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M CRO- CONTAI NER Techni cal Field The present invention
generally relates to a mcro- s contai ner and a net hod
of making the sane, such as those that can be used to
contai n substances such as drugs. Background Pol ynmer

m cr ospheres have been enployed as micro- 10 carriers
or capsules for containiHECBQb§QHﬂ6§§ESuch as drugs.
Due to their relatively small size, polyner

m crospheres can greatly inprove the delivery and
performance of drugs by Teahnabhidrisldt ar get ed
delivery drugs to the active site of a patient's

of
body. 15TP%I JHEFCH crBYFRELEE SeEStsdaM yeflermsd to a micro-
dur bogt& ez PAAGCSSmEthBRY CHa IGREARSH AN Ayl WIS those
S 0

with prefornmed polyners. However, this ofterd I'ea

a sERfBsCadR berepedntci ponhrinotypetamics osplieres dhieys .
to their weak strength and broad size distribution.
Hence, this may 20 result in too rapid drug dunping

and incongruous rel ease bshakigabuad t he drug.

CbnseqUﬁgti%% an _i.ncreased interest of producing
hol | ow nf %1 B&pheleSTRIENEEES demtenprafe ERivioYs t Bei micro-

googh sNEd ts Sbrenigkands NAEEOW 28 (Jing] ré%%%%es such as

whi ch 25 are desirable pharacterlstlcs f or
cardf@gs. IR t Hed novteeihol teolatpoledner sarbspheres polymer

have gal | Jrpo nce_in.the pharmaceutjcal industry
as\lrgio(tglﬁé %rygrégggcé%)@ul gr%tesatgﬁd VLRSS oT_Fh‘?:Ir ugelivery and
carpe @ge;marrcens £ hd thes Bytbbﬁt@@@mbdl&n@'&ﬁ%@eted delivery

proggc ed durinqgits passage 30 through the bdédy or in
st Stade Uit 110 it ratdase, sidre Undemgdesnddmt koidyed

rel ease pMitiidYy tHEC PO nedes are. usually formed during the
process of physical encapsulation of drugs with preformed
polymers. However, this often leads to a series of
problems in the polymer microspheres due to their weak
strength and broad size distribution. Hence, this may
result in too rapid drug dumping and incongruous release
behavior of the drug.

Consequently, an increased interest of producing
hollow microspheres has been contemplated 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 pharmaceutical industry as both drug
encapsulants and vehicles of 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.
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G her attractive characteristics of hollow pol ymer
m crospheres include thermal resistance, |ow density,
thernal insulation, and optical opacity, which have
enabl ed themto be used as carrier devices in other 5
i ndustries such as the paint, ink, paper and
cosnet i c§FNen& ricitelian ehasgntaesseing bdl Ifow low polymer
ol ' ph e thetj.c,conditions .
Pl yed Bt g, fhor o or e AR R Gpuican  density,
i n- $hegmadcapsahdaidonnef asdnsbbiveaimat ephalsy, wit1_ich have
i i.blLe. Furthernore, the physical 10 incorporation
o?p?g%g?ﬁg otfh?lﬁe%r?at é?i At} nfS pFarsifed 99i6igew in other
pol yneusnrecessphieness end pubsequenk, rshsasea9f cdhferics.
materials can be difficult due to the Tow
per neabi PPEy T IHE®heFEEhwal $gngfeshaing cr ?@Qﬂeweigpolymer
Onep et repari C res_(e. .
ol o DeretS P eRbont B ospheres) croraye. &lay R ared during
sweth¢hy fecmatgoe, whichvicag mhﬂ&eb J'S’epzaidrtafjl@mépﬂsdihﬁ:ion of
re e of a cross-1linking agent seede .
Bol %%Q%ll%%\ i orﬁé{%ﬁjr%i? V\b@%‘?%i‘)%ﬁﬂ? yn%‘ﬁ ZRTN Pr o Physical
r eqicesps hat i en POLYSbYHENG $€€EnRe rfdieili AISPEISEDL il ormed
an 20 ethanol or water mxture in which a _
cr o%%ljr?%kPﬁéya‘&é‘ntf?lC%O%@wewfzeﬁndncslmsenwn crg.‘éegse of
sol t ol a disspl ved. ter is ad
conﬁuoﬁgﬁgr?%lt%heué%gtekgtoéhaf owthe EFoss-19 nkltﬁﬁ Low
ageve rragrb i et orafanie sshaend »taollsbeafatt%er Qﬂ%@@ﬁﬂ%gfes.
ol ystyrene se ef ore pol yneri zation s carrie
guty d ‘%bef y%fﬁ?aﬂ BE‘SE@@&I% theel 1 g3bl peeypanberes (e.g.
TovRS] WA I51yBey FBRE | @i CHUSACE SR [ N ARLT CLES gynomsc
due tao the cross-% nking reaction, there )P alTowng -
t heSHRAdrigPhobrehpigasi c sovebning o e atephmattibe in the

ce he particles. As aresult, hollow 30
pa?{%sieg{qcetar e (g%t ai %ed S e ni 24Ytvent P¥Ys seeded
polymerization. This two-step polymerization process

requires that a polystyrene seed be first dispersed in an
ethanol or water mixture in which a cross-linking agent,
a stabilizer and an organic solvent such as toluene are
- dissolved. Water is added continuously 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 particles. &As a result, hollow
particles are obtained after the organic solvent is

removed. The size of the core can be controlled by
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renoved. The size of the core can be controlled by 2
varying the degree of swelling, or by the types of

organi ¢ solvents used. The hol | ow pol yner

(pol ystyrene) m crospheres that are used to

encapsul ate a drug or substance typically 5 require

pr e seledntthel  degreehedf sptedriensi,zecandbghetde types of
t hi S {t.h such precise control, the drug or

suﬁg ﬁ%@j g¥%wﬁ§%FI5 eti cs, such as the rate at which

a drug e shbSlanc@olymeel egsed,day idife )M £ O5PHSH&Ses that
can then he controlled. However, due to the | ow

perfféabPPPEly U0 BRCERBUHBIE oW poFYFerin tilophetestypically
sheldquvald Ssrddese | @adi ig o4 £l ﬁ‘??fr Of L i3LPSt QE%@Sand shell

into or frompre-forned hollow polyner  m crospheres |
cartlgekdidss.cul t Wito selvk phesipr obtemrdigl | alve drug or
m ¢I. Qs res ve heen desi.gned to. increase their ,

el PRI ST 107 B g, CURYY 11 e derate At uhich a
conttidd ofs, ssbehafset enperaledieed Phly iR PRESEHEShOFes, can
ionic strength etc. As a result of such externa

st iThAT Pe (R Rldisty dioweieasewne? t Fonslandperaeability

regd tiRg N1 PAR! Q1GAle hameﬁoggﬂﬁépgsm ngz?éﬁh%%ils, the
may have wundesirable’effects on e [oade
subBseghicgs o2 relmrse isf asulesthniaeproviadeohoftow pre-formed

po r.mcrospheres for, encapsul ati on, ,qof .vari ous
B e SRR B P TR oo DRy degdfitt” ™ To solve

anehiier airvbidnE OolDsw Rfcrbbghdisadwantaglen designed to
described above. There is a need to provide an
i NPP&¥ERSRethed F gihelds reoymteadtiledd o dadli abtentng ecensrolled

o BBLEELBhE | NROL! W RALPIRG (VL] OSPAT &% Spresence or

Summary of 1 nvention

- ionic strength etc. As a result of such external stimuli,
the loading or release conditions and the resulting
morphological change of the microspheres 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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According to a first aspect there is provided a

nmet hod of making a m cro-container conprising the step
of evaporating a swelling agent solution absorbed in
a 5 polynmer mcro-particle to forman inner void
therein, wherein said evaporating is undertaken under
conditions to f or m aSuomauyt ofxieventgos hr ough the
shel | salg nlcrg. article and into the inner

void. A vaﬁ%éﬁ%ﬁ%s ¥, th lé@&po?%??%ﬁ Wit i ofis B ided a

10 nealieet etk s lCIRALL ntilte LRGN neXt eReioRd siREOWER step of
the wall of the mcro-particle due to rel ease of

r elSAFRAAJF HGh @ pPEsdhieIvapsritedseieliomg ageied in a
bu@ﬂﬂﬁﬁbﬂhEQHQB bQFtl&@@kQ§J PgLpt Ap Hﬁﬁeghgé%g%?kherein,

the mcro-particle. According to a secon
th@h@ﬂ&;Qﬂ@Wl@edvapotatmngha@ aindmkiaigera under conditions

OITner ol ng, TH-U bl BrCPBR N5 THOIGY | ot #hd wall of

Coaﬁﬁksmﬁ@ﬁ@4@uﬁﬂlbu@ agentnsel uhieoRnhart hergby forma
pol ymer mcro-particle having the swelling agent
soIut|oﬁdvﬁ@té@§@ﬁ§é&rthe¢Qﬁr1 cHAROEREPpORat | grpdidiibns are

S“%'hb%&eﬁg%gﬁcﬁ%g%g'%ﬂ c%ggﬁﬁ%deXQEﬁﬁg BaEEESthtghe wall
forman inner void therein d evaporati ng
|soﬁndﬂﬁiaME@r@ﬂwath©hﬂlﬁuensot&emmaﬁ&io£0ﬁduét1vely high

t endi th h.th hel | [l of the mcro-
SQP?%ISQI Snd IRTHI AT AHReHLOG) PIRcoPYERGIPE a:fm%h the

aspealkekhep®ing BhO¥hdednaiin,gl@- SQnEﬁbnﬁEc98ﬂﬁék§i89e
a polynmer mcro-particle having an inner void

condU|tA€%PéﬁéP§gTﬂhr@u@ﬁQQRQ eRpEFtwell e nsf nHeprOVlded a
TSSO LR 8,32 L o0 SO R ope
drad:del i very -conpri sing:
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 form 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.
H According to a third aspect there is provided a
micro-container comprising a polymer micro-particle
having an inner void and a conduit extending through the
shell wall of the micro-particle to said inner void.
According to a fourth aspect there is provided a

‘micro-container for drug delivery comprising:
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4 a polyner mcro-particle having an inner void and a
condui t extending through the shell wall of the mcro-
particle to said inner void;, and a drug | oaded wi thin

said inner void. 5 Definitions The follow ng words

and ternms used herein shall have the meaning _

i ndi cat ed: PPd vFig& WéﬁwOL@Ea¢dmﬁ&tmdehgagnuﬁgﬁmhﬁr¢ﬁ¥ﬁ and a
r ef rials that do n elicit a supstantial
det??%gﬁgglqgéggggﬁle $¥F%Wq%.g%ﬁeqﬂﬁ%h"Tﬁ%he@ﬁa&ﬁﬂeﬁucro“
pol paetstlastuseditietghar vei@f sah® pol yners that

degrade full (h.e. down to 15 nononeric species)

under ph@sgﬁﬁgg'Eﬁge%rwéﬁﬁb%oﬁ%+dc%%%ﬁ¥!Yﬁﬁﬁ-

Bi odegradabl e polymers are not necessarily _

hydrol ytically degradable and may require enzynathc_

action to fully degrade. The tern1"n}cro-part!?!ed IS

to be interpreted 20 broadly.to,. unless specified,

relate to aﬁ aver age par?ﬁ%#%pﬁ? DBf bet ween about

0.5 gm tThabbdel 1de@hgniotds Lo ARt MerS-dNE shall have
particles are substantially spherical, the particle

si 2 P Jt‘bdjt%%t?ﬂ‘arrgt er of the particles. In

enbodi meris waeRe e R4l %?argszéﬁ@a%ﬁ%¥g¥4Cﬁ%fers to
the particle size range rmay refer to the" equivale

di dierialfs t hbapardd ches edliatiitveat eubsphetigdl detrimental

par.t | The ferm "pinhole" as used herein refers to
onegé%nqoergsdel nlglntVlova'a conduit extendi ng through the

~shell walHe 8@rof bEEPro@Ebi€l §olymers” as used herein

refers to polymers that degrade fully (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” is to be interpreted
broadly to, wunless 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.




10

15

20

25

30

5 The term "spheres" as used herein refers to an
appr oxi mat e sphere-shaped m cro-contai ner and i ncl udes

all natural spheres which may be true spheres, obl ate,
prolate and the like. 5 The term "substantially" as

used herein does not exclude "conpletely" e.g. X

whi ch i §hesubstant T aphgreabsorbedseby Yemainberefers to an

conpl et el. bsor bed_ by Y. ere. necessary, the rd

e et - SRS ~Bee AP P rod 1 T ST M nirFon BpLudes
t hedilnventiedl iPhdbest emdchswely i B ageRrR! SOhdHdHN" oblate,
as used herein refers to a liquid that interacts wth

a WECAtS ope. §he dd&g-particles) and causes such

mat eri alppko pngder g‘%u@)st‘éz‘?}h:‘i@ﬁ_tly”c XPLSIONy Fgﬁnt%fo@s not
"swelling ratio" as use erein refers to 1% the
r agixglgdet hé cepbdredly "n- BexaneXt owhlhehmass of'sebetantially

particles..Unl ess specified otherwise, the te

"cgéﬁpir hg" %%ng '“gaé'np]??sém,mpgﬁ&e&ryarﬁﬁ?%bﬁé \r/TEVi dnt shhere
t hareeksaake th ensiedl toubepEREEAl1yOPRAY Me omitted from
“incl usi ve" Iangua%e such 20 that they include recited

el ERENHETHOE LaPBoCpeERPt InVABFHSON of additional,
unrecl t efloel IRt Sy891 YAG JIRIE! Nao 1L 4iF M sBRAUL - herein

in the context of concentrations o conponen?
f oretkati dws,a 1igpeitdl thaneanserhect5%omaftht ke mdtatethl (e.qg.

val ue,, more 25 typically +/- 4% of the stated val ue,
ToPEoty TR IGIET ), SHofCTRES  SHER PGS Laor kS unidergo a
typbtakkyYrid/ exgdmoionhe stated value, even nore
typical&g +/- 1% of the stated value, and even nore

typi cal THe+terp shvwsiliineg sratiel” #al yeed herein refers to
the ratio of the volume of n-hexane to the mass of seed

particles.

Unless specified otherwise, the terms "comprising"
and "comprise", and grammatical variants thereof, are
intended to represent "open" or "inclusive" language such
that they include recited elements but also permit
inclusion of additional, unrecited elements.

As used herein, the term "about"™, in the context of
concentrations of components of the formulations,
typically means +/- 5% of the stated wvalue, more
typically +/- 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
value, and even more typically +/- 0.5% of the stated
value.

