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..dots.’Background fluorescencetechniquesarewidely usedin biological and b%ﬁ?‘@%‘ﬁ&%%%%@%?g%’

thus there is.an 10 increasing demand for the development of more ad
Organic Mluorophores have been used for fluorescent tagging of cells and biomOlecules.
Unfortunately, their use is restretedhiycthelr namroweexcitatemspeetisa, broad emission spectra.and
weak 15 ohotostability. Inorganic semiconductor quantum dots (4D5) have been proposed as
pronjisir)g alternatives for quorescenqe‘ingelingaig rygletg%;plor biological imag.i.ng i and detection
applications. QDs possess a composition ggﬁen ent,shape-dependentandsize-dependent 20
liminescence ith aBsorptidn BFRFEmissio HanoE that €64 it the BEkdF&Td gapenergy of the
materialsandsthesfiral:diasteterofthe @biclusters. Highly' luminescent ,QDshaverelatively, long
fluorescence lifetimes and are useful in tagging
Bachground
‘Tluorescence techniques are widely used in
biclogical and biomedicel research and thus there is an
10  dincreasing demand for the developmént of mors advancled
fluorescent probes. Qrganic fluorcphores have been used
for fluorescent tagging of cells and biomclecules.
Unfortunately, their use is restricted by their narrow
excitation spectra, broad emission sapectra and weak
15 photos'tability__ Inorganic semiconductor guantum dots
{QDs§ have been proposed as promising alternatives for
fluorescence labeling 4in multicoler Eiologicai imaging
" and detection applications. QDs possess a comp_os'ition'—
dependent, shape~dependent and ' s_ize-—depen&ent
20 luminescence with absorptionr and emission bands that
scale with the bulk band gap energy of the material and
the finzl diameter of the QD clusters.
Highly  luminescent  @Ds  have Vrelatively_ long
fluorescence lifetimes and - are usaeful 1In tagging
25 piomolecules for Ultrasensitive biclogical detection and
medical diagnostic applications. Comparsd to conventional
organic fluorophores, QDs have strong, Narrow, and
s'}lrmmetric fluorescence emission and are rhotochemically
stable with a guantum yield (the ratio of emitted to
30 absorbed  photons) . as high - as 90%. Theirx low
photodegradation rates make continuous or long-term real-
time monitoring of slow biclogical processes or tracking
of intracellular procasses that are nNot peossible with

conventional organic fluorcophores. Therefore, QDs have
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25 biomolecules for Ultrasensitive biological detection and medical diagnostic applications. Compared
to conventional organic. fluorophorea, QDs have strong, narrow, and symmetric fluorescence emission
and are photochemically stable with a quantum yield (the ratio of emitted to 30 absorbed photons) as
high. as 90%¥PHéiBiBePhotodegradation rates make continuous or long-tervsamadtim@anonitoring of
slow biological, processes or tracking of intracellular processes that are not possible with conventional

organic fluorgphqiies; Therefore; QRIs haye J-Amengded-shestdREAIAI patentiaktareplace organic

fluorophores as fluorescence probes for cell labeling studies. Since QDs are inorganic solids, they can
be expected ¥5 BBSRofe’fobtit thaffyari@ fidorsbhdtes g fowdrds photobieddiidfand in 5
addition, they satidso beheliserved with highpgesakitionthy etectraromicrassiopy:  tihts, luminescent

QDs are desirable fluorgphores for biological imaging, as th irfléu rescence emission wavelength can
be contintovby GEd T AL eat 10 At adiol ot Teb g eI e VEate S mig s Hear nfired
spectrurh, therébitsanninda bread wavelength pgerof400wi350 mgh rgbd et varying particle

size will exhibit differept wavelength absgrbance. Accordingly, by using a number of 15 QDs having
different particle sizes, a single yvavelen%th can be used for simultaneous excitation to detect different

optical activities. T MthougHHSRIGMENPEFQBSToPBildHEaiIabetFEPERT BF nEW possibilities

for multicolon-detestionand 20iagnestics,4a@Ds themselvesiarenal yates soldhlesBothiocompatible
and chemicaII%/1 stalble, a d do not rglve functionalc%mrﬂgs fotr covglen% conjugt tion with biomolecules.
Given these %rgﬁerﬁgg, the u(%ﬁi]fly 0 SDSCT%?E%OI}ggicg pplic%ﬁce)n is cﬁr%lntly ir%ite&.eﬁfbh 25 quality
QDs (i fermelof wrystallimity and sizesdistributior) ave sybthesized! in ronpolahsolveris with

hy_drophobic gg@_yggééuc 2s.{riqgty! plg%glgjg? OQQQAIQ%O)HH%@& h%@gtﬂgg&%oatings are not
suitable for use in vivo. 30Efforts have been made to surfacé modify single QDs
range of 400-1350 nm.
Obs of warying particle size will exhibit different
wavelength absorbance. Accordingly, by using a number of
15 ©Ds having different particle sizes, a single wavelength
can be used for simultaneous exclitation to detect
different optical activities.
Although development of QDs for biological labeling
opens up new possibilities for multicolor detection and
20 diagnostics, 0ODs themselves are not water soluble, not
biocompatible and chemically stable, and do not have
functional groups for covalent conjugation with
biomolecules. Given these pfoperties, the utility of QDs
for biological application is currently limited. High
25 guality Qbs (in terms of <crystallinity and sgize
distribution) are synthesized in nonpolar solvents with
hydrophobic coatings such as trioctyl phosphine oxide
{TOPC) . However hydrophoblic coatings are not suitable
for use in vivo.

30 Efforts have been made to surface modify single (QDs
to sclve the above problems and to allow the successful
use of (ODs as biocompatible fluorescent probes or bio-
markers. However, surface modification of QDs is very

dependent on the surface chemistry of QDs. The surface of



to solve the above problems and to allow the successful use of QDs as biocompatible fluorescent
probes or biomarkers. However, surface modification of QDs is very dependent on the surface
chemistry of QDs. The surface of the QDs may be tailored to interact with the biological samples
either through €légastatic and hydrogen-bonding interactions or through hgand-segaptasinteraction,
such as for example, avidin-biotin interaction. There have been some studies undertaken on the

surface modifigatioaf QS, sueh as.Gonjugation of mercaptoagetis agid (MAA)aNd, cogfing of silica
on ZnScapped or -uncappéd QDs, which have proved promising. However, a disa var‘?tage of QDs

capped with §FARIERISCRES, SHEREE MARe 4§ Herthey are Basilyvdamadedisynhlidrolysis or

oxidation of the €apping igand, Siliga-eRatingiGan he-Useddocoat QRS ok engapsulate LDs to form
silica nanospheres. However, a disadvantage of silica coating requires the surface of QDs to be

modified 15 fit&t with S5EEESHand SUR @S B8rbioibgicafdpiations, singleQDsare
currentlysurfacemotiifieteby substitutingtie ses hydrophiobic egatingrmeoleciies withhvarigus hydrophilic
capping age%tglpgg)éfuncgg fI'Lnkers.The Use ogﬁ(]) capgjln agednts allows QDs,to soluhilize in an

al
. [ cacio () ) . .
aqueous medium and prow%le functional groups w Téh canbe corsf]uggf}emdjf‘l Biomoleculés for particular

applications. MowevEL ki is a caomiglicatédirocess armbalsogequires the use of n@mbiocompatible
organic ligandgghhgretore, 2adhe iflexibiibsof the, capping ggent limits the use ofthe resultant QD as

flurophore probes. The multi-valency of currently available QD bioconjugates further precludes their
use for labeliRG"BHIY & sindle nfOIEAHE Fige BellXThe $R& thataRER Configurhtiondeanhot 30
accommodatecdregidadingds @hmajer impediment e Makedhemrauliizfunctional hangstuctured

devices in biomedical spplications. PCTG2Q08/999997 B:Lecelved KARA2009: 15 ca
coating can be used to coat QDs or encapsulate QDs to
form silica nancspheres. However, a disadvantage of
silica coating requires the surface of QDs to be modified
15 first with special silane surfactants.

For bioclogical applications, single QDs are
currently surface modified by substituting these
hydrophobic coating melecules with wvarious hydrophilic
capping agents of bifunctional linkers. The use of

20  capping agents allows QDs to solubilize in an agqueous
medium and provide functional groups which can be
conjugated to biomclecules for particular applications.
However, this is a complicated process and also reguixres
the use of non-biocompatible organic ligands. Therefore,

25 the inflexibility of the capping agent limits the use of
the resultant QD as flurophore probes. The multi-valency
of currently available QD bioconjugates further precludes
thelr use for labeling only a single molecule in live
cells. The fact that their configurations cannot

30 accommedate drug loading is a major impediment to make
them multi-functional nanostructured devices in

biomedical applications.



71a.en is therefore a need for a simpler and more feasible method: to synthesis water- soluble and
biocompatible OS. cording'. to a ic POiYmer aritutti dots loaded therein, the '
- article havmg a hydrophable inner care in a solid phase -: leaded with the. q ntum s an
:outer skin ..that ao encapsulates the plurality of quantum:dé6ts tin:;theltHinner e err%l'n the

" Outer 'Skin ‘coniprises the RyHFGHfic poRA e?BBrﬁoﬁ%ﬂEﬁ@’énﬁﬁﬁip‘Bﬁr@%(ﬂ?ﬁmﬁﬂmtlcle -In‘one
' embodlmen@ﬁ@aﬁtmﬂpﬁmmpemer watsubstanﬁﬂlw encapsidetepie guantya dots, each

‘quantum 15 dotbeing- typically H hydrophobicin . nature Advantageously, by encapsulatlng the
quantum. dots, the amphiphilic polymer may aid i in. aIIowmg the quantum dots to exist in an aqueous
: "medlum while retaining its optical properties. u[r"ifﬁieE More, ' -by. choosmg an amphlphlllc polymer that
._biocompatfibte, the restfartEtapsultite8igedntermpeots melysse introdpeestintesa lidng-systeM . *
~ Without any su@sxantm:lamm{: @mmﬁeun@:la@eabeﬁeqtgﬁkﬁ@lmn% Sﬁtﬁgﬁi’b@b q&om Pat|b|I|ty of
-.‘amph]phIIIC- Q@Mﬂ%&na}ﬁw@@ ]@oaded there:.,n, the . amphs.phml.m polymer.. . . . .
' partlmla having a hydrc}phmbia :f.maer c:'c:re in a sr:»lmd pha.se"
_ " loaded with the guantum déts and  an “outer ‘skin  that .
_.1tt‘ encapsulates the plurality c::f thantum éi{:at:s ;n. R A é.ma:z:"
P core, where;n "the auter s}c:m comprs.see the hydrephxlac:i

-pc::lyme:xr pert;on of the amph:a,phllw polymer particle.

In . one . embodiment,  the Cemphiphilic  polymer - -
1subst:antlally° encapaulates the Quantim d@tsf each quant;um
15  dot be:f.ng t;‘yp:z.cally ’ hydrophablc :i.n . nature.

" Advantageously, by enc:apsulatx_ng ‘the guantum dots, the
amphlphn.llc polymer may aid in allam.ng the guantum dots
to e:x::tst_ in ‘an agueous medium while retaa.m.ng its optical
‘propert:ies  Furthermore, - by c:hc:osz_ng arn - amphiphilic

.. -?'o. paiymer that .w h:x,ocompatzn_ble, _the resultant encapsulatedl'

.,.,.quantum dot;s may be 1nt1~c>duced cdnte a l:r_va_ng system
.w1thout: an'y su.bstmt:.al toxic or immunclcagical effect:s on'
‘the llving S'ystem L The bmocompat:.bmlat;y of - the oy
_ amphiphilic.  polymer may - 'aici_ in: the . uptake  oFf ‘the
.25 . encepsulated  goantum | dots into an-"(‘:el'l" of " the " Yi%ing
‘Bygtem. - ’ L o
CIn orne embod&ment, the disclosed particle is-in"the '
nanc}meter :range . _ T ' | o
. In one emodlment t:he::a 1,5 provn.ded & fluoreacant
30  probe ccmgr;x,m,mg ac . quantum dot en«zapsulated by a.n
amphiphn.l:.c: polymer , wherein th,e qmantum dot- is c:apable ‘
of exhibiting fluorescence .
' Accordmg to a secanc‘i ass"pect: there 13 pxovztded the. Lo

‘_'use of &Il amphn.ph::_ln.c polymer paxtzczle camprlemmg
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encapsulated -quantum dots into system. In one embodiment, nanometer range. In one embodiment,
‘theis provided a fluoresdant 30 probe .Comprising.quantlim 'dot encapsulated b}%ﬁ,g?%%§§ |
ForAL

.polymer, wherein theantum dot- is capable of exhibiting fluorescence. Accordir&
there is provided the amphiphilic .polymerparticle-Jtomprisinga. plurality of quan%sriﬁj ed

