therefore the drug could not-
be completely released to the theoretical maximum. This

.is different from the release mechanism of microspheres
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301 s differéent fromtHe Tel éase nechani sii of
m cr ospheres using bi odegradable materials, in which

" the rel ease behavior is mainly controlled by t he

degrad| ng speed of the shell or matrix materials'

Therefore, this positively - indicates that the

conpact shell of the mcrospheres haVing |ow

petmm@l IMquqa_;rremebmeesmatéﬁy\empntlrnol k&dchel ease @élease
om-t he pin-hol ed holl ow m crospheres.

ng %]:B]cﬁ’fré‘—ft BafPRECOPES) BUrthe {eaFading)sreed of |

‘ ‘a|ﬁEeC§@§ED(ﬂﬁnhﬁQl&ehﬁﬂéglﬂfglLWHéEéid&@ LHRiSI PobBfively

10, pH val ue 35 - 7.45) to _human bl ood. DOX

o caﬁn%cfr‘%fseﬁéatt Fhe sicRrPaFt| ethellof of 0 thg yglarospheres

10

‘15

20

25

af bty 3 WAYS e%ﬁgabgigkﬁd pfggeﬂﬂle%hea§§9§§qU§8ﬁtrolled
78days as detected (Fig. not shown). Simlarly,

- DOFe1lewie noPir eltéssedSgodpl efedy t Bhehe mimebpderdcalhollow

max{ mudoHduever, DOX can 15  be further extracted by
et hanol .” Due to the | ower surface tension and
hydr ophobi ¢ properties of ethanol conpared to 'water,

et hanolPhe#rhaisi (Bafifasec hfokigle t B nbwofess GPHt e 7-4)
th,Asovueocr&e%%ﬁr 8% QLN aske DK 1 mc? (% similar

I n-vivo Rel ease of Doxorobi cin. Hydrochl \

DRy Yolith n(pH 407 ngd singl-é5pi hohblumenhbllbog.. DOX can be
m crQspher r sed

colrﬁét al ni ?g% M%&@‘# flé& acl’sfﬁegl ?Q “51(%‘\3%% on T/\?/ésdays’w
cand nusuesled sdrmem( BBer m@osﬁqnehﬂm?daysil_ayn tdse diatdeted

: osph
e o 5P TRy Eant P PUGAL L StOB006+T prtdlor o o2sed

'mdmmpm@eemgaxwonﬂenttﬂaédm@ﬂ trdae;mumerrmaha%&, Dox can

be further extracted by ethanol. Due to the lower surface
tension and hydrophobic propeities of ethanol compared to
water, ethanol can easily pass through the pin-holes of

the hollow microspheres to extract DOX.

Example 8
In~-vivo Release of Doxorubicin Hydrochloride (bOX)

Drug Loading.

10 mg single pin-holed hollow mnicrospheres were well

dispersed in 2 ml water containing 1 mg DOX. The obtained

. dispersion was continuously shaken (50 rpm) for two days

-in  the dark at room temperature DOX-loaded - hollow
:mlcrospheres were separated by centrlfugatlon at 2000 rpm

for 10 min. The DOX concentrations of the supernatants
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were deternined by using a fluorescence
spectrophot oneter (excitation and em ssion

wavel engths at 480 nmand 592 rim respectively). The

standard calibration curve of different DOX

‘concentrations with respect to the fluorescence

intensities :shows a |inear relationship. The drug

| omdiragdetdincinent bgs uatrycal tihet@tbaeeokgefgrbphdéteneter

folLowing equation: E = (T-3$)/Tx100%
whdFETETE Phatibt SFLEFUT e EUF LG P8 FoalPhgpmornd 592
10B0X; meubeStiselhe. Sunes naitandacant @t 10 thQ¥. cdbee of

-dr | oadi ng capacitances are cal cul ated according to ,
th@g&% . 50X ' %o the ..