Throughout this disclosure, certain embodiments may

be disclosed in a range format. It should be understood
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30 Throughout this disclosure, certain enbodi nents nay

be disclosed in a range format. It should be .
understood 6 that the description in range format is
merely for convenience and brevity and should not be
construed as an inflexible Iimtation on the scope of

t hehtscltdsed desanges ioaccondi nghye tfermescript meredfy for

ar : d consi dere 0 ve specifical

disclosé%n%#%afﬁ§i§ﬁ€§§ﬁﬁié”%u§&F§ﬁ ed© s%ﬁeFPﬂggr%ed as an

i ndini ldualblrumeiindabtival ues Whbi nsddid raNgeheFOli sclosed

exanpl e, description of a range such as from1l to 6

shd¥Se SGTSFGered Yo tHhey desspdeitiraariy adirgapes eiiould be

subrgranersesuch @s fipom 1 s%)%c%’fi%gfllgr Ok dideby TroM  the
to 6, from 3706 6

1to5b from2to 4, from tc.,

- as hRsigikde | mdibvirdagle snuriser welilt hias t hatlividngé, homerical

ex l e, 2. 3, ,.and 6. _This applies  regardless

of VERETs: SudH i e FARGe. TS DR MRS DR Gt of a
Enbradigee ntuscExespEasy, Inao | & MshblgaeMeodidi e fd 8o have
m cro- .cqontai ner and a nethod of nmeking the sane wll

noﬁ%ﬁ@lf&F§&ﬂﬁséH§Qﬁ?ﬁ%%_§P§E¥%S@%Seﬁﬁ§m!ﬁﬁngrom 1 to 3,
deggbibe aomet had-pf 1 r@;(@’g @rcmloioﬁ&of{],t la]FP&E 29to 6, from

conprising the step of evaporating a swellTng agent
soPButticont absor bedsi rwall pakyriediniidned pantnibere twifloimn that

an_i r void therein, .wherei aid evaporating i s ,
unaggggke&gﬁ%d%§a%%%%itﬂﬁnSEQSQI%'fg¥n1%£€o%dui 1s applies
extregdirdgetbr e8gbhthprehgth wal thefrasged

mcro-particle and into the inner void. The
mcro-particle may be in the formof a mcrosphere.

Detailed Disclosure of Embodiments

Exemplary, non-limiting embodiments of a micro-
container and a method of making the same will now be
disclosed.

The disclosed embodiments describe a method of
making a micro-container comprising the step of
evaporating a swelling agent solution absorbed in a
polymer micro-particle to form an inner void therein,
wherein said evaporating is undertaken under conditions
to form a conduit extending through the shell wall of
said micro-particle and into the inner void.

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

Advantageously, the evaporation conditions are to
create the conduit extending through the wall of the

microsphere due to release of the relatively high
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Advant ageousl y, the evaporation conditions are to 30
create the conduit extending through the wall of the

m crosphere due to release of the relatively high 7
............ pressure vaporized swelling agent

bursting through the weakest point on the shell wall

of PReSHRES? oéfﬁmrézeﬂihesm\felimmgaggeht hsxﬁianmmglﬁ tlayobgh the
an [ one. £/ t he .swe

ageﬁ%g}g%% J)ir%l C%sﬂl{]ae nsgh- pol &t lhfgi S5 qusﬁﬁ‘leg

The non- ’ﬁméarsmmmmr ba);naﬂﬂ U il umysbe ma s atgy ated Q;rganlc
unsaturated with about 4 to about 8 carbon atons. The
satﬁ%%?’ecai nofp&g SRR bonthe gevalkpobagent solution

selected fhembbeagr oHpqr60Rshshi N9; gfi1A; pentg nfon- polar
n- hexane, n-heptane, n-octane. 10 In“one enbo

t héﬁg@mqawrag@muzsblmy dre i Rt uetane OrThmsaturated with

ev V. be uyndertaken a erature
Ie?spc{ an ?th Llmaneg Cpaorllijn N & Yive s@'ﬁ Sr‘?%r‘rlpz?é:@ﬁt non-polar
SmhgdnﬂtaﬂbbmmeLﬁﬂhﬁﬁlmwﬁ bde §&§@@té&|05r§heptﬁé group
is undertaken at a tenperature |ess than about 15C of

t hé BB g DoP ht PoPerkensnel ﬂﬁj“aéﬁ%nt nsheREroR, Pegstane.
tham abaet dio@fmdite, behki g, o] N Of e?Ft sg\@% ! Flglr]lg is n-

agent solution, and I'ess than about 5 t he
poilfxagfe t he svvel ling agent solution. In one

errbodl » t vaporatjon st e undert ake at a

t enper ature |%a‘?%reae% acﬁlge %er%boﬁ? 5C*0 &HB{F{

t he: elrpidriang eoi dss ofhdMetBvebbingnadgeyi ntol it | Qﬁe swelling
Advant ageously, the evaporation step tenperature is
kep@ehe] (?\ﬁjtuﬁé%’m | i FYy Ofpi pebefinert sweh¢i AYapgeation step

sol; h leads to a 25 relatively o
eva%oraclieor\rll@ara e o tahet%%%%‘breagi S about 15°C of

the boiling point of the swelling agent solution, less
than about 10°C of the boiling point of the swelling

agent solution, and less than about 5°C of the boiling
point of the swelling agent solution. In one embodiment,
the evapcration step is undértaken at a temperature in
the range of about 5°C to about 8°C of the boiling point
of the swelling agent solution. Advantageously, the
evaporation step temperature is kept below the boiling
point of the swelling agent solution, which leads to a
relatively slow evaporation rate of the swelling agent
solution to thereby produce a void within the polymer
microspheres with a conduit extending therethrough. More
advantageously, because evaporation is controlled,
release of swelling agent vapor flows continucusly from
the conduit during the evaporation step to retain the

shape of the microsphere.
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solution to thereby produce a void wthin the polyner

m crospheres with a conduit extending therethrough.

More advant ageously, because evaporation is

controlled, release of swelling agent vapor flows
continuously from 30 the conduit during the

evapor atilen stapotat ired abbep h@ayshape oforididse the step of
m craosphere., 8 The evalgorati ng step may al so conpri se

t hd g%+ ol YnEPRITRG @ AOKBHERI dPnidiqR el ntorm in the
dr gplefedr moien the  piesence efyehike sweliting a&?nﬁform the

solution to formthe polynmer m'crosphere having the

sw Al ragehe reeplue ron hayiagsotted swhddéng. agmnt solution
sgl0sed £rhodinents al so describe a method of

di
maki ng a m cro-contai ner conprising the steps of:
pol ymer iThenglidal areapletbdditmgntas nogTredé$ciixd Us émethod of

conpri.sing a.swelling agent to thereby forma pol ymer
10%%%118&%%5\%0&? a&% rsﬁéWPFﬁalQ@eﬁPea5§6P§e9¥:

t her ei nipo1ahe (QaPY, atiMda$8h fo S WebkhNg AGEModd O mixture
said mcrosphere to forman inner void therein,

WhEOEPR isaing  @vapedaiingg dagenindépt ddemramdeform a polymer
condi ti f.orma 1 ondui t .ext endi ng t.hrough,t :
shgﬁf&ﬁgﬁﬁe%%1ﬂé¥9¢§ Ehg ﬁ%gi&ln A%E IﬁP??ﬁﬁgd Egereln;

crosphere—an
voiatkd The met hod nay conprise the step of hardening

the outer shell wall before said evaporating step.

The har G&APRGSEBE may 3d6hpr i iHE %t ep@INt 20 from  said
Praubeoagnarer aes 44l 49 RBE Yol LRAA AU G, saia

m xture. Any cross-linking agent capable of increasing
thevapprahgol ofst hedshdldkamal indan beondediokxerpl afprm  a

Cr 33duit extending through the shell wall of the
microsphere and into the inner wvoid.

The method may comprise the step of hardening the
ocuter shell wall before said evaporating step.

The hardening step may comprise the step of
providing a cross—-linking agent within said monomeric
mixture.

Any cross-linking agent capable of increasing the
strength of the shell wall can be used. Exemplary cross-—
linking agents include di-vinyl-benzene, 1,4-butane diol
diacrylate, triethanolamine | dimethacrylate,
triethanolaminetrimethacrylate, tris

(methacryloyloxymethyl) propane, allyl methacrylate,

tartaric acid dimethacrylate,N, N'-methylene~
bisacrylamide, hexamethylene bis
(methacryloyloxyethylene) carbamate, 2-
hydroxytrimethylene dimethacrylate and 2,3-
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li nki ng agents include di-vinyl-benzene, 1,4-butane

diol 25 diacrylate, triethanolam ne di nethacryl ate,
triethanol am netrinmethacrylate, tris

(et hacryl oyl oxynet hyl ) propane, allyl nethacryl ate,
tartaric acid dinmethacrylate, N, N -nethyl ene-
bisééhyﬁaﬂﬁﬁeeth@mahhyhghenedﬂmetﬂ%crylate, 1, 3-butanediol

|
retgeey oo L prg) e L ooy
dlhydtbyyéﬁéranEthglﬁﬁﬁlﬂ'nEtha&iﬂ&?%fatéyé&fﬁgéﬂ§¥gfﬁropane

diacrglate di trlnethylolpropane) etraacral at e
pol P8V Egtene Foydol ) @¥%@Y¥$@¢e Qﬂwﬁ@ﬂhyloipmiqhﬂmrylate,

et h@%éfﬂaﬁéﬁml PRl ¥ @E}%P F1&d ri&"i Al thaﬁ?r | at e faHJeat In

bi sphenol A di net acry 4-out andi

| n Cde @Irﬂb@)@mn@rmt ttiee crassss+ hkiih@gedfentS is di-vinyl-
di gégg ne(§DV%%fnnnoner. The pol ynerizing step

nmay conpr provi di ng seed particles

Wi thin tTEee S\Qﬁilwf&rlazg@ﬂj s%QspsolnHEr' OEOmgl??s@eegh?l step of

particles may be conprised of pol ynmer, optiona
r%ﬂEﬁ?Y&ﬁ%ﬁgln%%?dpop?ﬁﬁicbﬁsa Ww@hkhy ¢h@sssMﬁdR&@g agent

ol i ch b iallly non
Exé%%?gﬁvﬁgolyngﬁé a§?0 ﬁ%@@bgﬁgéedm?%cﬁ%aecomprxsed of a.

polBst ymene, opdlipesiléys, apOi@/_‘caﬂf:bmw eS_lner?ti): dpolyrtner or a
ol yet.hyl enes 0 enes. | n _one enbodi nmen

?héy T arcﬁ%$§n£+g$§g 8&§?F§reﬁ@qu1@%% BRbsUbmERntially

th&'lcﬁ'\l\@i»dlang ag@ﬁ%mpﬁ@i#%@ﬂyxhéﬁ“@ﬁiéﬂt kgl lﬁeakﬁﬁgﬁbqtijlclude
by the seed particles he net hod may conpri se
saiRPIpbiipwaTISi ngolyeeperehe B@b}b@‘@fbdmmm,g s@ilgethylenes,

BB T o2 HAv e e sk Brdf 8PaR, PRAgmer is
f owilyp tstremenay onpsise éMieosi®Pn®f the swelling agent
solution is substantially absorbed by the seed particles.
The method may comprise before said polymerizing

step, the step of forming said monomeric mixture in
droplet form. In one embodiment, the monomeric mixture is
an emulsion. The forming step may comprise the step of
forming an emulsion by providing an emulsifier into said
monomeric mixture. Exemplary emulsifiers include
amphiphilic organic compounds, sodium dodecyl sulfate,
ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl
acetate, benzyl alcohol, ‘benzyl benzoate,
propyleneglycol, 1,3-butyleneglycol, dimethylformamide,
oils, such as cottonseed oil, groundnut oil, corn germ
0il, olive o0il, castor oil, and sesame oil, glycerol,
tetrahydrofurfuryl alcohol, polyethyleneglycols, fatty

acid esters of sorbitan, or mixtures of these substances,
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form ng an enmul sion by providing an enmulsifier into
said nononeric mxture. Exenplary enulsifiers include
anphi philic organi c conmpounds, sodi um dodecyl sulfate,
25 et hyl al cohol, isopropyl alcohol, ethyl carbonate,
ethyl acetate, benzyl al cohol, benzyl benzoate,

pr gmd eregllyicde., Ih dnkutytendgleyeol the emulglflﬁr is sodium
di Ifor oil's, such as cottonseed oi

grgﬁﬁéﬁhy InT?%5§r458§9n1 oil, olive oil, castor oi

and sesane Oht, clpeRERht,30tAEt LRRKAEREUT T M ure  includes
al cohol , polyethyleneglycols fatty acid esters of

soE&hﬂﬂ@rcwsﬁ¢&tuF@§tGﬁlﬁﬁeseéSubsraﬁsei;nklﬁgan¢gdn£ a

Lostaritane SaRodlTellarile STURL Th bhepgitbtiinent, the

ecyl sulfate ( n-one e _
rmm@mein Partxitalres | mmd@dbmmlmemmlm@s i® said
cross-1li.nkin a 5 stabilizer and an organic

SoPYERPI ROGRE Enbo8: RBR STPREIBERY  paPEi BPBETIgFAC mixture

subsicanieal | MohBgekybl &£ i NsSaidhe O GRA C ﬁ%lt};ﬁeg:yl!a@e acid
one enbodi nent, the nononeric m Xture 'includes

mor8fer s apf gt 9’r eAgpbbVBZ2-methatpybrienatidle | MMA] BN

2,2 AZ 2- hyl t | A d
partlcleglﬁéy %E& ydgrgglofl A ngd#§ber§|8ﬁlpgpi$e a

Admanbdgepasbyonthereorﬁ subgaa@hta@bauggy, there is

mass-transfer_between the nononeric mxture in _
drﬁBPEFaPBFﬁiaMrlﬂ@ sHePFTrh§aNRERE RabHAEAgeblg| ymonomeric

thaiusgaraf mppodi gpgpsed Se§9§m|eagéﬁ19%a &ée?fiﬁ&m' More

di stribution of said mcrospheres
foﬁﬁVﬁgtaﬁe@ﬂﬁlS}ohhﬁayseoaﬁrme&odhepes$e@ séeds leads to a