" therein as a fludbaseéAtProtie, reniabHiphitic Toideer Pastickrhaving & hydreshaebic inner core in a
solid phase logdedwith the<guasiynigasiand apsistesskingbat epcapsulates the 5plurality of
,quantum dots; I . GO, erein the outer. . skin comprises.the_hydrophjlic polymer portion Of
the amphiPhili%%%??r%%%%%%tic%#g gﬁ%%a%%g%oﬁgly%iig m)'/3 ;ﬂé’\% ﬁé |s£)f:£1%se(}1 articles to be
used as delivef%EctBrs P ofiaritiiin G6ts 2B Hitbe dffédtiveRrrkeagey ce(as observed by
clear -fluokescehvedhsging)Eweanhore ddvantagecus|yassa reswlk of efficieatcalkuptake, the
disclosed partiglegsmayialso @&@é@ﬁ%@ %g@elﬁy&g%gﬁy&ie 5%9}‘3%!5%8@%? behaviors of the
polymeric partitcglees,ajﬁ{$ ﬁlabiﬁh £an bglused to screen the existing, pplymer candidates for '
non-fluorescent exper%vg rug déﬁ.vé’ﬁi’/‘?‘&nﬁ hntrotigd release. Even more-advantageously, the
disclosed particleEL &7 HerGée8 ThXariotisbo-inteting tebhpiquetts studfystheirsddistribution and
20. intracellulappatiwsys ta trapk thesneebadisni-ane effisacy:ef drugAlivan deyvicg in cellular level'|
and alsoig evakate.die polvmertuseeilp develap gffigiont drug delivery devices, 1, - |

clear fluorescence imaging). Bven more advantageously, as

a result of efficient cell wuptake, the disclosed
particles wmay also serve as a model system for the study
of cell-uptake behaviors of the polymeric ‘paxticle&,
15  which can bée used te screen the existing polymer
candidates for non-fluorescent ,expénsive drig deliﬁef‘y
and comtrolled release. Even more advantagecusly, the
disclosed particles may be used in wvarious bio-imaging
tedhﬁiques to  study ‘their- biédisti‘:ibution' .an;i.
20 intracellular pathway, to &rack che mechanism = and
efficacy of drug delivery device in cellular level and
algo te evaluate the polymers used to develop Veffic'ient:
-dru_,g delivery devices. . | . . '
According to a third asﬁ;ect, there ig prmrideci use
25 of_'an amphiphilic polymer particle comprising a plurality
pf guantum dots and a therapeutic agent loaded therein
for controlled release of the therapeutic agent in &
‘patient, wherein esach of the gquantym doﬁ '.i‘s capable of
being thjr.cally4 détecteéi. during the releasge, the
30  amphiphilic polymér particle ;having‘ a hydz:;ophobic inneaer
core in a solid phaéa loaded with 't:he— quantmﬁ dots and aun
‘outer skin that enca@ézﬁlate‘s the piurality oE ‘_‘c;p.,xa.ntum

dots in the inner core, wherein the outer skin compr‘:iseé




—Aecerding-te-a-third-aspect, there is provided use 25 of an amphiphilic polymer particle comprithing a

plurality of quantum dots and a therapeutic.agent loaded therein for controlled r
therapeutic agent in a patient, wherein each of the quantum dot is capable of
during the release, the 30 amphlphI|IC polymer particle having a hydrophobic i |nner core in

%%ag%& 'ip 1900097

SOI

phase loaded Wit tHeYGE2RR Hots B ERTUBPERHRat BRcapdflatesWiaiplutalitg of quantum dots
in the inner copelwhereipstiteiedter skin comprises 5 PCVSG2008/000097

Received 8 April 20Qiba:drophiic pgﬁgn%ggg@n gggﬁemph&hlgg@o%gmtlcle

10

S 1B

70

25

dot may aid a medlc:a.l prac:t;.,t,l@ne:t‘ in datem;nlng the

efficacy am’i metabolic pathway of the. therapeutlﬁ agent

as it ds aﬁm;,nlstereci te 8 mammsl and abaca‘rb&d by mammal

;&ccoxd;ng to a fourth aspect, t:hex’e is provided a

method © of preyarz,ng ar amphiphilic polymer particle

-éﬁqmprisxng a plurality of quantum -dots loaded therein,

the method comprising the step of introduaing an aqueous

| solvent to  the guantum dots  in  mixture with an

amphiphilic. polywmer dissolved in an orgax;ic golvent o
theraby pracipitaté the ﬁolym@r in the agueouns solvent
and allow the . nydrophilic pglyﬁxef portion of - the
awphiphilic polymer to emcapsulate the qua;ltﬁm ‘dots o

 thereby load @ the guantum dots _.W.:Ltl‘sﬁ.n' the solid

hydrophobic imner core of the amphiphilic polymer
@a&ticle. _" _

Also disclosed is t:hé use of a pa.rticlé comprising a
quantum dot and a therapeutic apent encapsulated by an
amphiphilic polymer in ths manufactura-.mf a me:di‘cament
for treating ',a _patient, wherein said guantum dot -is
vapable of . being dpﬁically detected in said patient
during said release of sald the:x:ape:ﬁtic agent.

Ba
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Advantageously, the optical property of the quantum dot may aid a medical practitioner in determining
the 5 efficacy and metabolic pathway of the. therapeutic agent as it is administered to a mammal and
absorbed by mammal. According to a foulLlh aspect, there is provided a method . of preparing an

amphiphilic pelymes/pasticle comprising a plurality of quantum -dote loadegthgreifnsdfdhe method
comprising the step of introducing an aqueous ,solvent to the quantum dots in mixture' with an

amphiphilic pglymer: djcssolvted in an organic solvent to thergb recir%igate the polymer in the aqueous
solvent and allow thBhydrophili€pelymer portidn &f 15 ﬁwgﬁﬁiprﬁ H8ymMetts ent&Fsulate the
quantum dot¢ ke itherebyiload dhe guamiuinsdets within thesokd hydraphobic inner core of the
amphiphilic polymer Particle. Also disclosed is the use of a particle comprising a szo quantum dot :and
a therapeutic agent encapsulated by an amphiphilic polymer in the manufacture of a medicament for
treating a..patient, wherein said quantum dét&§ Eap&blenst being optically detected in said patient

during said release of saiektheranenticagent. .35 The-patientmayhe-suffering from.gancer and the
therapeutic agent may be an anti-cancer drug. Definitions 5The following words and terms used herein

shall have th& HieBRAG iRdicAlEd: <2t §% term "quantum dot" is to be interpreted broadly to include
any semiconductiverbemetatfic ranepartieletbat'is capableraf emittinga dgbtisigraladhe particle 10

size of the natrbopQgi(gﬁlié typically about 1 nm tQ about 1000 nm, more typically less than about 2 nm
to about 10 nm. The s ap% o%m{e q%%rﬂ%gr%néi&?%jhg?lirﬁfed %%t r%§%e%%{hoeal gﬁ:ffﬁec%fa a sphere, a
rod, a wire, atpraniid, &enbbler etherpmebhiatic or hoatgeomerrtlshapBse Therticle

10 size of the nanoparticle is typically about 1 nm to about
1000 nm, more typically less than about 2 nm to about 10
nm. The shape of the guantum dot is not limited and may
be in the shape of a sphere, a rod, a wire, a pyramid, a
cube, or other geometric or non-geometric shapes. The

15 colour of the light emitted by the quantum dot depends on
a number of factors that include the size and shape of
the quantum dot. For example, a guantum dot with a
larger particle size emits light with a lower energy as
compared to a gquantum det made of the same material but

20 with a smaller particle size.

The term “amphiphilic polymer” is to be interpreted
breadly to include any polymer that has a hydrophobic
part and a hydrophilic part. The amphiphilic polymer may
have hydrophilic side chains grafted on or attached to a

25 hydrophobic polymer backbone or the amphiphilic polymer
may have hydrophobic side chains grafted on to a
hydrophilic polymer backbone. The amphiphilic polymer
may be a copolymer of two or more types of monomers, each
monomer having a different degree of hydrophobicity or

30  hydrophilicity. In embodiments where the amphiphilic
polymer is a copolymer, at least one of the monomers is a
hydrophobic monomer and at least one of the other

monomers 1s a hydrophilic monomer.



15 colour of the light emitted by the quantum dot depends on a number of factors that include the size
and shape of the quantum dot. For example, a quantum dot with a larger particle size emits light with a
lower energy as compared to a quantum dot made of the same material but 20 with a smaller particle
size. TheWdragt#HmpRiphilic polymer" is to be interpreted broadly to inchadesamyopodymer that has a
hydrophobic part and a hydrophilic part. The amphiphilic polymer may have hydrophilic side chains

grafted on or attachethto & @bnhydrgphehie folymer;hackbong or the amphiphilic,polymer may have
hydrophobic sil:%e chgk%srgr%fted on to a hydrophilic polymer backbone. The amp |pcf1lllc [Xolymer may
be a copolymer of fwo of more ti;\"pesS BF ers, moRonfer RaWAgr differenpdegree of

hydrophobiciti]f@ﬂ!B@Dﬁydm@pmlicw.ﬂmmbmﬂmpm&wm{@ﬁ@@ﬁmphipglili%@gmﬁr ig@.copolymer, at

least one of the, monomersis a hydrophobic monpmer and at least one of the other monomers is a
hydrophilic monomer. W01200842f0771$é$f§8n£86§b%60§f ST 3% W8rnt Uy RGIFSHIE” is to be
interpretet! bréadRFtdtrefer 3§ @substanceasech as a nfohomer:aripast thereaftor a plymer or part

thereof or a quagtumBslotathat exhibit @ Igw intermolecular attraction for agueous 5 solvents such as
water. Alternativelﬁ\{i the term "hydrophilic” is to b%l%terpreteé5 %P&‘a‘%}ly totPeferret%ear s&ﬁst&nce, such as
a monomer of PAt HBFSGf, of APblyfier G pAIPHIEIRBS, that eRAibits & highantarmalecular attraction

for aqueous seemtssucheas 10peater.  theamphiphilig polyragis;dis¢losed_herejn may be

biocompatible and iodegradeable and/or bioresorbable. The term "biocompatible" is to be
interpreted 15"broa]ilgla§¥§ %%%%%e ga%g@%”lcegrjtﬂﬁt is§ RompAIBTE With fihgFREEe SH&RviRg organism by

not beiﬂtj)toxmaéreiﬁ}urious and by not causing immunological reaction to that tissue or living organism.

The term "biodegraq%@blegﬁjj;ﬁgg j@tg&pr%ggﬁpegrsoadéyl fo, iegeg %o alpeol mer that breaks down into
oligomeric and/or monomeric units over a period of time, typlcalfy oursto r:h%ntﬁig,ywhl@ﬁ implanted or

injected into tREBSEPBEAEmmat"the tefY biorbsorbableditemrbelintefretedand /or

bioresorbable.
The term ‘“biccompatible” is to be interpreted
15 broadly to denote a polymer that is compatible with
living tissue or a living organism by not being toxic or
injurious and by not causing immunological reaction to
that tissue or living organism.
The term “biodegradeable” is to be interpreted
20  breadly to refer to a polymer <that breaks down into
oligomeric and/or monomeric units over a period of time,
typically hours to months, when implanted or injected
into the body of a mammal.
The term “bioresorbable” is to be interpreted
25  Dbroadly to refer to a polymer whose degradative products
are metabolized in vivo or excreted from thé body via
natural pathways.
The word “substantially” does not exclude
“completely” e.ﬁ. a composition which is “substantially
30 free” from Y may be completely free from Y. Where
necessary, the word “substantially” may be omitted from
the definition of the invention.
Unless specified otherwise, the terms "comprising™

" . . .
and comprise®, and grammatical variants thereof, are



25 broadly to refer to a polymer whose degradative products are metabolized in vivo or excreted from
the body via natural pathways Theword"substantially"doesnotexclude "completely” e.g. a composition
which is "substantially 30 free" from Y may be completely free from Y. Where necessary, the word
"substantially¥fh &t oitvitted from the definition of the invention. Unlegs spesifigdeatherwise, the
terms "comprising” and "comprise”, and grammatical variants thereof, are intended to represent

“open” or "inclysivgjlanguage that they include recited elements but also permit inclusion of
additional, unrecited elementls?sglg uSsed here n?%he ferm "léb%%%s,llﬁr %ebygﬁ}t%%%F 5 Sc“(lj{r::](f:]entrations of
components &fHe foffit¥atioh’s iicallyrneats /- 59eofthe Statedivalwee, snorestypicatly +/- 4% of

the stated value: erestypisally a1 8%akthe stated-valug, margdypically, +/- 2% of the stated value,
even more typically +/- 1% of the stated 10 value, and even more typically +/- 0.5% of the stated value.