Tatiton: POX —CPRCSMERREDONS 15Whet e TeFBeEhe.

t o BhoEAAIGR Ol nPNsities sibw$ 4 NG rSURCrBAb&Mnship. The =
“‘content_ of DOX and Mis the nmass of the ' '

i 2F 89 ptadicge st ficiengioy dare i ifudievedeacherding to the
possi Pdweiry @yh,aeeBRati bility from other substances,

only m crospheres, DOX and water 10 were ‘used in the

| oadi ng system (DOX is soluble in both water and

et hanol ). Drug | oadi n§ &xg& Shéhts0%ere carried out,

and DOX was al nost conpletely | oaded into the

m cr o- pafelrkCitesi s file cagth Sl R (HRRVAAIAHHGg) of
| oadi ng capacitance and efficiency 1s -10.5% and :
- JE¥%7 299 espectively. After drying, the sanples were
stored in refrigerator .-prior te use- for in vivo

rel eas® iA PhEUEHSE FANEThABYHHen®f ol BExi N

m crospheres (1 nmg DOX and 10 ng microspheres) was

~prepared in copveni ence for quantitative | oading and
s Taﬁ‘g

e (Gt 1aAAI Y CPABIENISR G4F Falrekyerd RGGRFHNS to
hitgleeqdbtdgofoncent rati on in Water - CA -1oading -
concentration of ng/M: was used and - much | ower than
its solubility of 10 pg/nm_in mat%%%% _
Theoretical ly, the | o#dFn§TcapdttUite of single pin=
hol ed hol | ow m crospheres can be sinply estinmated by
t he rawherefT cayidhe wltaTe/dhelr-gk ¥el boe; of hol | ow =
m crospheres when assuning the densities of shell and

8 is' the supernatant content of DOX and M is the

- mass_of the micro-particles.

In order to minimize the possible bio—incompatibility
from other substandes, only microspheres, DOX and water
were used in the loading-system (DOX is soluble in both
water and ethancl}. Drug-loading experiments were carried
out, and DOX was alﬁost completelylloaded into the micro-—

@értibles . for each samples. The average drug loading

. capacitance and efficiency is ~10.5% - and ~98%,

- respectively. After drying, the samples were sfored in

refrigérator . prioxr to  use- for . in vivo release. A

' predetermined amount of drug in microspheres (l'mg DOX
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10 | oadi.ng material's are 1déntical. Th our Case, the
aver.age dianmeter of internal: cavity and hol | ow

m cr.ospheres is -2,3 umand 3.3 gm respectively.

Then the maxi mum | oadi ng capacity is >40% when t he
internal cavities are conpletely filled with solid
materials.- 15 In Vivo Release Test. . Ml e Sprague ,
Dawhey10ahg fBcyesshetal)-|vzedofaparkareiek @tvhience for
M crocontalners 205ubcutaneous|ggadn1nlstered weeks,

avBraRE A igR LEElie With FRBECHIREssaPRlYShY dfgre DOX

| ogggdpiM 1o ddX WRhG ENthAghbe Hah§ Abndeh®fli B indwhter -
ng/ Kg_ (10, ng. mi-crospheres containing.1 ng-COX were

' fré%hiyafa%pe’f%ﬁwaélsnnefoﬁ -RoFPE M Ls #PEn&sgel| apomuch

f-of oiRaC - Haat ).LtsAEoPﬁﬁgﬁt%F mqu@ hb?ﬁL' b epyadss, yas

shown in Fig. 8, 0;5 nL of blood Sanples were .

wi t hdr awn through 25 |ndmelllng cannul ae, which were ’

i npl ST StACRALY exFRP nAPERLRAI SFPBI RIS (Oft F1ngle pin-

befor&hand 19% %ic&@sﬁﬁé£§§tc£ﬂeb@|§Eﬁbf¥“ﬂ§ﬂ%&a@@ﬁnby the

the rats were consci ous. | ood sanpl es were

se?r%ﬁ'lfﬁ ed By cearity uga‘tqldﬁn%’ttoil@éo gvelume C fagf 1hollow
é%?g bt ed S I h

stor gkggfg éﬁ%%ﬁo?g%%ﬁa aI$§?3Q§%%§%gﬁéfg$% t?Fll and

D@Oaaimgamrt@malheam astenisladgdl.eSnwene c&nmved:he average
Auadibi adfhng. 4 m ol 0l 8t ARk, Rl 30NRAE. 1o

I on

aqueous SO

'sué’pe‘hspmnsam@r 8.8 xeo, f oreaﬁ)ecstjtvce]fyort mhgal sthelhesa imum

first store

IR Emahibenafl Pagky het GO0 G Bl Saiiies are

- Themplpeengt ant Sedvafiacd rsaﬂsfdemsaedrml@. gl ass cuvettes

andchmedtOvmrmtoroomtemmrMUreforthe

determ nation of DOX concentration by ‘a fl uorescence

10spectrophotoneter

In Vivo Release Test.