ULSBLETAERL o | myone SIBIIEL el T
about  1h&@0 steput 68, fAodmiakousn Sekl ikt 6ay ARGmMARAWe the
8_%§ep of ultra-sonication. In one embodiment the ultra-
sonication was carried out at room temperature for about
1-20 minutes, for about 5-15 minutes, and about 8-12
minutes. In one embodiment, the ultra-sonication was
carried out for 10 minutes. In one embodiment, the
resulting emulsion was magnetically stirred (400rpm) . In
one embodiment, the step of stirring was carried out at
room temperature for about 24 hours. In one ehbodiment,
the emulsion 1is sealed with an inert 'gas. In one
embodiment, the inert gas is nitrogen. Advantageously,
the inert gas will quench the radicals from the
initiators and arrest polymerization.
The step of polymerizing said monomeric mixture may

comprise the step of providing a solvent that is
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20 m nutes. In one enbodi nent, the ultra-sonication

was carried out for 10 mnutes. In one enbodi nent,

the resulting emul sion was nagnetically stirred

(400rpm. In one enbodinent, the step of stirring was
carried out at roomtenperature for about 24 hours.

| nionesembbdi menth 25aible enulsing |isgseal eduvht helgdt said
inert gas. In,one enbodinent, the ipert gas is

i FPBGHRZ RAVARE A5BERI GTOPLRE THHER {1 GaRoR TSRt -

the radhgahftbgepBubhe, bNpbhbakorsepand taLHeYr seed polymers
pol yneri zati on. The step of polynerizing said

MoABREEEC fPxt dogrmmpn 30 rdemgrcselt hestwpnof layer. More

pr oui.gdj ent at i LM scible with said
smgﬁkghgggggﬁghibchtﬁﬂat %gFgé%ﬁ%g%%erﬁ?%ﬁ%&{weiﬁﬁer can
dr eptepstvatei s tion- hooageeretis. Advaniggeous Y, cAeate the

hase separation of seed polymers. occurs to form an
nPLFFASPAREpoPyBr ey cirnahr E01G AdVARNAGEBUENY tAehehell
i nf;erfaci al polyner |ater can encapsul ate the

mononeric mxture to create the mcrosphere with the

i nner vbhel steporAdedliyperhgashen| mawalinclTide simge ofadical

po ' ' y include free.radical 10
po#%gzééég%%ggéggreggggdig%c£ﬁgﬂyne??§%??5h2%%§o%e may  be
inthiateded o gtow maenanol ecdresolekiuckshecor@ich  become
progressively |less soluble in the dispersed

heRBneF REMofets m xti%e. AGPaNPa§eousty, phele  dispersed
Sepakatd Abn QRS S idhe AesH L ati%l&é,s'ﬂﬂdg‘%e‘jseparation

macr onol ecul es may 15 be deposite
poteeironapdl dhei meepflideg Myoss-ddnietagesusinpledudes may

el Lataled by recror SR oS Ao YR el wore
nexdwardtiged 00} y Meftfe MRYe R id i9d € of the macromolecules
hardens the shell wall of linear polystyrene. More
advantageously, the newly formed polymers may be a site
for further polymerization to further strengthen the
shell wall.
The ratio of the volume of swelling agent solution
(ie such as n-hexane) to the mass of seed particles may
effect the morphology of the microsphere. In one
embodiment, the ratio is lower than about 4ml/mg, lower
than about 3ml/mg, lower than about 2ml/mg, lower than
about 1Imi/mg. In one embodiment, the threshold for
forming said microsphere with an inner void and a conduit
extending through the shell wall of the microsphere to
the inner void, is between 3ml/mg and 4ml/mg.
The method of making a micro-container may comprise

the'step of providing a substance within the inner void
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for further polynerization to further strengthen the

20 shell wall. The ratio of the volune of swelling

agent solution (ie such as n-hexane) to the nass of

seed particles may effect the norphol ogy of the

m crosphere. In one enbodinent, the ratio is |ower

t haf abioutmdatbaghekowerh2b duimtahoutm3w bey,sdl@ied from
ha about Im/ng. In one

th bout 2m /g, |I. r
o8, FEALD (IS TIRASNDIY PTks £ oI Sry QEGE,  Guantum dots,

m epesphere Wrhhoas bRBBAiMEhE apHeasGRBEMIte is a drug.
ext endi ng through the shell wal | of the m crosphere to

t he i nnéhevoildsclesedt wabrwddments aaldsdnidarprid® The micro-
me ki . cro-cont ai_ner co ise he.

ot 5057 2y GPRe P L o £ R TR SRR S o ing am
12inherheomilcaosphecendiibe subshdnae ﬁnyo@%hseh@0§ﬁéll wall
fro he group consi sting, of inks, dyes, drugs,

quiht Eh?d@?gj-’ogea?aﬁyg?s.sgfﬁ bRRSENBRtT ment, the

subst anggei 8;andEdg. oFhendi %ﬁlc‘i%%%h%%‘)q{a@}e@ﬁs iﬁie f@ne range

describe a mcro- 5 container conprising a poly
m eebsphedef hawi hjeadronpneenybsdiandof: capdut t1um to about

extendi roeugh t | | Il of_.th ) craosphere ]
EASGALL Bl 2Uale! U el Mol IR WGSBS aum.
maybboet i 2t hiemr ange aksritecBedubr.omrhhecgeoufmbodiment, the
consisting of: about Ipmto about 10 5 about 1.5pm
t od4HBEtSE. SpntRABLEL GERRS S abd AP A ’[3‘}8%1{ 2.5pmto

about 3r9PMikRcPBE %ngﬁém%HneﬂrW%igiﬁ tge qf, the range

m crosphere i s about 3.3pm The dianmeter ©of the inner
vordiemiede fingm hehe awgeups eteus bet fm@motthe gjvowp 0.1lpm to

Copsiat 19t Rl OgL B o 15,8000 4480 AR o

1. opont 0 3aBaut JWBuBboUbud. @M &Bout 3um; about 2.0um to
about 2.5um. In one embodiment, the diameter of the
inner void is about 2.3um.

The average thickness of the shell wall may be in
the range selected from the group consisting of less than
2pm; less than 1.5um; less than 1.0upm; less than O0.5um.
In one embodiment, the average thickness of the shell
wall is 1.0pm.

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 450nm; 150nm to 400nm;
200nm to 300nm. In one embodiment the average diameter of
the conduit is 200nm. In one embodiment, the conduit is a
single pin-hole extending through the shell wall.

The outer surface of the microsphere may be modified

by functional groups. Exemplary functional groups include
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about 2.Spm |In one enbodi nent, the dianmeter of the

inner void is about 2.3pm The average thickness of

the shell wall nmay be in 20 the range selected from

the group consisting of less than 2pm |ess than

1.5pm less than |.Opm less than 0.5pm In one
enboditmentlid heaaver ageadhicchriese, of thefehetd, wakhliroxide,

is 1..0pm . The aver.age di,aneter of the conduit nmay be
ir1%%ﬁax%ﬂ?’rfwggm§€%bgﬁé Ffﬁhﬁgﬁ?pgﬁ5ﬁp dBn&nst pRgodiment,
of :tHOn@uter 1908RAte SN LB S0RNAToIPRBML O A5QRM: fied by
150nmto 400nm 200nmto 300nm In one enbodi nent the
av &SRO st & BIPs + M comgeou sl RoOkhe Brrépee-modified

emhodi =+th uist . 1 [ e pin- €1 ins

extendin %ﬁ#%gﬁﬁﬂﬁﬁkJ§m§%§%%§Iﬂ&%&ﬁﬁﬁkéﬁé%%b%%ﬁF%c%f the
of milve osiptreaspheard nenheier medtéredolbyifvbet ierBl dispersion
gr Qups.. empl ary functional__groups include 13
caﬁggiyﬂggyaéfbf%%%?%09§IgFéf%§§kf8ﬁ%ﬁ%,a¢8&9?ﬁ9?RESlyr the
a|k@%ﬁ@%e—&@ﬂ@ﬁ&éﬂl%%ﬂbdﬂyjéﬂgﬁﬁféﬁﬁs bRo998e anchors for
enbodi nent, the outer surface of the mcrosphere iIs

o8P €8BY9aE4PBoxyl at e groups. Advantageously, the
SurfaceTHgd'ﬂé?%%?ﬁ%%%@xﬁ%gt%&yén%giéngBSﬁ:?imgh%unction.

bi oconpatibility rospheres an
wat’er- solamipille, t yehend i gpeesizebd shahidritdain e E©In®Es for

buffers. re adyantageously, the surface-nodified
caP88x§Paggu8raﬁg§vﬁF viﬂ@eéHEﬂérEhFB?pyr in-situ printing,

bi ea€anyy9a} i oOlbiLAmHE HY Crosphanes FRY Ve dbre 1,  one
than one function. For €xanple, they may be used to
coffaPAIBEDSEt arldes foperusecid dfugthel inerngsmdieend cabn be

iRt it pROELIOD, o SR ALYSL B A PRI S o
t heimuittaspbes by catio beperform drug delivery as well as
bicimaging.

The 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 styrene to MMA is 4:1:1.
Advantageously, the relatively high material strength of
the shell wall allows the microsphere to maintain its
original shape without any deformation during solvent
extraction.

In one embodiment, the micro-particle is
biodegradable. The micro-particle may be comprised of a
biodegradable polymer. Exemplary biodegradable polymers
include natural polymers and their synthetic analogs,
including polylactides, polysaccharides, proteoglycans,

glycosaminoglycans, collagen-GAG, collagen, fibrin, and
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15 | oaded with magnetic nanoparticles and quantum dots
simul taneously to performdrug delivery as well as

bi oi magi ng. The strength of the shell wall may be
governed by the relative content of the cross-1Iinking
agent in the 20 nononeric mxture. In one enbodi nent,
t-h@ﬁlﬁmtémﬂmﬁMamfm&VBii{Olcstnibbﬁlaﬁttﬁs) Lﬂ‘d@sﬂ Sas ielastin,
4:1:1. Advantageously, the relatively high materia
stﬁ%d&ﬁQ?QSFlUVh l§ﬁ€P%C%éPP aPPow8™tRéM i cr osphere to

mai nt ai In t ne OldriMBlmetiaper nkt hgi jany; def oéfrattihgﬂemicro—

during solvent 25 extraction. In one enbodi nent,
m Pegtiadei dise S ediiiogdgr avatsie@bi®he Ticcrshalalr twale may be

ma ris of a i,odegr adabl e pal r.

Exéﬁp gg%g%ioéggrd%abﬁg 68?§n3?¥ ?ﬁ%ﬁﬁﬁ%ﬂ%@lLﬁ%ﬂymer' The
polsyiers iand yt kef rtmnﬁaeégﬁia@ayogérmlaabﬂeclsm@mg wall may
olyl acti des, pol ysacchari des, proteoglycans,

SI %os%%hngb?%&ﬁézor@&nigag%-@@ EeleggéAr fwwthl of the
an h 1 I r i nm n

o e e et | To NG PRy Fhay e
onéeepBEdinErPm ¢h@:ﬂﬁﬂdp\Mﬂﬂ8¥fﬁﬁdgaTﬁ(ﬂmmyf?wegpbbymers,
IS I Lvely rpeable. The shell wa e .
corePPREheLs L) EERPOIryopS, mih ook asrd T acid),
sepetyi(mMetyaotyihe setegli vebyypestRabteishel | V\%biy (methyl
na be nodified according to the nol ecul ar wei ght of
théet%%%%%oﬁﬁ?i srryleke sweOlvmgrs. anek fpoiRmemers of
meycbeligel seigd MARLNS 1 Epu@cgﬁqs'ﬁétﬂgc &%ggéglanﬁethyl

pol yners, 10 copolymers and terpolyners suc
pohgthaeyylatesi d) hydpokyenmbyhacmdtitmagildc such as  2-

POl TBAIRERY| oL ) BTN MU L) 08, e,
poly(dimethylaminocethyl methacrylate) ("DMAEMA") and
copolymers and terpolymers of dimethylaminoethyl
methacrylate with 2-hydroxyethyl methacrylate and/or
hydroxypropylacrylate and methacrylate and/or methyl
methacrylate; copolymers or terpolymers of acrylic acid
and/or methacrylic acid with 2-hydroxyethyl methacrylic
and/or hydroxypropylacrylate and methacrylate and/or
methyl methacrylate.

The disclosed embodiments also describe a micro-
container for drug delivery comprising:

a polymer microsphere having an inner void and a
conduit extending through the shell wall of the
microsphere to said inner void; and

a drug loaded within said inner void.

The drug may be an anti-cancer agent. Exemplary

anti-cancer agents include actinomycin D, doxorubicin,
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acrylic acid, nmethacrylic acid, nethacrylates, nethyl

nmet hacryl ates, hydroxyethyl nethacrylic such as 2 15

hydr oxyet hyl net hacryl ate, hydroxypropyl acryl at e,

pol y(di net hyl am noet hyl net hacryl ate) ("DMAEVA"') and

copol ynmers and terpolynmers of dinethyl am noet hyl
neni&uNQMynanMtlwvznbydeexyethyl weidlacs i rad e andh0thicine,

hydr oxypr opyl acryl at e d nmet hacryl ate and/ or methy
20 SR HAGT kit 90 CORrShrer STBPOPERBOIior BYFORGF YR @in. In

acighe q’\arhdjdzﬁn@{th%@{eyldﬁga@ d qwibh,21 Ry dr oxyet hyl
nethacryllc and/ or hydr oxypropyl acryl ate and

nethacryi Eﬁﬂéﬁﬂﬁ@ﬁlyneﬁhylSh@ﬂﬁa@ﬁﬂﬂabes Fheelatively high
aI 0 describe a mcro

contalner q%% |J§}yq% orpT | ol hy: %Fngﬁﬁegeformatlon

m cfospher en:h&msr;glm | anar osdchdigls atheongdbbblem of drug

extendln%_through the shell wall of the mcrosphere

t o WGPt Fnner voi d; and a drug | oaded within said

i nner vaind. éﬁh&hﬁagrﬁg @%E&EHEWHéﬁﬁﬁ gégae&ﬂﬁg?“v01d via

Exenpl ary anti-cancer agents include actinonycin D,
do%@ﬁubF@PﬁUlt156¥ﬁﬁnﬁnqanlthrmum®r|ShEne$h®lhbh&§ﬂ1nef the

grgkgl erepﬁﬁ 't%ﬁgllng CetaX§t Fﬁéoggaégggaaay comprise

oxyr |c n>I'n -one enbodi ik

doxheummm oﬁdvmag:em@lyhet he sheddhasdld Dhas @ container
rel ativel ' mechani cal strength, which prevents

hi gh
thgof”é§tmg8 I%ﬁlﬁt B9 -of T a4 kR TIPS Tkl dLereonE®n may
t hgeprahli&m ok odEUgyuoHNID NG Tgeg@&ﬁ?yd’mé’ep {:di%om the

within said inner void via the ¢ t exten
t hE60gh thesshahy mélmooé then 20houcspspbeeethatold heours,

'nHSEeV%hanTES h&%@gi ecqﬁprlsgo hours, more than 40
hours. 1In one embodiment, the dispersion was shaken
céntinuously for 48 hours. The drug may be loaded within
said inner void by the process of simple diffusion,

vacuum suction or capillary uptake.