Throughout this disEBsthiE Ceh&iteMbodintents Fiay BE Aidclosetin Bhangetsawat. filshould be
understdod thattherdescription in range fotmabissmesely for 15 eprveniepeaanghrgyity and should
not be constry as.an inflexible Iimitg jon op.the scope of the disclosed ranges. Accordingly, the
description of ggrénae should be E‘(’:onsigeredgti’) hac\)/g sp‘%er(k:?:i‘icaﬁyt 8%%%%3%]“ fie pd88ibfe sub-ranges
as well as indivVieibap Althetical 23 valGes inthaieize dange. For example,ydesceplign of a range such

as from 110 6 shayid be coasidered (9 ey snegifially isclased subyranges such agfiom 1 1o 3,
(0}

from 1to 4, from 1 to 5, from 2 to 4, from 2 to 6, from 3 fo 6 etc., as well as individual numbers within
that 25range Sfot &Gmple ME 2, 8VENS5 MFs. T appies rédardidss of thetsreadihtoidhe range.

Discloslte of-@ptienal &mbogiwantsore typically +/~ 0.5% of +the stated
value.

Throughout this disclesure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format is merely for

15 convenience and brevity and should not be construed as an
inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical

20 wvalues within that range. For example, description of a
iange such as from 1 to 6 should be considered to have
specifically discleosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual! numbers within that

25 range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.

Disclosure of Optional Embodiments
Exemplary, non-limiting embodiments of a particle
30 comprising a gquantum dot encapsulated by an amphiphilic
polymer will now be disclosed.
The particle may be of a size in the nanometer

range.



Exemplary, non-limiting embodiments of a particle 30 comprising a quantum dot encapsulated by an
amphiphilic polymer will now be disclosed. The particle may be of a size in the nanometer range.
WO 2008/121077PCT/SG2008/000097 The particle may be substantially spherical in shape. In
one embodinvenotiss digmeter of the substantially spherical particle may peirsthesssigesselected from
the group consisting of about 50 rim to 5 about 500 nm; about 50 nm to about 400 nm; about 50 nm to

about 300 rim; aboutke rirade @hout 20Q 4yn; ahout S0 1p.abopt 100 fim: about,100.nm to about
500 nm; about,100 nm to about 200 nm; about 100 rim to about SOO%nm %%de 568&11001 F\lm to about

400 nm. Advasn}fgggéusly, the'disé1BSed FRAAPARiEtes aFéaboutEgEeeabout 800 hhen size and

are therefore sultablerfor aise:as satriers ¢a incorpetate drugHigy, dryg delivery-gad as,means for
controlled drug.release; The Quantum dot ma be substantially hydrophobic. 15 The quantum dot may
be made from at least one element seletted from Grotp-HBIGIBup RES Erodd VATGrEED I1IA, Group
LEA or Group VA 'of 8¢ PetfiodicoPaittle Of Elements: tkhesquarttundotanay besmage of @ material

such as, but petdinited t0.:&d0. L4 GaSe, CqdTe. GdseTs, %dH%I’e 0 n% nSe, ZnTe, Zn0O,
MgTe, MgS, MgSe, MgQ, GaAs, Gap, GaSb, GaN, 1-ig0, Hg%, HgSe, HoTe, Cas Ea88, caTe, CaO,

SrS, SrSe, SPFE 60! BASTBase AT el BACMINAS, 1ALOIISHS N DAIASRAIN LAY AlSk, AIS, PbO,

PbS, PbSe, RéTes13e1tSiz Z00nZnSaBose, Z0Te and combinations @6 thereof; . Jhe.quantum dot
may be of a %8-shell %tcr)uc%%rg. x%ry@llagnshell material include, but are not limited to, ZnO, ZnS,
ZnSe, ZnTe, CdO, CdS; CdSe. CdTe, MgE MgSE GAAST &N CaP, Gdiks, EaSB g0, HgS, HgSe,

HgTe, iHAs, 3G nstamiol ¢ASh, AlNs, ANGUAI?,1AISbEor eerabinations thereas, optionally with the inner

shell comprising at least epe.elemept selected from Group 11B, Group VA, Group VA, Group IlA,
Group LEA or Group VIA of the Periodic Table o?‘gfaerr?esntg.arrl?nréé“én‘?bjb%‘? Pt Ah& quantum dot

has an inner CoRE of CHSEEHY £6&tEY BREIl 67ZnS.STHeeamphibhilic polymer iay herug
biocompatiblechesaemphiphilic polymer may not have any toxic or immunological effects on a living

system. The amphi%ilic polgmer may be substantially tolerated by cells or organs of a living system.
e quantum dot may be substantially hydrophobic,

15 The quantum dot may be made from at least one element
selected from Group IIB, Group IVA, Group VA, Group IIIA,
Group ITIA or Group VIA of the Periodic Table of Elements.
The quantum dot may be made of a material such as, but
not limited to, CdO, Cds, CdSe, CdTe, CdSeTe, CdHgTe,

20 Zn8, ZnSe, ZnTe, ZnC, WMgTe, Mgs, MgSe, MgO, GahAs, GaP,
GafBb, GaN, HgO, Hgs, HgSe, HgTe, CaS, CaSe, CaTe, Cal,
Sr5, SrSe, SrTe, 8ro, BaS, BaSe, BaTe, BaoO, InAs, 1InP,
InSb, InN, AlAs, BAIN, AlP, AlSb, AlS, Pb0O, PbS, PbSe,
PdTe, Ge, 8Si, Zn0O, 2nS, ZnSe, ZnTe and combinations

25 thereof.

The guantum dot may be of a core-shell structure.
Exemplary shell material include, but are not limited to,
ZnQ, ZnS, ZnSe, ZnTe, Cdo, Cds, CdSe, CdTe, Mgs, MgSe,
GaAs, GaN, GaP, Gahs, GaSb, HgO, Hgs, Hg3e, HgTe, InlAs,

30 InN, InP, InSb, AlAs, AIN, AlP, AlSb, or combinations
thereof, optionally with the inner shell comprising at
least one element selected from Group IIB, Group IVA,
Group VA, Group TIIIA, Group IIA or Group VIA of the

Periodic Table of Elements.



The biocompatible amphiphilic polymer may be selected from the group consisting of polyesters,
10 poly(orthoester)s,polyanhydrides,poly(aminoacid)s, po/y(pseudo amino acid)s, and
polyphosphazenes. In one embodiment, the biocompatible polymer may be a polyester selected
from the groug@&etsistiteg’of poly(lactic acid)s, poly(glycolic acid)s, copolymersabdsdagtic and glycolic
acid, copolymers of lactic and glycolicacidwithpoly(ethyleneglycol),poly(c-

caprolactone)s,poly@:hygroxybutyratels, ol y S.poly lolactanes,poly(p- dioxanone)s,
) CORRS KOYRIARIOACANES.POIV(D- C
poly(valerolactfghngi'sS goé)l{égydrovalerate)s, 20 poly(propylene fumarate)s and derivafives thereof.

a

The polyestero is'a co olﬁné’%ﬁﬁcﬁé%ﬁh givcditeacid may be selected from the group consisting

of (D-lactic-co-glycdlicacieypalyti:lactic-poighealicasid) Bad PolyBsskactis1o-glyceljc acid). In one
25 embodimeyy ratio.of lactic acid and glycolic acid in the copolymer may range from about 1:10
to about 10:1. pIEbIJ(;‘ipanothler erﬁgggi%ee%t, t%%ﬁiocol?’r%atiblgapvoefyme??ﬁay be& h§drox§F or carboxyl

end-functionali#8dninkes  geddritic 6F stlrsshaped polyestetv36iEhe bigeanapatible potymaer may be a
polyester having Aipslecular weioihof ahouy 1 000 D8 . ebgut 109.000,B3.In.ong erghodiment,the
biocompatile polyester is poly(D L actic cogiycolic acid) (PLGA)

The biocompatible amphiphilic polymer may- be
selected from the group consisting of polyesters,

10 polylorthoester)s, polyanhydrides, poly(aminocacid) s,
poly(pseudo amino acid)s, and polyphosphazenes.

in one enmbodiment, the biocompatible peclymer may be
& polyester selected from the group consisting of
poly(lactic acid)s, poly{glycelic acid)s, copolymers of

15 lactic and glycolic acid, copolymers of lactic and
glycolic acid with poly(ethylene glycol}, polv{e—
capreclactone) s, poly(3~hydroxybutyra£e)s,
polybutyrolactones, pelypropiclactones, pely (p-
dioxanone) s, poly(valerclactone)s, poly{hydrovalerate)s,

20 poly(propylene fumarate)s and derivatives thereof.

The polyester that is a copolymer of lactic and
glycolic acid may be selected from the group consisting
of (D-lactic-co-glycolic acid), poly(L-lactic-co-glycolic
acid} and poly (D, L-lactic~co-glycolic acid). In one

25 embodiment, the ratio of lactic acid and glycolic acid in
the copclymer may range from about 1:10 %o ébout i0:1.

In another embodiment, the biocompatible polymer may
be a hydroxyl or carboxyl end-functionalized linear,
dendritic or star-shaped polyester.

30 The biocompatible polymer may be a polyester having
a molecular weight of about 1,000 Da to apout 106,000 Da.

In one embodiment, the biocompatible polyester is

poly (D, L~lactic-co-glycolic acid) {PLGA)Y .
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WO 2008/121077PCT/SG2008/000097 The biocompatible amphiphilic polymer may have a
hydrophobic inner core surrounded by a hydrophilic outer skin. The hydrophilic outer skin of the
biocompatible 5 amphiphilic polymer may comprise hydrophilic functional groups. The hydrophilic
functional grotpstfdiz e ’selected from the group consisting of hydroxyl groups;mashoexygroups,
ether groups, sulfide groups, ester groups, ethoxy groups, phosphonyl groups, phosphinyl 10 groups,
sulfonyl groups, sulfimy greups osigtenie; asid graups,sulfinic %%%9&@51 rpggspgggg acaiid groups,
phosphorouslgccijd grg}u&%gmjno (%%)#])s, amide groups, quaternary ammonium groups, and
quaternary phosphoniim groups SRinérdore BidRe bivtompariBreambhighilieuwslymer may
comprise hydedghobic functional groups. The hydrophobic functional groups may be selected from the
group consisting of fiear Qr b e .agkyl roups, aryl groups, alkenyl groups, alkynyl groups,
alkylacrylamide 20 grou ,s,s%absti Utedorunsubsti ute&a%fi%lac‘r%lsatetaﬁ)uﬁﬁ%ﬁﬁ%ﬁﬁ&ﬁﬂ%roups.
The amphiphfTEEdHinet Hrayse- djsolyesty polyeatiorns eopolyinentn one embasimens the polyester
polycation copelyper, may b@@dib[@@&mﬁr@gr ZQ}QQQ{p{@m&a hydrophobic polyester block
bonded to a rqulrgggili palycation. In another embodiment, the polyggt%lff)gglycg{gflaln cgjp?olymer may
be a graft copolymer comprisihg By dFbsHEDIc Folested partion afydsrlydphilicccation portion.
30The polycatiorbmaybe selected froet thergrogipegnsisting, ok paly (L-serng £ster)..paly(D-serine
ester), poly(Lslysine), poly(D-lysine), polyornithine, and polyarginine. In one embodiment, the
polycation ngy h%l\:(/?e”a mo%c% rwglgﬂlf}/%?ébo&%%{bgﬁ%ut f5,6865, Phosphinyl
10 groups, sulfonyl groups, sulfinyl groups, sulfonic acid
groups, sulfinic acid groups, phosphoric acid groups,
phosphorous acid groups, amino groups, amide groups,

quaternary ammonium groups, and quaternary phosphonium

groups.
15 The inner core of the biocompatible amphiphilic
polymer may comprise hydrophobic functional groups. The

hydrophobic functional groups may be selected from the
group consisting of linear or branched alkyl groups, aryl
groups, alkenyl groups, alkynyl groups, alkylacrylamide

20  groups, substituted or unsubstituted alkylacrylate
groups, and alkylaryl groups.

The amphiphilic polymer may be a polyester
polycation copolymer. In one embodiment, the polyester
polycation copelymer may be a diblock copolymer

25 comprising a hydrophobic polyester block bonded to a
hydrophilic polycation, In another embodiment, the
polyester polycation copolymer may be a graft copolymer
comprising a hydrophobic polyester portion and a
hydrophilic cation portion.