Male Spragué Dawley rats (8'weeks; average weight 250 g}
were stabilized for'l'week with‘frée agcess to food and
water. Microcontainers loaded‘ 'ﬁith ‘DOX Weré
subcutaneously. adﬁinistered,into the rats at a level of
3.7 mg/Kg (10 mg microspheres containing 1 mg'DOX-ﬁere
freshly dispersed in 0.5 ml of normal saline solution for
each rat). At predetermined time intervals as shown in
Fig. 8, 0.5 mL of blood samples were withdrawn through
indwelling cannulae, which were implanted in the.éxternal-
jugular vein of rats beforehand 36 as to collect the
kbibod samples'when the rats were conscious. The blood\

samplés_ were separated by _centrifugation at 2000 g at

.4 °C for 10 min and the‘obtained plasma samples were then
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In conparison to in vitro rel’ease, the fluctuation of
drug concentration in an animal body exhibits a -
behavi or different fromin vitro release, due to the

nmet abol i sm and excretion of the drug in the anim

body. In the 15 first 8 hours, DOX concentration in

bl ood reached to 13.4 ug/m, slowy. The DOX
cormmnerdatdton-zmuPchprlbeacbedntamyﬁhg hh@\@sﬁeﬂﬁﬁé( the DOX
(1. 6 F 48t ours after the injection.

SuisS by, " ehe - BieBmncambiar st dridurd folloved by
de@@@ﬂﬂgI31mmeoffGD%O%tHQnMBGKnQHBDb KhQSd@UQﬂﬂ@Saqueous
ZOcoqgletel consumned. 1t has al ways been a nmj or

GTOBoREr RIS e[fBs @5 Faneds ShaPrResP e e giixed

pogsi bl e From the results disclosed above;: the
conteh?¥ at4 diPukss ikeperlpornd gwern é@m‘ﬁaﬁp@edeaél 19,300 g

POkBl f8r mARAL eThBatuPe Aa%Sm i wIUEMRLY 1o g%?ﬂé& into glass
pi n- hol ed hol | ow m cr ospheres show mar ke y sustal ne
r eFEEsEtpat 2ed rallipieds toompari sonrophetB@erature for the
co ancbexea her I eve 50
It H%g@?ﬁ?%%??ﬁg Qe m%nggﬁQﬁ%?ﬁthbg %ﬁr %luorescence
suﬁbaﬁmwﬂe(tem mL blood inarat). In our case,

| ow- dose DOX was used but can be rel eased for a long

tInE If@&%ﬁﬁég éH%StOEQEPQﬁQEBt§e9gaLQe #f é%uat1q¥ of

m cro-contalners can greatly i nprove the el TVer
pe@lmg nepreeegfradriogs iby aoo ammhll ebodndexlatigitecth behavior

fo_t t t f t t
oty FERR HAPeAt e REo GERLEGeRy Aubnad M MaahpLion

tmld 1@xhretbomonfaither sy Phodhee 4h Gi=a- CIoed@l N@AS the

th | d.which h
b er G R oIk SenGROEFr bR ofh T Heh b aalskitRy O-

i Wﬁ'ﬁhcel@sfllﬂ! umgumpxng:oal&@nwaengﬁu@u&‘ztﬁske%%ﬁched to
avi or dru s in patients. Advantageously,

g os&P ai Herfs mg/Mlls H8 |dewrss b?éttﬁ’r the

‘_“drluqf@ﬂq@@sutaaﬁbé aadsk MENi1q]e Hoef c%egn‘éﬁéﬂ@:gestalﬁed to
whj ch' ‘theactive agent is protected during

p&ESHFESeNr dlighthhe FHAPWHING n werdr agetiht Nf-h@tsdruq ‘was
r el BRSR RN yUREREGRES. controlled rel ease within the -
body. | @. " A | A