Morphological and Structural characterization

The structure of the microsphere may be observed
under scanning electron microscope (SEM) . In one
embodiment, the internal structure can be characterized
by observing the cross-section of the microsphere. The
microsphere may be embedded in epoxy resin, cured and
further cut into thin films using a sharp scalpel for SEM

' characterization.

The internal structure of the microspheres may also

be characterized while using fragmented microspheres. The

fragmented microspheres may be prepared by crushing
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the step of agitating the m crospheres in a container
containing the drug. The m crosphere-drug di spersion

may be shaken continuously for a period selected from

the group consiting of nore than 2 hours, nore than

10 hours, 15 nore than 20 hours, nore than 30 hours,
norimtdran dcrbsplisred niand iepdiedi mentogdhe dhsperisi oue to
was .shaken onti nuously. .for 48 hours. The drug may be

| odded vm%qﬂ4$ N saifdd nnér-S¥6itd byhPRESpr 0dBss SRVironmental
Si A ahidifyssd on,  vacuum suction or capillary uptake.

20 Nbrphological and Structural characterization The
structure of the m crosphere may be observed under

Z C g;;!( E L | c@%trra% erlji(‘zra%ﬁl 9P %f( g%lf\zlbrb g gl geoggn €

char act dihiez etin28riyl olsatniitnget hef Cross-geetbophofet htry be
Epsphere Ed m cr.osphere may be enbedded I n_epoxy

[ SRR Va1 theu e ReP e GO AL RiRTPPFARYusTRY mTocess

shakly scatpehe f eheSEM 2GR acker kg atdr%%nl-ghedj{(é‘t &iM8lin the

structure of the m crospheres may a

chaﬂé@ﬁenﬁﬂaﬁ\Mﬂﬂeaﬁhﬂrmpi¢¥QﬁnhﬂEﬁirnEmosgheresmb@ﬁement

16 PERAAA T SRANGEES IR B AP fodti g R EPiaL, dnto

16 int M Cros A li'quid
t oththe suddﬁﬂtaﬂd fiercreichabgRetk8senvirommnt al optical
t enper at ure. Optical characterization of mcros here

ThE& F‘ﬁ?@FﬁgllZ§F|198{9?%‘35Va¥h%nmuélld§§pl’%?féfcﬁﬁﬁ=\/l bgluorescence
obgeryedcubih tiﬁ%éﬂﬂ%#§0&§ﬁuOC@hen1§EP <§p$lugg%gcence of

process nay include t di ng of ‘an organi c
wi RArAGt henabdeer vdiseldf tthe nber osplsdrlg. Idetenreed under

e”P?QE?EQEence microscopy. More advantageously, it has a
molecular weight of 479, which is similar to the
molecular weight of most of the commonly used drugs. As
such, the use of Rd-6G can help the model-building of

controlled drug release.

Brief Description Of Drawings
The 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 view of
single pin-holed hollow microsphere: Fig. 1A shows the

pin-holed hollow micrdsphere without being loaded with a
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10 Rhodam ne-6G (Rd-6G was used as a | oading nmateri al

into the hollow m crospheres for optica
characteri zati on/ observati on under confoca

fluorescence mcroscopy. Advantageously, the strong
fluorescence of Rd-6G enables itself to be easily

det ¥ Ehngrler dﬁﬂfIﬁbgesckhceshbasostbay piFBoled hollow

advant agequsl| nnlecular ht of 479,

ot AR ik EH S CbTBRE by St ices are
t hes carmmnasuwised 1) tf'i\%reil#lQh the use of Rd-6G

can help the nodel -building of controlled drug

rel ease.riZ) Bpi efnhddpscript i ooy Of X aw ngs Tsﬁ%gle pin-holed
acconpanylng drawi ngs illustrate di'scl osed
A (051 GHRPRRENAS it ¢ lekpl 28 rsldves prliecS i esmaget hé pin-

25}9ﬂ§§1°§ﬁ gﬂbﬁgg Vv%:fls'leres eﬁ:to gﬁg& ers%dPﬁoéﬁg X4300;

however ngs —ar e dedi _
of Fiid. Iuéﬂ%at$M@w@nlyhean®Emot1a%g® deff nipi®me&fed heholiow
lim.ts the invention. Fig is a schematic

paFPFﬁo%? r&ﬁaﬁtv?e%aaplféﬁa§ﬂﬁﬁl@fpxazﬂgked hol | ow
m crosphege: FihodA Shows 446 s el a8y #Eu%g\% of single

m crosphere wthout being | oaded wth a 1 ance;
an®ip- golleg diedviow Hel pf esiot mas hoFLlow 3/ chasghetles | oross-

whi i ou i ff.erent substanc re S|nultaneously
I oggga\it%ﬁer elg%lq i 0.°F shé ?ﬁ%fg%ﬂ/l B GRyl e2t 2
pi Mahol édcabibal Io(iW 12 BOOspreges 3T ghod %h@WStl'Ilhﬁcness of

SEM i mage . of pin- hol ed holl ow m crospheres at a
ghlf%f ?gﬁtlgén%éf tRe3d Loy guiompaphsikes et SEMagegéication

of opi R1hhebed hol l ow microspheres at a Magnification

of X2200.
Fig. 4 shows the SEM image (X22000 Magnification) of

the fragment of a single pin-holed 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
with a swelling ration of 4 ml/mg.

Fig. 7 shows confocal fluorescence images of Rd-6G-
loaded single pin-holed hollow microspheres: Fig. 7A
shows the cross-section image of hollow microspheres
under strong fluorescence background from an unwashed Rd-

6G environment; Fig. 7B show the top view image of hollow
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Fig. 3 shows the cross-section SEM i mages of single

10 pin-hol ed hollow m crospheres: Fig. 3A shows the

cross- section SEMinmage of hollow m crospheres at a

Magni fi cati on of X2500; Fig. 3B shows the thickness of

the shells of the hollow m crospheres at a

Magnti dricsgthieor® s ohnﬁb&OOQowlSfEh@reéc&h@%S bhek§eEMind after

[ e (X2200 nificatj of _ the fragrrent of a

"%310 : gﬁl h%?%/ggﬂ%f | G\ ggspﬁé:r eSh@ieh Hi%i ArR§Fesection
i nﬂﬂ%@d Ntegr N@lo 1Rk %ﬁc&%%pﬂb%EQSpnﬁH@r Fh gy 5f1§o§escence
schematic representation of the process for th

f oRRtCE R UsH Silfﬁ@IretbpﬁOH@hedahbllhgw 20 micr ospher es.

Fig. 6 ho ed hol | ow

nicr osp%gL E "H%%fr evea égpt Oen%oc?rhp IQEP THeRhofiors of
m @Odsplbeldesl (sX'LrS@I)é)) pwht-hodegweld 1 Inge rm%bﬁolg.f)hgres in MES
m/ng; FEig. 6B _reveal s the_norphol ogy o ol | ow
'c(n%sb—”h gg E%Ff\‘f\’nrt'hFégsmgf*I ?H@WPaFg%nceﬂcanﬁrﬁﬁgon of the
Fi gn 7sthews qeapf ogsdx f | war esgengesi mges. of gy Q&R first
| oaded si ngl e pin-hol ed hol | ow m crospheres: Fig

shé‘\%éeﬁﬁ@ eressssectiian | fgehofs hshkowaricerdsptidoes of the

L e s N
ofsbobderéméaHdﬁpS@héﬁﬁsfu@ﬁEijQMEikQQf@%%ﬁ&ﬁé process;

back und after thorough washi ng; and Fi 7C shows
th@ng g%g sg& ISGRYSi reGe C&“Q“F‘é!tlfé’%lmnc% e (o drug

|OWDbkPoﬁ%§QQﬂ§eME§a%ﬁ$&%%mE&¥ é? $h959¥3h9¥¥g3%§Lp§50ess

Fig 8 shows nulti-step control rel éase curves
DOXftééd’é]@Ies$ﬁg©@dprﬁl¢@$@cbh@¢¢mv m crospheres in MES
(pH = 6.1) buffer; Fig. 8A shows the concentration of

t he

Examples

Non-limiting examples of the dinvention and a
comparative example will be further described in greater
detail by reference to specific examples, which should
not be construed as in any way limiting the scope of the
invention.

Referring to Fig. 1A, a schematic diagram in partial
cut-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 void 30 empty
but Fig. 1B shows the void loaded with various different

substances.
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in vitro drug (DOX) in the MES buffer during a first
rel ease process; Fig. 8B shows the concentration of
the 10 sanme 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

pr dtelssridbs Menplias tHYFJlilowiingg Pxsapnkes iab1hhe : -
invention and a conparative exanple wll be further

descri bethlds greaaiteid Aeleahdishy Lafierengerte $Ree blutchased
whi ch should 20 not be construed as in any

|
exaq?Iﬁﬁ%ﬁ%ﬁfTﬁ%§@§é@p§Obpftﬁ@e ﬂﬁvéﬁﬁlﬁﬁatﬁéfefrﬂmgruga
Fig. 1Agd schematisg di agbam i n cﬁ’f&%r}ﬁbeeri%é SWAY IEW g g

of a singl'e pin- holed ho W mcro is shomn
Thé sumgsepheradl 0né nicd ancheka tae slmﬂ:]d waMhA20 2% hawidi® used

out she|| surface,22 .and i nner shell wall surface
%kh 5 e V&gﬁdl§6l%§%85§nd by the inner shell wal

24. ASI2I’)gE|'eA|1@|st4O %@fﬂ@? gL £:he shel; !’%IE@L as re-
sur

20 fromthe outer shell ace 22 to the inner s
walcrYsireflddéesa frppgethanpsd phé@n ot Hsehe void 30

empty 3@8 ﬁhgnyll 9999’1?1&8& °' yrPaded ls""'utsedqqp g/mol)

various different stances téria
thenﬁoldsmmg quﬂyés satfate: (Lm:bassmtcat e@sed as steric

th all reagents _were purchased. from
o ﬁﬁgkﬁ&?ﬁfhaég SEuEﬁéfEﬁFtE SReGEe¥edY - Anerica: 5
Styr enen(8Exa88% (odbyi nyhB@BZﬁB@ (QE/ﬁanég% LRGeSt i1led

and net hacryl ate aC|d (N%A 999 were use
water were used throughout the experiments.

Rhodamine-6G (Rd-6G) was used as a loading material
into holldw microspheres for optical
characterization/observation under confocal fluorescence
microscopy.

Doxorubicin hydrochleride {DOX, 99%) was
incorporated into hollow microspheres for evaluating in
vitro and in vivo release behaviors.

Z2- (N-morpholino}ethanesulfonic acid (MES) was used
as a buffer for maintaining the pH of less than 6.5 so as

to prevent decomposition of DOX.

Example 1
Preparation of Polystyrene Seed Particles
Monodispersed polystyrene seed particles were
prepared in this example according to the process

disclosed below.
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after renoving inhibitors. 2,2'-Azobis

(2-methyl propionitrile) (AIBN) was re- crystallized
fromethanol prior to use. 10 Poly (vinyl pyrrolidone)
(PVP, MN = 40,000 g/nol) and sodi um dodecyl sulfate
(SDS) were used as steric stabilizer and emulsifier

respect el oAy HEX89e; ( /@ ?gggﬁ%g% e%ﬂﬁ&?'ﬁa@@ches, a

distilled water were us fhe experi ments
15H@ﬂﬂﬂﬂﬂﬁ“ﬂiﬁ3%ﬂ&iéﬁﬁtawﬁim@eﬁ:@Sma |segaieng , metderhal AIBN,

t for optica
Lﬂéfactg i Z {H %U zr§ZfWgnwﬁ ﬁgreﬁﬁﬁféggl mg PVP-40 were

f Bor@saRRCebyM €1 9560PYon DRI (Gi 1ty ochh@r i despersion
(DOX, 999 was 20 incorporated into hol | ow
6¥%§¢ﬁbﬁ@§3f@ﬁe@@%ﬁ®aPYnglsﬁolvnngoP&ﬁdépnunanaa mixture

reI S i o holin nes Ifonlc acid
(R SSIERaL Ey SOl SRR SR one
Iesgathann6m5x$uraswaEOupteueebndeaﬁaﬁOSDt|Dn minDE% form a

P tion of Polystyrene Seed Particles
SORGHTEREECHE per Pethine Mg SEAFERE Ao dEN | were: then

prepaeedihfot Bhe exaAphenageRtdiay to the process 30
di scl osed bel ow. 20 To produce 2.2 m pol ystyrene seed

particl ege %eaf:%@‘éh' %@x@u?ﬁ“‘éu%%sc%ﬁr%h@rn% a%s'gd fordS min
styrene, 14 ng AIBN, 9.0 nlL ethanol, wat er an

10@lﬁ§ PVPim@gﬂawaaiW@paredtby dpspeaSRon The reaction
ﬁ%ggég 3f|on Thidg%%f &S%ﬁfxgagggklggwgze%reartf%les by
shaking (150 rpm) at 70°C for 24 hours. The obtained
latex particles were washed extensively with ethanol and
water by several rounds of centrifugation and decantation
so as to remove the un-reacted reagents and surfactant

residues. The purified polystyrene seed microspheres were

freeze~dried and stored for further use.

Example 2

Preparation of Single Pin-holed Hollow Microspheres

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

disclosed below.