30 The polycation may be selected from the group
consisting of poly(L-serine ester), poly(D-serine ester),
poly{L-lysine), poly(D"lysine), pelyornithine, and
pelyarginine. 1In one embodiment, the polycation may have

a molecular weight of about 500 to about 10,000.
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WO 2008/121077PCT/SG2008/000097 The disclosed particle may further comprise a therapeutic
agent encapsulated by the amphiphilic polymer. In one embodiment, the amphiphilic polymer may
encapsulate a mixture of the therapeutic agent and 5 quantum dot therein. The therapeutic agent
may comprisevarr@aticarncer agent such as, but not limited to, dideoxyinosipg,camRiQigsiNn,
floxuridine, 6-mercaptopurine, doxorubicin, daunorubicin, I-darubicin, cisplatin, methotrexate, 10
carboplatin, oxaliplaitlilrgé m%clhl 5eéggg1in é:é/g!{)@gsph%midef%@&rlargbu%ilcb I}{inrclasglkalgid, taxane,
vincristine, vinblastine, vinorel Ine, vindesine, etoposi(?e or tenlposu?e. It is 10 be appreciated that the
type of therapégtieR8iHgeht usetbistnot parrmiithAliraded t&Yhoséhrentiéimed abbve bt includes any

therapeutic agenf;that is suitable fo bein anadmixtyreor 1g.beiGoupled 19,3 gantung dot. The
disclosed particle may be used as an optical marker in vivo. This may allow a medical practitioner to
20 trace the FOUBRTHHE Partide WhetFit i€ adfiisteréd oFﬁﬁ’é@tBﬁ‘ﬁ%oca niHfMal b§¢étecting the
light emtited bydhegradtion dbtreinlhe disclosed particle may comprise a mixture of a therapeutic
agent and a quantufg] dot&cggsulaged byathe 5 artrlgphipgci)l;g ﬁlgmer. Ehe Iirg‘gt emitted by the
guantum dot may ai in de e%mlﬁﬁllé the metabolic pa%way 0 orga?’ns ?arge?te Jbcyatrlllceetlﬁerapeutic
agent when theepdrticleustadnainistetadtto antammahiThaicoloor of thedight ginittedrby.the quantum

dot 30 may he,lipked fo-he-presence pf e thergpeitic.a for grample, the therapeutic agent may

be coupled to the quantum dot and hence increases the effective size of the quantum dot. As
mentioned aB8VE.RsiSE Bf the qUAREY-C10 cisplatin, methotrexate,

10 carboplatin, oxaliplatin, mechliorethamine,
cyclophosphamide, chlorambucil, vinca alkaloid, taxane,
vincristine, vinblastine, vinorelbine, vindesine,
etoposide or teniposide.

It is to be appreciated that the type of therapeutic

15 agent used is not particularly limited to those mentioned
above but includes any therapeutic agent that is suitable
to be in an admixture or to be coupled to a guantum dot.

The disclosed particle may be used as an optical
marker in vivo. This may allow a medical practitioner to

20 trace the route of the particle when it i1s administered
or injected into a mammal by detecting the light emitted
by the gquantim dot.

The disclosed particle may comprise a mixture of a
therapeutic agent and a guantum dot encapsulated by the

25 amphiphilic polymer. The light emitted by the guantum
dot may aid in determining the metabolic pathway ox
organs targetted by the therapeutic agent when the
particle is administered to a mammail.

The colour of the light emitted by the gquantum dot

30 may be linked to the presence of the therapeutic agent.
For example, the therapeutic agent may be coupled to the
guantum dot and hence increases the effective size of the
guantum dot. As mentioned above, the size of the quantum

dot 1s one of the factors that affects the colour of the

12



dot is one of the factors that affects the colour of the light emitted from the quantum dot. Therefore, a
larger particle sized quantum dot may emit a light that is of a different colour as compared .to a smaller
particle sized quantum dot. When the particle is administered to a leading to a reduction in the
effective sizé st B EERRTum dot.By determining the change in the colour P F&mitesdisithe quantum
dot as time passes, the efficacy and pharmacokinetics of the therapeutic agent in the body may be
determined. Iﬁm@mayﬂu&m%efiﬁdmagm-g{mdﬁd‘ﬁiﬂemﬁiherapyiewegeg;%gaég[umaq%tgé_candbe uieollI ;
as optical repariers,. The pathway of the disclosed particle in vivo 15 may be determined and controlle
relearlase of th %r%z:ﬁa%jé%tié%gzg%nt ﬁ]%?/ng&%r%?g e%re%nb:b%it%nilghjfhgia?s%lo]s%d%rﬁcle may
comprise a rikfUrersid quantorrdetsandoatherapettic agemtehtapsylated by thesampbiphilic
polymer. Advaniagequsiyshe disalosed 29 partcle.may be ysed ag g diug deliery yeicle fo

administration of the therapeutic agent into a mammal. The biodegradation of the amph‘?philic polymer
in the mamnid Bbdy may&id fPthe'rele 586 bF fife therapétic agent atispdeffic tvies]ieading to a

controlled release 2hef theeapgiticageni s thedderapriicaagent isHeleaseddpto the body, the
guantum dot may.aid in the optical detectior’ﬁ(of the therapeutic agent in vivo during the release of the
[=] e}i 15 Re rg’(ﬂ

- Y6 G aPiE8 cBmpriging e mikidreSof &30 fiakafveot and a

therapeutic agent. |sec?os%38 p
therapeutic dgerttientapgsulated bydncWOr2008/121057 7RETASGE2008/000097 of  the

guantum dot. By determining the change in the colour
10 emitted by the quantum dot as time passes, the efficacy
and pharmacckinetics of the therapeutic agent in the body
may be determined. This may be of use in imaging—guided
chemotherapy, where guantum dots can be used as optical
reporters. The pathway of the disclosed particle in vivo
15 may be determined and controlled release of the
therapeutic agent may occur at a desired position.

The disclosed particle may comprise z mixture of a
quantum dot and a therapeutic agent encapsulated by the
amphiphilic polymer. Advantageously, the disclosed

20  particle may be used as a drug delivery vehicle for
administration of the therapeutic agent into a mammal.
The biodegradation of the amphiphilic polymer in the
mammal body may aid in the release of the therapeutic
agent at specific times, leading to a controlled release

25 of therapeutic agent. As the therapeutic agent is
released into the body, the gquantum dot may ald in the
optical detection of the therapeutic agent in vivo during
the release of the therapeutic agent.

The disclosed particle comprising a mixture of a

30  quantum dot and a therapeutic agent encapsulated by an
amphiphilic polymer may be used to determine the
inhibitory effects or therapeutic actiocns of the
therapeutic agent on a foreign microorganism in the

living system. The foreign microorganism may be a

13



bacterium, a fungi or a virus that is causing a disease in a mammal. The therapeutic agent may react
with the foreign microorganism and may be taken into the foreign microorganism. By observing the
colour change in the quantum dot particle over a period of time, the therapeutic action of the
therapeutic ag@e#igié7foreign microorganism can be determined as thernastnaiwesovers from the
disease. The disclosed particle may be made from a method 10 comprising the step of introducing an

aqueous solyentitg a grantymdotin mixtuge with.a0 amphiphilic palymerdissolyediin.an organic
solvent to thereby precipitate the polymer and encapsulate the quantum dot. The method may
comprise thelte of##GiAG the 18 5qudbtis?aivéntwifiPRIqUBRIINT 8BET Miktdte Wih the

amphiphilic palymegdissolyeddnamerganic.solvent, tedherehyforima dwephase system made up of

an organic phase and an a ueour%Phasga. Mixir}g of !ﬂ? aquequs solvent and organi%golvent to

generate the“f%’v%jfﬁﬁgggrib sn)l/'ste ma?/ 5& carfiet ou %y s%%@a‘fﬁg t%kéaggﬁeougl-org ffic mixture for

about 1 ininute doabbout Batinutesrin ohe embodiment, thedimedequired for tive sonidating step may

be from abo j ab .minutes. Asthe a iphilic.polym apsulates,the quantum 25
oyt _Hﬂﬁléﬂ?tt?c QU2 pUnutgs. As | RPRIGROYMEL &N Sif

dot, which is typically hydrophobic in nature, the hydrophiliC tails of the polymer preferentially move
away from thegigarstnm elot Fetlecte it rophobie 2ail§ OF Henparsthe 2 Srefebéntiaiiydve toward the
guantum dot;-Zhg-additignghthe,aqueauds selvent to the organic solvent 30 may cause the amphiphilic
polymer liquid to precipitate. During precipitation, the hydrc()ghilic tails of the polymer that are further

away from the quartim dot3ré Aract&d 1o tHe 5qubdtis S8lveRt Yhereby Bnéap&iLhicg the quantum
dot. Actordinghythespargiclerconyprisese WOr2008/221607 ZRPCESER2008/660682A icote shell of

quantum dot with, 2. ouier Skl corsistng.pf.an inpet pydiaphobic palyer portion diacent the
quantum dot and an outer hydrophilic polymer portion adjacent the inner hydrophobic polymer portion.
The hydrophilieasatyieaf the exposed Polifiersaly aidy aidin the sekibilizatisH bi-tieténcapsulated

quantum dotg i apA s:selutign-Hhag aaueods soltionistypisally water, which is an easily
obtainable and cost effective solvent. 10The method may comprise the step of extracting the

encapsulated quantuli d&t& F5f thBaquiG TTREUTE SExtrEEtiort BRAE cdlectBh*oftfe éritapsulated
quantuns dots drosm lilze above two-phaseisystem mayie garriethout hyremaporating thesorganic phase
and coIIectingn'%hgiL eqcacpsulaffed quar&tum d&?ts féor%he aqueousrp.hcasg. '{Q% encapc%llated

guantum dots rﬁ’ay Be'coliected 16im the 5838035 phase b%/nfuﬁﬁgﬁe\}aporgtlon r3;l:'t’he agueous phase,

centrifugatioitlog fitkatiofioThe eolléetedrénicapsWatddgquantdgm dos nidy er  organic

phase and an agueous phase. Mixing of the aqueous

solvent and organic solvent to generate the two-phase

20 system may be carried out by sonicating the agueous-

organic mixture for about 1 minute to about 5 minutes.

In one embodiment, the time required for the sonicating
step may be from about 1 minute to about 2 minutes.

As the amphilphilic peolymer encapsulates the gquantum

25 dot, which 1is typically hydrophobic in nature, the

hydrophilic tails of the polymer preferentially move away

from the quantum dot while the hvydrophoblic tails of the

polymer preferentially move toward the gquantum dot. The

addition of the agqueous solvent to the organic solvent

30 may cause the amphiphilic polymer liquid to precipitate.

During precipitation, the hydrophilic tails of the

polymer that are further away from the guantum dot are

attracted to the agueous scolvent, thereby encapsulating

the guantum dot. Accordingly, the particle comprises a

14



20 washed with deionised water via centrifugation to substantially remove impurities. The organic
solvent may be a halogenated solvent or an ether. The halogenated golvent may be a chlorinated
solvent selected from the group consisting of dichloromethane, 1,2-dichloroethane, 25 chloroform and
1,1,1-trichlor8&H#4efé12THeé aqueous solvent may be a polar compound su@cwmmmm{mhql, polyvinyl
alcohol and mixtures thereof. Brief Description Of Drawings 30The accompanying drawings illustrate a

disclosed embodimentand qu&@@wi@irﬁg‘@_RJE”%}E"%%OfotH‘ééj}i%qg\J]erg empediment. Itis to be
understood, however, that the drawings are designed for purposes . . o . _
2005/121077PCT/SG 2068000087 MG onkPadaHbt aRa Béfitiondt akeNimits-bethe invention.

Fig. 1(a) shows & rmicrosdopy imnage afﬂhm&@rﬂum@@%igle%@%%nﬁ@%gﬁiigﬁ;gé ;SS
magpnification,, frig. shows QD-nanopayticles dissolved in water. Fig.1(c) s ovy -

dissolved in vésgtjer#ﬁ%e bei}gg illuﬁ%g%edaég éﬁo i_?%/:?glet RSy afip. POrtigy: 1(ditshows a
fluorescent niigrosespiclintagessiuethe QO manepantictes. polymer tails may aid

in the solubilization of the encapsulated guantum dots in
an agueous sclution. The aqueous solution is typically
water, which is an easily obtainable and cost effective
solvent.

10 The method may comprise the step of extracting the
encapsulated quantum dots from the liquid mixture.
Extraction and collection of the encapsulated guantum
dots from the above two-phase system may be carried out
by evaporating the organic phase and collecting the

15 encapsulated quantum dots from the agueous phase. The
encapsulated quantum dots may be collected form the
aqueous phase by further evaporation of the agueous
phase, centrifugation or filtration.

The collected encapsulated guantum dots may be

20  washed with deionised water via centrifugation to
substantially remove impurities. The organic solvent may
be a halogenated solvent or an ether. The halogenated
solvent may be a chlorinated solvent selected from the
group consisting of dichloromethane, 1,2~dichloroethane,

25 chloroform and 1,1,1-trichloroethane.

The agqueous solvent may be a polar compound such as

water, alcohol, polyvinyl alcohol and mixtures thereof.