It has'always been a major goal for controlled release
systems to keep the . drug concentrations in the
therapeutic level as long as possible. from the results
disclgsed above, the drug concentration was kept upon a
reasonable level 0.2 pg/ml for more than 5 days. 1In

summary, single pin-holed hollow microspheres ~ show

"markedly sustained release pattern. For a comparison, the

DOX concentration can be reached to a higher level of 50

',#g/ﬁig'iby injecting 1 mg DOX in  normal saline
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Advant ageously, the discl 6sed nethod for rmaking ~20

m cro-containers nay avoid the problens associated

wi th synt hesi zi ng hol |l ow pol ymer m crospheres which .

can make in-situ encapsul ation of sensitive materials

i npossi bl e. It wll be apparent that various

ot her nodifications and adaptations of the invention

W kkbbet apparant (+eothe bP2oopersen rski)l.l ef bArtdesdr tlow-

“after reading the foregoing disclosure wthout
o ke

defarei UeRE BPFr 70 i KIS TPRe i Horht idre-
and it is intended that all such nodifications and
adaptations conme within the scope of . the appended

clainmse. 30 Cainms 1. Aapphihedtoénguking a

“mcro-contajner -conprising-the step of evaporating a

svel | i fgR5emenssl if okhs sbseieeadi misgsoiopmspiners can
M &F Qs PBY LindrevhO thel Be@Rvb PPEENY Chdr F NEEAIdL INELRIE by

. sald evaporating is Undertaken under conditions to

f oF PR Sl hegl encoriduidetest siedilvgryhpSugiruglie tohdlle active
e leols o demghe Brdagl ¢ and [t the fmer void
mi cr o- gfaboddinents afnitbrosiireriose@Thethethddromakiagmthe
érlg{acnrl%c— q&%é?_agggp gn;a&idnlgr(g&?cel5%&8909301131%'15_91%]}5”gtﬁgt are
relatively strong and which have & relatively narrow size
distribution, thereby reducing incidence of drug dumping
and incongruous release behavior of drugs in patients.
lﬁf_ Adﬁantageoﬁsly, the disclosed micro-containers may 
be used as-bothfdrug encapsulants and vehicles of drug
carriage, in which the active agent is protected during
its passage through the body or in storage until its
release or undergces controlled release within the body.
Advanfageously, the disclosed method for making
microﬁpontainers may avoid the problems associated yith
synthesizing hollow polyméx microspheres which can make
in—-situ encapsulation of sensitive materials impossible.
It will be‘apﬁarent that wvarious other modifications
and adaptationébe the invention will be apparent to the
person skilled in the art after reading the fofegoing
disclosure without departing from the spirit and scope of
the invention and it is intended that all such

modifications and adaptations come within the scope of

- the appended claims.
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swel i ng agent solution. 4. The nethod of claim 3,

wherein the organic liquid is a non-polar hydrocarbon
liquid. 20 5. The nethod of claim4, wherein the

non- pol ar hydrocarbon liquid is selected fromthe

group consisting of n-pentane, n-hexane, n-heptane

and n-octane. 25 6. The nethod of any one of clains 1

to 5, wherein the evaporati fdad®™e€p i s undertaken at a
tenperature | ess than the boiling point of the

swel i ng agent solution. 30 7.The nmethod of claim 6,

wher ei.n t he Rvaped abiEngnaitieRy | § wideit- a:loemaa_hea— comprising
tenperature |ess than 15C of the boili point of the

swel |ing &§enEted @i GYVaEPTRtIe Gt 19 @gghh 7solution
wher ei n t DB.EYROQr At ng $h30iet UM AR A1 @ ro form an
tenperature |l ess than 10 he b0|I|ng poi nt of the
swel i ng dgeet sobidi oherddn9. whHeeraiet healidf evapooréing is

~of clainms 1 .to 8, wherei.n the eéﬁgoratln

st : ,
Conprlsesupﬁgrgﬁgﬁnofu 8F§HEFP? Igns nbfe f@rm a single

m xture i goddoRkeledt@rAiny therpigserce shetilewall of said
swel I'ing agent solution to 15 formthe micro-particle

in the fomgcab-Rapsliyher apdc LosphéRe Frﬁ‘@ieﬁgvpﬁé
swel I i ng agent sol ution absorbed therein.