160 nL of n-~Hexane was emulsified in 10 mL of 0.25
wt% SDS aqueous solution by ultra-sonication for 10 min
at room temperature. An aqueous solution (~3.0 mL)
dispersed 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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of ethanol and water in a capped culture tube. The

reaction mxture was ultra-sonicated for 10 mn to

forma honpbgeneous sol ution. The styrene and Al BN

were then added into the reaction mxture. 10 The
reaction m xture was further degassed for 5 mn wth

ni ttegearattes dbtr aBZBGmu}mm@r thepleaet i MxorpXitdH €of n-

was, t hen seal e for seed particles by
shakTHYT 2 e(ﬁ'cgﬂﬁ%@rl@s -The obt ai ned

| atex parti cl es vvere washed extensively with ethanol
and 15 WRAMES v et reundd buldentiil ugdtll o )andRA (100

de alh@NA TS0 y I gapyethe ju t, agents .
gﬂgtrfa(gt%nt ?gs%ﬂgues gﬁp%ﬁlﬁ egggogggts;fyeand urther
see@“lrﬁ%kfc;?ﬁﬁhexlesl&/emé offr o265 driedsehdagtesed Eolution by

f use. Preparation of Single
PluL ]ﬁef(ﬁojﬁ ow c%§§ph§9 ed™TSi Agl e PPA- ﬁcﬁ%ﬁfrh?dwliﬁ/v The
M areospheres Werenrepaned sy UsiaRd %h%%edﬁqx%@m %v'l% the
poI rization pr ocess as disclosed below. 25 100 pL
%“%ﬁ?e SR TRART R drFana el loin 0598d pegt SDBes. The
aQ%§9H§i§QhH&h%% @%SUHE 190531 g@lg Lal94 "ol at room
t] =4 948D)

roomtenperature. An ag ous Sol

di St[@é‘lf@é‘@wrleh 190 =g plmd>1y15$ yifeme aseedmpaéteda&Ssdﬁf@_on of
The resulting 30

th on ture.
?r\ ??’gn%r\ﬁa yn%&‘ﬁegl Eg}}l{la;‘es??”g:lian(ﬂ@@drﬁﬁftétﬂﬁéom
21 tenpﬁgature f.or C€4 hours for conpl ete absorption of

n- hexa el Sy Yﬁ%‘?tﬁ@ﬁé@d Morfdherktefgen and
Stfﬁ%ﬂﬁe&lo%oﬁ§%er@%%d(4%Q phﬂPC %# pH%gﬂﬂg AR, 4
( wer e m xed honogeneously an urt

nﬁgglltﬂrlééuﬁn std npingf 2t 2600 YpBDSThguebusmlsobrbdofts were

bywashed extensively with ethanol and water by several
rounds of centrifugation and'decéntation 80 as to remove
the un-reacted reagents, surfactant residues, and small-
sized particles (side product). The purified hollow
microspheres were freeze-dried and stored for further
use.

The detailed formation processes for single pin-
holed hollow microspheres as described above are
schematically summarised in Fig. 5 as follows:

Step 1: Polystyrene seeds were swollen by n-hexane,
and phase separation occurs because n-hexane is a poor
solvent for polystyrene.

Step Z2: the resulting linear polystyrene molecules
are thought to be wrapped around microdroplets of n-
hexane as a core material, which is partially due to the
lower free energy at the water-polymer interface than

that at the water-n-hexane interface in this system.
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ultra-sonication for 10 mn at roomtenperature. The

resul ting nonomer enul sion was then m xed with the

enmul si on cont ai ni ng n- hexane-swol | en seed particles.

The m xed solution was magnetically stirred (400 rpm

at room 10 tenperature for 24 hours for a conplete

absor pt istepof 3: maarer sfibytlidie Bwbexang swolH eB s@edure of
particles. The obtai ned enul sion was sealed with

ni TPBGERTEnd 2 FIRRIRERSSBIS) et 2 afeBots o) 2aomprining n-

und@kade, COBELREAMS SHYAT I NGl 400 rpMenThe fipal  suo11en
products were 15 washed extensively wt ethanol and

maméﬂe@}e§eveM§BnWh@&ﬁdsS@Edcenﬂyméugamagnaaad be dissolved

d e un-reacte hea
sﬁ? Iﬁgﬁgyre3| uesO ;ngovﬁgﬁp Ssiedt parficRes %f§¥ﬁep°lnts

pr qduéry. fohe spyticheednhol bewnc ﬂb§r9$9heres wer e
freeze-dried and stored for further 20 use. The
det ai | ed™FBr flat 18R prBesasesapPepripAgrdtpin- thel Bicrosphere

hok kowyalerhasRRENRS A5 dERCTiNed aRBue 88 to G0°C.  Thi
schenayﬁghlly suﬁ§§r|§éd I'n ﬁ? gs ?OPFSWBP §iep 1 s
P0P7§ﬁ9seﬁ@m§eedysmeaé shehpen bydnehemanel r@bcaihdns to be

ratlon occurs bec n- hexane i;s a )
?ven?gggr SISt yF8ne I& i§§i§y'th%r?%§%gtln&gﬁﬁne afadical
popySYmeemeaﬂEbﬁC@bﬁskxﬁr@nihDQ@@& 0 RE-AF aRREefomolecules,

around m crodroplets of n- hexane as a core naterial,
whiRhCh sPRaPTEa| PYodHessbvehe Bess owelubleelenehgydatpersed

thﬁe%@ﬁ@?m@ﬁb%@?rth%SEEQ?ePB an s %&a%&g%hgfgggé and the

wat er - n- hexane interface in this systeém
Adr%$u1Ulm@er<swwﬁdﬂhy@kﬁdthJaamiam@&@cmiesnnnmmBrSgradually

Sté?éeneous mi reg%gnuls r?+é%%¥é%é%iq ﬁg— Eg%ggglng fthe
shell of llnear polystyrene. The phase separation at the
water-oil interface is partially due to the
polymerization with MMA to increase certain water-
solubility and further push the linear polystyrene to the
interface of water-oil droplets. The newly formed
polymers wrapped around the core also become a site for
further ©polymerization so as to Strength linear
polystyrene by forming a uniform shell.

Meanwhile, n-hexane, a low boiling point 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 evaporation rate of hexane in
order to avoid fast evaporation before forming network of
DVB and styrene to harden the shell. With the use of high
content of DVB in the monomer phase, the obtained highly
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styrene

m celles. Meanwhil e, seed polyners may al so be

di ssolved 5 in nononers as good solvents with high

boi ling points (145C for styrene and 195C for DVB)

Step 4: The n-hexane absorbed within the m crosphere

i's evaporated by raising the tenperature to 60C. This
causess sohinlphysi qadlyadwanges clmlrrd cfbefﬂa}gjtf{:eelact It%d@'s tl%hells
be 10 initjated and to gradual|ly proceed. Free radical

pol +?§%é¥tn1 G&ﬁ'b@g?niFPEWéHlPB fbwhighly cross-linked

MAcS D] &M Ethe  WH 4L REGOBS: PG GFRI el X:hleeziérmeability

soluble in the dispersed hexane/ monomer m Xt ur .
PhadeadEparat flenreeses s (dne -t Hehe r asubeirngf pores existing

cr -Iggﬁgg? Cl.0 L ca radual ly 15 deposit

at 't Ee t%Nat er -Egglall&} %5?2%:6? o n}ﬁ%?%%%! L%¥§ h@ngsﬁgFF gpd the
| i neiare pof yist ye e neecdies piasel sepanat spRlakri NeThe internal
wat er - oi | intﬁrface is partially due to the

polRATETT'Z4dt | BnSRi tRWRSES | Rer é&Se TR altAlfat ¥nd finally
Sobﬂmﬁiéﬂ@aﬁgléUEEh@%f@“%@ﬂ*ﬁhﬂ¢§%¥ﬁaﬁ%_GS%%&F§§ Y8nained

the 20 interface of water-oil droplets.
f oMTEE %P6 ke tdewgpped tapdang thetber ehalldo (Beepns) a

site for urt he | yirerjzation so as to, strengt )
li near ﬁ%#@séyrg ggbf%ﬁﬁﬁn¥ﬂlaoﬁmg%ﬁn§gmg#.%Oge in the
Meadwhiclsphemrehexate,in@d ewdodhibhempai it rdyes o€ agPoholatile
25 &ggggca begi ns to evaporate and therefore the o

pr §SGH-ETCER %@%o?%ewl@heam“&%malﬁ@rea%@@rlsmg a
Th?OR@ﬁeEo&ﬁﬁﬁoéﬁHéﬁgE%é@ﬂnﬁaﬁﬁrfﬁ did NGl g agd a  genduit
polystyrene by swelling seed” particles can reduce the

evapseatiiog rdimeugth helxanehiedl orader ¢©6 avei duf@sisphere to

ev ration fqre form network of 30 DVB and
oHg ﬁkbgrhgg 0o nar SREFF: Wth the use of hi gh

contentaaf DMBorBahbe appeser phasenethgiobiabbgd technique

highly_ 23 cross-linked pol yners can strengthen the

shel'felves the use of a° specific swelling agent for
producing single pin-holed hollow microspheres. A low
evaporation rate of high-boiling point hydrocarbons at
the temperature for effective pelymerization (60-70°C)
only yields nonporous or macroporous shell. A proper
evaporation rate of a low boiling point hydrocarbon—n-
hexane at 60°C (ie, less than the boiling peint of 67-
€8°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 boiling point of
hexane because all the hexane is vaporized in a short
period of time (a high vapor pressure can be generated) .
The vapor pressure of the swelling agent should be

considerably low at the temperature for pelymerization
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obviously. Wth the formation of highly cross-Iinked

shell and the increase in its thickness, the

perneability gradually decreases (i.e. the nunber of

pores existing 5 for evaporation of n-hexane becone

|l ess and | ess and the size of pores becones snaller
and(bomdt etfan el liiergwint or egeUrtd Al 2 aRG6Ieases tdk pin-
the sane tinme, and finally only one hole is left for
out?t§ edifili§of PhetPenarARBinHoRekanef avinte dkestt the
pl agg- o fheaghet! L3R Hhe 180 gﬁlgr@zayﬂgg far nPér'a&?lnn the
of the single"hole in the m crosphere container an
subsepemiqrssdasictefrevol afi | epckubst ances:daspheres  under
t her ej m_cr o-container co i sing a, _pol ymer
nié%%gpég}e haVI 11g g%%%%ﬁéﬁ'vg%%ngﬁ&%gng&gdui? fast phase
extseydineg itdir egh fidignishelde noly sek1ih@efoek0spReEehbAstion
15 the inner void is created. An inportant aspect of

t héTdi SEFBE8d tcRAFqUereInvotded ot hBaiBkapn fhe spherical
SpegidieL SWBkli NgLa9e8LL Do RE OGUEI NG, S ngle (o elling
pi n- hol ed hol |l ow m crospheres. Al ow evaporation rate

of adegiy--boi | i ng poi nt hydrocarbons at 20 the

t for effecti | i zat | 60- 70C |
only v A1e. Wehpaoud B MEePor e SRUPI L prbsEIers can

hexane at 60C (ie, less than the boiling point of

68U In-THEX ALY eerRIE 00f hEhfomedtviner igh tdiomgldiei o the
255holed holl ] CL@S b LNgY. - St epped :
segﬂed enul§?%%ﬂ%oF§ng?ﬁ§§§fo§?8§% g%% r%3f¥%%§ymers with
si mgHacpiin-svoludd 1ihgt | bw ndher asphenes wade gylodigednakture.
t he, boil.in oi,nt. of hexane because all the hexane is
vaEBFi£&§4ﬁ¢lfQﬁ&%ﬁ COBr iCOYSof SUT Y at hf gRxF&BGEion of a
Prgssdr €olaknke gl MedremsPn ThEeVARAiRHAS ML OT i thout
the swelling agent should be considerably |ow at the

t efPEr ediceTBéLopol yie | edfeeh of the relative content of

DVB is further explained in the experiments of Example 6.

evanﬁ@abkamerphas@fsépb@ﬂ&@@h'EﬂgiﬁeiBhehﬁgﬁgﬁéE?egggbplets

Example 3

Analysis of Microstructure of Single Pin-holed Hollow

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 for morphological and
structural characterization. Uniform polymer microspheres
of 3.3 um in diameter have been clearly observed by

Scanning Electron Microscopy (SEM), as shown in Fig. 2.
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24 (lower than boiling point), and the formation of

the pin- hole relies on the continuously flow ng out
of the swelling agent during the polynerization to
remain the shape/m crostructure of polyner

m crospheres under 5 constant vapor pressure.

ConsequekRtfygrring asé phaser, sepafatiodn fOmJ Fikthole (200-
strg&& shel | before t he exhaustlon of hexane is al so
e

req o i A YH spteritdd  sSHdpeaundd miserly 502
CONhi BHOUSHPFESSURE qggﬁ%%lsmghehﬁgat§8§ntis1Q:e?? US8  the

of high content of DVB'in nonohers canh acceél era
phaskcregrirentdvnshaglde lrtarve nonemegile drioflctes bddaing only

th e the riz due to the

TR She Rl O A PO I A | PR st aras fan be

r ednkumjrxsazd uliddt ySEm. thlelmaa@@és@thﬁgtVﬁﬁFr%&hH'E‘ély 50%
X

15 The stLgng shells can thus survive the extraction
of BT gBBteEolGERt NitidENard r 2pmTor iRt @kY g A4l mdlkapepheres

wi tmtwe@hwfﬁﬂéﬁ%rgﬁ e 1L f o %aégg tgl ?‘!L' V€s. rThis

content of DVB is fur expl ai ned
expadadmtsaof Exaibpl d<6. corfi Bxaxpbe Ihanal ysbspefation of

M trycture o SlngIePln ol ed Hol | ow

M gg%&lrﬁér €& %y SShni ht e e&?lreon %”cﬂjﬁsco%%/n‘l'%ded hollow
anatgczre@hermsce@suﬁ@@ubeedO&nt Reagpnal €. pin- holed

hol | ow mi crospheres, a drop of aqueous di spersion 25

of the hollow m crospheres was di spersed on an
alum num foil and dried at roomtenperature for

nmor phol ogi cal and structural characterization.

Uni f orm pol ymer mi crospher g§am9fle343 pmin di aneter
have been clearly observed by ~Scanning El ectron

Mcroscogy (SEM, as shown in Fig. 2. 25
aracterization of the Single Pin-holed Hollow

Microspheres

The characterization of the internal structure of
the single pin-holed hollow microspheres is disciosed
below.

To prepare the cross-section samples of the hollow
microspheres of purified single pin~-holed  hollow
microspheres was dispersed or embedded into epoxXy resin
(Epoxy Embedding Medium Kit Fluka 45359). The obtained
epoxy mixture was then cured and further cut into thin
films using a sharp scalpel for SEM characterization. As
shown in the cross-section image of single pin-holed
hollow microspheres in Fig. 3, all the microspheres at
the interface were cut without observable distortion in
shape. The images in Fig. 3 clearly show that all of the

cut particles are hollow and the average thickness of
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Referring to Fig. 2, there is a single pinhole (200-
300 nmin dianeter) on the surface of nearly 50%

m crospheres. A logical speculation is that all the

m cr ospheres shoul d have a single pinhol e because only
5 the surface of nearly half of the m crospheres can

be siobservedsungdet1 pEMiaThes sHEHCSt ft AL particuiar, Fig.
approxi mately 50% pin holes were hidden in
apptxphavel Fheootimec rdspier esf dinel méreosphedésphagetiighly

by dhg,sEM i i | Q.. 2...This_.specul ation j.s to :
be S%ﬁ%lrne y théﬂﬁﬁ%%gboﬁgFﬁbntb 16#Fﬁd‘re§%§ﬁﬁay high
dyest fengih hend siawglpe mpigadialied Roldpawt isGr ospher es

as disclosed in Exanple 5. Exanple 4 Characterization

of the FagieaRidrdialRd die liowerkd IMsenosphetes s Fegnented
characterization of the internal structure of the
Si ﬂtﬂ B nheFeaPRBFEdw HbEr oBbhE?BRh¢ B wekresaurepared by

bel e £RaY e Ss- i on | es_of th .
hoILOM/Iggﬁaicrégﬁﬁgrégﬁ%f ?ﬁﬁ%¢¢edh§?%g e %?ﬁgégﬁg%res 1
holligi i chirdrtgsygieer.e Shea SEM Spesed noFignbaddedairitodisplays
ep resi ( Epox nbeddi ng di Kit Fluka 45359).