Brief Description Of Drawings
30 The accompanying drawings illustrate a disclosed
embodiment and serve to explain the principles of the
disclosed embodiment. It is to be understood, however,

that the drawings are designed for purposes of
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Fig. 2(a) shows a confocal fluorescence image of the QD-nanoparticles uptake in CCD-11200N cell

lines after incubation with QD-nanoparticles. Fig. 2(b) shows a confocal fluorescence imqge of
the 15 distribution of QD-nanopatrticles in the cells. Fig. 2(c) shows a confocal quore§cence.|mage
of stained nusleizshowiregrindividual cells. Fig. 3(a) shows a confocabfiygressenegi#nage in

000-112CoN cell lines after incubation with a mixture of 20 Qllj-narr:opgrtic_leds_ acr;d ?O)ﬁ;nano?:?étl%k(e;.

ig. sho Lonfaeal fluo nce ima f stained nuclei.showing in ividual cells. :
EL%V\?s(bt)he di;%ﬁt?ution Q?%%@ngﬁ%%%rtiglér? ing t%hg c?eﬁlsézgﬁ%%ta s?‘_noor\l/vs ﬁedi&ﬁb&ﬁaﬁé'fﬁox-
nanoparticles‘?rﬁ tﬁg‘%eﬁ&"’l?@?ﬁ%-shows a confocal fluqrescence image of a $|ngle cell (taken from
the CCD-112CON cgl. Iinesifft r . incubation with a mixture of QD-nanopartch_es z_;lnd_DOX30
nanoparticles. WO 2068/1 7P%?ﬂ‘§?32‘?)0§)665@§?0p§’ Fig"aes) shbws frfe distribtition of o el
QD-nanopartiéfes in arsingipaelli cleFig. 4(¢chshowsdistribution of DOXspanopagicles,in a single cell.
5Fig. 5(ay sh%%gimg)ﬁ[ectron microscope (SEM)

Fig. 1(b) shows {QD-nancparticles dissolved in water.

Fig.i(c) shows QD-nanoparticles dissclved in water

while being illuminated by an ultra violet (UV) lamp.

Fig. 1(d) shows a fFfluorescent microscopic image of

10 the {QD-nanoparticles.

Fig. 2(a) shows a confocal fluorescence image of the
QD-nancoparticles uptake in CCD-112CoN cell lines after

incubation with OD-nanoparticies.

Fig. 2(b) shows a confocal fluorescence image of the

15  distribution of QD-nanoparticles in the cells.

Fig. 2(cy shows a confocal fluorescence image of

stained nuclei showing individual cells.

Fig. 3(a} shows a confocal fluorescence image in
CCD-112CoN cell lines after incubation with a mixture of

20 QD-nancoparticlies and DOX-nanoparticles.

Fig. 3(b) shows a confocal fluorescence image of

stained nuclei showing individual cells.

Fig. 3(c} shows the distribution of QD-nanoparticles

in the cells.

25 Fig. 3{d) shows the distribution of DOX-

nanoparticles in the cells.

Fig. 4(a) shows a confocal fiuorescence image of a
single cell (taken from the CCD=112CoN cell lines) after
incubation with a mixture of QD-nanoparticles and DOX-

30 nandparticlesa
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i ' ing the degradation of DOX-nanopatrticles. Fig. 5(b) is a graph showing_a DOX _
Qig;”grsg;ﬁlé rgpresentgi]ng the percent of cumulative DOX re_leased from DOX-nanoparthIes. 10F|g. 6
shows a confocal fluorescence image of the QD-NPs uptake in NCI-H12£_99 cell lines after incubation
with QD-nanspadictesie7r Fig, 7 Shows a schematic diagram of a pluralitycafgianiumsots
encapsulated in PLGA. 15Fig. 8 shows the cellular uptake of quantum dots

sulatedwithpolymervi 0 ' Invagination of the cell membrane. . Fig. 9 shows a
:inng;IFi)fied proc,esspfloi\//v@fhaﬁf)%ahgxrtﬁﬁﬁﬁgg %n\wég% i%té%élr? éé ven e@%é}%ﬂ&ﬁ ?ﬁétth%?ér 20
encapsulatingl@D% il PIS3A. Bretdited Description of Drawings Refer.rllng to Fig. 7, there is shqwn a
typical quantum dot g(i)D) 1 (Q:?virg3 awcorg-,shell structure, 2% comprising of a c_'admlum‘ s_elenludm -
(CdSe) core 26 covered by a Zinc sulphide (Zh&} ButerEhel2 AP e 2R e el sscobjugated wit

aliphatic hydrécarbofilehains. 22 which are hydrophobic in nature. The hydrophobic

5 Fig. 5(a) shows a scanning electron microscope (SEM)

image illustrating the degradation of DOX~nanoparticles.

Fig. 5(b) is a graph showing a DOX release profile
representing the percent of cumulative DOX released from

DOX-nanoparticles.

10 Fig. 6 shows a confocal fluorescence image of the
QDb-NPs uptake in NCI-H1299 cell lines after incubation

with QD-nanoparticles.

Fig. 7 shows a schematic diagram of a plurality of

guantum dots encapsulated in PLGA.

15 Fig. 8 shows the cellular uptake of quantum dots
encapsulated with pclymer via endocytosis and

invagination of the cell membrane.

Fig. 9 shows a simplified process flow chart of the
modified emulsification solvent evaporation methed for

20  encapsulating QDs in PLGA.

Detailed Description of Drawings

Referring to Fig. 7, +there is shown a typical

quantum dot (QB) 16 having a core-shell structure,

25 comprising of a cadmium selenium (CdSea) core 26 covered
by a zinc sulphide (ZnS) outer shell 24, The ZnS shell

24 is conjugated with aliphatic hydrocarbon chains 22
which are hydrophobiec in nature. The  hydrophobkic
aliphatic hydrocarbon chains 22 on the 27nS$ shell 24 of

30 the gquantum dot 16 render it inscluble in aqueous
soivents, However, after being encapsulated by an

amphiphilic polymer, such as poly(lactic-co~glycolic
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aliphatic hydrocarbon chains 22 on the ZnS shell 24 of 30 the quantum dot 16 render it insoluble in
agueous solvents. However, after being encapsulated by an amphiphilic polymer, such as
poly(lactic-co-glycolic WO 2008/121077PCT/SG2008/000097 acid) (PLGA) 20, the aliphatic
hydrocarbonwebains/22wf the QD 16 interact with the hydrophobic functiopalrgioiipsskitee PLGA 20 to
form a QD-loaded polymer particle 28. The QD 16 is substantially locked within the polymer's 20 5

hydrophobica{gni%r) CO{gL?t yar%geoé@y, éq?lgp{grtop@i_ligﬁg%rgﬂggqac&%fimg pg}_y_rrbef 20 serves to

facilitate transportation of the QD-loaded polymer particlé 28 in the systemic circulation of the human
body due to t54nétBadéd ssliubiliyL10Figh 8 ShRWRHAERBPBIEd MEtRahish bf BEMHBFuptake of the

QD-loaded pofymetpastigle 28 The QRrlipagded polymerarticle 2Ris unable tojentegthe bi- layered
plasma membrane 10 of a typical cell due to its hydrophilic, 15 the Eolymer hydrophobic particle 28
pmmessCﬁbgﬂﬁeéWMﬂﬁzd%aﬁgggﬁﬁytlally iocked within thé polymer’s 20

5  hydrophobic inner core. Advantageously, the hydrophilic
external surface of the polyvmer 20 serves to facilitate
Lransportation of the QD-locaded polymer particle 28 in
the systemic circulation of the human body due to its
increased solubility.

10 Fig. 8 shows the propesed mechanism of cellular
uptake of the 0QD-loaded polymer particle 28. The QD-
loaded polymer particle 28 1s unable to enter the bi-
layered plasma membrane 10 of a typical cell due to its
hydrophilic (polar) functional groups on the surface of

15 the polymer PLGA 20. Accordingly, in order to bypass the
hydrophobic plasma membrane 10, the QD-lcaded polymer
particle 28 must be transperted into the cell wvia the
process of endocytosis. Hydrophillic interactions
between the polymer PLGA 20 and the plasma membrane 10

20 causes the plasma membrane 10 to fold inwards and
surround the QD-loaded polymer particle Z8. The plasma
membrane 10 eventually envelops the QD-loaded polymer
particle 28 completely, thereby forming a vesicle 14. The
QOD-1loaded poliymer particle 28 1is thus transported into

25 the cytoplasm 12 of the cell through the invaginaticn 18
of the plasma membrane 10. Furthermore, transportation
of particles to cells and accumulation in cells may be
due to phagocytosis, pinocytosis, and/or cytoskeletal,
organelle and other particle transport mechanisms.

30 Fig. 9 is a schematic diagram showing a simplified
proceas of the emulsification sclvent evaporation method
for encapsulating QDs 16 in the polymer PLGA 20 to form
the QD-lcoaded polymer particle Z28.
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(polar) functional groups on the surface of PLGA 20. Accordingly, in order to bypass the plasma
membrane 10, the QD-loaded polymer must be transported into the cell via the endocytosis.
Hydrophillic interactions polymer PLGA 20 and the plasma membrane 10 plasma membrane 10 to fold
inwards and vsuowanchthe QD-loaded polymer particle 28. The plasma membeangyd/Qeepmentually
envelops the QD-loaded polymer particle 28 completely, thereby forming a vesicle 14. The QD-loaded

polymer particle 28 és thus transported étg)tog@'thgh(g/t%qj%@ije%otq@gnqe&ﬂthw thg invagination 18
[o]

of the plasma membrane 10. Furthermore, transportation of particles to cells and accumulation in cells

may be duerte PREsjocyEd$id, pidBeyRR, ditisraesRaIBEICorgaiete ariGthefpaftitle transport

mechanisms.,3Q tFigr 9 i3, a sshematicdiagean:shovdng asimplified-pracess of the emulsification
solvent evaporation method for encapsulating QDs 16 in the polymer PLGA 20 to form the QD-loaded
polymer parfitle®2§3 W6 56081122877PCT/SG2008/000097 In the first step 30, the purified
quantum dots 16, polymerdRIGA=20 and dichigrontethame (DEM)areumiked-togetheritg form a

suspension of the quantum dots 16 in an_or anic olution . Q}% tion step 32.is then
undertaken %?%ﬁﬁgaﬁéﬂa an %ql?e%lﬁ%oélo u%)% 0 13;plo y(viﬁyl aF(%lggl (PVA)in deionise?j water to the
organic solut®va Thé mquesus:ésiatiorradgdesthe PRGAXGHIMEthe TN 6 2BHdify 4R8 thereby form

the particle 28,,103enicationSdbis then.cacrded put foralgut 1.5 mingtes to,irthes hoppgenize the

mixture and thereby form an emulsion of the organic and aqueous solutions. Thereafter, extraction 36

of the result8Rt-OB-foadetfpéyRicipartaee Z'Q%ig éﬁ?ﬁé&%%? bg%vaporating the 15 organic solvents

from the emulsion sbyaperaiion isaccoraplished byanagnetic stisring ©f thezémulsion far 4 hours. A

washing ste‘%i3n8 @etgen undﬁ%gta\léﬁg é/vit deionised wat'%[l o furtg%{l remoye Jen%%igpgo rganic solvent
e t

that 20 may ih-Contact with the partic a8 %%?Ellnzaﬁly e pof%ner pa?rtic?es 28 are lyophilized at step

40 via freezéaryingn emulsion of the organic and aqueocus solutions.
Thereafter, extraction 36 of the resultant QD-loaded
polymer particles 28 is carried out by evaporating the

15 organic sclvents from the emulsicn. Evaporation is
accomplished by magnetic stirring of the emulsion for 4
hours.

A washing step 38 is then undertaken with deionised
water to further remove remaining organic solvent that

20 may be in contact with the particles 28. Finally the
polymer particles 28 are lyophilized at step 40 wvia

fresze~drying.

Examples
25 Non-limiting examples of the invention will Dbe
further described in greater detail bpy reference to
specific Examples, which should not be construed as ih

any way limiting the scope of the invention.

30 Example 1
Quantum  dots encapsulated PLGA particles were
preparead in the laboratory using a modified
emulsification solvent evaporation method. Purified

guantum dots having a core-shell structure, with CdSe as
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Examples 25Non-limiting examples of the invention 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. 30Example 1 Quantum dots encapsulated PLGA patrticles were
preparedinthelatrosatargusingamodified emulsification solvent evaporatiorsmgtaodsRurified quantum
dots having a core-shell structure, with CdSe as WO 2008/121077PCT/SG2008/000097 the core

nanomaterialiand Zn$ ag dhe,shellmateriahwese, irst, provideds 40 milligrams of pollagtic-co-glycolic

acid) (PLGA) from Sigma-Aldrich of St. Louis of Missouri of the United States of America was mixed
with 2 ml of SidiefloRyREHRR-(DEMY6réparE s PREARSENI $8vehE ABBIR L dlout 15

milligrams of theypurifiedRADs:were thessubsegrestly dissalved i3l of the PL&GADICM solvent to
form an organic ghase. About 24 ml of 2 % wlv polginyl alcohol giP\(/jA) diggol\éed ignde'%onised water
was 10 used hs BR%qURbIE PhE5E RPproximaten S il 8fthe Brganic phase was theh mixed with

about 28 mlaf the aguestisgphase (@idithe mixtupe svasrsubsequehdl Sodiicated foreatiout 90 s to form
an oil-in-watgy, emulsipn. Evaporalion wap hen cattied gut b dlaging, the emusion L Under magnetic

stirring for about 4 hrs to remove the organic solvent. Thereafter, the particles were collected and
washed with-8eionisethareaetor by lesstahesdiadentdfugation® Einalle th& Welshiédparticles were

lyophilized hy.fieeze-deping:29Fignl(8) shaws goseanningselegiron mignossepy (SEM)+mage depicting
PLGA polymer encapsulating quantum dots (henceforth referred to as QD-nanoparticles) formed from
polyvinyl aldohol (PVA) dissolived in delonised water was

10 used as an agueous phase. Approximately 2 ml of the
organic phase was then mixed with about 24 wml of the
agueous phase and the mixture was subseguently sonicated
for about 980 s to form an oil-in-water emulsion.
Evaporation was then carried out by placing the emulsion

15 under magnetic stirring £for about 4 hrs to remove the
organic solvent. Thereafter, the particles were collected
and washed with deionised water for at least 3 times via
centrifugation. Finally, the washed particles were
lyophilized by freeze-drying.