2. The method of c¢laim 1, wherein said micro-

particle is a microsphere.

3. The method of claim 1 or claim 2, comprising the
step of selecting an organic liquid as said

swelling agent solution.

4. The method of claim 3, wherein the organic liquid

is a non-polar hydrocarbon liguid. -

5. The method of claim 4, wherein the non-polar
hydrocarbon 1liquid is selected f£from the group
congisting of n-pentane, n-hexane, n-heptane and

n-octane.

6. The method of any one of claims 1 to 5, wherein
the evaporating step is undertaken at a
temperature less than the boiling point of the

swelling agént solution.
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10. The nmethod of any one of clains 1 to 9,

20conprising the step of hardening the outer shel

wal | . 11. The method of .claim 10, wherein the

har deni ng step conprises the step of providing a
cross-25linking agent within said nononeric m xture.

12. The nmethod of claim9, wherein the polynerizing

st ep Tconpribsesmé hpodt e of 1pioviedi n@hs:e%i:!n p&r‘rtei céegporating

thin th I, t sol uti
Tethod of S6ER 32 HAGHAIER e Cacbd IR A Gy 4055 than

conpri sed-qk r t ant I
non- pol ar. 3 E4CE$h%H§EP§%gggg ?xggﬁfééﬁmﬁg%e¥?ﬁﬁ%#§ng agent
nononer i ¢ swilxitum.i s an enul si on of nononers. 15. The

nmet hod of any one of clains 9 to 14, wherein the

monomeric m xture includes polyner seed 1lOparticles,

a cr@ss- | inHel NQ-2468t o2 e1abhl izeryRede 8l @@antfaporating
sol vent. 16. The nethod of claim'15, wherein the

pol ynmer s@@@?paiﬁuﬂﬂﬁﬁ@ﬁ%k?ﬂo@ﬁde@|U€mPerature tess than
monodi spersion for he net$od of an

of clai ms 1§ to°fs, tﬁ%eP@FﬁlpﬁefﬁﬁFVhé?
conpri ses JdheStegp of providing a sol vent that i's
immscible wth said swelling agent solution. 18. The

nmet hod of any one of clalnB 12 to 17, wherein the

v p;[h% ' PROGRICINS HALOA LIS wherein

of s

one
ling agent

he evaporatlng step comprises the step of
polymerizing a monomeric mixture in droplet form
in the presence of the swelling agent solution to
form the micro-particle in the form of a polymer
‘microsphere having the sWelling agent soiution

absorbed therein.

10. The method of any one of c¢laims 1 to 9,
comprising the step of hardening the outer sghell

wall.

11. The method of claim 10, wherein the hardening
step comprises the step of providing a cross-

linking agent within said monomeric mixture.
12. The method of c¢laim 9, wherein the polymerizing

step comprises the step of providing seed

particles within the swelling agent solutiomn.
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2519. The nethod of any one of clains 1 to 18,

conprising the step of loading said inner void with a

substance. 20. The nmethod of any one of clains 19,

wherein the substance is selected fromthe group

consi sting of .inks, dyes, drugs, quantum dots and

catal ysts. 521. The nethod of claim19, wherein the

| oadildg sitée cargirieds PbadicAgifai dl? nneVhespdnw theg seed

drug dissq| LN _a % . e . :

clain121,%?%%gfﬁgﬁngé?%qu%ggjb O§%aﬁ%$§?gﬁgﬁ%heWthh s

sol vent t eubetendriadlpanbnebedarn said void. 23. A

m cro-contai ner conprising a polyner mcro-particle

having an inner void and a single 15conduit extending .

throygh theeshgbbnwal | oof diheidn or,0- RREkkGhe tReSahdhomeric

i nner void. 24. The m cro-container of claim 23,

wher ei n saildtrirer dspant ephdsiion ptt henpyewsef a

m crosphere. 20 25. The m cro-container of claim23

or claim 24, wherein the dianmeter of the

m cr aspar trhel edthidd diheamangee obf| giuti.as5gme25926,. wherein

The m cro-contai ner of any one of clainms 23 to
the monomeric "mixture includes polymer seed
particles, a cross-linking agent, a stabilizer
and an organic solvent.