The © tgl.%%g&w egg%‘:ﬁ‘%?ur%ﬁ wa %hﬁ?%ﬁ@&%dmﬁemﬁémres-
cutrurttherrvire, fd | PEniisdg RAithabR $6RAIRRe TP amBEMr of 200
characterization. As 25 shown in the cross-section

i e GBUsi RGCE piSHERol ddomholtheéw Aneidsphefesai nfFagmented
3, maldrdlsh@cfeCrospheres at  the interface were cut

wi t hout oObservable distortion in shape. The inmages in

Fig. 3 clearly show that all of the cut particles are
hol | ow k¢ tave chesragel tdnioknesls afhd 26tehebl i®les on the

slgggﬁhy QEleggtéa -yzlf?om!napaéaéggia%kaFE e shell (the
pinhole does go through the shell of hollow microspheres,
rather than a simple crater at the surface), which
directly connect 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 connects the internal cavity of the microsphere
- with the external environment. This speculation is
supported by the incorporation of fluorescent dyes into
the single pin-holed hollow microspheres as disclosed in

Example 5.
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3B shows that the shells of the m crospheres are

hi ghly conpact which suggest that the shells display
high strength and | ow perneability properties. 5 To
characterize the internal structure of fragnented

hol | ow m crospheres, the m crospheres were prepared by
freeze-fracturing the intadxdagleo® m crospheres in
liquid nitrogen. The SEMinmage in Fig. 4 clearly

o lReotdSratlart 6 Al e et Michogad Hollow
average di aMmtRSsperR) £JHNGEAL RACRH3ESR b TR

inside of a fragnented m crosphere. The as-observed
external_and internal holes on the shell are actually
from a tHUMEINE e Git96)( s q%ﬁ@l@ﬁohelaaésngomaterlal

thﬁQHﬂﬁ H$Ti§$Q$icfgigH%ur ace§r8§£ %fs hg%ahférgggglon or

a sinple crater at t I'Fec
comsErvetgion jundemrn alonaviatli €3 unireBcthee ﬁ_XLt:EE)Babpy.
Wt hout being bound by theory, it is speculated that

t he pi n-hal. n the ner _and outer. shell,k of the 20
f r agnent ﬁ%@?’épheﬂgpare gonn&dted ey PIrimrtedni chollow

di meetropphetrectwe tdiewt Dl edigbesdedt Yirtf 10h81 of saturated
m crosphere w_.th the external environment. This:
spgﬁgﬁgplon F9lusdpport &4 byRﬁh§G|ncoWb@ratd@ﬁP@fSlon was

f1 uaresGeRhsdyessnt tfg& Sbnglgo%gga pa' e&%&; %\Hra&oél was

m crospheres as disclosed in
5 Fﬁ@@Wﬁdramhﬂ1QﬁtéihdﬁSreMOSSEmgBew@mﬁ-hdnséd{witwvwater

RhSALRERG. (- 68 RABUSEa el FOHATAGURREEPT Al 7, 000
IntpmhﬁkamBnm@hOS@H@r§§ tor18Rbbgahoehaf agt 8FLZBLLPDs were
orre—dispersed in water for optical characterization.

The morphology and structure of the single pin-holed
hollow microspheres have been extensively revealed by SEM
observation. To confirm that single pin-holed hollow
microspheres were prepared by the process disclosed
above, the internal structure of the hollow microspheres
was analyzed with the aid of confocal fluorescence

microscopy.

Rd-6G was loaded into single pin-holed hollow
microspheres disclosed by the process below. Rd-6G was
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 particles was pumped out to draw the organic

~dyes into the hollow microspheres. After the ethanol was
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observation under confocal fluorescence m croscopy.

Typically, 10 ng single pin-holed hollow m crospheres

were well dispersed in 10 mMl of saturated ethanol

solution of Rd-6G The dispersion was 10 continuously

shaken for 2 hours and then ethanol was renoved. The

obtcainpee te¢ sOtdpdR-amesd rimseshyiic Vi@l sose¥efddd within
arated by centrifugation at 7,000 rpm

d
fo?%%o%%slegﬁ?é RA-BG Rakfedt %v&lwe%slpheregpmems were
re+dicsparispdd nywal efadfor optd Caf £harag eéé&@:{ erag‘:j_’es of

The nor phol ogy and structure of t e single pln
hoIRIdO\ﬁ'Gml@la@@plh e$7ersq hayv @ ivedw lext ensl 1/@&11 y nrles\t@aslpexdarkeys were

s%*%% rv S nfnlllrcn%tshat Si ng E
h I S cros eres r & prepared b§ ?H% prjorbe §9- 7A. In
di sclddsedn a.bO\tﬁl.e tend rdRfdtdle HirgHIUrErof the hetdever of

m Elr &ipher es 20 was anal yzed with the aid of confocal
f1 GOreSle MEE T IRRISSopy? RISBE \ﬁé@qregare@qemkaﬁ@w@@d in

Pi BzheledaRolhQW JHLI QRN RS Y nlxe \Mt$§$ﬁ% washing of

process bel ow. Rd-6G was f| rst
SI RgF&Gpi nnholse)durh;glomow (Zfraﬁmrcsqdfwesvaim elé.'miwlfér)r high

i ned . di spersion then
g%ﬁ&%aStE e alarr Flﬁ%%égq hg E)%‘\r EPEgh g‘eﬁﬁnﬁi’ also
OUbet Osdeaw ¢heaprgandc thees dritlse-khkethehl OWnage of some
m crospheres. After the ethanol was 28 conpletély
eVADEF aFBASTEAeWReHahieY d)RVE oRPRIT SR BLR ¥ t I Fentdaion.
particles. The Rd-6G | oaded hollow n crospheres were

then thased- ﬁbtmo$@59rh9ﬂ§%w gpﬁﬁ' %r%%cﬁk&% H with

of Rd-6G | oaded single pin-h Iow m cr ospheres
mewetgrob@erﬁedtfbyncohﬂloeal mmes)sc‘oq»y sdrowes | mokigpecific

rﬁ§dé85?€1$ﬁtb%nf&9e&?e %Sﬁggcéhgnmlé?égﬁﬁgyés were
clearly observed under confocal microscope without
fluorescence 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 Rd-6G was observed clearly inside the
particles, and pinholes on the shell of the microspheres

were seen as well.

To measure the amount of Rd-6G 1loaded into the
microspheres, a very intense optical spectrum of a single
Rd-6G loaded particle was recorded using an excitation

~wavelength at 488 nm. The emission of Rd-6G reached
maximum intensity at 551 nm. This evidence 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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hol | ow m crospheres, a clear fluorescence background

in water was al so observed due to the inconplete

washi ng of Rd-6G in solution (green color was used

for high 10 contrast). A clear thorough hol e through

shell can also be seen clearly on the cross-section

| meRye- aof kwrebim csém@éml ﬁgl#ﬁnlaaltch@cy haye aﬁ@r opidateémains
ori entation.. The Rd-6G | oade ol | ow m crospheres were

ri r%‘gota}\lﬁ ?}?l]\ﬁé‘i SHGFECENERSES -t hree times to renove
non-specific 15 adsorption of Rd-6G only fluorescent

m cr ospheres were clearly observed under confocal

m ¢ A3eAPe WAoo ol HaLeREeReE BackALAY Mtgafns';ggn

7B. Frometfleerdmngssageion i bn Himage7df siwegl ethpt nRdekedloaded

m ¢rqspheres in Eig. 7C 20 Qright ol,id Rd-6G was )
obséjfri\s}g clﬁllecarrcﬁpkll%sefsdew?ﬂee Qﬁ)ﬁg??:%?%s,lnﬁﬁd Spﬂelr‘r’rHoéé with a
on stthenghefl uetetbenst cnRstiRSd Werereedn s Wldlls were
To neasure the anount of Rd-6G | oaded into the

ni dFBEpHEtedy gbFeryePnberaesepthesl cepeainuanorngbservable

S1 8ALent2% FULAG | adedoRaLELG! BoVase! QHALISA US) A8 Alr the

excltation wavel ength at m The em ssion o

r erehed cleaxemdnthet ersetryadt ebbiromeihi sThei fleheenal void

roves, .t he__exi.stence_ of | arge, anount of Rd-6G )
Fn§¥detl?%epﬁlgl |18\5vesm %rﬁ%s%llllgr e‘g}.‘ AFFat hEPELAEdh ofPntaln

thatga | esgeertPapiond 29 BY=6Ghas thransiecessb | ¥trong
| oaded into the void domains of the holl ow

mi ELBSpREFERCEHBNABH #i EF 53PHef Heo hRSEARC dwackground.

e e A

sobGtiloadeudlt h feollsiw ongitlkuephecence waskgr disgersedy into

dagglgpféhsw%%%ea low fluorescence background, the shells
of highly fluorescent microspheres cannot be seen clearly
in the weak fluorescence background. This is due to the
low dye concentrations contained within the shells of the
microspheres and the background.

The above observations correspond to the results as
observed by SEM in Fig. 3B and Fig. 4, in that the shell
wall has a compact structure with high strength and low
permeability, rather than a porous structure. As such,
the microspheres are incapable of sﬁbstance loading
through the shell wall. However, it is apparent from Fig.
7 that all the microspheres can be loaded with
fluorescent dyes through the pin-hole rather than the
compact shell wall. Therefore, all the microspheres have

a complete pinhole from the inside to outside of the

shell for controlled loading into hollow microspheres.
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i mredi atel y observed because they contain an

unobservabl e anount of dye when conpared to the

internal void of the 10 particles and the externa
environnment. The internal void of the particles and

the external environnment contain high concentrations

of dye ahdrthermiose showshfieng stkueteseencenuBdering the
strong fluorescence backgroundz Referring now again to

Fi g8 78 % 7CV \ien Athe TRE- M5CBesPaated 3wl | gle external
M C108 DRSS BT £ %é&%s%%%éd“}% é%fﬁé%@dﬁ\gt&%na i@W%e of a

fluorescence background, the shells .
f | Uoeseadge ni Brds phar eshwarninothdre sseamtelcgamiy:roisphere was

th rescence backaround. This.is dye to the
I 0\?\31 Ve cﬁ:)énl en reé?t%eonsraggcﬁgﬁoﬁggﬁﬂstshi%ﬁet I‘?(—?li§ﬁel |'s of
the 20 m crospheres and the background. Thebaboved ]
observations correspond to _the results as observe y
SEMin Fig. 3B and Fig. 4, B5®mPd& €& he shell wall has

-a conpact structure whih bigh; sieengtPaod | ow

perneability, rather than a porous structure. As such,

25 t he Midifeysindr eswald inrapail v of sfibshanegat®aditag seed
th arent from

t hell wall.. However, it is_ap
i G e e hE i of UG Rt B8 PosaLie w bR effect
fl odr eseertoldyes dfhheughahbe opl Aokehe 163t B FRGN bheeveals
conpact_shell wall. Therefore, all the m crosphéres
hat&S30MrRPHPEY e Opi nhot €l ¢ r oArrheledsikiel ko ouiskdepheres

of ke S%EthngoEE%QBtﬁglheﬂlVﬁgqi@geigg??nggéggﬁbution was

m cr ospheres. 30 Furthernore, a“tunnéel

conagcivngandie thientreeamal ddawettyrof wabe aticames phes e jand When
t can be observed by a '

or S4E8AE Mgy s ooy SBRFFRagact Fro vt TovRAAReS with
wheheaBweNlaal FheieSpRepentasng, StAECHRRLEEhYd particle size
freeze-fractured across the ho?es.
and size distribution did not change much compared to the
ones with the swelling ratio of 1 ml/mg, which might be
caused by the faster evaporation of n-hexane.

Referring to Fig. 6A, when a swelling ratio of 3
ml/mg was used, ellipsoidal microspheres with an
irregular single pin-hole were prepared. However, when
the swelling ratio was increased to 4 ml/mg, the
shriveled football-like micro-particles without holes
were obtained as can be seen in Fig. 6B.

Above the value of 4 ml/mg, the swollen seed linear
polymers became much diluted by the increased volume of
hexane, and there was no enough polystyrene to form
interfacial layer on an increased surface area of liquid

hexane droplets. It was difficult to form strong shells

after polymerization due to too rapid polymerization and
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Exanple 6 Characterization tests Different swelling

rati os of n-hexane to seed 10 particles were used in
experiments to exanm ne the effect of the volunme of

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

nor phol ogy of single pin-holed hollow m crospheres

Wi thhaoel | seopratiaon of mheﬂ/ﬁﬁ;uﬂmmxﬁib&dﬁﬁ?pd%?ﬂdﬂ@% have
was_, harrow_and.t he mean di aneter was around 3.3 um
v%é%hﬁ%n%¥n§$3qﬁﬁn- ed®hBI I AT sitdd lpey eduring the
pr eparml i h ot heo3 YRkl Y ﬁf&w}%r@i&dég}a, Jéhf shriveled
obtai ned particle size and size distribution did not
chamgee huERMEbRBAr G&khedistien onsahisthbete reweind ngaused by
ratiy, o Luy, | L. ght _be  caused by the faster
evgiora f%ﬁ%gfgg-%gggﬁg?g%% §$3?¥¥%ge§ge£¥%i 6K¥?wﬁgﬁernal
a swetidomgaret. oIof wéis mbbegrwed used; el lhPseisd) swelling

' ph ith a i.rregul ar single pin-hole were
g}§%§$§h§£f3%£%%¥¥lahéﬂ-Hwﬁéqgmﬂ Mg 9r &OFo Plgslucing hollow
i netieasebHa & Wit .o Nei crshitd g s foot bakl 7| Ehgl%gncould

m cro-particles without holes 25 were obtal ned as
be bSeets§%h Figvewvn . Apove whenvdhee sofeld imy mptidieis lower

S n dal i P (s _bec ch diluted by
tngh%ﬁkrgﬁge 3@?@%@ dgh%ﬂgia s §§§egﬁgwgaﬁ§g ges can be
endwgimegiol ystyrene to form interfacial |ayer on an

i ncreas i quid 30 hexane dropl ets.

surface area, of qui,
It was g%?f?ééFFttaffBPﬁ1§€#6Egvghépn§enafpérDeB to styrene
pokyae MvBatiagN AU 0100 { é%i.p%ﬁ’é.f?rﬁl{@.tfgfa ]{;l\‘;e 3dntent
phase separation. The resulting mcro-particles have
t hPdner D¥Bel | andtweeachexand- vapdk - f iddsed dediuagdt he (from

PR SR B Rar 07 67 - AB N BIAT Heie oUeaRs beares
of resulting poly(DVB-ST-MAA) was achieved accordingly.
As expected, irregular microspheres were formed without
pinholes. As such, the increased content of hydrophilic
MAA may favor the formation of small particles in water

phase.