20 Fig. 1l(a) shows a scanning electron microscopy (SEM)
image depicting PLGA polymer encapsulating guantum dots
(henceforth referred to as (QD-nanoparticies} formed from
the disclosed method at 16,000x magnification. The
nanoparticles thus formed can be seen as discrete,

25 substantially spherical particles with an approximate
diameter of about 100 nm te 300 nm. ¥Fig. 1{b) further
shows a photograph of QD-nanoparticles dissclved in
water. Fig. 1(c) shows an image of QD-nanoparticles in
water, illuminated by a UV lamp. Fig. 1(d) shows a

30 fluorescent microscopic image of QD-nancparticles showing
that the particles do in fact exhibit fluorescence. Fig.
1(b) shows that the QD-nanoparticles can be homogeneously
dispersed in water, and brightly fluorescent as in Fig.

1{c)} and Fig. 1{d). The encapsulation of QDs in the PLGA
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the disclosed method at 10,000x magnification. The nanopatrticles thus formed can be seen as
discrete, 25 substantially spherical particles with an approximate diameter of about 100 nm to 300 nm.
Fig. 1(b) further shows a photograph of QD-nanopatrticles dissolved in water. Fig. 1(c) shows an image
of QD-nanopartictes/iviwater, illuminated by a UV lamp. Fig. 1(d) shows ap3Qq Huesgseait-microscopic
image of QD-nanoparticles showing that the particles do in fact exhibit fluorescence. Fig. 1(b) shows

that the QD-pangpatrticles can be ho eously. dispersed In wate ightly. fl scent as in
Fig. 1(c) an§ l%?L : 1e(é).€r§1e%eon%§psu%?%%%fg Sb%%%h%opﬁéﬁ X\Vﬁolrégggpé tﬂ\é e
2008/12107 TPET/S®2068/000b079s8IfAlet 16 form napdpaticles néesnly reheepsieaODs the water

dispersibility sgguired farhielogigal %H@E?aﬂgﬁ%«béliﬁésoﬂﬂ@iﬁai%H&%&thﬁ%ﬂ@ﬁﬁr%s‘ such that
their optical properties are substantially 5 comparable to those of QDs that have not been

encapsulated@B5tan Afifphipite bolyrft * 3 rhePraRs patfides idde P8Rl Were used in
the followingeexaraplesie to those of QDs that have not been

encapsulated by an amphiphilic polymer.
The nano-particles made in this example were used in

the following examples.

10 Example 2
Human colen fibroblast cells, CCD-112 CoN {CRL-1541,
ATCC) were maintained din Dulbecco's Modified Eagle®s
Medium (DMEM) from Sigma-Aldrich of St. Louis of Missouri
of the United B8States of America supplemented with 10%
15 fetal bovine serum (FBS}, 1.0 mM sodium pyruvate, 0.1 mM
non-essential amino acids and 1% penicillin-streptomycin
solution, and culture medium was replenished Every day.

To study cell uptake of nanoparticles, cells were seeded

at 2.0 x 10% cells/cm® in Lab-Tek chambered cover glasses
20 and cultured as & monolayer at 37°C 4in a humidified
atmosphere containing 5% C0,;. The cell uptake of the nano-
particles was.  initiated when the culture medium was
replaced by the nano-particles suspension (500pg/mL in
culture medium) and the monoclayer was further incubated
25 for 2 hours at 37°C. At the end of experiment, the cell
monolayer was washed 3 times with fresh pre-warmed
phosphate-buffered salline (PBS) buffer to remove excess
nanoparticles which were not associated to the cells.
Cells were then fixed with 70% ethanol. Nucleus staining
30 was carried out using propidium iodide (PI) or 4'-6~
Diamidino-2-phenyvliindole (DAPI} to facilitate
determination of the location of the nanoparticles in the
cells. The samples were then mounted in a fluocrescent

mounting medium (Dake}. Confocal flucrescent microscopy
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10Example 2 Human colon fibroblast cells, CCD-112 CoN (CRL-1541, ATCC) were maintained in
Dulbecco's Modified Eagle's Medium (DMEM) from Sigma-Aldrich of St. Louis of Missouri of the United
States of America supplemented With 10% 15 fetal bovine serum (FBS), 1.0 mM sodium pyruvate, 0.1
MM non-essevtial@mmeracids and 1% penicillin-streptomycin solution, ang-¢itisednadym was
replenished every day. To study cell uptake of nanoparticles, cells were seeded at 2.0 x 104 cells/cm2

in Lab-Tek chamberad-¢oveiglasses <) and cyltured as amonalayer at 37C in a humidified
atmosphere containing 5% 002. The cell uptake (#ﬁ;hge nanq-gaar%clé;s}/ \??/%%I?nitlsa]fgg Whetthe culture
medium was Fepiicedtby th&*han8ficieEaaspénsion t50Gs/iitein culnresmediumyand the

monolayer wasfurthesdncubated-23 for 24voursat37C. Afdhe gg@gigxg@;@%@t thgocb%l monolayer
was washed 3 rgi@esi\ggh Egire h darg—gvaormed phosphate-buffered saline (PBS) buffer to remove excess
nanoparticles which were not associated il the Tfts cafsware e dwitF 769 &8#nol. Nucleus
staining 30 was Za¥riedreat using propidium iodide (P1) or 4-6- Diamidino-2-phenylindole (DAPI) to

facilitate determinatign-Qf the Jocation of,the nanopadgicles.in the cells. The samples were then
mounted in a fluorescent mougting medium (Dl%b). %’onf%%gl flﬁgpe%%%ﬁ mICrdscpy°Wo

2008/121077PtHRGTH0E 06060 PR=aaerstiict-dsing 4h Olymyngs EW500msystese supported with a

60x water-immassionlehjective Images werecaptyreddpsecyon of 1024 x 1024 pixels without zoom
and with a 0.0 %9 pm -§te§), andg;rocessed by FV10-ASW 51.3 Viewer. Referring now to Fig. 2,
the confocal microscopy imags SROWEThE DD-nAhopartitles 437 (ptake i hdirierdcolomfibroblast cells

(CCD-E12Cotywfte wstwd. houpinctibationiwitls QDenanppartisias42at 346 fallowgskhy nucleus 44

by propidiumgedide (RI). dual-|gheled cells visualized by Fig. 2(b) shows the QD-nanoparticles cells;
and Fig. 2(c) sh%ws th‘e2 iar?wage ceII%nuclt(a:flulfiﬁ,i t??a%%l i aet%l be ﬁzeleEr% the Separfde s, above

excellent cellUftaké ok ife @PRIes; Fig. 2(b) shows the QD-nanoparticles
42 distribution in cells; and Fig. 2{c) shows the image

of the various cell nuclei 44 to facilitate
15 distinguishing between the separate c¢ells. The above
results show excellent cell uptake of the QD-
nanoparticies 42, suggesting that the hydrophilic surface
of the nanoparticles did not impede its cellular
transport. Furthermore, the substantial cell uptake of
20  QD-nanoparticles 42 is necessary ior the development of a

relatively successful imaging tool or drug delivery

system,
Example 3
A mixture of OQD-nanoparticles and nanoparticlesg
25  encapsulating the anti-cancer drug doxorubicin
(henceforth referred to as DOX~nanoparticles) were

incubated for two hours with CCD-112CoN cell lines.
Incubation was carried out at 37°C followad by
counterstaining of nucleus by 4’ -6-Diamidino-2~
30 phenylindocle (DAPI). The protocol utilized for this
example is the same as that used in Example 2.
The results are shown in Flg. 3. Fig 3{a) shows an
image of the cells showing co-localization of both QD-

nanoparticles 42 and DOX-nanoparticles 46; Fig. 3(b)
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nanoparticles 42, suggesting that the hydrophilic surface of the nanoparticles did not impede its
cellular transport. Furthermore, the substantial cell uptake of 20 QD-nanopatrticles 42 is necessary for
the development of a relatively successful imaging tool or drug delivery system. Example 3 A mixture
of QD-nanopiiéles/Enelhanoparticles 25 encapsulating the anti-cancer drdg/siexoailsigisy (henceforth
referred to as DOX-nanoparticles) were incubated for two hours with CCD-112CoN cell lines.

Incubation wasg gauied qut at,3¢C followed by cayntersiginingofpucieusby4:6;Diamiding-2- 30
phenylindole (DAPI). The protocol utilized for this example is the same as that used in Example 2.

The results afé ShoWAMIEYRS. BRE3(8F shows Fh ifRge Gihe Eéfls shoWwihg Ta2iB8alffation of both
QDnanopartigles A2 and DRXNanopastieles:#6; Figyi3(h)shoas-ar image shewing:thesstained cell
nuclei 44 distinguishing one cell frgm another; Fig. 3(c) shows an image of the distribution of
QD-nanopart‘i’éT%%%Z ir%&é"ll’s wﬁi{egi:ig. §£d‘31’”’s%ow§t%%e distriBtion 8 DYX- S%tgnoplgér%cles 46 in the
cells. 5Refesring aowitolEig. 46 the thriee invagks.separately show the confocal fluorescence images

of a single cell of thg CCD-11200N cell C!ing%gajteg a %Qéh%wgggugq&%@t 3G with.a mfixture of

QD-nanoparticles 42 and DOX- 10 nanoparticies 46. Fig. 4(a) shows a magnified view of a single cell
showing co-l6éalizatibf ot @BaTaHopakicEs AeRTE DETRFRPoPartitlesia6) Misiflizedby overlaying

images. Fig. 4t shews andmageof the QR-naneparticles d2diskibytion inpsingla celt while Fig. 4(c)
shows an
37°C with & mixture of QD-nanoparticles 42 and DOX-

10 nanoparticles 46. Fig. 4{a) shows a magnified view of a
single c¢ell showing co-localization of QObD-nanoparticles
47 and DO¥-nancparticles 46, visualized by overlaving
images. Fig. 4(b) shows an image of the QD-nanoparticles
42 distribution in a single cell while Filg. 4(c) shows an

15 image of the DOX-nanoparticles 46 distribution in a
single cell.

The above results indicate that the nanoparticles
are effective vectors / carriers for drug delivery into
cells. Furthermore, as a result of their ideal optical

20 properties, the extent and efficiency of drug release can
be monitored as well. As most drugs are non-flucrescent,
the QD-nanoparticles, when also encapsulating a drug or a
therapeutic agent in admixture with the (Ds, can be used
as an imaging-guided chemotherapy system. When (QDs are
25 applied as a model of drug or bio-label in a particular
drug delivery system formulation or imaging tool
development, the QD-nanoparticles can be used as a model
system to study the feasibility of any particulate drug
delivery system or 1imaging tool and fto study the
30 suitability of the amphiphilic polymer as an

encapsulating material.
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15 image of the DOX-nanopatrticles 46 distribution in a single cell. The above results indicate that
the nanopatrticles are effective vectors / carriers for drug delivery into cells. Furthermore, as a result of
their ideal optical 20 properties, the extent and efficiency of drug release can be monitored as well. As
most drugs arérigepfladydscent, the QD-nanoparticles, when also encapsatatingmadragmor a
therapeutic agent in admixture with the QDs, can be used as an imaging-guided chemotherapy
system. When QDs are 25 applied as a mode}.of£l4g oj bio-label in a particular drug delivery system
formulation or imaging tool development, the QD-nanoparticles can be used as a model system to
study the feasibility of any partictista g HERGES &tem or iiagmbtos] aretto Studyrthe 30
suitabiIityoﬂhémﬁﬁmﬂ&@pot@merasadief&apéulatinger_;_matexiglyeyvgpecifically rhe
2008/121077RPCT/ 08 097 Example 4 . The experimental procedures in Example 2 and 3
were duplicaicg]fo%g%%erée%%%ell ne. specitically the néﬁ-%%?—ceﬁ:ﬁmg cartifom&{NSCLC) cell line

NCI- 5 H1299 1R&ferriRg RevwrtiorBigh 6w Fige 6Rmwsthertanfocalftuoresaancedmage-efthe

QD-nanoparttcLlas)gggLﬁqgglg%inil}hgjjglg@ cells. Bgﬂg\gg of the NCI-H1299 cells were taken after a
2 hour incub%t'orl%(]eegod with QDnanoparticles at2537 CCfo I8\§vte:a 1f§ogn%er§l%%n%r]1{ge of 10 nucleus 94
by Pl.  The ansieréduliindiatethat thBadhoparticles afCEKBAIAD celd had extibit

fluorescence #ersby pritving that they aresgeod flucaphores probes, Fygthermarge, the above results

indicate that the QD- 15 nanoparticles are.robust universal tools which can be applied in different cell
types. Example é’gﬁg &ﬁg?glefs%e p?o?ile vcgheﬁe&sliﬁa?ﬁje digclosggnterstaining of

10 nucleus 44 by PI.