1s. The.method of claim 15, wherein the polymer seed

particles are provided in a monodispersion form.

17. The method of any one of claims 9 to 16, wherein
the polymerizing step comprises the step of
providing a solvent that is immiscible with said

swelling agent solution.

18. The method of any one of claimg 12 to 17, wherein
the volume ratio of swelling agent solution to

the mass of seed particles is lower than 23ml/mg.
19. The method of any one of c¢laims 1 to 18,

compriging the step of loading said inner void

with a substance.
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25, wherein the dianeter of the inner voidis in the

range of 0.1gmto 4.9gm 27. The m cro-contai ner of
any one of clainms 23 to 3026, wherein the average
t hi ckness of the shell wall is less than 2gm 28.

The m cro-container of any one of clains 23 to 27,
wherein the average dianeter of the conduit is in the
rang@%f Shemmed-BEhrek §n29onﬁu9§n%¥%l%%ni8vn@WQ¥Eln the

any one of u%%% gEeZ%J§OSg§ c%@ﬁr hghg.g'ngyré5H§aStlng

of the i Ero- artlcle i §°¢h en1ca

functlonabfgnnka, #9e30. dfhgsnlqpencumtaonsranﬁ chaahysts
29, wherein the functional group is carboxyl ate.

31. The mcro-container of any one of clains 23 to

1530z 1whergieh rddieidd Wio-PRiihchs, Iazhehce%grtﬁ@atﬂcgdmg step
32. The m cro-contai ner of any one of clains 23 t

30, wher ecomphré seiiel loadlngi saigl ednhes! Wpd rr@akﬂhe a drug
20 33. A Gr9769 tainer for drug delivery
ConprISIng olvea in a sogve% .

22. The method of c¢laim 21, comprising the step of
evaporating the solvent to form drug particles in

said wvoid.

23. A micro-container comprising a polymer micro-
particle having an inner void and a single
conduit extending through the shell wall of the

micro-particle to said inner void.

24. The micro-container of claim 23, wherein said

micro-particle is in the form of a microsphere.

25. The - micro-container of claim 23 or claim 24,
wherein the diameter of the micro-particle is in

the range of 1lum to 5pm.

26. The micro-container of any one of claims 23 to
25, wherein the diameter of the inner void is in

the range of 0.1lum to 4.9um.
27. The micro-container of any one of claims 23 to

26, wherein the average thickness of the shell

wall is less than 2um.
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a pol ymer

m cro-particle having an inner void and a

single conduit extending through the shell wall of
the mcro-particle to said inner 25void; and a drug
| oaded within said inner void. 34. The

m cro-contai ner of any one of clains 23 to 32 for
drug delivery. 35. A mcro-container made in the
nmet hod of claimof any one of clainms 1 to 22.

28.

29.

30.

31.

32.

33.

34.

The micro-container of any one of claims 23 to
27, wherein the average diameter of the conduit

is in the range of 50nm to 500nm.

The micro-container of any one of claims 23 to
28, wherein the outer surface of the micro-
particle is chemically modified by a functional

group.

The micro-container of claim 29, wherein the

functional group is carboxylate.

The micro-container of any one of claims 23 to

30, wherein the micro-particle is biodegradable.

The micro-container of any one of claims 23 to
30, wherein the shell wall is selectively

permeable.

A micro-container for drug delivery comprising:

a olymer micro-particle havin an inner
P

‘void and a single conduit extending through the

" shell wall of the micro-particle to said inner

void; and

a drug loaded within said inner void.

The micro-container of any one of c¢laims 23 to 32

for drug delivery.
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35. A micro-container made in the method of claim of

any one of claims 1 to 22.
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