Example 7

In-vitro Release of Doxorubicin Hydrochloride (DOX)

Rd-6G was loaded into single pin-holed hollow
microspheres. A range of commonly used drugs, which have
a similar molecular weight of Rd-6G (479}, can also be
loaded therein. For example, a widely used anti-cancer
drug, 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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5 the pressure difference between external and

internal environnment. It was observed that a boundary
swelling ratio of between 3 mM/ng and 4 m/ng for

produci ng hollow m crospheres with or w thout holes

on their shells could be used. However, only when the
svvéi}tdntg;hla:txii@iei s(D@iyerMid 0=t ban) t he Itmi/lsynsSidrgie at a pH
pln ol ed cros eres can be forned. The effect of

t he® érfeﬁ‘? Mt of DVB to styrene and MVA was

al so |nvest| gat ed. Wien the relative content of DVB

to styrene and MVA was reduced (from 15

DVBILSH MO&SANT 1 to 4:2:2), a |lower cross-linking

degre of S chi_eved
accorghr?gl%/aaeéﬂ{é eg%&?é%l(g %eggw)smm%?eé%p eﬁegt Queret of
f oRTEdhCAi t hdl:urstmynhol as. Mgsucb;_ntghle i npi@ageled hollow

cont.ent I%{h] il favor the fornati on of
Sl EpAPOECEgs TTE Dl bPPE R0 Phade. o ERAABIFE Pl apiien of
Relpeas ei0f e PRXAKUDI @ion divdr oghlori den(BEO) Ry GG W8Sy for

| oaded into single pin-holed hollow 25 m croSpheres.
A Pahgerst comoREpanséd v@mg@vam@thed]aaéoalm rﬂldaarlng DOX

ga%' @&Evgfe' qJ?Jthq{ Rd:-6G (479), cap, al S0y Cer artﬁ,

rein or exa e, avvldeyuse an|
doxompbecihy mp@&laeet:led the exayanie idge F%Bmﬁfled Wlthln

behavi or gl e pin-hol ed hol | ow m crospheres. 30
Do BFUBATT GIS s (AHSF SLBT cAPFALRAY FOLAfBf were rinsed by

dogarueki chn £32 hMgﬁ@§h|Qﬂk9eD6§C%oaM@ﬁ‘ ﬁgg% ghéi%ﬁs were

unstable at a pH of nore than 5. Drug L
| og6iLhgcperEcedvir ecmtmag@tmtentaamﬂal fuothkat dispersed in

buffer for in-vitro controlled release The concentration
of DOX that 1is released from the microspheres was
determined by a fluorescence spectrophotometer though
high performance liquid chromatography (HPLC), capillary
electrophoresis, UV-Vis spectrophotometer was used for

this purpose.

Drug Release

The MES buffer (pH 6.1} is used to determine the
release behaviour of DOX because the buffer maintains the
pH of less than 6.5 to prevent decomposition of DOX.
Referring to Fig. 8, in one experiment, 1 mg hollow
microspheres 1loaded with DOX were 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 intervals, the micro-particles were

separated by centrifugation in the cuvette at 2000 rpm
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Rd-6G Firstly, 10 ng single pin-holed hollow

m cr ospheres were di spersed in a saturated solution of

DOX in ethanol (10 m). After continuously shaking for

2 hours, the ethanol was evaporated slowly | eaving DOX

10 particles wthin the void. After the ethanol was
confbetE) yriavapordted, irheienganisc dye 30 dohicetzration of
th{]_Ln the particles. After the obtained solids were

ri nssd BYPCRAfERMh &y thrreSud DO)es oddied determined by
M GOSPNICEESE IR Lo G4 LOLEA Y ERREBIENERL | OFhANdccication

further dispersed in 15 buffe in-vitro contro

relv@a@%%oﬁ’@ént faxiedn abf O8X thmt ithe elieasedities at
fr %'Hltéﬁotﬂ Cr\apasxpghteerne hwasof degﬁ hmorglgg Q%F%h recorded under

fl uorescence spectr ot ornet er
perifdemiEned megusiud cemabeaghiaphy . (HPLC), capillary
el ectrophoresis, UV-Vis spectrophotoneter was used for

20 this pose. Drug Rel ease The MES buffer (pH 6.1)
i s used Rfe?e&&lgﬁm Hé’%t h&© r El8ase 8hehalltE of Spoghown the

becausenihe thwhf e6r My akRs §Pero 2% Mid of pbgss {haRpne wmeg
6.5 to prevent deconposition of DOX. Referring to Fig.
8, Pk f6e avvegertiimentduriingy shofinst réleaspheresesvadeiy. 8B

wi th JDOX e i.n .4 glass_,cuyette .containing 8

n l\/Engl]C er. i%e cfuagceaqrg C\’i\‘%st?ﬁeﬁam?h&ﬁ‘env%r%og?%?n (DOX)
i nidartheat MESobuttéapercatning for stwond0 rdaysseMlprocess from
ceééain time intervals, the mcro-particles were

se

FPat 6476y c&ftFPrGgatitGrsST it héclveii® at8Q008hepen the

33cbAEeh@rAtods SHOWRL Nifi GHE-B. 4 D%OX{ in the MES
concentratjon of the supernatant in the cuvette was
t hehf@eredvinied by thérrdg melidaser esvenees after the second

sp 0 . The excitation wavel ength was
fi gé%éggg4%8g§%nsgt he intensities at

It can be seen from Fig. 8 that it has been found
that DOX cannot be completely released in a single
release process. In the first (Step I: See Fig. 8A)
release process, the DOX concentration in the buffer
reaches nearly equilibrium after 3 days; in the second
(Step II: See Fig. 8B) and third (Step III: See Fig. B8C)
process, the DOX concentration in the buffer reaches

nearly equilibrium within two days

The multi-step controlled release behavior shown in

Fig. 8 1s 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
'degraded 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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5 em ssion wavel ength of 592 nm were recorded under

i dentical neasurenent condition. Referring nowto Fig.

8A, there is shown the concentration of the in vitro

drug (DOX) in the MES buffer over tine during a first

rel ease process; Fig. 8B 10 shows the concentration of

t hexsiane iviadddmaditle (P@¥erilan o, he iIMESyWbUiher +8dri R@iease
a second rel ease process from the first rel ease
pr§¥%§§““ﬁhdl%|6a18€YSﬁ8%§rpﬁéedcéhtéﬂv?a@¢%¢ﬁ@ﬁHQhépeed of

i N M rhdnug { RO i e MNES s b%fg ef fAYEl Ngp3 EOSQtlvely

rel ease process after the second "eade proc
| t idwh.dsa sseefhitont g.cuaret ishehas @Eertkfeoumdcrospheres

th A not be co Ietely rel ea ed in
releéég%brogbsqur§ the st PESPED FESSeéﬁﬁpﬁs SﬂfntrOll@d

relredsaser ocess, the D@flﬁgonC@Erbfna“@tﬂel nptﬁe%ifefcﬁf hollow

20 reaches nearly equilibriumafter 3 days; in the
se8ddF OSPEeEFSIl © See Fig. 8B) and third (Step II1:
See Fig. 8C) process, the DOX concentration in the

buf f er @%@%@%@ten@Mfﬁéfgﬁ“bh?ﬁhﬁaVW§§yrbﬁffépaygngg 7.4)

nmul ti-step controlled rel ease be ior 'shown in
F| yasg 811§Oe>qé10@|emleca8a§:ffaal Jt&)lmaseFlm@dilyn dibereoi shaosimilar

he h
o BT TR 00 B35 Bl Peq HERR Pl Bph i can be

combdeaebdbEO de.&adedrlmebe@ baf feroandgyhesetorest Beqays,
drug uld not be conpletely released to the
t hébFetisaist@ it n TS 3vibseqiqiter énd from tare detected

relieage ngeRanissm.efh n1qggﬁﬁ_g; si.ng
blédegradable ﬁaterla l's, ] %%Igﬁ the}yelease not  released

beﬂampbﬁteéywapmﬁbaxﬁh$@¢¢eﬁc@y mheidegr adiorgvepeedoxX can

t ell o ri.x, materials. Therefore, this
pOS|t?§EEHer e2f ] Eed by egﬁano Due to the lower surface
tension and hydrophobic propertles 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 (DOX)

Drug Loading.

10 mg single pin-holed hollow microspheres 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
microspheres were separated by centrifugation at 2000 rpm

for 10 min. The DOX concentrations of the supernatants
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i ndicates that the conpact shell of the m crospheres 5

having | ow perneability properties allows controlled

rel ease of the drug fromthe pin-holed holl ow

m cr ospheres. Phosphate Buffered Saline (PBS) buffer

(pH = 7.4) was al so chosen as the rel ease nedi um due

t 0 weree sigtidmarined pH uwailte  pH v rés3erce’ fektir@photometer
human bl ood. DOX can he released to a simlar |evel of

10, GG AT  €P 2B IGA N Hariee {oRRRIGY oF { PR (W and 592

subsequerlspbc? iGNS )as @ﬁEeC§€Qnd£fﬁg-cdﬁﬁbfﬁﬂ%WﬁL'curve of
Simlarly, DOX was not released conpletely to the
t hebridig et mkPrumcoHsmaiart iDOX canitlls beebpether to  the

ext t | e tq.the |l ower surface. . .
tenilﬁﬁl&%r%ﬁﬁ%d%%%o Sil?i %rso%gro e \éﬁné’f"‘ﬁaﬁ&ia&&ﬁﬁﬁihéa' The
t 0 dwedt droadetiard’ icdrredsisl ywrigaselthnated theording to the
pi nf@!l | es of the hollow mcrospheres to extract DOX.

20 1898 SAHAFNPS *Rel ease of Doxor ubi cin

Hydrochl oride (DOX) Drug Loading. 10 ng single

pi n-hol ed hol | ow mi crospher gs_aere.mpld dispersed in

2 m water containing 1 ng DOX. The obtained 25

di spersi on was continuously shaken (50 rpm for two

days i n¥fR&eddr ik sit theohPrahpehatgee. (dmogs ofmiedloading) of
holbew splCcrospheres were separated by centrifugation

at 2000 rpm for 10 min. The DOX concentrations of the
supernatants 35 were determ ned by using a

fl uor esehgetbpestipephatantt eontéekcofabdon and

em ssi on wavel engths at 480 nm and 592 nm

PRECLL L) Ih ELBQIRLSEL! BERLLOD UL oL orcins

f| theesqeateonntensities shows a |inear relationship.
The

L = (T-S}/Mx100%
where T is the total charge of DOX;

S 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 substances, only microspheres, DOX and water
were used in the loading system (DOX is soluble in both
water and ethanol). Drug loading experiments were carried
out, and DOX was almost completely loaded into the micro-
particles for each samples. The average drug loading
capacitance and efficiency is ~10.5% and ~98%,
respectively. After drying, the samples were stored in
refrigerator prior to wuse for in vivo release. A

predetermined amount  of drug in microspheres (1 mg DOX
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drug | oading efficiencies are cal cul ated according to
the follow ng equation: E = (T-S)/ Tx100% where T is
the total charge (drugs for |oading) of 10 DOX; and S
is the supernatant content of DOX. The drug | oadi ng
capaci tances are cal cul ated according to the

equatd oh0 hg=m{iErBppNek-O60 Waswiafepalrds ihecbpt@hience for
char e of DOX; S is the supernatant content of DOX and
talHIE of ORAE K EP6L pRrRTRIRRNT | ANgLYHER St o More DOX

m ruarﬂ 26 thea s si bl 1gy bl on i Hiconpat i bi waenéwgao&& hfﬁ water

substances, only m crospheres, DOX and water
useld i rpadieng oz P Byt sen (EOX0 é gol/oBl evasn Ltmich and much

mat h I oadln ment s
R e AR s P e R0 CERE Py By P b tick-
|nto the mcro- particles for each sanpl es. The
aver ag@edred ilcaddivng th@ariaiadnargce:@tcbf Jﬁ:fafﬂddz-l &ﬁmysirﬁgle pin-
%8/ 98%. 25 r spectlvel . After_drying, the
?ﬁ? §§f %é’ﬂeloé"t SH&F IR Pﬁ?fsrl‘?@é‘r é%eorSJd?ﬁ’JoY ¢t Bt edrby the
|nrﬁt&@ reansecaﬁlnged%b?ﬁﬂb?ggtéﬂnunQOQEmgrUgog hollow

m crospheres (1 ny 36 and 10 ng m crospheres) was
pr BR&regrhRresnvdmienes shoi ngquare | Herisié iksadbfig shed 1l and

| oaded
Su@%g?%ggtmgggEX§i?raPQr§dg§¥lc%fn P%A ﬁ% g?ﬁ§SIQQe average

hi gh ug concen 'n " Wa
codéenetati af oinbebnay/ rhvay used BBU1BWCHIL A dPMIres is
thap its solublllty of 10 ng/ L in water.

Theg ét i &8 1329 ¢ e oé’&}'ngr@éﬁ’&&tﬂgﬁé@ of 2f&rﬁ*—ﬁgl Bhpj npaximum

Pgh@gdmﬁbl QUpALGEQSRRErSfoLagnbs $hEPlh@IHTled Wies are
e
completely filled with solid materials.

In Vivo Release Test.

Male Sprague Dawley rats (8 weeks, average weight 250 g)
were stabilized for 1 week with free access to food and
water. Microcontainers loaded with DOX were
subcutaneously administered into the rats at a level of
3.7 mg/Kg (10 mg microspheres containing 1 mg DOX were
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 external
jugular wvein of rats beforehand so as to collect the
blood samples when the rats were conscious. The blood
samples were separated by centrifugation at 2000 g at

4 °C for 10 min and the obtained rlasma samples were then
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ratio of cavity volune/total volunme of holl ow

m cr ospheres when assum ng the densities of shell and

10 loading naterials are identical. In our case, the
average dianmeter of internal cavity and hol | ow

m crospheres is -2.3 pmand 3.3 pm respectively.