The above results indicate that the nanoparticles
are taken into cells and exhibit fiuvorescence, thereby
proving that they are good flurcphores procbes.
Furthermore, the above results indicate that the OD-

15  nanoparticles are robust universal tools which can be

applied in different cell types.

Example 5

The drug release profile when using the disclosed

20 nanoparticles for drug delivery is investigated in this
example. Referring now to Fig. 5(b), the graph shows the

DOX release profile representing the cumulative
percentage of total DOX released from DOX-nanoparticles

in PBS, pH 7.4 at 37°C over a period of 15 days is

25 charted. The amount of drug released was determined by
spectrofluorometric measurement of the released medium

and expressed in cumulative released percentage over the

original amount of drug encapsulated in DOX -
nancparticles.
30 As can be seen from the results, at least 50% of the

total dosage of DOX was siowly released from day 2 to day
15. This is important with respect to sustaining
prolonged therapeutic levels of DOX in a subject. More

importantly, these results also ascertain the suitability
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20 nanoparticles for drug delivery is investigated in this example. Referring now to Fig. 5(b), the graph
shows the DOX release profile representing the cumulative percentage of total DOX released from
DOX-nanoparticles in PBS, pH 7.4 at 37C over a period of 15 days is 25 charted. The amount of drug
released was’detpniatdy spectrofluorometric measurement of the releasavkamediumvand expressed
in cumulative released percentage over the original amount of drug encapsulated in

DOXnanoparticies:20As sapbecsearn Forstheresylts, atdeast,5000.0f the fotal dosage of DOX was
slowly released fror%g%%f JL_%day 15. This is important with respect to sustaining prolonged

therapeutic leVels o in arsuﬁgﬁ?w&rbﬁﬂwpéjrﬁﬁly, ¥Rd$SEfssults alBbcascermim thessuitability

WO 2008/12 07FFPCTISG2008/006D87 of thernanoparticleg assveptorsifor drug release and also as

means for copisgliedidrug release. The scanning electron micrograph as shown in Fig. 5(a) illustrates
the degradation%of DOX-nanoparticIesﬁaﬁlearDZOf 5%51 Cl# 8% pﬁ‘ stp%te%]uffe‘ii@éf Saling (PBS) at a pH of

7.4 at and terAperdtlifd ar 3REL THedorARilatien Willk e use ok arpampliiphili palymer:ta encapsulate

DOX allows feesystainad-telease;gf-ROX i@&c%%@a@gggeﬁﬂm{gt e{?gt 1]_15 edag%. The hydrophilic
nature of DOX tegds tg 10 result in a faster release from the particle matrix in fhe body?féading to the

failure of a controleg i delifEr &stem BRd tFE Fa8SBiRF6f abPGit oveidowesabote the
therapeuticalAokerancetevek Tdwesprolongedperiod of steagdydiugJglease and tt}%@_agl{genance of

drug 15 leveljn the thf:gapg%u |é: windgw for an extended time are the major prerequisites for
development of controiledd g'deli(\j/lg}fl %&%ﬁ?%&%ﬁin@@ﬂﬁ‘é@e@ﬁsb fileBRGw that these

DOX-naflopafticiés arelsuirabléasirdidates. for sesuttessfulldrug deliverysystens 20 Applications

The disclosed partislaigomprising &,quantum, dot encapsulated by an amphiphilic polymer may be
used as an ogtiial marker in vivo. The hydrophilic sh‘ell'o%thggsémﬁﬁ%ﬁﬁ%gg& m@%ﬁﬁ%y aid in the
solubilization Of th& Encapdiiafell RRAtuRT Botdft ahigkibblis migdiahT,wetile setaining ¢he optical

property of thebquantuhedotsidrurtherniare) theobiosompatinility.of the %Bhig}igﬁ&g mer used may
aid in promo%r%gfgr&%cglplgr{:up?ke&fHBO the disclosed particle into a cell. When the disclosed particle
is administered to a mammal, the biocompAtivia ampHiphific olyAer #as @ irredenting, or at least

reducing’ any gtibstahtialegratiatiomenstavengingof for an extended time are
the major prerequisites for development of controlled
drug delivery system,. Accordingly, the release profile
shows that these DOX-nanoparticles are suitable

candidates for a successful drug delivery system.

20
Applications

The disclosed particle comprising a quantum dot
encapsulated by an amphiphilic polymer may be used as an
optical marker in vivo. The hydrophilic shell of the
25 amphiphilic polymer may aid in the solubilization of the
encapsulated quantum dots in an aquecus medium, while
retaining the optical property of the quantum dots.
Furthermore, the biocompatibility of the amphiphilic
polymer used may aid in promoting the celliular uptake of
30 the disclosed particle intq a cell. When the disclosed
particle is administered to a mammal, the biocompatible
amphiphilic polymer may aid in preventing, or at least

reducing, any substantial degradation or scavenging of
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WO 2008/121077PCT/SG2008/000097 the disclosed particle by the reticuloendothelial system of the
mammal. The disclosed particle may serve as a model system to study the cell-uptake behaviors
of the disclosed 5 particle. By identifying the cell-uptake behaviors of a variety of test particles that
comprise thergapgestyperof quantum dots encapsulated by a variety of testamyahi@isiticopelymers, the
disclosed particles can be used to screen the test amphiphilic polymers as potential 10 candidates for

non-fluorescept:drug: defiverk anddor cantolisg release....; (e disglasednariicle,may, comprise a
therapeutic a %nté%the lace of quantum dot. Accordingly, the disclosed particle may function as a
drug delivery VeEo P& fbrmulated system provides comparable cellular interaction and efficient

cellular uptake for both-QBinranaepasticles andDEXmanopatticles, In addition, the,DOXnanoparticles

demonstrated sustajned release of DOX for an ext ngted period. Thus, the discloséd particle 20 can be
e e ks Hatioh SrifierdpeuticiEgerts 6 ¥a@&ibn as effective

used to encapsulate a tP{erapeutic agent of & C6mb
controlled drugpdélheky systdm. 1deTheHisclgsedhparticlelmayfuithereomprise @ therapeutic agent in

admixture with.the quangiym dot..25 Aceqrdingly . the disclosed particle may function as an
imaging-guided drug delivery vectc??. The optical propertyc/:x o?%legaiuagrhﬁms(%(&emgy%(ﬁoﬁ%or easy
visualization 8FBiofotical #Raging 6RPRARBIETER pathivay or effieaciedithe therapeatic agent when

the 30 disclosegbpagicle isagminjsiered ta-adnammalese Agdvantageausly, the symmetric
fluorescence emisg@ggé é)hot% heijcaI stabili%r%d low photodegradation rates of the quantum dots
allow for a continuous of long-term Teal-tinfa" {5ting-of SI6wBIBIoTicaDroeesses i o
2008/12807 7PCTSE26G8/000097 trackingofratacetiulan precesses ofdr gelldabeling studies that is
not possible withconventional,arganic fluorophores. In addition, the disclosed particles are useful as
means to tag biomolecules when used for bio- 5 imaging applications such as ultrasensitive biological
detection and medigﬁedia%%%gﬁé@ed particle may comprise a therapeutic

agent in the place of gquantum dot. Accordingly, the
disclosed particle may function as a drug delivery
15  wvector,. The formulated system provides comparable
cellular interaction and efficient cellular uptake for
beth QD-nanoparticles and DOX-nancparticies. In addition,
the DOX-nanoparticles demonstrated sustained release of
DOX for an extended period. Thus, the disclosed particle
20 can be used to encapsulate a therapeutic agent or a
combination of therapeutic agents to function as
effective controlled drug delivery system,
The disclosed particle may further comprise a
therapeutic agent in admixture with the quantum dot.
25 Accordingly, the disclosed particle may function as an
imaging-guided drug delivery vector. The optical
property of the gquantum dot wmay allow for easy
visualization or biological imaging of +the metabolic
pathway or efficacy of the therapeutic agent when the
30 disclosed particle is administered to a mammal.
Advantageously, the symmetric fluorescence emission,
photochemical stability and low photodegradation rates of
the gquantum dots allow for a continuous or long-term

real-time monitoring of slow biclogical processes,
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Advantageously,the possibility of tuning the fluorescence emission wavelength of the quantum dots
within a broad wavelength range of 400 to 1350 allows for 10 the disclosed particles to be used in
bio-imaging applications with greater flexibility over the imaging parameters. Furthermore, the
ability to conwel mwgranipulate the size of the quantum dot in order to resuCinshaxddiemssion of a
preferred colour or emission of a range of colours under varying conditions may allow for a plurality of

disclosed partigleswity varyingsizes-toihe simultansously.excited %ﬂn%@ﬂngﬁwgf%ength to detect
different optical activities. 20The quantum dots encapsulated by the amphiphilic po ymelgs disclosed
herein may nat FgUire théaGe dfsuffate Rivtication Bt Eappitg dgehsstedddrivsanésating layers.
Therefore, thé disctose particles mayzhrieasier jo make assompared i enventionalmethods 25

that are used‘rtgeail )y the_ polarity of the quantym dots. Furthermore, unlike conventional quantum
dots, the disc osecije ol Et()1 & gffb?én 3?’1 WaY Be UREH iniGs THe diftiGsed particles

| particles may be locomp
may be advahtifebigly ased Borihicancerthetapy: dueitbithe effestive aecumiatiari of polymeric

nanoparticles;igpest typesf tﬁg@f@.ﬁc%qrgg}gg,tt@gsqsclosed particles may be used to determine
the extent and spread of cancer cells throughout the body during metastasis. In embodiments WO

2008/121077PCT/SEYG65/BE60Y7 Where AHixture 8 R ahtitancep Brugtandiggantimaot is

encapsulatedchy anearophiphilicepalymesntheseptical fyeperty of the, guaptum def,may,aid a medical
practitioner in dghe.rmining the E?fficac%/ and tt'herapeutic 5 action of the therapeutic agent on the cancer
L in a roag

a ]tr@enaq%en{?élgiﬁwe%aﬁg fhdiPerabld afrhk@ital pRactitioner to

cells. This may allow for a'cus omizé
accurately idéhtfy caheefousstissups or brgass ota mammaliseiferingror tancekcing

applications with greater flexibility over the imaging
parameters.

Furthermore, the ability to control or manipulate
the size of the quantum dot in order to result in the

15 emission of a preferred colour or emission of a range of
colours under varying conditions may allow for a
plurality of disclosed particles with varying sizes to be
simultaneously excited wusing a single wavelength to
detect different optical activities.

20 The quantum dots encapsulated by the amphiphilic
polymers discliosed herein may not reguire the use of
surface modification or c¢apping agents or additional
coating lavers. Therefore, the disclosed particles may
be easier to make as compared to conventional methods

25 that are used tc alter the polarity of the guantum dots.

Furthermore, unlike conventional quantum dots, the
disclosed particles may be biocompatible and may be used
in wvivo.

The disclosed particles may be advantageously used

30 in cancer therapy due to the effective accumulation of
polymeric nanoparticles in  most  types of tumors.
Accordingly, the disclosed particles may be used to
determine the extent and spread of cancer cells

throughout the body during metastasis. In embodiments
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101t 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 15 modifications and adaptations come
within the scope Bitheappended claims. PCT/SG2008/000097 RaceivegSrApsib@aR8:elaims 1, An
amphiphilic polymer. particle. comprising a plurality of quantum dots leaded therein, Said amphiphilic

polymer partigls having,g bydiophobic 5, nae ¢ace 1.2 sglid phase loadedwilh sgid auantum dots and

an outer skin that encapsulates said plurality of quantum dots in said inner core, wherein said outer
skin compriseBeae HyHrdsHilic Polyrmr ' potebha Forisdid anfishiphfie polymér 10Pipdiidle. 2. A

particle as clggggg #M¢lain 4, wherein each-quantumgot issapstantially hydroplehie;153. A particle
as claimed in claim 1, wherein the amphiphilic polymer particle is biocompatible. 4. A particle as

claimed in clBitA 9 WhetafT the ani5tiphific poRfner St safd panicTe REGISCHST 3BfBmtfegroup
consistirigofpalyesterse poly(artheestiepspotyanhydrides, pety(amtino cancer cells.

This may allow for a customized freatment regimen and may
enable a medical practitioner to accurately identify
cancerous tissues or organs of a mammal suffering from
cancern.