Thestetwed naki rifh “Copding capacidlydis . >40%wheardhe the DOX
internal caviti r conpletely filled with solid

S TASTLO | Figr Pl AREPe s TSt | YREFe thRRgLetoL Loved by

Dawl@yid@t s 8 Wxeksgs avehage1velnt3@d0o09hs WeTgc1 aqueous
stabilized for 1 week with free access to food an
watE Uty devnvailnees MbadedbaitedD@uswres Rhs were mixed

su 0 ] N r Lhto the rats at_a | evel
of T FENRY ARSI el 2l IS HEHR R ngtBeRe ot ¢
ver€ fbreghl hodirspensedrikn @n8 wheaf cearmakugaki ae 10,000 g
so%ytioq%for qg&% ratg . At predeterm ned tine

i ntfétvats B shbvih FHPCERtants overen teanpfebEedabptesylass
Ve v tidRdy ay treHely 3% 1ndwelid nﬂo&{%nﬁé&hggr WENeor the
were inplanted in the external jugular vel o? rats
beflsierariaassdoas ©6 coPXectondmntiivioth sampl es whenrescence

the. I r i ous. The bl ood sanples were
se%gfhﬁggﬁﬁﬁ%gg%gggfugation at 2000 g at 4 Cfor 10

mn and the obtai ned plasm sanples were then 37

st or ednatcon@@rCspni ao tim anadntsiselskisd, bedfor el ideudd¥on of

extraction, smg sanpl es, were thawed fol | owed bg .
aviocr

th l.
SdGFRg SORCCBE TABOBL RanaN U6 RRHS MM 6 b0k

sohufirerehy VQIdATEin THe+eBt aidied SUSPERS 8RS MBS €rerabolism
mxed 5 for 30 s to formgels. These gels were first
st 8red &fcption opf24heoudsugn idar khearaiftadn body. In the

5;?%&%?3%2?13?1%3305%?{8 gné:];a%%r%%irgnn'in-r%eiosoucp errenaacthaen Sto Q.4
ug/mL slowly. The DOX concentration further reached to
the highest peak (1.6 ug/mL) 48 . hours after the
injection. Subsequently, the DOC concentration started to
decrease in the following week wuntil the drug was

completely consumed,

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
disclosed 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

pg/mL by dinjecting 1 mg DOX in normal saline
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cuvettes and allowed to warmto roomtenperature for

the determ nation of DOX concentration by a

fluorescence 10 spectrophotonmeter. In conparison to

invitro release, the fluctuation of drug

concentration in an ani mal body exhibits a behavior

di fsfubcanmtntoasliyn (v20r aLr Blleageindders®) t hennmehiabebssm 1ow-

and excretion of the drug in the animal body. In the

15 9FFsPO% HEGr §5BORUEoRigBnPEaf FoR2F Rl bf 8B d? r baleHckime -

to 0.4 pg/nL slowy. The DOX concentration further

reached to the highest peak (1.6 pg/nL) 48 hours

after the injection. Su ueni % d he DOC

concentration started to ecrease 1n the follow ng

week unEmbothmedtag afas th20 dospleted y ndersurettaihers can
Qal for controlled rel ease

has _al s .been_a j_or

sygfgﬁ£@¥plW€§8Vth%%r§§ &gﬁggh@ﬂﬂﬂ qypeRe of drugs by
t hevapeutiedl evel w@sdaand ase POsSHPl 6F ELQRst R the active
results disclosed above, the drug concentration was

kept tBpBA a RaieakoraBPeYtevel 0.2 pg/nm for nore
than 5 gﬁ%édiﬁﬁnt§ug¥arﬁh‘ﬁ Scjif&l: oddd)” e?léﬁgdh(%lolroﬁaking the

m crospheres show markedly sustaine ease pattern.
Fomiarcoapatrasoarst ey DEXodoneeniiratd-aortanife-s that are

reached,to.a hjgher |eyel of 50 /mL by injecting 1 )
U BOR EKOhGr Tl ORI TS VB bRV dheEtiy (S50 ARrrow size
bl @odtrMbacidh) . tharoyy 9@8§cihgmﬁn@9§%n@€McWﬁ%hHﬁfgjumping

but can be released for a long fine. Applications
Endodi MRAPRIBIOEher ¢l srsodechaion-wbmmigrrin gatients.

0= LRSI BB 0 LYE R0 B0 oL TI0Re L, dUHgS ey
ache vesesli taes dboteh pariagntergapedyants 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 undergoes controlled release within the body.
Advantageously, the disclosed method for making
micro-containers may avoid the problems associated with
synthesizing hollow polymer microspheres which can make
in-situ encapsulation of sensitive materials impossible.
It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
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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Enbodi ments of the disclosed nethod for making the 10

m cro-containers may produce mcro-containers that are
relatively strong and which have a relatively narrow

size distribution, thereby reducing incidence of drug
dunmpi ng and i ncongruous rel ease behavior of drugs in
patients. Advantageously, thelgims<! osed

m cro-containers may 15 be used as both drug

encapsul ants and vehicles of drug carriage, in which

the agtivepa s 0 urj 1 {gfﬁ e -

t hrough the g%gyogr(?% %?ggggeqh&?$€r?té§nre é%%ecgwprlSlng
under goes tlomt sotpedfrevepsranindi @ sWelbboy. agent solution
Advant ageo e.di scl osed net hod for Ki 20
nicro-cont%ﬁ%é;%é%a§na5%i%P ¥%F%r%%F£ﬁ§PagEbE?%t§& form an
with synthesézi ngiboldiayeiel,y meic féCf Ospher esv b dting is
can nmake in-situ encapsul ation of sensitive materials

i npossi bl PFRELRNGD painglSFar ERPAE haPNFarfousfBTher conduit

nodi fi cat i Onsen @t aggpg%ﬁog%eof kfeﬁ? P pvent i @n Wil 5croo
be apparent to the 25 person skﬁ ed in the art after
readi ng t e foregpiang dirdsl dshe ennigrhouti departi ng

fromthe spirit and scope of the invention and it is

i ntended that all such nodifications and adaptations

come MW t hiThd hensiope off  tdesappendedqgd 2 1%. 89139 micro-

Claims 1. A method of mmking a m cro-container

conpri si n@ae Slifep of &igFoRtiedg -a swel | i ng agent

solution 5 absorbed in a polyner mcro-particle to

forman inner void therein, wherein said evaporating

is uhder tldkemaniter ebndiaiond be fodmmma Lonchtidrising the

extendingsﬁﬁgouggfthe sh%LI wal | of said nif[o-_ ,
P sélecting an organic iquid as said

swelling agent solution.

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

is a non-polar hydrocarbon liquid.

5. The method of claim 4, wherein the non-polar
hydrocarbon 1liquid is selected from the group
consisting 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
ftemperature less than the boiling point of the

swelling agent solution,
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particle and into the inner void. 10 2. The nethod of
claiml1l, wherein said mcro- particle is a

m crosphere. 3. The nethod of claim1l or claim2,
conprising the 15 step of selecting an organic liquid
as said swelling agent solution. 4. The nethod of

claim3, viesemarhbe ofganileiki g8l dwhe$e@nNAUhdPOkRbporating
hydrocarbon liquid. 20 5. The method of claim 4,
wher ei n t heF¢Rn-45ol BRAeRlAkeR arddonal | tRMREFat wet edesg than

fromthe grou I st.ing of, n-pentane -h e, :
n-heptaneggﬁaﬁzniggiaﬁ%.ﬁ%?(?oﬁ' %@Pﬂ%ﬁpofggﬁg“%néwelllng
of clains dgdrx Ssomher®@in the evaporating step is

undertaken at a tenperature |less than the boiling
point of the swelling agent solution. 30 40 7. The

met hag OffﬁhﬁiﬁbﬁhoﬁhQ{@iBlEFﬁ eWaDQBQE%g%ugﬁ%g e%%porating

. P
undertaken at a tenperature ['ess 't han C
t he boil i rpquoi nt ofinddet sk | iaty aagestpeaodtuideoOnless than

8. The nethod of claim7, wherein the evaporating _
step i s urfdRtitakeh @toh tofpdraitlimg | peinthad tisouswelling

10C of th%dgﬂgigglﬁyg&g_of the swelling agent

sol uti on.

9. The method of any one of claims 1 to 8, wherein
the evaporating 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 solution

absorbed therein.

10. The method of any one of claims 1 to 9,'
comprising the step of hardening the outer shell

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 claim 9, wherein the polymerizing

step comprises the step of providing seed

particles within the swelling agent solution.
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10 9. The nethod of any one of clains 1 to 8, wherein

the evaporating step conprises the step of

pol ymeri zing a nonomeric mxture in droplet form in

the presence of the swelling agent solution to 15 form

the mcro-particle in the formof a pol yner

m crodpher 8hbavimeg hicle swel | chgimgent,soluldd@in  the seed
absor bed ther 10. The nethod of any one of clains

e o SR DIra ard nEEERISER ok i e THer aufigich is

shel | malgubgganﬂhglpytﬁ@g_ﬁglgfaln110 wherei n the
hardening step conprises the step of providing a

cross- 25 linking agent within said nononmeric m xture.

12. Tb@ nE&HQd tﬁg&ulgfg CTQE&G'Q t QKBPHYWEQ%%Inggnomeric

step conpri ses t e step of "providihg see part c
Wi t hin themsmelhtemgsa@emmwbd;mmwf thatderds3. The
nmet hod of claim 12, wherein the seed particles are
conprised of a polymer which is substantially

non- pos ar . Tie IdetHbg BBt BAY %Eecb@'ﬁﬁéuﬂqueﬁg i@e Hhereln

mononmeric mixture is an enul sion of nonomers.
met hod of %m@ om@n@meéiglnmlgtp®e14gnMﬁudaa1 p¢&ymer seed

e, | B fed Mol O8 R RO IR RES Lot PoGl fh SRt 11 er

a cross-li ng agent, a’s I Zer ‘or §an
sol vent. kﬁuiEhEcﬂmgdnthﬁokﬁéﬂﬂn 15, wherein the
pol ymer seed particles are provided in a

nonodi spersion form

16. The method of claim 15, wherein the polymer seed

particles are provided in a monodispersion form.

17. The method of any one of claims ¢ 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 claims 12 to 17, wherein
the volume ratio of swelling agent solution to
the mass of seed particles is lower than about

3ml/mg.
19. The method of any one of claims 1 to 18,

comprising the step of loading said inner wvoid

with a substance.
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15 17. The nethod of any one of clainms 9 to 16,

wherein the polynerizing step conprises the step of
providing a solvent that is inmscible with said

swel I ing agent solution. 20 18. The nethod of any one

of claims 12 to 17, wherein the volunme ratio of

swel | 2Z8g agent medlhetd onf tanyt hacmass «faiseedl par trhekesn the

is |lower thap about 3nil/npg. 25 19. The nmethod of any
one of cIaﬁHES%aP8e1§f5 CONPr TR ngTPRe e pIbPuPosdingg sting

sai d innero¥oidksW Bhed, S4PS§ANCQuaturd Uod e MBLHOL 1 yst s .
of any one of clainms 19, wherein'the substance is
selected fromthe group consisting of inks, dyes,

dr ugs ua a tal ysts. 21.. The et hod. of
cla?ng%g, 3h§?g%gh§ﬁe%#ba fﬁﬁy?fzp‘ég%ﬁ%%?sggelggagﬁﬁg step
sai d i nnercumpdigesh lwaiivgy desdol Magkt Nvaisol ¥€Bh. a drug
22. The nethod ff ﬁlain121, conprising the step of 10
evapor at i ng* T haT ¥ vERL 2 t X BT dr ug particles in

said void. 23. A micro-container conprising a polymer
mcro- particle having an inner void and a conduit 15

ext endé? ng The oigiihee shelLawal [21of ¢mpnising the step of

article t Qo I r i 24.. The picro-container
gf claim?2 ,5%&£§%§£§3%$% Q%%%?%Ep%?tf%F% Fﬁugnp?ﬁglCles in
form of a said osphere.

23. A micro-container comprising a polymer micro-
particle having an inner void and a 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 c¢laim 23 or claim 24,
wherein the diameter of the micro-particle is in

the range of 1lum to 5um.

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. %pm.
27. The micro-container of any one of claims 23 to

26, wherein the average thickness of the shell

wall is less than about Zum.
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20 25. The mcro-contai ner of claim 23 or claim 24,
wherein the dianeter of the mcro-particle is in the
range of Imto 5m 25 26. The m cro-contai ner of any
one of clains 23 to 25, wherein the dianeter of the
inner voidis in the range of 0.1mto 4.9m 27. The
m cro-contai ner of any one of clains 23 to 30 26,

mhere%ﬁ the average thickness of the shell wall is
| ess than SPOUMISFP~£8N281n¢Ke G cRBY c SF€ai Per Copimpy 23 to

one of clapp 2Bek@in2 EhVEFSiflyd h@i§M8£@9e8%in?nﬂF%eEonduit

of the conduit 1is in the range of 50nmto 5

29. The mi %% ol orai rargofofarhirongof5Wmmi.ns 23 to

28, wherein the outer surface of the micro- particle

is chemcally nodified by a functional group. 10 30.

The ni%ro-Tiont aiineb-ebneh8hsr 2D Waey iohet N&F claims 23 to

functi onal group is carboxylate. 31. The _
ni cro- contZi ner"TSHRy &R orudesi nsurdace 95 3phe micro-

wher ei n t Rey i GE0s PREL icGle@ilcp iRl %&&f@f&h e : ]

m cr o-conthEgi ner of any or?e lof clygi m 23 to 58 g\/\hg];}glg%lonal
the shell 9¥dUris selectively perneable. 20 33. A

m cro-container for drug delivery conprising: a

pol ymer m cro-particle having an inner
30. The micro-container of c¢laim 29, wherein the

functional group is carboxylate.

31. The micro-container of any one of claims 23 to

30, wherein the micro-particle is biodegradable.

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

permeable.

33. A micro-container for drug delivery comprising:

a polymer micro-particle having an inner
void and a conduit extending through the shell
wall of the micro-particle to said inner void;
and

a drug loaded within said inner void.

34. The micro-container of any one of claims 23 to 32

for drug delivery.
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void and a conduit extending through the shell wal

of the mcro-particle to said inner void; 25 and a

drug | oaded within said inner void. 34. The

m cro-contai ner of any one of clainms 23 to 32 for

drug delivery. 30 44 35. Use of the mcro-container of

any o@é.of Uskaiofs t1i23 mocBO-fontahévesy ahydrdigs 69 @laims
cro-container made in the nethod of

patient. 323 A n% ,
cl ai m of ahy oNetoF LPHIWRry ¢ Pugyso a patient.

36. A micro-container made in the method of c¢laim of

any one of claims 1 to 22.
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