10 It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art aflter reading the foregoing
disclosure without departing from the spirit and scope of
the invention and it is intended that all such

15 modifications and adaptations come within the scope of

the appended claims.
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~—-acid)s;pely{pseuvdeaminoacid)s,and polyphosphazeaes. 255, A particle as claimed in claith 4,
-wherein' the polyester is selected from the group Consisting of poly(lactic acid)s,g#oﬁy/ ﬁg w&%q)s
.copolythers of lactic and glycolic 'acid, copolymers of lactic and .glycolic .acid wj 1 10l ia{f&inﬁmg _

30.glycol),poly(e-caproiactone)s,poly(3- hydroxybutyrate)s,polybutyrolactones, '
polypropiolactones,poly(P-dio*anone)s, poly(¥akksmctone)s,poly(hydrovalerate)s, poly(propylene
fumarate)s and derivativesdhgreafn29:AffiepdidSliset MEMAU1. P&HSG2008/00Q097 Received 23
January 2009 6 A particle as claimed in ¢claim 4. whetejn sajd polyester is linear or star shaped
polyester. A particle a%%i’éfgr%gﬁ in cﬁ%m%‘%ﬁ%gﬁein t r"gépo?;%%%é .pjﬁﬁr%%%lh%s.asr%%f?cular weight fronj
about. 1,000 Da to ab®BaHe 666 Dapoiymer particle having a hydrophobic :

B inner core in a solid pﬁ%ia&e' loaded with sald

guantum dots and an outer skin that encapsulatey
gaid pzu‘rality of guanbum dots in szid inner core,
wherein said outer skin couprises the hydrcphi}’l.ic
. polymer = portion of said amphiphilic. polymer
100 - -particle. ‘ :

2. A particle as claimed " in claim 1, wherein each

guantum dot iz subgtantially hyﬁrmphabic,

15 3. A particle as claimed in claim 1, wherein  the

amphiphilic polymer particle is bilocompatible.

4. 1 particle as claimed - in claim 1, wherein the

amph:i’.phil¢c‘ polymer of said pélrtic:le is selected

20 from the group consisting  of - polyesters,

' poly (orthoester) s, polyanhydrides, poly{anins

cacidls, p&;ly(psemdﬁ' amino acid) s, Cand
polyphosphazenes . - '

25 5., A particle as claimed in claim 4, ‘wherein the

polyaester is selected from the group consisting of
poly(lactic | acid)s, poly(glyeelic . acid)s,
’copolymars of lactic and _glycogic acid, copolymers
of lactic and .glycolic acid with po;y(ajthylene

30. glycol) , ‘poly (e-caproiactone) s, poly (3=
hydroxybubyrate) s, , ' pmlybutyrd lactones,
polypropiclactones, . poly (p- dioxancne) s,
poly (valerolactone)s, ' poly{hydrovalerate)s,

-'mly{pxopylene fumal:::ate)s and derivatives thereof.
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8. A particle as claimed in claim 5, wherein the polyester polymer is a poly(lactic-co-glycolic 10" acid).
9. A particle as claimed in claim g, wherein the ratio of lactic acid and glycolic %f&%.yg Eg fg}%%%lo t
' Velapiul funsigsal

()

210:1.15 10. A particle as claimed in claim 1, wherein the outer skin comp 'e%s

groups: 11 A patrticle, as claimed in ‘claim 10, wherein the. 20 hydrophilic functional y pups are
selected from the group Cg{%ﬂ%%%g of hydroxyl groups, Carbaxy) gropps.gther graups, sulfide groups,
ester groups, etﬁc;x%grgups, phosp: onﬁ groups, phosphinyi groups, sulfonyl groups, sulfinyl groups,
sulfonic 25 acid groledyeFRRTe A8id grets, PhiporeaRRH gFSUPS $iidsphorOus acid groups,
amino groups, amide groUps, quateLnary ammonium groups, and quaternary phosphonium groups.
30-12. A particle,as claimed,in glaim.L, wherein the janescete.comprisgs-ygrophaebic functional

groups. '13. A particle as claimed in_claim 12, wherein the. hydrophabic functional groups are selected
from the®30 group cBﬁ%?ﬁﬁFg?ﬁf.ﬁ’ﬁégpgjfb?gﬁcﬁ‘eﬁqgﬁ&%%ugé%g?%g%ﬁgﬂs%ﬁ%enyl groups, alkynyl

groups, alkylacrylamideogrolss, tsutsstituted-6P unduidst-uted alkylacrylate groups, and alkylaryl groups.

8, A particle as claimed in claim 5, wherein the
polyester polymer is a poly(lactic-co-glycolic
i - T omeid). ’

5. & particle as claimed in claim B; wherein the ratio
of lactic acid and glyeclic acid ranges from 1:10
to 10:1. ‘
15 ) | '
10. A particle 25 claimed in claim 1, wherein the outer

skin comprises hydrophilic functional groups.

11. A particle 2z élaimed. in ‘claim 10, wherein the,

20 hydrophilic functional groups are selectéd from the
gfoup consisting of hydroxyl groups, carboxyl

‘groups, ether groups, gulfide groups, ester grmu@s,

ethoxy groups, phogphonyl groups, phosphinyi

groups, suifonyl groups, gulfinyl groups, sulfonic

25 T meid groups, suliinic acidlgroupsq_phosphcric acid
groups, - phosphorous acid groups, amine grégps,

amide groups, gquatermary ~ammonium. growps, and

quaternary phosphonium groups.

30 12. A particia as elaimed in claim 1, wherein the imner

. core .comprises hydrophobic functional groups.

13. A particle as claimed in claim 12, wherein the

hydrophobic functional groups are selected from the
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14. A particle as claimed in claim 1, wherein the size of the patrticle is in the nanometer range. 1015, A
particle as claimed in claim 14, wherein the size of the patrticle is 100nm to 300 ) ' ?l 0 %@@7

. particle as claimed in claire 1, wherein the particle is substantially Sphericg| ingf(ljgrE i[%g?éy g/ 8@ticl

. . . . : \ . Receive, Tt
as claimed in claim 1, wherein each quentum'dot is at least one element se acte rom%ﬁe gr?oup

consisting of Group XIS, Group IVA, Group VA, Group_llIA, Group Qr Groyp VIA the 20Periodic
Table of Elements, 18- R Bartic& &5 &ied 5h Clczfl%n%,rwhcélfein each quantum dot is selected from |
the group consisting 8F€H, CA&T CdS&ICHPE; CASETECdHFFE 2RS, ZASE 25 ZnTe, ZnO, MgTe,
MgS, MgSe, M@0, Gahsufat, Gastyiaaiy HelskgSyHyBe, HgFepCaS€ase, €aTe, Cao, SrS,

SiSe, SiTe S10. BaS, Rage, BATe By PR INP. a0 AASAUL AP ASh, AIS, PO, PbS,
PbSe, PdTe, Ge, Si, ZnO, ZnS, ZnSer ZnTe and 30combinations thereof. 19. A particle as claimed in

claim 17 Bwherein ea8f difhtum dot is of a core-shell structure. 31 Amended Sheet IPEA/AU
PCT/SG2008/000097 Received 8 April 2009

14. A parcicle as claimed in claim 1, whereln the size

of the particlz is in the nanometer range.

10 15. A particle as claimed in claim 14, wherein the size

of the particle is 100mm to 300 nm ix size.

16, A pargicle as claimed in claim %, wherein the

particle is substantially sphexical in shape. '

15 .

17. B particle ag claimed in claim 1, " wherein each
guantum dot is at least one slement selected from
the group consisting of Group IIB, Group VA, Group
VA; Group IIIA, Group IIA ror &Group Vik of the

20 periodic Table of Elements.

1B. 'A particie as claimed in claim 17, wherein sach
gquantum dot is seleétecﬁ from the group copsisting
of ©do, Cd8, CdSe, CdTe, CdSeTe, CdHgTe, ZnS, ZnSe,

25- ynTe, €n0, MgTe, Mgs, MgSe, MgO, Gais, Gab, GasSh,
GaN, HgO, HgS, KySe, HgTe, CaS, CaSe, Cale, CaO, .
VSrs, SrSe, SrTe, &x0, BaS, 'BaSe, BaTe, Bad, Inks,
fnp, TnSb, InN, AlAs, ALN, ALP, &lsb, Alg, -PbO,
Pbg, PbSe, PdTe, Ge, si, #ZnO, EZngS, ZnSe, ZnTe and
30 combinations thereof.

19., A particile as claimed in claim 17, wherein each

gquantum dot is of a core-shell structure.
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20-A-particle as claimed in claim I; wherein each quantum dot has an inner core of CdSe, and wherein
each quantum dot is loaded within poly(lactic-_coglycoliq acid). 5 21. 'A 'particle a.§¢lfl) ﬂ]&%@j@ J]
furtheér comprising a. therapeutic agent loaded within the hydrophobic inner corg 9 s&if%{r{ﬁr i%glﬁ(;g
polymer: 22. Use of an amphiphilic polymer particle comprising a Plurality of quan?um ots'loade
threin as a fluoreSéentiprate; Seidanishiphifc Bofmet 'patfidie havingserFdFopRaIie inner core in |
solid phase loaded With:saitquant maotaanieae o utet-d Seakindbal, easdpstikates aaid plurality of
guantum dots in said igggglcqigamg{e@&aigsouﬁ%%@ cgmglesptgﬁjug%@ugfgglymer portion of
said amphiphilic polymer particle. 2023. Usé. of an amphiphilic polymer particle comprising a plurality,
of quantum dots and agﬂﬁ?ﬁﬁéﬁti@?g%’nt loaded therein for controlled release of said therapeutic
agent’in agatient, wherein each of said quantum dot is capable of being .ciptically . 25 detected
durihg'said releasg, said apphinbilic polymer-narticle; hayving aJd1ydrephebic inpersere in a solid phase
loaded with said quantum dots and an outer skin that encapsulates said plurality of.guantum dots in
said inner core, wherelSaid outer 3ask%%%%ﬁgﬁ§é% thaegﬁ%(%ro%ﬁfﬁc%goI);Qnai%?&rgrt?%&ﬁq.eof said
amphiphilic polymer p&HiEFI¥IATERGH df‘ﬁf‘@p%ﬁn’g‘i.ﬁa% éﬁiﬁ?ﬁﬁﬁ‘ﬂi&jﬁo@ﬁg@%ﬂcle comprising a

plurality of quantum dots .~ - '

10 22, Uge of an amphiphilic p@lymex particle c:oﬁxprising &
?lura,lit'y of @zanﬁum dots lomded threin as a
fluorescent probe,.  sald amphipnilic pmiyméi‘
'pajrtic"i?.e havizﬁg & hyﬁr@phmbiw inmer core in & solid
phase loaded with said guantum dots and an ocuter

>15  skin that encapesulates sald plurality of c;ua.nﬁum
dcts in said inner core, wherein said outeif ék::;i.n
comprises the hydrophilic polymer portion of saild

© amphiphilic polyﬁz&r- pa.rticz_lé. -

C 20 23. Use. of an amphiphilic polvmer particle comprising a

| piﬁrality. of quanﬁum dots and ai ‘therapeutic agent
loaded ' therein for controlled relemse of said '

therapeutic agent in a patient, wherein ‘each of

said quantum dot is capable of bé.:i.ng -optically

25 . © detected ciuring;  said reléa,se, gaid amphiphilic

' pcﬁlymér particle having a hydrcﬁp};obic' inner core in

a solid phaée loaded wit;h said dquantum dots and an

c;’ut.ar‘ gkin that encapsulates =said piurality' of

quan‘i:uin dots in sald inner core, wherein said oﬁter

30 . skin coﬁrprisesv the hydrophilic polymer pc;:r:ti;:wn of

- paid amphiphilic pc;slymer particle,_ |

24. A method of preparing  an amphiphilic polymez
particle c:campriaing"a plurality of guantum dots
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32 Aintintkid Sheet IPEA/ALt PCT/SG2008/000097 ReceiVed 23 January 2009 loaded therein, the

method comprising the step of introducing an aqueous solvent to said quantum é&_ﬂgg&%%\gg@ an
.ampHiphilic polymer dissolved in an organic solvent to thereby precipitate %Q@Rx‘% Wﬁi%éﬁ? 2009
aqueous selvent and allow the *hydrophilic polymer portion of said amphiphilic polymer toencapsulate

sald quantum dots o thereby Joad sald auantun dots wilig e seld firapagbie inner core of said
amphiphilic polymer pa?tﬁe.. Amehded Sheet PEA/A )
. intreducing an agueous solvent to sald guantum dots
in mixture with ép amphiphilie polymer dissolved in
am orgsnic solvent to thereby precipitate said
] polymer in said agueous solvent and allow ;ha

'ﬁydrophilic polyméﬁ pmrtioﬁ of said amphiphilic

polymer to encapsulate said guantum dots to théreby

losd said gquantum dots within the solid hydrophobic

inner core of said amphiphilic polymes particle. -
10
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